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Abbreviations List

AE: adverse event

bid: twice daily

ClI: confidence interval

FEV;: forced expiratory volume in 1 second
FP: fluticasone propionate

FP/SAL: fluticasone propionate/salmeterol
GINA: Global Initiative for Asthma

GOAL: Gaining Optimal Asthma controL

ICS: inhaled corticosteroid



ITT: intent-to-treat

LABA: long-actingp-adrenoreceptor agonist
OR: odds ratio

PC: partly controlled

PEF: peak expiratory flow

SAL: salmeterol

S: stratum

WC: well controlled

WC/PC: at least partially-controlled asthma (pasemith PC asthma plus those with WC

asthma)



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

I ntroduction

The two key long-term goals of asthma managementoaimprove symptom control and
reduce the risk of poor outcomes, including exaatohs’ For patients, quality of life
depends upon the overall level of asthma controlexed®* which may encompass the
frequency and severity of a number of asthma measincluding symptoms, lung function,

and exacerbations.

In 2004, the Gaining Optimal Asthma controL (GOAtlidy (SAM40027) demonstrated
that most patients with uncontrolled asthma reogi¥iuticasone propionate in combination
with salmeterol (FP/SAL) met guideline-derived eria for asthma control (based on1998
Global Initiative for Asthma [GINA] and 1997 Natiahinstitutes of Health reports.
Control was achieved more rapidly, and a lower ledha@orticosteroid (ICS) dose, with
FP/SAL compared with FP alon&SOAL was the first clinical study to assess astieoratrol
as its primary endpoint using a composite measwieincluded peak expiratory flow (PEF),
rescue medication use, symptoms, night-time awaksniexacerbations, emergency Visits,

and treatment-related adverse evénts.

Since the GOAL study was performed, the concepéstifma control have evolved as more
evidence has been published. The 2006 GINA repodmmended that asthma should be
classified by level of control rather than sevefitydescribed a composite control measure
comprising symptoms, activity limitation, rescuéeeer use and forced expiratory volume in
1 second (FEY) or PEF? More recently, a major revision of GINA reportd14 included

the “risk factors” domain, comprising lung functiand exacerbations, to make the
distinction from current symptom control and id@nfeatures that lead to poor future patient
outcomes? ** Symptom control (daytime symptoms, night-time agrdkgs due to asthma,
reliever use and activity limitation) now relatesthe last 4-week period and is categorized as

well controlled (WC; the highest level of contrggrtly controlled (PC) or uncontrolléd.



26

27

28

29

The implication of the revised definitions of asénsymptom control on the findings of the
GOAL study are unclear. We report here the resilespost hoc analysis of the GOAL
study, to which the revised asthma symptom comkefihitions, as per GINA 2018,

combined with the absence of exacerbations, hase agplied.
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Methods
Sudy design and treatment

GOAL was a 1-year, randomized, double-blind, palajroup study to compare the efficacy
of an increasing dose of FP alone or FP/SAL toexghasthma contrdlPatients who did not
achieve at least 2 well-controlled weeks in theekkvrun-in period were stratified according
to their medication use in the 6 months prior tesning; patients in stratum 1 (S1) had not
used ICS, patients in stratum 2 (S2) had used lose-dCS £250ug FP daily<500ug
beclomethasone dipropionate dai#yi00 g budesonide daily or equivalefftand patients in
stratum 3 (S3) had used medium-dose ICS (>2508ug FP daily, >500<1000ug
beclomethasone dipropionate daily, >40860ug budesonide daily or equivalent).

Patients were randomized (1:1) to FP/SAL (startiage 100/50 ug [S1 and S2] or 250/50 ug

[S3] twice daily [bid]) or FP (starting dose 100 [&1 and S2] or 250 ug [S3] bidl).

The study consisted of a dose-escalation phases¢Rhand fixed-dose treatment phase
(Phase Il). During Phase I, treatment was “steppédcevery 12 weeks until either “Total
Control” (Table 1) was achieved or the highest dufsstudy drug was reached (FP/SAL
500/50ug or FP 50Qug bid). Phase 1l was entered either after achieVioig Control or
after 12 weeks on the maximum dose of study maditaPatients remained on the dose at
which they achieved Total Control or the maximurseltor the remainder of the 1-year
double-blind treatment period. The full methodolpiggluding inclusion and exclusion
criteria, has been described previoushnonymized individual participant data from this
study plus the annotated case report form, protoepbrting and analysis plan, dataset
specifications, raw dataset, analysis-ready datasdtclinical study report are available for
research proposals approved by an independentweaimittee. Proposals should be

submitted to www.clinicalstudydatarequest.com. gadeccess agreement will be required.
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Endpoints and assessments (post hoc analysis)

The primary endpoint was the proportion of pati¢htg achieved at least PC asthma (ie,
those with PC asthma plus those with WC asthma;REEIn Phase I. Patients were
considered to have WC or PC asthma if they achigwedorresponding GINA 2016
symptom criteria in each of the final 4 weeks of dose titration step, and experienced no

exacerbations during those 4 weeks (Table 1).

Secondary endpoints included the proportion ofgpéisi with: WC asthma in Phase I; WC/PC
and WC asthma by the end of Phase Il. Additionebsdary endpoints included the time to
reach the first week of WC/PC and WC asthma angbtbportion of patients achieving
WC/PC and WC asthma by week. Exploratory endpongsincluded in the post hoc
analysis plan, were the proportion of patientsedhg WC/PC and WC asthma by FP dose
at the end of Phase [; the maintenance of contrBhiase Il in patients who had achieved
control in Phase I; and the rate of exacerbaticegufring oral corticosteroids,
hospitalizations, or emergency visits) during PHasecording to control status during Phase
|. Reasons for failure to achieve control accordm@&INA 2016 criteria were additionally

summarized within each control category.
Sample size and statistical analysis

Sample size calculations were performed for thgimal GOAL study’ each stratum was
individually powered. All analyses were performadhe intent-to-treat (ITT) population,

which consisted of all patients who were randomiaed received1 dose of study drug.

Statistical analysis was performed using SAS saftw@.4 (SAS Institute Inc., Cary, NC,
USA). The statistical methods used followed thasthe original analysis of the GOAL
study? The difference between treatments in the proporigpatients achieving control was

assessed using logistic regression, adjustingeforcuntry, age, treatment group and
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baseline pre-bronchodilator FEVIhe analysis by dose was performed using prapuati
odds logistic regression, using the same covariadtesunderlying assumption of a constant
odds ratio (OR) across strata was assessed usitsggbithe empirical logits and no evidence

of substantial deviation from this assumption wesns

Time to achieving the first individual week of W@PRr PC asthma during the first dose
titration step was summarized using Kaplan—Meietspland compared between treatments
using the log-rank test. Patients were censoréueagarliest of 12 weeks or the end of the
first dose titration step if they had not yet agleid WC or PC asthma. Patients who were
already controlled at baseline were excluded froesé¢ “time to” analyses (in contrast to the
original GOAL study where all patients were included in the time-terevanalyses, with

only a small proportion of patients controlled aséline by design).

To assess the influence of asthma control on sules¢@xacerbation rates, irrespective of
treatment group, the rate of exacerbations durlmgs® Il was evaluated according to control
status during Phase | using a Poisson regressidelmath an offset term to allow for time
on treatment, and adjustment for sex, age andibaddE\;, analyzed for the total study

population (all strata and both treatment groupslgaed).



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

Results
Patient population

In total, 5068 patients were screened in the GOWHys All 3416 patients in the ITT
population were included in the current post haalysis. A total of 3039 patients completed
Phase I, and 2890 completed PhaseNisummary of patient demographics and baseline

characteristics has previously been repotted.
Achievement of asthma control

In Phase I, a high proportion of patients achiewsc/PC asthma with both FP/SAL and FP,
respectively, in S1 (91% [490/539] and 85% [464]p442 (86% [504/583] and 82%
[476/577]), and S3 (76% [434/568] and (66% [372]pFigure 1). Significantly higher
proportions of patients achieved WC/PC asthma RRISAL than FP alone in S1 (OR 1.82
[95% confidence interval [Cl] 1.23, 2.78:=.003) and S3 (OR 1.78 [95% CI 1.35, 2.33];
P<.001), but not S2 (OR 1.36 [95% C10.97, 1.883;072) (Figure 1; Table 2). A
significantly higher proportion of patients in attata achieved WC asthma with FP/SAL

than FP alone (Figure 1; Table 2).

By the end of Phase I, a significantly greatemgamion of patients achieved WC/PC asthma
(in S1 and S3) and WC asthma (all strata), wittSRAR/versus FP (Table 2). Most patients
who achieved control in Phase | were also contiaethe end of Phase II. Across the strata,
82%—-85% of patients on FP/SAL and 79%—-81% of pttien FP maintained WC/PC

asthma in Phase Il and 71%—76% and 71%—74%, régglgcmaintained WC asthma.
Analysis of time to control

Asthma control was achieved more rapidly with FR.SArsus FP alone for both WC/PC

asthma and WC asthma (all strB&027; eFigure 1).
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Achievement of asthma control by week

In S1, the proportion of patients achieving WC/B@ma increased rapidly during the first
2-3 weeks of study treatment, with a further sloeréase in control rate seen until around
Week 16, which plateaued thereafter (Figure 252rand S3, the proportion of patients
achieving WC/PC asthma increased more steadilytheefirst 18—20 weeks of study
treatment (Figure 2). The difference between treatsiwas more noticeable in these strata
compared with S1, with higher proportions of patsenith WC/PC asthma in the FP/SAL
versus FP groups and an earlier plateau in theoptiop of patients achieving WC/PC

asthma with FP/SAL versus FP.

A steady increase in the proportion of patienthWitC asthma was observed over the entire
treatment period with both FP and FP/SAL for athtst; but a higher proportion of patients

achieved WC asthma in the FP/SAL versus FP grdegsiie 2).

Achievement of asthma control by dose

WC/PC and WC asthma was achieved at a lower dosP efith FP/SAL compared with FP

alone across all three strata (Figure 3, eTable 1).

Failed criteria by overall asthma control statusin Phase |

Most patients who achieved PC asthma did not nréetia for WC asthma on the basis of
failing one or two criteria, most commonly reliewese (Table 3). After daytime symptoms
and reliever use, the most common reason for ¢atlnbe WC was night-time awakenings.
Among uncontrolled patients, 11% experienced exetEms; the majority did not achieve

asthma control due to failure to meet multiple sgonpcriteria.

Exacerbation rate during Phase Il by Phase | control status

The frequency of exacerbations experienced durirags® Il was lower with improved asthma

control during Phase |, with mean annual ratesxaterbations in Phase Il of 0.31 (95% CI



141 0.27, 0.36) in patients with uncontrolled asthmag(q95% CI 0.14, 0.18) in patients with PC

142  asthma, and 0.09 (95% CI 0.08, 0.10) in patients WIC asthma during Phase | (Figure 4).



143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

Discussion

The 2014 GINA report details a major revision whiefiects the evolved understanding of
the need to distinguish between current symptontreband risk preventioh ** Further, it
is now accepted that occasional symptogsger week) are common, even in patients
whose control is otherwise satisfactory, and shooldprompt a step-up in treatment,
especially if this might involve addition of anothentroller medication. This tolerant view
of occasional symptoms was implicit in the defomtiof Total Control in the original GOAL
study design, in that it permitted symptoms (oeottriteria of uncontrolled asthma) in one
of the 8-week assessment periods, and for WellrGlbedl asthma, which allowed fe2

days with symptoms per wegk.

Given the changes in the definition of asthma adrsince the GOAL study was conducted,
in the current post hoc analysis we sought to etalthe efficacy of FP/SAL and FP alone in
achieving the GINA 2016 definitions of asthma syamptcontrol combined with no
exacerbation&’ The analysis revealed a markedly higher propoxifopatients achieved
control under the GINA 2016 definition relativette original GOAL study analysis. An
additional 18%—-32% of patients receiving FP/SAlLEBralone achieved the primary
endpoint of WC/PC asthma, across all three sthata with the GOAL primary endpoint of
Well Controlled asthmaSimilarly, an additional 14%—26% of patients agkigthe highest
level of control of WC asthma compared with Totaih@ol in the original GOAL analysis.
The magnitude of this difference between the aealys somewhat surprising given that both
definitions of symptom control originate from GINdAiteria.

In line with the primary analysfsand consistent with a number of previous clintdals**°

a greater proportion of patients achieved WC astittaFP/SAL than FP alone, across all
levels of permitted baseline therapy. Supportifigréner key finding of the GOAL studyin

the current post hoc analysis, patients achievedadtima at a lower dose of FP with
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FP/SAL compared with FP alone. Although clinicahbts were seen across all three strata,
there was some suggestion the benefit of adding 8P may increase with increasing
asthma severity (from S1 to S3). Moreover, the propn of patients achieving control
plateaued earlier with FP/SAL than with FP alon&#hand S3 compared with S1. A further
common finding between this and the original GOAlalgsis was that the clinical benefit in
all three strata was sustained, ie, continued asPMl for most patients who achieved
symptom control in Phasé.The frequency of exacerbations was also lowersscat

control levels in Phase II.

A ceiling effect was apparent, in all strata, watproportion of patients not achieving WC/PC
with either FP/SAL or FP alone. Since nearly atigras in S1 and S2 achieved WC/PC
asthma with FP alone, there was little opportutatgetect additional benefit of FP/SAL in
these strata. In S3, 49% of patients did not aeh\W®C asthma 3 months after moving to the
highest FP/SAL dosage (ie, by Week 36), with n@hblat further increase in the proportion
with WC asthma by the end of the study. Such ptsjevho fulfill the criteria for the term
severe asthma (as defined by the American Tho&migety/European Respiratory Society
Severe Asthma Task force), require additional meaits*” Asthma control was achieved
more rapidly with FP/SAL versus FP alone for bot@WRC asthma and WC asthma in all
strata, suggesting a benefit for adding a longag@tiadrenoreceptor agonist (LABA) when

the speed of achieving the highest level of consrahportant.

Most patients with PC asthma failed to meet théendefn of WC asthma by only one or two
criteria, whereas uncontrolled patients typicadlifdd to meet the control definitions on
multiple criteria. Of special interest is that 3@¥patients meeting the current definition of
PC had night-time awakenings, and on this basise wefined as uncontrolled by the original
GOAL study criteria. Given that night-time awakenings are linked thast severity and the

number of emergency visit8jt is important to strive to achieve WC over P@hasa. The
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observation that over a third of patients with Bthaa still experience marked night-time

symptoms is supported by findings from other stsitfle

Another key difference in the control criteria whe requirement of PEE80% predicted in
the original GOAL study, a threshold based on gmatic interpretation of the 1998 GINA

goal of achieving “normal or near-normal lung fuiant,> °

which may have led to a
proportion of patients that achieved GINA 2016 W&thana, but not GOAL Total Control. It
was acknowledged that this may have been unduét,stith many patients achieving
considerable clinical benefit despite not achieviogmalized lung function, and thereby,
Total Control #° As long-term PEF monitoring is now only recommehdeder special

circumstances$,'® **the GINA 2016 asthma control criteria are likedybe more clinically

useful than those used in the GOAL study.

The key limitation of this analysis is that doseatation was based on the original control
criteria of Total Control. This was used to deterenif the dose was to be escalated or not
during the conduct of the study, whilst WC asthwaich is currently suggested as the
highest level of control and used in the curreralsis, is not as stringent. For these reasons,

we have been careful not to over-interpret theselte

In summary, this post hoc analysis of the GOAL gtdémonstrated that a markedly higher
proportion of patients receiving FP/SAL or FP agktksatisfactory asthma control,
according to the GINA 2016 definitions, than in tr@inal GOAL analysis. In agreement
with the original analysis, FP/SAL achieved controimore patients and at lower doses of
ICS than was achieved with escalating doses ofi¢iieaMoreover, the combination
appeared to be of greater advantage in patienfismare severe disease. Together these
results suggest a higher proportion of patientsadezjuately treated with LABA/ICS than

previously thought and confirm the basis for a LABZS as the preferred treatment for
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217  patients in Steps 3, 4, and 5 of asthma managefleistpost hoc analysis which focused on

218  efficacy does not affect the risk:benefit analydi&P/SAL or FP.
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Figure Legends

Figure 1. Percentage of patients who achieved at |east partly controlled (WC/PC) asthma, or

well-controlled (WC) asthma, during Phase | (ITT population).

FP, fluticasone propionate; FP/SAL, fluticasone propionate/salmeterol; ITT, intent-to-treat;

PC, partly controlled; S, stratum; WC, well controlled.

P-values rdate to WC/PC asthma. P-values for WC asthma: S1, P=.005, S2, P<.001;

S3, P<.001.

Figure 2. Cumulative incidence of patients who achieved at least partly controlled (WC/PC)

asthma, or well-controlled (WC) asthma by week (ITT population).

FP, fluticasone propionate; FP/SAL, fluticasone propionate/salmeterol; ITT, intent-to-treat;

PC, partly controlled; S, stratum; WC, well controlled.

Figure 3. Percentage of patients who achieved at least partly controlled (WC/PC) asthma

(A), or well-controlled (WC) asthma (B), during Phase |, by FP dose (ITT population).

bid, twice aday; FP, fluticasone propionate; FP/SAL, fluticasone propionate/salmeterol; ITT,

intent-to-treat; PC, partly controlled; S, stratum; WC, well controlled.

Figure 4. Mean annual exacerbation rate during Phase |1 by control status during Phase |

(ITT population).

ITT, intent-to-treat. PC, partly controlled; WC, well controlled.
Patients with missing covariates (including baseline FEV ;) are excluded. n=mean number of

exacerbations per year from Poisson model. Data are pooled by treatment and strata.



Table 1L Asthma control criteria from original GOAL studnd the post hoc analysis (based on GINA 2016ra)tgs, 12].

Original GOAL study

Post hoc analysis (GINA 2016)

Total Control® Well Controlled WC PC
Pass ALL Pass at least 2 of 3 shade Pass ALL Pass 2-3 of 4 shaded
and ALL other criteria and ALL other criteria
Daytime symptoms None <2 daysweekwith a <2 daysweekwith a <2 daysweekwith a
score >P score >¥ score >¥
Reliever use None <2 daysweekand <2 occasionsveek <2 occasionsveek
<4 occasionsveek

Morning PEF >80% predictectvery day] >80% predicteckvery day Not included in assessment
Night-time awakenings None None None
Activity limitation Not included None None
Exacerbations None None
Emergency visits None Not included
Treatment-related AEs No AEs enforcing a changesthma therapy Not included




Assessment period 8 consecutive weeks Final 4 wafekssessment period
Requirements to achieve control Total Control or Witria for symptonfsand PEF WC or PC symptoms criteria met in each of the
met for>7 of the 8 weeks; no exacerbations, 4 weeks; no exacerbations at any point during
emergency visits or treatment-related AEs at any the 4 weeks
point during the 8 weeks

ANC included patients with Total Contr88ymptom score: 1 was defined as “symptoms for et period during the day”; overall scale:
0 (none) to 5 (severéPaytime symptoms, reliever use, night-time awakgsiE, adverse event; GINA, Global Initiative fssthma;

GOAL, Gaining Optimal Asthma controBC, partly controlled; PEF, peak expiratory flowCWvell controlled.



Table 2 Proportions and odds ratios for patients achgeaisthma control during Phase | and Phase Il (ddufation}

S1 S2 S3
FP FP/SAL FP FP/SAL FP FP/SAL
n=544 n=539 n=577 n=583 n=567 n=568
Phase |
WC/PC, n (%) 464 (85) 490 (91) 476 (82) 504 (86) 372 (66) 4R (7

Odds ratio (95% C)
WC, n (%)

Odds ratio (95% C)

1.82 (1.23, 2.71)P=.003
306 (56) 347 (64)

1.45 (1.12, 1.88)P=.005

1.36 (0.97, 1.89p=.072  1.78 (1.35, 2.33p<.001

237 (41) 342 (59) 124 (22) 220) (4

2.16 (1.69, 2.77P<.001  2.55 (1.94, 3.35pP<.001

Phase Il
WC/PC, n (%)

Odds ratio (95% C)
WC, n (%)

Odds ratio (95% C1)

477 (88) 505 (94)
2.23 (1.42, 3.50)P<.001
346 (64) 378 (70)

1.38 (1.06, 1.81)P=.019

503 (87) 517 (89) 425 (75) 478 (8

1.15 (0.79, 1.66P=.465  1.68 (1.24, 2.27p<.001

290 (50) 394 (68) 28@)( 292 (51)

2.22 (1.72, 2.86P<.001  2.06 (1.60, 2.65pP<.001




2A total of 38 patients with missing baseline REVere excluded from the analysiEP-treated patients used as the reference group.
Cl, confidence interval; FEV forced expiratory volume in 1 second; FP, flustmae propionate; FP/SAL, fluticasone propionateisgtrol;

ITT, intent-to-treat; PC, partly controlled; S,attrm; WC, well controlled.



Table 3. Reasons for failing to achieve asthma controbating to GINA 2016 criteria (ITT populatioh)

WC patients, n (%)

PC patients, n (%)

Uncontrolled patients, n

(n=1583) (n=1157) (%) (n=474)
Number of criteria failed during the 4-week assessnperiod
No criteria failed 1583 (100) 39 (3) -
One criterion failed - 486 (42) -
Two criteria failed - 601 (52) -
Three criteria failed - 31°(3) 268 (57)
Four criteria failed - 0 (0) 152 (32)
Exacerbation (any number of criteria failed) - - 54 (11)
Percentage of patients failing each critetion
Daytime symptoms - 461 (40) 434 (92)
Night-time awakenings - 413 (36) 421 (89)
Reliever use - 799 (69) 454 (96)
Activity limitation - 108 (9) 253 (53)




®FP and FP/SAL groups combined; 164 patients weegalnable and were not included in WC, PC or urretietl categories; 38 patients with
missing baseline FEMvere also excludedThese patients could not be classified as WC dserte criteria being unevaluabl&hese patients
failed 1-2 criteria within each week but failed criteria over the total 4-week assessment pefRercentages sum to more than 100% because
each patient could fail multiple criteria. Missiagunevaluable criteria are taken into accounhedverall assessment of control but are not
counted here as failed.

Cl, confidence interval; FEV forced expiratory volume in 1 second; GINA, Glblmatiative for Asthma; ITT, intent-to-treat; P@artly

controlled; WC, well controlled.
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eFigure 1. Inverse Kaplan—-Meier plot of time to first individual week of WC/PC asthma (A), or WC

asthma (B) over Weeks 1-12 and 1-52 in S1, S2, and S3 (ITT population)
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FP, fluticasone propionate; FP/SAL, fluticasone propionate/salmeterol; ITT, intent-to-treat; PC, partly

controlled; S, stratum; WC, well controlled. P-values were not calculated for the Week 1-52 plots.



eTable 1. Summary and analysis of steroid dose (g) at which WC/PC or WC asthma was first achieved in Phase | (ITT population)®.

s1 S2 S3
FP FP/SAL FP FP/SAL FP FP/SAL

n=544 n=539 n=577 n=583 n=567 n=568
wc/pC
100 pg, n (%) 372 (68) 396 (73) 300 (57) 398 (68) 0(0) 0(0)
250 g, n (%) 68 (13) 69 (13) 101 (18) 88 (15) 278 (49) 337 (59)
500 Ug, n (%) 24 (4) 25 (5) 45 (8) 18 (3) 94 (17) 97 (17)
Odds ratio” 1.40 1.65 1.61
(95% Cl) (1.07, 1.83) (1.29, 2.09) (1.28, 2.03)
P-value .015 <.001 <.001




wcC

100 pg, n (%) 169 (31) 204 (38) 95 (16) 170 (29) 0(0) 0(0)
250 pg, n (%) 73 (13) 90 (17) 93 (16) 111 (19) 59 (10) 137 (24)
500 g, n (%) 64 (12) 53 (10) 49 (8) 61 (10) 65 (11) 90 (16)
Odds ratio® 1.44 2.11 2.60
(95% Cl) (1.15, 1.80) (1.68, 2.64) (1.99, 3.39)
P-value .001 <.001 <.001

Cl, confidence interval; FEV;: forced expiratory flow in 1 second; FP, fluticasone propionate; FP/SAL, fluticasone propionate/salmeterol; ITT, intent-to-treat;
PC, partly controlled; S, stratum; WC, well controlled.
?patients with missing baseline FEV; are excluded. °0dd ratios are derived from a proportional odds logistic regression with FP-treated patients as the

reference group.



