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1     EXECUTIVE SUMMARY 
GSK has submitted a pediatric supplement for NDA 205625 seeking approval of Fluticasone 
Furoate Inhalation Powder (ARNUITY ELLIPTA) for maintenance treatment of asthma as 
prophylactic therapy in patients aged 5 years and older. 

 
Fluticasone Furoate Inhalation Powder (hereafter referred to as FF) is a corticosteroid for oral 
inhalation to be administered via the ELLIPTA inhaler (a dry powder inhaler [DPI]). FF was 
approved at doses of 100 mcg and 200 mcg administered once daily (QD) for the treatment of 
asthma in adults and adolescents aged 12 years and older on August 20, 2014. For the treatment 
of pediatric subjects with asthma, the proposed dosage is FF 50 mcg QD. 
 
The Clinical Pharmacology information of this supplemental NDA consist of population 
pharmacokinetic (PK) data (from the single pivotal Phase IIb/III dose ranging and efficacy trial 
[HZA106855] and two Phase IIa PK/PD studies [(HZA 102942 and 112777]); and a dedicated 
HPA-Axis study in patients with asthma aged 5 to 11 years (HZA107118). The pharmacokinetics 
of FF in pediatric subjects with asthma was consistent with previously observed in adults and 
adolescent asthma population. There was no relevant effect of age on the apparent clearance of 
FF. At the proposed dosage (i.e., FF 50 mcg QD), no clinically relevant changes in adrenal 
function, as measured by 24-hour serum cortisol profiles, were observed. No dose adjustment is 
recommended for any intrinsic factor in pediatric asthma population.  
 
1.1  Recommendations 
The Office of Clinical Pharmacology has reviewed the clinical pharmacology information 
provided within the supplemental NDA 205625 and finds this application approvable. 
 
1.2 Phase IV Commitments 
None. 

1.3 Summary of Clinical Pharmacology Findings 
• FF systemic exposure in pediatric subjects with asthma (5 to11 years old), in terms of 

AUC and Cmax, was dose proportional and similar to adult and adolescent population with 
asthma (Original NDA).  

 
• No dose adjustment for the proposed dosage, 50 mcg QD, is recommended for any 

intrinsic factors. Patient intrinsic factors including body weight, age (5 to 11 years old), 
gender, and race were not found to have a clinically meaningful effect on FF 
pharmacokinetics in pediatric subjects with asthma.  

 
• There was no evidence of serum cortisol reduction at the proposed dosage of 50 mcg QD 

in subjects with asthma. A 6-week, double-blind, placebo- and active-controlled 
dedicated study in children 5 to 11 years of age evaluated the effect of the proposed 
dosage (i.e., 50 mcg QD) on the HPA axis (Study HZA107118). Following 6-week once 
daily oral inhalations of FF 50 mcg, the FF treatment group demonstrated to be non-
inferior to placebo based on the primary endpoint of derived serum cortisol weighted 
mean (0-24 hour), as the lower limit of the 95% CI was greater than 0.80 (95% CI: 
0.8096, 1.0620). 
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2       QUESTION-BASED REVIEW 

2.1      What are the clinical studies submitted to support this supplemental NDA? 
Three clinical and two clinical pharmacology studies have been completed as part of the 
pediatric asthma clinical development program. These studies are:  

• HZA106855: Phase IIb/III pivotal, dose-ranging, parallel group efficacy and safety study 
in the target population (575 children uncontrolled on non-ICS asthma medication and/or 
low dose ICS) to support the selection of the FF dose for the pediatric development 
program. 

• HZA107112: Two-way cross-over study of short-term lower leg growth; 
• HZA107118: Placebo-controlled, parallel group study evaluating the effect of FF on the 

hypothalamic-pituitary-adrenocortical (HPA) axis. 
• HZA102942 and HZA 112777: Phase IIa two-way cross-over, safety, tolerability, PD and 

PK clinical pharmacology studies. These two studies were submitted and reviewed as 
part of the original NDA. 
 

There is also an ongoing Phase IV study HZA114971 which is a randomized, double-blind, 
placebo-controlled, parallel-group study investigating the effects of a 1-year regimen of orally 
inhaled FF 50 mcg on growth velocity in pre-pubertal, pediatric subjects with asthma. 
 
This review will focus on the dedicated HPA-Axis study (HZA107118) and population PK 
analysis using the PK data from studies HZA106855, HZA102942 and HZA112777.  A tabular 
listing of clinical studies conducted in support of this supplemental NDA is presented in Table 1. 
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Table 1. Overview of ARNUITY ELLIPTA Pediatric Clinical Development Program 

 

 
        (Source: Module 2.7.6 Synopses of Individual Studies-Pediatric, Table 1)  

2.2   General Attributes of the Drug 

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

Fluticasone furoate is a small molecule drug with a molecular weight of 538.6 g/mol, and 
empirical formula of C27H29F3O6S. FF molecular structure is shown in Figure 1. FF is practically 
insoluble in water. 
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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? 

Three FF doses of 25, 50, and 100 mcg were evaluated in pivotal Phase IIb/III study 
HZA106855. This study was a randomized, double blind, double-dummy, parallel-group, 
placebo- and active-controlled, dose-ranging, efficacy and safety study of inhaled FF in the 
target population (pediatric subjects aged 5 to less than 12 years uncontrolled on non-ICS asthma 
medication and/or low dose ICS). 
 
These doses were selected based on the data generated from a phase IIb dose-ranging study in 
adults and adolescents (FFA109687) and from a phase IIa study in pediatrics (HZA102942):  

• Study FFA109687 was an 8-week, randomized, double-blind, placebo- and active-
controlled, parallel group study evaluating the PK, PD and safety of once daily 
administration of FF 25, 50, 100 and 200 mcg in adult and adolescent subjects (aged 
above 12 years) with asthma (reviewed at the original NDA205625); 

• Study HZA102942 was a 14-day, randomized, 2-way crossover study in pediatric 
subjects (aged 5-11 years, n=27) with asthma evaluating the PK, PD and safety of once 
daily administration of FF 100 mcg. 

 
It should be noted that two additional dose-ranging studies (FFA109685 and FFA109684) were 
conducted in adolescent and adult patients exploring once daily doses from 100 mcg to 800 mcg. 
Results from the three dose-ranging studies in this population showed a dose-response 
relationship for FF doses ranging from FF 25 mcg to 200 mcg QD, with no additional benefit for 
FF doses above 200 mcg QD (refer to the Clinical Pharmacology Review of Dr. Jianmeng Chen, 
DARRTS date 07/18/2014, Original NDA). 
 
A population PK and PK-PD analyses of combined clinical data (Original NDA) estimated 
steady-state FF AUC(0-24h) to range between 181-241 pg.h/mL following FF 100 mcg QD, and 
indicated that an AUC(0-24h) of 1000 pg.h/mL would be required to reduce 24-hour serum cortisol 
by 20% in adults. These results allowed the conclusion that FF100 mcg once daily would be safe 
to be investigated in pediatrics (aged 5-11 years). 
 
Further, FF 100 mcg QD represents the lowest approved dosage of FF inhalation powder for 
adults and adolescents.  Hence, the 100 mcg dose and two lower doses, 50 mcg and 25 mcg, 
were selected for investigation in study HZA106855.  
 
FF 50 mcg once daily is proposed as the FF dose in subjects with asthma based on efficacy and 
safety results of study HZA106855. In addition, FF 50 mcg QD dosage had no suppressive effect 
on HPA axis function (see section 2.4.3.1).  Therefore, this dose has demonstrated clinical 
efficacy with a tolerable safety profile. Refer to the Clinical Review of Dr. Keith Hull and 
statistical review of Dr. Mingyu Xi for further information.  
  
Details of the clinical/clinical pharmacology studies supporting this supplemental NDA and their 
design features are listed under section 2.1.  
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2.4 Dose/Exposure-Response 

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

The systemic exposure of fluticasone propionate is not directly related to clinical response 
(FEV1). In asthma patients above 12 years of age, a dose-response relationship is observed, with 
an increasing effect with increasing dose (FF 25 mcg to 200 mcg), for all clinical endpoints 
evaluated (refer to the Clinical Pharmacology Review of Dr. Jianmeng Chen, DARRTS date 
07/18/2014, Original NDA).  In asthma patients 5 to 11 years of age, FF doses of 25, 50 and 100 
mcg were investigated with no evidence of a dose-response relationship for the clinical endpoints 
(study HZA106855). As illustrated in plots of the geometric mean changes from baseline, no 
dose-ordering was apparent for the primary endpoint, morning peak respiratory flow (AM PEF) 
averaged over Weeks 1 to 12 (Figure 2); and for the secondary endpoint, evening trough FEV1 at 
Week 12 (Figure 3).  
 
Refer to the clinical review of Dr. Keith Hull and statistical review of Dr. Mingyu Xi regarding 
the final risk/benefit assessment for the proposed dose for FF inhalation powder based on the 
efficacy and safety analyses of Phase IIb/III study.  
 
Figure 2. Mean Change from Baseline in Morning Peak Respiratory Flow (AM PEF) 
Averaged over Weeks 1 to 12 (Study HZA106855) 

 
        (Source: CSR HZA106855, Figure 6.2)  
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Figure 3. Mean Change from Baseline in Evening Trough FEV1 at the PM Visit at Week 
12 (Study HZA106855).  

 
         (Source: CSR HZA106855, Figure 6.13)  

2.4.3 What are the characteristics of the dose/exposure-response relationships for safety? 
In the pivotal study HZA106855, there was no apparent dose-ordering between treatment groups 
(FF 25, 50 and 100 mcg once daily) in the overall incidence of subjects experiencing adverse 
events (AEs) during treatment, even though the incidence was slightly higher in the FF treatment 
groups (range: 32% to 36%) compared with the placebo group (29%). The overall incidence of 
AEs in the active control group, FP 100 BD, was 31%. 
 
Similarly, there was no apparent dose-ordering in the incidence of the most frequent AEs during 
treatment. The highest incidence of on-treatment AEs occurred in the System Organ Class 
(SOC)of Infections and Infestations, and AEs in this class were reported for a similar proportion 
of subjects in the placebo (21%), FF treatment groups (range: 19% to 22%) and the active 
control group, FP 100 BD (16%).  Refer to the clinical review of Dr. Keith Hull for overall 
safety evaluation. 
 
In addition, there was no apparent trend of reduction in urinary cortisol level versus plasma FF 
exposure (predicted FF AUC0-24h), indicating the lack of effect of FF exposure on urinary 
cortisol.  Refer to the Pharmacometrics review in Appendix 4.1 for details. 
 
2.4.3.1 Are there any concerns about impact on hypothalamic-pituitary-adrenal (HPA) axis 
function? 
Hypothalamic pituitary-adrenal (HPA)-axis suppression is a known class effect of corticosteroids 
use. The safety of inhaled FF on the HPA axis of adult (>18 years of age) and adolescent (12-17 
years of age) patients with asthma has been established (Original NDA, Study HZA106851 and 
meta-analysis 2011N130478_00). The risk of HPA-suppression in children (5-11 years of age) 
following chronic once daily administration of FF was investigated in the dedicated HPA-axis 
study HZA107118 submitted in support of this supplement. 
 
Study 107118 was a randomized, double-blind, parallel-group, placebo-controlled, stratified, 
safety study. Randomization was stratified by age (5 to less than 8 years and 8 to less than 12 
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years). In this study, the proposed therapeutic dose of FF 50 mcg was selected to be investigated. 
FF 50 mcg was administered by once daily oral inhalation for 6 weeks to male and premenarchal 
female subjects aged 5 to 11 years with a diagnosis of asthma, who were receiving a SABA 
alone or in combination with a non-corticosteroid controller. 
 
The effects of FF on the HPA axis were assessed primarily based on changes in serum cortisol 
levels from pre-dose to the end of the 6-week treatment period. The effects of FF on the HPA 
axis were also assessed based on changes in 24-hour urinary free cortisol levels from pre-dose to 
the end of the 6-week treatment period.  
 
Subjects were randomly assigned in a 1:1 ratio to 1 of 2 treatment arms in a double-blind manner 
as follows: 

• FF 50 mcg: one inhalation daily in the morning via ELLIPTA for 6 weeks 
• Placebo: one inhalation daily in the morning via ELLIPTA for 6 weeks 

 
Subjects had a baseline evaluation (visit 2, pre-dose) and attended up to 3 on-treatment visits at 
Weeks 2, 4 (optional), and 6. 
 
At baseline (Visit 2, pre-dose), 24-hour serial blood sampling and urine collection, which served 
as a treatment-free control, were performed before the first treatment dose was administered.  At 
the end of treatment (Visit 5, Day 42), serial blood sampling and urine collection over a 24-hour 
period were performed for cortisol determination. PK blood samples were collected for 
determination of serum concentrations of FF immediately prior to administration of the last study 
medication dose and at 0.5 hour post-dose.  
 
Serum cortisol samples were assayed using a validated assay with the lower limit of 
quantification (LLOQ) of 1 μg/dL (28 nmol/L). Urine cortisol samples were assayed using a 
validated assay (Original NDA). Systemic levels of FF were quantified by a validated 
bioanalytical method with an LLOQ of 10 pg/mL (see section 2.8).  
 
During the study, there was no evident decrease in the median value of derived cortisol weighted 
mean (0-24h) is summarized by treatment group in Table 3. 
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Figure 4. Effect of FF on serum cortisol AUC(0-24h) (nmol.h/L) by Treatment Group 
(Placebo and FF 50 mcg QD) and Visit (Baseline and end of treatment, Week 6) 

 
                 (Source: HZA107118 CSR, Figure 2.19)  

 
Overall, the 24-hour serum cortisol data indicate that FF 50 mcg once daily via ELLIPTA had no 
suppressive effect on the HPA axis in the 5 to 11 years old age group.  
 
Change from baseline at Week 6 in 24-hour urinary free cortisol excretion and its metabolite, 6-
beta hydroxycortisol, were also analyzed as secondary endpoints. The urinary free cortisol 
(treatment ratio 0.79 [95% CI: 0.61, 1.03]) and metabolite (treatment ratio 0.88 [95% CI: 0.72, 
1.07]) results indicated that the FF 50 mcg treatment group had numerically lower values 
compared with placebo group. The sensitivity analysis (excluding outliers) had a treatment ratio 
of 0.75 (95% CI: 0.59, 0.95) for urine cortisol excretion. It should be noted that non-inferiority 
criteria were not set for the secondary endpoint, urine cortisol. 
 
A positive control oral corticosteroid (such as prednisolone) was not included in the study  
due to ethical concerns of administering corticosteroids to children younger than 12 years old in 
doses high enough to cause HPA axis suppression. This is consistent with other similar trials of 
ICS and intranasal corticosteroids in children. A 6-week treatment duration was previously used 
in the adult and adolescent HPA axis study for FF (HZA106851, Original NDA) and was 
considered a sufficient duration to show any possible differences in serum cortisol levels. 
Overall, the study design is considered robust and acceptable with a significant number of 
subjects in each group, as well as robust endpoints such as measurement of changes in serum 
cortisol.  
 
Altogether, the results indicate that 6-weeks of treatment with FF 50 mcg once daily did not 
show any clinically significant effect on the HPA axis function.   
 
Plasma concentrations of FF were quantifiable in only 4 out of the 52 subjects (92% NQ) at pre-
dose (trough concentration at Week 6) and in 35 out of 52 subjects (33% NQ) at 0.5 hour post-
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2.7       General Biopharmaceutics 

2.7.1    How is the proposed to-be-marketed formulation linked to the clinical formulation? 
FF is delivered via an ELLIPTA DPI as a single strip inhaler in the to-be-marketed product. The 
PK/PD studies HZA102942 and HZA 112777 were conducted using the DPI two blister 
configuration. One blister contained FF formulated with lactose in the first strip and a second 
strip containing lactose  (these excipients comprise placebo to match the 
vilanterol strip in the FF/VI combination product). 
 
The efficacy/safety study (HZA106855), the HPA-axis (HZA107118), the short (HZA107112) 
and long-term growth (HZA114971) clinical studies were conducted using the one strip 
configuration. Therefore, the pivotal studies used the same single strip formulation as the 
proposed commercial product.  

2.7.2 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 inhaled FF was not assessed. It is unlikely the PK of inhaled FF 
is affected by food because the oral bioavailability of FF is minimal. 

2.8   Analytical Section 

2.8.1 What are the analytical methods used to measure fluticasone propionate in plasma 
and other matrices?    

The method for analysis of FF in plasma samples involved solid phase extraction and high 
pressure liquid chromatography with tandem mass spectrometric detection (SPE-HPLC-
MS/MS).    
         
Different analytical methods were developed and validated throughout the development of FF 
(original NDA). The analytical methods used in the clinical studies conducted in support of this 
application are listed in Table 5. 
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4 APPENDIX 

4.1     Pharmacometrics Review 
 

1 KEY REVIEW QUESTIONS 
The purpose of this review is to address the following key questions: 
 

1.1 What are the characteristics of exposure-response relationships for efficacy and 
safety? 

There was a flat relationship between plasma fluticasone furoate (FF) exposure and urinary 
cortisol. Sponsor’s graphical exploration of percent change from baseline urinary cortisol versus 
predicted FF AUC(0-24h) showed no apparent trend of reduction in urinary cortisol level in 
HZA106855, the pivotal Phase IIb study in pediatric patients, with 61 on placebo, 86, 81 and 73 
subjects on FF 25, 50 and 100 ug, respectively (Figure 5). No apparent correlation or trend was 
observed from Figure 5, indicating the lack of effect of FF exposure on urinary cortisol. 
 
Figure 5: Percentage Change from Baseline Urinary Cortisol versus Systemic Exposure 
AUC(0-24h) 

 
Source: Figure MA9 of applicant’s population pharmacokinetics report for pediatric asthma patients dated 
31Mar2015. 

There was no ER analysis for FF efficacy as the drug is an inhalation product, for which the local 
action of FF could be more relevant to the effect than the FF concentration in the blood 
circulation. 
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1.2 Is the steady-state exposure of FF in pediatric patients with asthma aged 5 to less 
than 12 years comparable to that observed in adult and adolescent subjects following 
fluticasone furoate 100 mcg monotherapy?  

Yes, the steady-state exposure for FF in pediatric asthma patients aged 5 to less than 12 years is 
comparable to that observed in adult and adolescent subjects following FF 100 mcg monotherapy, 
based on applicant’s population pharmacokinetics report for pediatric asthma patients.  
None of the covariates evaluated (age, weight, BMI, sex, ethnicity and race) were significant on 
FF pharmacokinetic parameters. As shown in Figure 6, the relationship is flat between Age and 
ETA of FF clearance, suggesting no age effect on FF exposure after the administration of FF 
doses in pediatric asthma patients.  
 
Figure 6: Individual Inter-Subject Variability of FF Clearance (ETA1) versus Log 
Transformed Age for Pediatric Asthma Patients Aged 5-12 Years  

 

Source: Figure MA6 of applicant’s population pharmacokinetics report for pediatric asthma patients dated 
31Mar2015. 
 

2 APPLICANT’S POPULATION PHARMACOKINETICS ANALYSIS 
2.1   Data 
The study included a sparse sampling approach (peak and trough) for PK evaluation. It was 
planned to conduct population PK analysis for all treatments. Given the sparse nature of the 
sampling and the high proportion of records reporting FF concentrations below the lower limit of 
quantification (LLQ; 10 pg/mL), addition of more extensively sampled concentration-time data 
from the Phase IIa studies (HZA102942 and HZA112777) was required to achieve an 
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potential impact on the population PK of FF (in no particular order) through a step-wise 
approach: Continuous covariates (Age, weight height, BMI); Categorical covariates (sex, 
ethnicity [hispanic or latino/ non-hispanic or latino], race). 

2.3 Results 
The population PK analysis dataset comprised 306 pediatric subjects with asthma. Total 301 
subjects, (five subjects had not provided plasma samples for PK) provided a total of 940 sample 
records of which majority of the samples were following the 100 mcg dose. Of all the data, about 
51% were reported as NQ (<LLQ 10 pg/mL) overall, while the percent of -BLQ data was 77%, 
64% and 39% for 25 mcg, 50 mcg and 100 mcg, respectively. It was noted that majority of data 
were immediately after the dosing and at trough, only very small amount of data were taken after 
4 h post dose in the pediatric population due to the sampling schemes of individual studies. 
A one compartment model with first absorption first order elimination was used to fit the data.  
Potential covariate-parameter relationships were explored graphically using the individual inter-
individual variabilities (ETAs) from the base model (Run7wetablock, DMP19910-1.7). Apart 
from race, none of the other covariates assessed (age, ethnicity, sex, age, body weight, body 
mass index) showed potential to affect the estimate of inter-individual variabilities (ETAs) of 
CL/F, V/F, or KA. Although graphically there appeared a slight difference in ETA1 (on CL/F) 
with Asian population relative to others, there were very few subjects (11/306) in this group. The 
effect of race on CL/F was further assessed by incorporating this covariate into the base model 
(Run8, DMP19977-1.1).  The result indicated non-significance of RACE as a covariate in the 
model. 
Since there was no covariate that had any significant impact on any of the PK parameters, the 
final population PK model for FF in this population was the same as the base model.  
Figure 8 shows the scatter plot of individual and population predictions versus observed data 
(data above LLQ). However, due to large proportion of -BLQ data in the datasets, the frequently 
used goodness-of-fit plots, e.g. individual and population predictions versus observed data plots, 
conditional weighted residuals, were not appropriate to assess the model validity. VPC is more 
useful. The VPC plot is presented in Figure 9, where FF 100 mcg QD is taken as example. The 
upper panel showed that majority of the data is captured in the prediction interval encompassing 
95% of the population as indicated by the 2.5th and 97.5th percentile boundary, indicating that 
the model was reasonable for this asthma dataset. The model also described the proportion (%) -
BLQ data well for all doses studied in this dataset (bottom panel). These results indicated good 
fit of the one compartment model to the data that were above the LLQ and the proportion of data 
below the LLQ. 
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