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Abstract

Background: To analyse the efficacy of fluticasone propionate (FP) alone and combined with salmeterol (SAL)
in achieving guideline-defined asthma control in Asian patients.

Methods: A post hoc analysis of the GOAL study in which patients were stratified by prior-medication use
into inhaled corticosteroid (ICS)-naïve (Stratum [S] 1), low-dose ICS (S2), and medium-dose ICS (S3), and
randomised to receive FP/SAL or FP. Doses were stepped-up every 12 weeks until Totally Controlled asthma
or maximum dose was reached (PhI) and then maintained until study end (PhII). The primary endpoint was
the proportion of patients achieving Well-Controlled asthma during PhI. Additional endpoints included Total
Control and adverse events. Asian and non-Asian patients were analysed separately.

Results: In Asian patients in PhI, 74% (n = 87/118) in S1 achieved Well-Controlled asthma with FP/SAL versus
74% (n = 89/121) with FP alone (p = 0.839); corresponding values were 76% (n = 81/107) versus 60% (n = 62/
104; p = 0.005) in S2, and 58% (n = 59/102) versus 43% (n = 41/95; p = 0.015) in S3. More patients in all three
strata achieved Totally Controlled asthma with FP/SAL versus FP alone. Control was achieved more rapidly
and with lower ICS doses with FP/SAL versus FP. A high proportion of patients who achieved control during
PhI maintained control during PhII. Similar trends were found in non-Asian patients. No new safety concerns
were identified.

Conclusions: A greater proportion of Asian patients (S2 and S3, for Well-Controlled; all strata, for Totally
Controlled) achieved guideline-defined asthma control with FP/SAL versus FP alone. High proportions of Asian
patients in S1 achieved Well-Controlled asthma in both treatment groups.
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Background
In the past two decades, asthma guidelines have been re-
vised to emphasise management based on the control of
symptoms and exacerbations rather than classification of
the patient by disease severity [1, 2]. The current Global
Initiative for Asthma (GINA) guidelines describe the
level of asthma symptom control as well-controlled,
partly controlled and uncontrolled [1].
The Gaining Optimal Asthma controL (GOAL) study

was the first large study to examine whether guideline-
defined asthma control can be achieved in patients who
were uncontrolled on either short-acting β2-agonist
(SABA) alone or low- to medium-dose inhaled cortico-
steroid (ICS) [3]. GOAL was a 1-year, randomised,
multinational trial which included 3,421 patients from
44 countries [3]. The study evaluated fluticasone propi-
onate (FP) in combination with salmeterol (SAL) (FP/
SAL) compared with FP alone, and demonstrated that
guideline-defined asthma control could be achieved in
the majority of patients [3].
The large size and multinational nature of GOAL al-

lows for analysis of population subgroups, for example,
by ethnicity. The relatively few clinical trials evaluating
asthma control in Asian patients have demonstrated that
effective control can be achieved with usual therapies of
ICS alone or a combination of ICS/long-acting β2-agon-
ist (LABA) [4–6]. However, two large, population-based
surveys in Asia have shown that good asthma control is
not always achieved in this geographic area, despite the
availability of effective treatments [7–9]. In the Asthma
Insights and Reality in Asia-Pacific (AIRIAP) survey, a
high proportion of patients had poorly-controlled
asthma according to GINA criteria [7]. Approximately
half of patients surveyed had experienced daytime or
night-time asthma symptoms over the past month, and a
similar proportion had required emergency care over the
past year [7]. The REcognise Asthma and LInk to Symp-
toms and Experience (REALISE) Asia study reported un-
controlled asthma in half the patients surveyed and only
partial control in a further one-third [9]. Two out of
three patients missed work because of asthma, and even
patients reported as having controlled asthma had expe-
rienced acute exacerbations during the previous year [8].
The underlying reasons for poor control in patients

with asthma are unknown. Several studies have demon-
strated that lung function measures in Asian populations
are lower than those in Caucasian populations [10–13].
How this difference may impact on the level of asthma
control that can be achieved with treatment in Asian pa-
tients is unknown. To help answer this question, we
conducted a post hoc subgroup analysis of Asian pa-
tients in the GOAL study, using the composite asthma
control criteria used in the original global population.
The primary objective of this post hoc analysis was to
evaluate the efficacy of FP/SAL compared with FP alone
in achieving guideline-defined asthma control in Asian
patients. Additionally, data from the non-Asian popula-
tion are presented to provide a descriptive comparison
with the results from the Asian population.

Methods
Study design
This was a post hoc subgroup analysis of the randomised,
double-blind, parallel-group GOAL study (GSK identifier:
SAM40027). The design and methodology of the GOAL
study have been published in detail [3] (Additional file 1).
Patients were recruited between December 2000 and
December 2001 and stratified according to their medica-
tion use in the 6 months prior to screening. Stratum 1 in-
cluded patients who were ICS-naïve, stratum 2 included
patients who received low-dose ICS treatment (≤500
μg daily of beclomethasone dipropionate or equivalent),
and stratum 3 included patients who received medium-
dose ICS treatment (>500– ≤1000 μg daily of beclometha-
sone dipropionate or equivalent).
Patients were randomised (1:1) to receive either FP/SAL

or FP, stratified by baseline therapy. The starting doses
(taken twice daily) were FP/SAL 100/50 μg or FP 100 μg
(patients in stratum 1 and stratum 2) or FP/SAL 250/50 μg
or FP 250 μg (patients in stratum 3). The study was divided
into two phases. In Phase I, doses were “stepped-up” every
12 weeks until either Total Control (as defined by the
GINA and National Institutes of Health [NIH] Guidelines
at the time of the original study [14]; Additional file 2:
Table S1) was achieved or the maximum dose (FP/SAL
500/50 μg or FP 500 μg) was reached. Patients in stratum
1 and stratum 2 had up to three treatment steps (step 1:
FP/SAL 100/50 μg or FP 100 μg; step 2: FP/SAL 250/50 μg
or FP 250 μg; step 3: FP/SAL 500/50 μg or FP 500 μg)
while patients in stratum 3 had up to two steps (step 1:
FP/SAL 250/50 μg or FP 250 μg; step 2: FP/SAL 500/50 μg
or FP 500 μg). In Phase II (reached either after achieving
Total Control in Phase I or after 12 weeks on the max-
imum dose), patients remained on the dose that achieved
Total Control or the maximum dose until the end of the
1-year double-blind study period. Patients who failed to
achieve Total Control by the end of Phase II entered a
4-week, open-label phase during which they received oral
prednisolone (0.5 mg/kg up to 60 mg per day for 10 days)
and FP/SAL 500/50 μg twice daily.

Study population
Only patients who did not demonstrate Well-
Controlled asthma for at least 2 weeks of the 4-week
run-in period were eligible for inclusion in GOAL
(Additional file 2: Table S1). For this post hoc sub-
group analysis, the Asian population was defined as
patients of Chinese, Japanese, Korean, Thai, Malay or
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Filipino origin living in South East Asia (China, Japan,
Hong Kong, Malaysia, Philippines, Singapore, South
Korea, Taiwan, Thailand) during the study. The non-
Asian population included all patients in the intent-
to-treat (ITT) population who were not in the Asian
subgroup (full inclusion criteria of the GOAL study
can be found in the Additional file 1).

Study endpoints
The primary endpoint of the GOAL study and of this
post hoc subgroup analysis was the proportion of pa-
tients achieving Well-Controlled asthma with FP/SAL
compared with FP alone during Phase I. The proportion
of patients achieving Total Control of asthma was also
evaluated. Asthma control was defined according to
composite measures based on the GINA/NIH criteria
developed for the GOAL study [3, 14], as shown in Add-
itional file 2: Table S1. Well-Controlled asthma and
Total Control of asthma were achieved if the patient re-
corded 7 out of 8 consecutive assessment weeks with
Well-Controlled asthma or Total Control of asthma, re-
spectively. Additional endpoints included: the ICS dose
at which Well-Controlled asthma and Total Control of
asthma was achieved; the cumulative probabilities from
analysis of time to achieve the first week of Well-
Controlled asthma and Total Control of asthma; the
maintenance of Well-Controlled asthma and Total Con-
trol of asthma status from Phase I until the end of Phase
II; the stability of weekly control during Phase II; rate of
exacerbations (requiring oral corticosteroids, hospitalisa-
tions or emergency visits); and morning predose clinic
forced expiratory volume in 1 s (FEV1) and asthma qual-
ity of life (QoL) as assessed using the Asthma Quality of
Life Questionnaire (AQLQ) [15]. The incidence of ad-
verse events (AEs) was also monitored.

Calculation of the sample size
Sample size calculations were performed for the original
GOAL study [3]; however, as the current analysis was
post hoc, no further sample size calculations were re-
quired and therefore all analyses are descriptive only, in-
cluding the calculated p-values.

Statistical analysis
The ITT population, defined as all patients who were
randomised and received at least one dose of a study
drug, was used for all analyses. Using data from a
Caucasian-only subpopulation (comprising approxi-
mately 90% of the non-Asian patients in the GOAL
study), the primary endpoint was analysed and found to
have little difference compared with the overall non-
Asian population, so data from the non-Asian popula-
tion are presented here.
The statistical analysis of the proportion of patients
who achieved Well-Controlled asthma and Total Con-
trol of asthma was performed using logistic regression
with covariates for baseline FEV1, sex, age and treatment
group. The analysis of the ICS dose at which Well-
Controlled asthma and Total Control of asthma was first
achieved was performed using proportional odds logistic
regression on dose with the same covariates. The effects
of treatment on exacerbation rates were determined
using Poisson regression with generalised estimating
equations with the same covariates (treatment differ-
ences were expressed as the ratio of FP/SAL over FP,
with treatment ratios greater than 1 in favour of FP/
SAL). Time to achieve Well-Controlled asthma and
Total Control of asthma was assessed using inverse
Kaplan–Meier plots with Log-Rank tests. The statistical
analysis of mean change in clinic FEV1 (L) was per-
formed using analysis of covariance with covariates for
baseline FEV1, sex, age and treatment group (treatment
differences were expressed as a difference of FP/SAL
from placebo in FEV1 [L], with positive treatment differ-
ences in favour of FP/SAL).
Analyses were completed using SAS 9.3 (Cary, NC, USA).

Results
Study population
A total of 5,068 patients were screened and 3,421 quali-
fied for inclusion in the primary study [3]. Of these pa-
tients, 652 Asian patients and 2,764 non-Asian patients
were randomised and treated and therefore included in
this post hoc subgroup analysis (Fig. 1).
The demographics and baseline characteristics of the

two populations were generally similar across the differ-
ent strata and treatment groups (Table 1). However,
compared with the Asian patients, non-Asian patients
had a numerically greater mean height, weight and per-
cent predicted pre-FEV1 (Table 1). Patient race is shown
in Additional file 3: Table S2.

Achievement of guideline-defined asthma control
Overall control
In Phase I, the same percentage of Asian patients in
stratum 1 achieved Well-Controlled asthma with FP/
SAL (74% [87/118]) and with FP alone (74% [89/121])
(odds ratio [OR]: 0.94; 95% confidence interval [95% CI]:
0.52, 1.70; p = 0.839). More Asian patients in stratum 2
and stratum 3 achieved Well-Controlled asthma with
FP/SAL than with FP alone (stratum 2: 76% [81/107] vs
60% [62/104], respectively [OR: 2.44; 95% CI: 1.31, 4.56;
p = 0.005]; stratum 3: 58% [59/102] vs 43% [41/95], re-
spectively [OR: 2.08; 95% CI: 1.15, 3.76; p = 0.015]). For
the non-Asian population, more patients in all three
strata achieved Well-Controlled asthma with FP/SAL
than with FP alone (stratum 1: 70% [296/421] vs 63%



Fig. 1 Patient disposition. *Includes those who were classified as screen or run-in failures; †includes five patients who were excluded from the
intent-to-treat population as they did not take a dose of the study drug. FP fluticasone propionate, SAL salmeterol
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[267/423], respectively [OR: 1.41; 95% CI: 1.06, 1.88;
p = 0.020]; stratum 2: 67% [319/476] vs 51% [240/473]
[OR: 2.00; 95% CI: 1.53, 2.61; p < 0.001]; stratum 3: 49%
[229/466] vs 31% [147/472] [OR: 2.19; 95% CI: 1.68,
2.87; p < 0.001]).
In Phase I, more patients in all three strata achieved

Total Control of asthma with FP/SAL compared with FP
alone in both the Asian and non-Asian populations. In
Asian patients in stratum 1, Total Control was achieved in
42% (49/118) of patients with FP/SAL and 28% (34/121)
with FP (OR: 1.77; 95% CI: 1.02, 3.08; p = 0.043), in
stratum 2 this was achieved in 36% (39/107) versus 25%
(26/104), respectively (OR: 1.86; 95% CI: 1.00, 3.43;
p = 0.049), and in stratum 3 this was achieved in 26% (27/
102) versus 6% (6/95), respectively (OR: 7.16; 95% CI:
2.65, 19.35; p < 0.001). In non-Asian patients in stratum 1,
Total Control was achieved in 42% (176/421) of patients
with FP/SAL and 32% (135/423) with FP (OR: 1.56; 95%
CI: 1.18, 2.07; p = 0.002), in stratum 2 this was achieved in
32% (150/476) versus 19% (88/473), respectively (OR:
1.99; 95% CI: 1.47, 2.70; p < 0.001), and in stratum 3 this
was achieved in 17% (79/466) versus 8% (37/472), respect-
ively (OR: 2.42; 95% CI: 1.60, 3.67; p < 0.001).

ICS dose at which control was achieved
The study also evaluated control according to the ICS
dose received. The proportion of Asian patients achiev-
ing Well-Controlled asthma and Total Control of
asthma was higher with FP/SAL than with FP alone,
when FP/SAL was administered at an ICS dose that was
the same or lower than the ICS dose with FP alone
(Fig. 2).
More patients (in stratum 1 and stratum 2) achieved

Well-Controlled asthma using FP/SAL than FP alone in
the Asian population receiving the lowest dose of ICS
(FP 100 μg) in Phase I (Fig. 2a). Findings in the non-
Asian population were similar (Fig. 2a). In the Asian
population, the odds of achieving Well-Controlled
asthma at the same or lower dose of ICS for FP/SAL ver-
sus FP alone in stratum 1 increased by 47% (OR: 1.47;
95% CI: 0.91, 2.38; p = 0.119) and more than doubled in
stratum 2 (OR: 2.78; 95% CI: 1.64, 4.71; p < 0.001) and
stratum 3 (OR: 2.38; 95% CI: 1.36, 4.14; p = 0.002). Find-
ings of analyses by dose at which control was achieved
in the non-Asian population were similar; the use of FP/
SAL increased the odds of achieving Well-Controlled
asthma compared with FP alone in stratum 1 (OR: 1.37;
95% CI: 1.07, 1.76; p = 0.014), stratum 2 (OR: 2.04; 95%
CI: 1.61, 2.59; p < 0.001), and stratum 3 (OR: 2.20; 95%
CI: 1.69, 2.85; p < 0.001).
Again, in the Asian population, when analysed by ICS

dose at which control was achieved, Total Control of
asthma was achieved by a greater proportion of patients
using FP/SAL than FP alone (Fig. 2b). The use of FP/
SAL increased the odds of achieving Total Control com-
pared with FP alone (by ICS dose) in stratum 1 (OR:
1.66; 95% CI: 0.97, 2.84; p = 0.062), stratum 2 (OR: 1.90;
95% CI: 1.05, 3.46; p = 0.035), and stratum 3 (OR: 7.39;



Ta
b
le

1
Pa
tie
nt

de
m
og

ra
ph

ic
s
an
d
ba
se
lin
e
ch
ar
ac
te
ris
tic
s
(IT
T
po

pu
la
tio

n)

A
si
an

po
pu

la
tio

n
N
on

-A
si
an

po
pu

la
tio

n

S1
S2

S3
S1

S2
S3

FP
/S
A
L

FP
FP
/S
A
L

FP
FP
/S
A
L

FP
FP
/S
A
L

FP
FP
/S
A
L

FP
FP
/S
A
L

FP

n
=
12
0

n
=
12
2

n
=
10
7

n
=
10
4

n
=
10
2

n
=
97

n
=
42
8

n
=
42
8

n
=
47
8

n
=
47
4

n
=
47
4

n
=
48
2

A
ge

,m
ea
n
(S
D
),
ye
ar
sa

37
.2
(1
4.
4)

39
.1
(1
4.
4)

41
.9
(1
5.
4)

41
.4
(1
3.
5)

45
.8
(1
4.
3)

43
.1
(1
2.
4)

35
.8

(1
6.
0)

35
.6
(1
5.
8)

40
.0
(1
6.
6)

40
.1
(1
7.
2)

43
.7
(1
6.
2)

42
.6
(1
6.
3)

Fe
m
al
e,
n
(%
)a

67
(5
6)

75
(6
1)

62
(5
8)

61
(5
9)

53
(5
2)

63
(6
5)

24
5
(5
7)

24
1
(5
6)

27
8
(5
8)

28
8
(6
1)

27
6
(5
8)

27
9
(5
8)

H
ei
gh

t,
m
ea
n
(S
D
),
cm

a
16
1.
9
(9
.5
)

15
8.
6
(8
.8
)

16
1.
3
(8
.9
)

16
2.
7
(8
.8
)

16
1.
6
(9
.5
)

16
1.
3
(7
.9
)

16
7.
8

(9
.8
)

16
7.
7
(1
0.
1)

16
6.
5
(1
0.
2)

16
6.
5
(1
0.
2)

16
7.
1
(1
0.
1)

16
6.
6
(1
0.
3)

W
ei
gh

t,
m
ea
n
(S
D
),
kg

a
60
.8
(1
2.
9)

58
.6
(1
1.
7)

61
.5
(1
1.
3)

61
.8
(1
1.
1)

63
.2
(1
4.
0)

61
.7
(1
0.
6)

72
.4

(1
7.
6)

71
.8
(1
7.
9)

72
.6
(1
6.
7)

72
.7
(1
7.
9)

74
.5
(1
6.
5)

73
.4
(1
6.
4)

BM
I,
m
ea
n
(S
D
)a

23
.1
5

(4
.5
7)

23
.2
5

(3
.9
4)

23
.5
9

(3
.6
9)

23
.2
8

(3
.4
1)

24
.0
7

(4
.3
3)

23
.6
8

(3
.3
7)

25
.6
3

(5
.7
2)

25
.4
1
(5
.7
3)

26
.1
6
(5
.5
2)

26
.1
0
(5
.5
6)

26
.5
9

(5
.0
9)

26
.5
3
(5
.4
6)

M
ea
n
FE
V 1

at
vi
si
t
2
(S
D
),

Lb
2.
08

(0
.6
9)

n
=
11
8

1.
92

(0
.6
8)

n
=
12
1

1.
91

(0
.6
4)

n
=
10
7

1.
97

(0
.5
8)

n
=
10
4

1.
93

(0
.7
5)

n
=
10
2

2.
04

(0
.6
8)

n
=
95

2.
61

(0
.8
8)

n
=
42
1

2.
69

(0
.8
2)

n
=
42
3

2.
53

(0
.8
2)

n
=
47
6

2.
46

(0
.8
2)

n
=
47
3

2.
36

(0
.8
1)

n
=
46
6

2.
38

(0
.7
9)

n
=
47
2

M
ea
n
%

pr
ed

ic
te
dc

FE
V 1

at
vi
si
t
2
(S
D
),
%
b

68
.6
(1
6.
6)

n
=
11
8

67
.6
(1
7.
0)

n
=
12
1

66
.7
(1
6.
8)

n
=
10
7

67
.0
(1
5.
6)

n
=
10
4

67
.3
(1
7.
1)

n
=
10
2

71
.1
(1
6.
8)

n
=
95

78
.8

(1
8.
6)

n
=
42
1

81
.8
(1
8.
0)

n
=
42
3

80
.4
(1
7.
6)

n
=
47
6

79
.3
(1
8.
2)

n
=
47
3

76
.2
(1
8.
6)

n
=
46
6

77
.1
(1
7.
6)

n
=
47
2

M
ed

ia
n
pr
e-
ra
nd

om
is
at
io
n

re
ve
rs
ib
ili
ty
,(
m
in
.,
m
ax
.),
%

21
.4
(1
0.
5,

95
.2
)

n
=
91

20
.0
(9
.0
,

11
2.
5)

n
=
98

25
.0
(2
.7
,

12
4.
7)

n
=
87

24
.0
(1
1.
1,

78
.9
)

n
=
80

25
.3
(4
.2
,

92
.0
)

n
=
63

20
.2
(8
.3
,

68
.6
)

n
=
67

23
.8
(1
.0
,

95
.7
)

n
=
31
8

22
.0
(2
.5
,

97
.0
)

n
=
32
4

21
.4
(−
0.
6,

12
3.
6)

n
=
34
6

21
.6
(3
.7
,

11
1.
5)

n
=
34
6

22
.2
(−
0.
4,

11
5.
3)

n
=
35
6

21
.9
(3
.1
,

22
4.
0)

n
=
36
6

M
ea
n
am

PE
F
(S
D
),
L/
m
in

31
0.
5
(7
6.
3)

n
=
12
0

29
9.
0
(7
2.
7)

n
=
12
2

31
2.
3
(9
2.
3)

n
=
10
7

31
1.
0
(7
0.
9)

n
=
10
4

32
0.
1
(8
4.
2)

n
=
10
2

32
7.
9
(9
0.
5)

n
=
97

35
3.
8

(9
2.
9)

n
=
42
7

35
8.
4
(9
3.
8)

n
=
42
7

35
6.
9
(9
8.
0)

n
=
47
8

35
0.
7
(9
6.
5)

n
=
47
4

35
0.
4
(1
00
.8
)

n
=
47
3

35
2.
5
(9
7.
0)

n
=
48
2

M
ea
n
%

pr
ed

ic
te
db

am
PE
F

(S
D
),
%

71
.1
(1
4.
1)

n
=
12
0

71
.9
(1
4.
4)

n
=
12
2

74
.1
(1
8.
4)

n
=
10
7

72
.7
(1
5.
9)

n
=
10
4

74
.8
(1
4.
4)

n
=
10
2

77
.5
(1
7.
2)

n
=
97

76
.9

(1
4.
5)

n
=
42
7

77
.9
(1
4.
1)

n
=
42
7

79
.4
(1
5.
3)

n
=
47
8

79
.3
(1
6.
2)

n
=
47
4

78
.4
(1
6.
2)

n
=
47
3

79
.2
(1
6.
0)

n
=
48
2

M
ea
n
da
ily

re
sc
ue

us
ag
e,

(S
D
)

1.
9
(1
.6
)

n
=
12
0

1.
7
(1
.3
)

n
=
12
2

1.
7
(1
.3
)

n
=
10
7

1.
5
(1
.1
)

n
=
10
3

1.
5
(1
.5
)

n
=
10
2

1.
6
(1
.4
)

n
=
97

2.
0
(1
.7
)

n
=
42
6

1.
8
(1
.5
)

n
=
42
8

1.
8
(1
.5
)

n
=
47
8

1.
8
(1
.5
)

n
=
47
3

2.
0
(1
.4
)

n
=
47
3

2.
0
(1
.4
)

n
=
48
2

M
ed

ia
n
ni
gh

t-
tim

e
aw

ak
en

in
gs
,(
m
in
.,
m
ax
.)

0.
5
(0
,3
)

n
=
12
0

0.
5
(0
,3
)

n
=
12
2

0.
2
(0
,3
)

n
=
10
7

0.
2
(0
,2
)

n
=
10
4

0.
2
(0
,2
)

n
=
10
2

0.
3
(0
,4
)

n
=
95

0.
4
(0
,4
)

n
=
42
5

0.
3
(0
,4
)

n
=
42
7

0.
2
(0
,3
)

n
=
47
6

0.
2
(0
,3
)

n
=
47
1

0.
3
(0
,4
)

n
=
47
1

0.
2
(0
,3
)

n
=
47
9

M
ea
n
as
th
m
a
sy
m
pt
om

sc
or
e,
(S
D
)

1.
9
(0
.8
)

n
=
12
0

1.
7
(0
.8
)

n
=
12
1

1.
7
(0
.9
)

n
=
10
7

1.
6
(0
.8
)

n
=
10
4

1.
6
(0
.9
)

n
=
10
2

1.
8
(1
.0
)

n
=
97

1.
8
(0
.8
)

n
=
42
7

1.
7
(0
.9
)

n
=
42
8

1.
8
(0
.9
)

n
=
47
8

1.
8
(0
.9
)

n
=
47
3

2.
0
(0
.9
)

n
=
47
2

1.
9
(0
.9
)

n
=
48
2

Pa
tie
nt
s
w
ith

at
op

y,
n
(%
)a

54
(4
5)

46
(3
8)

54
(5
0)

59
(5
7)

62
(6
1)

46
(4
7)

25
9
(6
1)

25
3
(5
9)

29
8
(6
2)

27
8
(5
9)

30
0
(6
3)

29
0
(6
0)

Pa
tie
nt
s
w
ith

un
kn
ow

n
at
op

y,
n
(%
)a

8
(7
)

10
(8
)

13
(1
2)

9
(9
)

18
(1
8)

10
(1
0)

46
(1
1)

34
(8
)

31
(6
)

25
(5
)

32
(7
)

30
(6
)

am
m
or
ni
ng

,B
M
Ib

od
y
m
as
s
in
de

x,
FE
V 1

fo
rc
ed

ex
pi
ra
to
ry

vo
lu
m
e
in

1
s,
FP

flu
tic
as
on

e
pr
op

io
na

te
,F
P/
SA

L
flu

tic
as
on

e
pr
op

io
na

te
/s
al
m
et
er
ol
,I
CS

in
ha

le
d
co
rt
ic
os
te
ro
id
s,
IT
T
in
te
nt
-t
o-
tr
ea
t,
m
ax
.

m
ax
im

um
,m

in
.m

in
im

um
,P

EF
pe

ak
ex
pi
ra
to
ry

flo
w
,S
1
pa

tie
nt
s
w
ho

w
er
e
IC
S
na

ïv
e
at

st
ud

y
en

tr
y,
S2

pa
tie

nt
s
w
ho

re
ce
iv
ed

lo
w
-d
os
e
IC
S
tr
ea
tm

en
t
pr
io
r
to

st
ud

y
en

tr
y,
S3

pa
tie

nt
s
w
ho

re
ce
iv
ed

m
ed

iu
m
-d
os
e
IC
S
tr
ea
tm

en
t
pr
io
r
to

st
ud

y
en

tr
y,
SD

st
an

da
rd

de
vi
at
io
n

a N
um

be
r
of

pa
tie

nt
s
w
ith

da
ta

to
an

al
ys
e
fo
r
th
is
va
ria

bl
e
as

in
th
e
co
lu
m
n
he

ad
in
g,

ap
ar
t
fr
om

w
ei
gh

t
an

d
BM

Ii
n
th
e
no

n-
A
si
an

/S
2/
FP

ce
lls
,w

he
re

n
=
47

3
(it
al
ic
is
ed

n
=
in

ot
he

r
ro
w
s
ar
e
th
e

nu
m
be

r
of

pa
tie

nt
s
w
ith

da
ta

av
ai
la
bl
e
fo
r
an

al
ys
is
in

th
is
va
ria

bl
e)
;b
pr
e-
br
on

ch
od

ila
to
r;

c p
re
di
ct
ed

va
lu
es

ca
lc
ul
at
ed

fr
om

Eu
ro
pe

an
C
om

m
un

ity
fo
r
C
oa

la
nd

St
ee

l(
EC

C
S)

va
lu
es

Bousquet et al. BMC Pulmonary Medicine  (2017) 17:75 Page 5 of 12



A

B

Fig. 2 Proportion of patients who achieved Well-Controlled* (a) and Total-Control of* (b) asthma. *Phase I data are presented by dose and Phase II
data are overall proportions only. FP fluticasone propionate, ICS inhaled corticosteroid, S1 patients who were ICS naïve at study entry, S2 patients who
received low-dose ICS treatment prior to study entry, S3 patients who received medium-dose ICS treatment prior to study entry, SAL salmeterol
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95% CI: 2.74, 19.92; p < 0.001). Findings in the non-
Asian population were similar; the use of FP/SAL
increased the odds of achieving Total Control compared
with FP alone in stratum 1 (OR: 1.61; 95% CI: 1.22, 2.12;
p < 0.001), stratum 2 (OR: 2.06; 95% CI: 1.53, 2.78;
p < 0.001), and stratum 3 (OR: 2.46; 95% CI: 1.62, 3.72;
p < 0.001).

Control in Phase II
During Phase II of the study, in which patients re-
ceived a constant dose of medication, additional pa-
tients achieved Well-Controlled asthma and Total
Control of asthma. The overall proportion of Asian
patients achieving Well-Controlled asthma at the end
of Phase II was higher with FP/SAL compared with
FP alone: 82% (97/118) and 78% (94/121) in stratum
1, 80% (86/107) and 67% (70/104) in stratum 2, and
75% (77/102) and 60% (57/95) in stratum 3 (Fig. 2a).
Corresponding values for Total Control of asthma
with FP/SAL and FP, respectively, were 52% (61/118)
and 39% (47/121) in stratum 1, 50% (54/107) and
37% (38/104) in stratum 2, and 42% (43/102) and
19% (18/95) in stratum 3 (Fig. 2b). A higher propor-
tion of non-Asian patients also achieved control at
the end of Phase II with FP/SAL versus FP alone
(Fig. 2a and b).
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Analysis of time to control
Analysis of time to control, defined as the time to
achieve the first week of Well-Controlled asthma or the
first week of Total Control, showed that patients in all
groups achieved control more rapidly with FP/SAL than
with FP alone, and the cumulative probability of achiev-
ing control by Week 52 was greater with FP/SAL than
with FP alone (Fig. 3 and Fig. 4).
The cumulative probability of achieving the first week

of Well-Controlled asthma by Week 52 with FP/SAL
and FP alone, respectively, was 97% (n/N, where N =
subgroup total, not the censored value used within the
Kaplan–Meier analysis: 115/120) versus 92% (110/122)
(p = 0.064) for stratum 1, 94% (98/107) versus 90% (92/
104) (p = 0.018) for stratum 2, and 95% (96/102) versus
85% (79/97) (p = 0.002) for stratum 3 in the Asian popu-
lation (Fig. 3). In the non-Asian population, correspond-
ing values were 95% (392/428) versus 89% (361/428)
(p < 0.001) for stratum 1, 91% (422/478) versus 87%
(393/474) (p < 0.001) for stratum 2, and 84% (386/474)
versus 77% (349/482) (p < 0.001) for stratum 3 (Fig. 3).
The time point by which the cumulative probability
Fig. 3 Time to achieve Well-Controlled asthma in Asian and non-Asian patien
S1 patients who were ICS naïve at study entry, S2 patients who received low-
medium-dose ICS treatment prior to study entry, SAL salmeterol
reached 0.5 in the Asian population for Well-Controlled
asthma was 1.3 weeks with FP/SAL versus 3.3 weeks
with FP alone in stratum 1, 1.3 weeks versus 3.3 weeks
in stratum 2, and 1.8 weeks versus 5.3 weeks in stratum
3. In the non-Asian population, corresponding values
were 2.3 weeks versus 3.3 weeks in stratum 1, 1.3 weeks
versus 7.3 weeks in stratum 2, and 4.3 weeks versus 10.3
weeks in stratum 3.
For Total Control of asthma, the cumulative probabil-

ity of patients in the Asian stratum 1 population achiev-
ing their first week of control by Week 52 was
numerically greater for the FP/SAL group compared
with the FP alone group (68% [80/120] vs 58% [69/122],
respectively, p = 0.075). It was higher in the FP/SAL
group than the FP alone group for Asian patients in
stratum 2 (71% [73/107] vs 55% [56/104], respectively,
p = 0.024) and stratum 3 (65% [65/102] vs 47% [43/97],
respectively, p = 0.014), and in all three strata in non-
Asian patients (stratum 1: 77% [311/428] vs 67% [261/
428], p < 0.001; stratum 2: 69% [311/478] vs 53% [232/
474], p < 0.001; stratum 3: 55% [247/474] vs 43% [187/
482]; p < 0.001) (Fig. 4). The time point by which the
ts (S1, S2 and S3), FP fluticasone propionate, ICS inhaled corticosteroids,
dose ICS treatment prior to study entry, S3 patients who received



Fig. 4 Time to achieve Total-Control of asthma in Asian and non-Asian patients (S1, S2 and S3). FP fluticasone propionate, ICS inhaled corticosteroids,
S1 patients who were ICS naïve at study entry, S2 patients who received low-dose ICS treatment prior to study entry, S3 patients who received
medium-dose ICS treatment prior to study entry, SAL salmeterol
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cumulative probability reached 0.5 in the Asian popula-
tion for Total Control of asthma was 19.3 weeks with
FP/SAL versus 26.3 weeks with FP alone in stratum 1,
and 23.3 weeks versus 35.3 weeks in stratum 2. In
stratum 3, the first time point of control was achieved
by 27.3 weeks with FP/SAL but was not reached with
FP. In the non-Asian population, corresponding values
were 14.3 weeks versus 23.3 weeks in stratum 1, 20.3
weeks versus 45.3 weeks in stratum 2, and 38.3 weeks
versus not reached in stratum 3.

Stability of control
In the Asian population, the majority of patients who
achieved Well-Controlled asthma or Total Control of
asthma during Phase I (based on an 8-week assessment
period) maintained control each week during Phase II
(Fig. 5).
In stratum 1, of patients receiving FP/SAL who achieved

Well-Controlled asthma during Phase 1 (8-week assess-
ment period), 83% (72/87) had maintained control at the
end of Phase II (8-week assessment period) compared with
80% (71/89) receiving FP alone. Corresponding values were
78% (63/81) and 82% (51/62) in stratum 2, and 86% (51/
59) and 73% (30/41) in stratum 3 for FP/SAL and FP alone,
respectively. For Total Control of asthma, the proportion
of patients in the Asian population maintaining control
during Phase II with FP/SAL and FP, respectively, were
73% (36/49) and 74% (25/34) in stratum 1, 64% (25/39)
and 73% (19/26) in stratum 2, and 78% (21/27) and 83%
(5/6) in stratum 3. In the non-Asian population, corre-
sponding values for Well-Controlled asthma were 78%
(232/296) and 76% (203/267) in stratum 1, 84% (269/319)
and 73% (175/240) in stratum 2, and 75% (172/229) and
78% (115/147) in stratum 3. For Total Control of asthma
in the non-Asian population, the proportion maintaining
control with FP/SAL and FP, respectively, were 68% (119/
176) and 74% (100/135) in stratum 1, 71% (107/150) and
59% (52/88) in stratum 2, and 67% (53/79) and 73% (27/
37) in stratum 3. In the Asian population, for patients who
did not achieve Well-Controlled asthma or Total Control
of asthma in Phase I, a greater proportion of patients using
FP/SAL compared with FP gained control in Phase II.



Fig. 5 Proportion of patients who achieved at least one week of Well-Controlled asthma during Phase II. Data pooled across all strata within a
treatment. This analysis included Phase II treatment only (up to 40 weeks) and control was assessed at each individual week after Phase I. Phase I
control status was based on an 8-week assessment period. FP fluticasone propionate, Ph I Phase I, SAL salmeterol, WC well controlled
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Effects of treatments on exacerbations
As the number of exacerbations reported in the study
was low, data were combined across all strata for this
analysis. In the Asian population, the incidence of
exacerbations over 52 weeks was 0.19 for FP/SAL
(n = 327) and 0.24 for FP (n = 320); rate ratio 0.792
(95% CI: 0.508, 1.236) (Fig. 6). In the non-Asian
population, the incidence of exacerbations was 0.12
Fig. 6 Incidence of exacerbations over 52 weeks. CI confidence interval,
FP fluticasone propionate, FP/SAL fluticasone propionate/salmeterol, ICS
inhaled corticosteroids
for FP/SAL (n = 1363) and 0.18 for FP (n = 1,368); rate
ratio 0.668 (95% CI: 0.529, 0.844) (Fig. 6).

Lung function (FEV1)
At Week 52, the change in FEV1 was greater with FP/
SAL than with FP alone in both the Asian and non-
Asian populations: the difference between treatments
(FP/SAL minus FP) in adjusted mean change from base-
line was 0.22 (95% CI: 0.11, 0.33) in stratum 1, 0.07
(−0.04, 0.18) in stratum 2, and 0.15 (0.04, 0.26) in
stratum 3 for the Asian population, and 0.16 (0.10, 0.22)
in stratum 1, 0.15 (0.09, 0.20) in stratum 2, and 0.15
(0.09, 0.20) in stratum 3 for the non-Asian population
(Additional file 4: Figure S1).

Asthma QoL
Analysis of AQLQ scores by stratum was limited by few
patients completing the questionnaire (in the Asian
population, 121 patients treated with FP/SAL and 123
patients with FP alone; in the non-Asian population, 689
patients and 650 patients, respectively, completed the
questionnaire); pooled data were therefore analysed.
AQLQ scores improved with both FP/SAL and FP alone
from baseline to Week 52, in both the Asian and non-
Asian populations (Additional file 5: Figure S2).

Incidence of AEs
The overall incidence of AEs was similar in both treat-
ment groups in both populations. In the Asian popula-
tion, 192 out of 329 (58%) patients experienced AEs
with FP/SAL and 185 out of 323 (57%) with FP alone
(Additional file 6: Table S3). Corresponding values in the
non-Asian population were 859 out of 1,380 (62%) with
FP/SAL and 847 out of 1,384 (61%) with FP alone. The
most common AEs reported in both treatment groups
were upper respiratory tract infections (in 29–31% of the
Asian population, and 9% of the non-Asian population)
and nasopharyngitis (in 7–9% of the Asian population,
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and 14–15% of the non-Asian population) (Additional
file 6: Table S3).

Discussion
This analysis indicated that guideline-defined control can
be achieved and maintained in the majority of Asian pa-
tients with uncontrolled asthma across a range of sever-
ities. More patients in the strata previously receiving a low
or medium dose of ICS (stratum 2 + stratum 3) achieved
control with FP/SAL compared with FP alone, and did so
more quickly and with a lower dose of ICS. For the
stratum of patients who were uncontrolled on SABA-only
treatment at study entry (stratum 1), there was no differ-
ence between the treatments for the primary endpoint of
Well-Controlled asthma during the dose-escalation phase.
However, there was an advantage for FP/SAL compared
with FP alone for Total Control of asthma. This difference
could be because Well-Controlled asthma is easier to
achieve than Total Control, so treatment differences be-
tween FP and FP/SAL are more clearly visible when exam-
ining achievement of Total Control; however, the Asian
population, although sizeable in this analysis, was too
small to examine this observation further. Despite this, a
high proportion of patients receiving SABA-only at entry
did achieve control. This was accompanied by a noticeable
improvement in lung function (0.22 L), as measured by
FEV1, over the 52 weeks.
During the maintenance phase, additional patients in

the Asian population achieved control for both study
measures of control compared with the dose-escalation
phase. Furthermore, control during the maintenance
phase was relatively stable. This benefit of sustained
treatment was larger for Total Control than for Well-
Controlled asthma across all strata and may reflect add-
itional time required to improve airway inflammation in
patients with asthma. Sustained treatment has previously
been shown to improve airway hyper-responsiveness
over 3 years [16], and it is established that airway hyper-
responsiveness is associated with inflammatory markers,
such as eosinophilia, in symptomatic patients [17].
As was observed in the total GOAL study population

[3], maintaining treatment also had a clear benefit on
health status in both the Asian and non-Asian popula-
tions studied in this analysis. Insufficient patients in each
stratum of the Asian population completed the AQLQ
to allow a by-stratum analysis, therefore, the AQLQ data
were analysed across in the entire dataset (244 Asian pa-
tients in total). The analysis showed that Asian patients
experienced a substantial improvement in health status
such that the AQLQ score approached or exceeded the
value of 6, suggesting that asthma no longer had a sig-
nificant impact on QoL [18].
The incidence of exacerbations in the Asian patients

was low and in keeping with the total study population
as previously reported [3]. There was a significant im-
provement in FEV1 for stratum 1 and stratum 3 (0.22
and 0.15 L, respectively), values very similar to those
seen in the non-Asian population. The treatment differ-
ence for patients in stratum 2 was only 0.07 L.
The findings of the current analysis are in agreement

with other studies exploring the efficacy of ICS/LABA
combinations in improving asthma control in Asian pa-
tients. Although the multinational COSMOS study
(1-year, randomised, parallel-group study investigating
budesonide/formoterol vs FP/SAL) was conducted in a
population that differed from the GOAL population (it
included patients with a history of asthma exacerbations
in the year prior to entry), a post hoc analysis of the
COSMOS Asian population also demonstrated improved
asthma control over a 1-year period with two ICS/LABA
combinations [5]. Compared with baseline, both combi-
nations provided clinically relevant improvements in
asthma control (assessed using the five-item version of
the Asthma Control Questionnaire [ACQ]), QoL
(assessed using the AQLQ) and FEV1 [5]. It should be
noted, however, that the ACQ measured asthma control
over a recall period of only 7 days, whereas control in
the GOAL study was measured over 8-week periods. In
another study, the efficacy of a different ICS/LABA com-
bination (fluticasone furoate/vilanterol) was compared
with that of FP alone in Asian patients in a 12-week,
randomised trial [19]. This ICS/LABA combination pro-
vided significantly greater improvements in peak expira-
tory flow (PEF) compared with FP alone [19]. In a study
in Korean patients treated with FP/SAL, the number of
patients with Well-Controlled asthma, assessed by the
AQLQ and the Asthma Control Test, increased from
baseline and was accompanied by a clinically relevant
improvement in QoL [20].
Although this is a post hoc analysis of a subgroup of

patients from the original, much larger, population [3], it
is reassuring to see that existing and well-established
treatments are as effective in Asian patients as in a wider
group of patients at achieving and maintaining compre-
hensive control of asthma, and that this is accompanied
by additional outcome benefits.
Safety findings from the present analysis were also

similar with the findings from the other studies, with the
most common AEs reported with ICS/LABA combina-
tions or ICS alone being upper respiratory tract infection
(URTI) and nasopharyngitis [5, 19, 20]. A substantial dif-
ference was noted between Asian and non-Asian pa-
tients in the incidence of these AEs: ~30% of Asian
patients experienced URTI compared with only 9% of
non-Asian patients, whilst fewer Asian patients (8%) ex-
perienced nasopharyngitis than non-Asian patients
(14%). Differences in patterns of antibiotic prescription
in Asian and non-Asian countries may explain the
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difference in the incidence of URTI between the two
populations, but could not account for the discrepancy
in nasopharyngitis. An alternative explanation may sim-
ply be that different terms are used in the different
countries included within the populations to describe
the same symptoms.
This analysis suggests that, in Asian patients, baseline lung

function may not be an accurate predictor of future asthma
control. While asthma severity is related to FEV1 [21] and
ethnic differences in lung function (including FEV1) have
also been reported [10, 11], it is unclear how these different
factors are linked. Lung function also varies with gender and
age [11, 22], and so further research into the factors deter-
mining severity and differences in baseline physiology in
Asians compared with non-Asians is required.
Strengths of this study included the large number of

Asian patients within the analyses and the use of the
guideline-defined composite endpoints of asthma con-
trol. A number of limitations should be taken into ac-
count when considering these findings. This was a post
hoc subgroup analysis and was not designed to analyse
treatment differences in asthma control within and be-
tween the Asian and non-Asian populations. The Asian
subgroup population was also much smaller (N = 652)
than the non-Asian subgroup population (N = 2,764),
and, therefore, within and between subgroup compari-
sons must be interpreted with caution. This difference in
sample size may have impacted some of the results. For
example, in Asian patients who were ICS-naïve at base-
line, there was no difference between FP/SAL and FP
alone with regard to the proportion achieving Well-
Controlled asthma, but a benefit of FP/SAL over FP
alone was observed in this group for Total Control of
asthma. In the corresponding group of non-Asian pa-
tients, a benefit for FP/SAL was seen for both endpoints.
Patient numbers were too small to enable analyses by
stratum for some outcomes (i.e. AQLQ); only pooled
data were presented for these parameters. Although this
Asian subgroup is one of the largest populations studied
with regard to a composite score of asthma control, it was
not large enough to conduct a by-stratum analysis of exac-
erbations, an important outcome for patients with asthma.
Finally, the Asian patient population included in this ana-
lysis was heterogeneous as it included patients from sev-
eral countries. This may limit generalisability to more
homogeneous, single country populations.

Conclusions
The results of the GOAL study in Asian patients reflected
those seen in the overall population [3]. In addition, the
present analysis demonstrated similar trends in Asian
compared with non-Asian patients. The post hoc sub-
group analyses showed that guideline-defined asthma con-
trol, measured by a composite of clinically relevant
endpoints, can be achieved and maintained with the com-
bination of FP/SAL in a substantial proportion of Asian
patients. Overall, FP/SAL was more effective at a lower
dose of ICS than FP alone in achieving control and
achieved control more quickly than FP alone.
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