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Fixed dose combination (FDC) dual bronchodilators that co-administer a long acting ,-adrenoceptor agonist (LABA) and a long acting
muscarinic antagonist (LAMA) are a new class of inhaled treatment for chronic obstructive pulmonary disease (COPD). This review
focuses on the clinical evidence for the benefit of LABA/LAMA FDCs compared with monocomponent treatments, and also compared
with active comparators that are widely used for the treatment of COPD, namely tiotropium and salmeterol-fluticasone. Novel FDC
dual bronchodilators include QVA149 and umeclidinium/vilanterol (UMEC/VI). Long term clinical trials show that QVA149 and UMEC/VI
are superior to monocomponent therapy in terms of trough forced expiratory volume in 1 s (FEV;), although the FEV; improvement
was limited to approximately 80-90% of the added monocomponent values. This suggests that the effect of combining a LABA and a
LAMA is not fully additive. LABA/LAMA FDC were associated with the largest mean changes in symptoms and health status that were
above the minimal clinically important difference, in contrast to the monocomponents. Furthermore, these LABA/LAMA FDCs
demonstrated superiority over the active comparators tiotropium and salmeterol-fluticasone in terms of trough FEV; and
patient-reported outcomes. LABA/LAMA FDCs offer a simplified means of maximizing bronchodilation for COPD patients, with the
improvements in lung function being mirrored by benefits in terms of symptoms and exacerbations. The use of LABA/LAMA FDCs in
clinical practice is set to grow and further studies are needed to define their optimal place in treatment guidelines.

Introduction

Chronic obstructive pulmonary disease (COPD) is caused
by the inhalation of noxious particles, such as tobacco
smoke, and is characterized by poorly reversible airflow
obstruction and a chronic inflammatory response in the
lungs [1]. The pathological hallmark features of COPD
are airway inflammation associated with small airway nar-
rowing, mucus hypersecretion and parenchymal destruc-
tion [2]. In addition, systemic manifestations of COPD
include muscle wasting and an increased incidence of
co-morbidities such as cardiovascular disease, diabetes
and depression [1].

Bronchodilators are the primary pharmacological inter-
vention for COPD. These drugs improve symptoms and

quality of life by improving airflow and hence gaseous
exchange, and by reversing air trapping and dynamic lung
hyperinflation through dilatation of the distal airways [3].
Long acting bronchodilators with up to 24 h bronchodila-
tor activity are used as maintenance therapy for the pre-
vention and reduction of symptoms [3]. There are two
classes of long acting bronchodilators that act by different
mechanisms, long acting muscarinic antagonists (LAMAs)
and [3;-adrenoceptor agonists (LABAs). LAMAs inhibit the
action of acetylcholine at muscarinic receptors, while
LABAs enhance cAMP signalling through stimulation of
B>-adrenergic receptors [3].

The GOLD management strategy recommends classi-
fication of patients into categories A,B,C or D depending
on the level of symptoms (patients with greater
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symptoms are classified as B or D) and risk (patients with
FEV: < 50% predicted or a history of frequent exacerba-
tions are classified as high risk into groups C or D) [3].
GOLD recommends either LAMAs or LABAs as mainte-
nance therapy, and that patients with more severe
disease may be prescribed a LABA and a LAMA, or a fixed
dose combination (FDC) of a LABA with an inhaled
corticosteroid (ICS), which is similar to guidelines used in
clinical practice such as NICE [4-6]. Co-prescribing of
LABAs and LAMAs has been impeded by the need to
use separate inhalers, with different delivery and often
different dosing schedules. A recent development is the
availability of FDC dual bronchodilators that provide
co-administration of LABAs and LAMAs in a single inhaler
(Table 1 shows LABA/LAMA FDC phase Ill programmes).
An important aim of these programmes is to establish
that the ‘combination rule’ required by the regulators,
namely that the FDC is superior to the individual LABA
and LAMA components for FEV;, has been met.

Effective and sustained bronchodilation is a key
strategy for improving dyspnoea and exercise perfor-
mance in COPD patients [3]. A major goal of new LABA/
LAMA FDC therapies is therefore to improve lung function
effectively and thereby enhance exercise tolerance and
improve patient-reported outcomes such as dyspnoea
and quality of life. In this review, the current evidence
base for benefit of LABA/LAMA FDCs on lung function
and on patient-reported outcomes is critically evaluated.
Furthermore, the future place of these new combined
bronchodilators in the shifting treatment paradigm for
COPD s discussed.

This review was based on identification of phase I
clinical trials describing FDC dual bronchodilators.
Searches of PubMed and Google Scholar and hand-
searches of bibliographies of journal articles were per-
formed. European Respiratory Society and the American
Thoracic Society abstracts from 2008-2013 were searched.
There were no phase lll data published on olodaterol/
tiotropium or formoterol/glycopyrronium.

Table 1
LABA/LAMA FDCs approved or in phase Ill clinical development

Scientific rationale for combining
LABAs and LAMAs

The bronchodilator effects of B,-adrenoceptor agonists
and anti-muscarinics used alone in laboratory models
demonstrate a linear response at low concentrations fol-
lowed by a flatter curve at higher concentrations [7, 8].
Inhaled delivery in humans also shows a similar dose—
response curve, with a reduced effect at higher doses [9,
101]. In clinical practice, this means that higher doses may
achieve little extra benefit but cause unwanted side effects
through systemic absorption.

Clinical development programmes in COPD patients
have defined the doses of long acting bronchodilator
monotherapies (either LABAs or LAMAs alone) with the
optimum therapeutic index [11, 12], and discovered dif-
ferences between drugs in terms of onset of action and
dose responsiveness, e.g. formoterol is an example of a
B-adrenoceptor agonist with a fast onset of action and a
relatively linear dose—response curve [13]. Additional
bronchodilation can be achieved by combining LABAs
and LAMAs due to the distinct and complementary
mechanisms of action [13]. This concept is well accepted
for the short acting B,-adrenoceptor agonist and anti-
muscarinic combination inhaler containing ipratropium
bromide/albuterol (Combivent®) [14]. Studies combining
long acting bronchodilators administered using separate
devices have also demonstrated an additive benefit [15-
25]. The magnitude of lung function additive benefit
achieved has varied greatly between studies, due to dif-
ferences in the timing of lung function, the lack of
placebo control in some studies and relatively small
sample sizes. Nevertheless, these studies support the
clinical rationale for dual long acting bronchodilator
therapy. Furthermore, it has been demonstrated that
increasing the dose of the LABA, indacaterol, from 300 to
600 g day' was less effective than using indacaterol
300 pug with the LAMA, glycopyrronium, delivered in the
same inhaler [26].

LABA LAMA
Indacaterol Glycopyrronium
Vilanterol Umeclidinium
Formoterol Aclidinium
Olodaterol Tiotropium
Formoterol Glycopyrronium

FDC development phase Dosing
Approved (Ultibro®) in EU, Japan 110/50 pug
once daily
Approved (Anoro®) in USA, EU 62.5/25 pg
once daily
Positive opiniont (Duaklir®) in EU 400/12 ug
twice daily
Filed* in EU and USA 5u1g/5 ug
once daily
Phase Il trials Twice daily

Inhaler

Breezhaler®

ELLIPTA®

Genuair®

Respimat® Soft Mist®

Pressurized hydrofluoroalkane (HFA MDI)

Company

Novartis

GSK, Theravance

Almirall, Forest

Boehringer Ingelheim

AstraZeneca

*Filed = submitted to regulatory authorities. tPositive opinion = regulatory have reviewed submission and provided a positive opinion regarding approval.
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The patterns of response to a single bronchodilator
monotherapy can vary between patients. Some patients
may show much greater responsiveness to one class of
bronchodilator compared with the other. Furthermore, it
is well known that the magnitude of bronchodilation with
the same drug can vary from day to day [27]. Combination
treatment with a LABA plus a LAMA has the potential to
maximize bronchodilation and so overcome such varia-
tions in response that occur with monotherapy. Labora-
tory studies suggest that synergistic effects may occur
between LABAs and LAMAs by a variety of mechanisms.
For example, B,-adrenoceptor agonists can activate pre-
junctional P,-adrenoceptors to reduce acetylcholine
release [13], and inhibitory crosstalk may exist between
M3 receptors and [,-adrenoceptors in airway smooth
muscle [28]. It could be hypothesized that the use of
LAMA/LABA FDCs will enhance the possibility of synergis-
tic interactions by co-deposition of LABAs and LAMAs in
the airways.

Indacaterol/glycopyrronium
(QVA149) gyeopy

The Indacaterol GlycopyrroNium bromide clinical sTudiEs
(IGNITE) phase Ill programme is a series of 11 clinical trials
assessing the efficacy and safety of QVA149 once daily in
more than 10 000 patients with COPD. This FDC comprises
indacaterol and glycopyrronium (110/50 ug once daily)
administered by the Breezhaler® device, which is a single
dose dry powder inhaler. A double-blind trial (BEACON)
demonstrated no difference in lung function or symptoms
between QVA149 and the concurrent administration of
its monocomponents, thus demonstrating that the
FDC provides similar clinical improvements to separate
components [29].

Assessing superiority of QVAT49

over monocomponents

The 26 week, placebo- and active-controlled (open
label tiotropium 18 ug once daily administered via the
HandiHaler® device) SHINE study compared QVA149 with
indacaterol and glycopyrronium [30]. Indacaterol and
glycopyrronium monotherapy improved trough FEV; (24 h
after dosing) at week 26 by 130 ml and 120 ml, respec-
tively. The effect of QVA149 was significantly greater (P <
0.001) than the monocomponents (indacaterol, A=70 ml;
glycopyrronium, A = 90 ml) and tiotropium (A = 80 ml),
thus fulfilling the combination rule criteria (Figure 1A).
Interestingly, the effect of QVA149 on trough FEV; (A =
200 ml) was less than the sum of the monocomponent
improvements (130 ml + 120 ml = 250 ml). A subgroup
analysis showed that the effects of QVA149 compared with
placebo on trough FEV; appeared to be greater in patients
with moderate (A = 240 ml) compared with severe COPD
(A=120 ml).
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An improvement in breathlessness can be measured
using the transition dyspnoea index (TDI) [31]. A one point
increase compared with placebo is considered the
minimal clinically important difference (MCID) [32]. At
week 26, there were mean TDI improvements with
indacaterol (A=0.84, P < 0.001), glycopyrronium (A= 0.89,
P < 0.001) and tiotropium (A = 0.58, P = 0.017) compared
with placebo that did not reach the MCID threshold
(Figure 2A) [30]. QVA149 achieved a TDI treatment differ-
ence of 1.09 (P<0.001) vs. placebo. However, this improve-
ment was not significantly different compared with the
monocomponents, although QVA149 was superior to
tiotropium (A = 0.51, P = 0.007). TDI responder analysis
showed the same pattern, with more responders with
QVA149 compared with tiotropium and placebo, but not
the monocomponents (Table 2).

Changes in health status were assessed using the St
Georges Respiratory Questionnaire (SGRQ), which has a
MCID of a 4 point decrease. QVA149 resulted in significant
improvements in SGRQ total score at week 26 compared
with placebo (A = -3.01; P = 0.002) and tiotropium (A =
-2.13; P = 0.009), with no significant difference vs.
indacaterol (A = -1.09) and glycopyrronium (A = -1.18)
(Table 3). The use of rescue medication was significantly
less with QVA149 than monotherapy (Table 3).

The SPARK study assessed the effect of QVA149 com-
pared with LAMA monotherapy on exacerbation fre-
quency in COPD patients with FEV; < 50% predicted [33].
The primary end point of SPARK was the comparison of the
rate of moderate to severe exacerbations (defined as
worsenings needing treatment with systemic cortico-
steroids or antibiotics or both, or hospitalization) between
QVA149 and glycopyrronium. There was a 12% reduction
in events with QVA149 (annualized rate of exacerbations,
0-84 vs. 0-95; P = 0-038) (Figure 3). QVA149 reduced exac-
erbations by 10% compared to tiotropium (annualized
rate of 0.93), but this did not reach statistical significance (P
= 0.096). There were significant improvements from base-
line in SGRQ total score with QVA149 compared with
glycopyrronium and tiotropium up to 64 weeks (Table 3),
with treatment differences generally between -2 to -3
points at the different time points. The use of rescue
salbutamol was decreased to a greater extent with
QVA149 compared with glycopyrronium and tiotropium
(Table 3).

Comparison of QVA149 with tiotropium

In addition to the SHINE study, there have been two other
studies comparing QVA149 with tiotropium. In the 6 week
placebo-controlled, three period, crossover study (BLAZE),
COPD patients were randomized to QVA149, tiotropium
18 ug once daily (administered via the HandiHaler®
device) or placebo [34]. A novel self-administered comput-
erized reporting system to measure the TDI was used
to reduce the potential bias with the interviewer-
based version. QVA149 significantly improved TDI score
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300 - A=80 ml, P<0.001

A=90 ml, P<0.001

A=70 ml, P<0.001

Difference in mean trough FEV,
compared with placebo (ml)

QVAI49
(110/50 ug OD) (150 pg OD)
n=474 n=476

Study 373
300 -

A=95 ml, P<0.01

200 A=52 ml, P<0.01

Difference in mean trough FEV,
compared with placebo (ml)

452 ml, PO |

100 - 5
AT2%

0 Il :

200
0 | |

Indacaterol Glycopyrronium Tiotropium
(50 pg OD)

(18 pg OD)

n=473 n=480

Study 361
A=114 ml, P<0.001
A=79 ml, P<0.001
1

A238%

Al24*

UMEC/VI UMEC

vi

UMEC/VI UMEC Vi

(62.5/25 ug OD) (62.5 pg OD) (25 pg OD) (125/25 pg OD)(125 ug OD) (25 pg OD)

n=413 n=418

Figure 1

n=421

n=403 n=407 n=404

Effect of QVA149, its monocomponents and tiotropium (A) and UMEC/VI and its monocomponents (B) on mean trough FEV, at week 26. (A) SHINE trial data;
(B) studies 373 and 361 data.*P < 0.001 for comparisons with placebo. The horizontal lines are the comparisons of QVA149 with indacaterol, glycopyrronium
(primary end point) and tiotropium in (A) and of UMEC/VI with UMEC and VI alone (primary end point) in (B)

compared with both placebo (A =1.37, 95% Cl 0.95, 1.79;
P < 0.001) and blinded tiotropium (A = 0.49, 95% Cl 0.07,
0.91; P = 0.021). QVA149 also significantly improved FEV;,
compared with tiotropium up to 4 h post-dose after the
first dose (P < 0.001), and at pre-dose and up to 4 h post-
dose at 6 weeks (P < 0.001).

BRIGHT was a blinded, three period, crossover study
for 3 weeks that investigated exercise tolerance and
hyperinflation in patients with moderate to severe COPD
[35]. At day 21, QVA149 significantly improved inspiratory
capacity (IC) during exercise at isotime compared with
both placebo (A =320 ml; P < 0.001) and tiotropium (A =
140 ml; P < 0.01), and with significant improvements in
trough IC of 190 ml (P < 0.01) and 150 ml (P < 0.01),
respectively. QVA149 and tiotropium caused similar
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improvements in exercise endurance time compared with
placebo (59.5 s and 66.3 s respectively; both P < 0.01). The
advantage of QVA149 over tiotropium for IC may not
have translated into superior exercise endurance time
because of other factors such as muscle deconditioning
meaning that only limited exercise improvements were
possible, and perhaps concurrent pulmonary rehabilita-
tion is necessary to show the full benefit of improved IC
with QVA149.

Comparison of QVAT149 with
salmeterol-fluticasone

The ILLUMINATE study compared QVA149 with twice daily
salmeterol-fluticasone (SFC) 50/500ug (administered
via the Accuhaler® device) in moderate to severe COPD



A=0.51 ml, P=0.007
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A=0.21 ml, P=NS

A=0.26 ml, P=NS
-1

0.5

Difference in mean TDI focal score
compared with placebo

A0.58%

QVAI49 Indacaterol Glycopyrronium Tiotropium
(110/50 ug OD) (150 ygOD) (50 ugOD) (18 g OD)

n=474 n=476 n=424 n=480
B
Study 373 Study 361
g 1.5 A=0.4, P=NS !
!
@ A=0.3, P=NS : A=0.5, P<0.05
=< © e | : 1
ga I A=0.6, P<0.01
LU ; — 1
[ E 1.0 |- ! ALO*
ga A0.9* :
c X 1
33 ;
v 1
E9 osf :
£8 : A0.5
= !
€ o !
g0 |
] 1
E !
n 0 ' I
UMEC/VI UMEC vi UMEC/VI UMEC vi

(62.5/25 pg OD)(62.5 ug OD)(25 pg OD)(125/25 ug OD)(125 ug OD)(25 pg OD)

n=413 n=418 n=421

Figure 2

n=403 n=407 n=404

Effect of QVA149, its monocomponents and tiotropium (A) and UMEC/VI and its monocomponent (B) on mean TDI focal score at week 26. (A) SHINE trial
data; (B) studies 373 and 361 data. *P < 0.001 for comparisons with placebo; tP = 0.007 for comparison with tiotropium; P = 0.017 for comparison with
placebo. The horizontal lines are the comparisons of QVA149 with indacaterol, glycopyrronium and tiotropium in (A) and of UMEC/VI with UMEC and VI

alone in (B)

patients without an exacerbation in the previous year [36].
Inhaled corticosteroids, including combination treatments
such as SFC, are licensed for use in COPD patients with a
history of exacerbations, although these drugs are often
prescribed to patients without a history of exacerbations
[37]. The purpose of ILLUMINATE was to compare QVA149
with SFC in patients who should not be taking ICS accord-
ing to the license indication [36]. The trough FEV; was
significantly higher at week 26 with QVA (treatment differ-
ence 103 ml, P<0.001). Phase 3 clinical trials often focus on
trough FEV4, which is measured in the morning prior to the
next planned dose. However, bronchodilation during the
day is also important, and measuring FEV; AUC(0-12 h)
provides a good estimate of the average post-dose effect

Table 2

Patients achieving a minimal clinically important difference in transition
dyspnoea index (21 point improvement); data from placebo-controlled
pivotal phase Il clinical trials of QVA149 and UMEC/VI

Placebo  LABA/LAMA FDC Tiotropium
SHINE 575 68.1** 64.6*  63.7** 592
373 41 58*** 55| 53** NA
361 30 49**x 3g%3 41%%3 NA

Numbers are percentage of patients; Grey shading = FDC significantly superior to
the monotherapy. Comparison vs. placebo: *P < 0.05, **P < 0.01, ***P < 0.001.
FDC vs. monotherapy: 'P = 0.016, 2P< 0.038, 3P < 0.01. FDC fixed dose combi-
nation; LABA long acting B,-adrenoceptor agonist; LAMA long acting muscarinic
antagonist; NA not applicable.

Br ) Clin Pharmacol / 79:5 / 699
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Table 3

Treatment differences in SGRQ scores and rescue medication use in the placebo-controlled pivotal phase Il clinical trials of QVA149 and UMEC/VI

A SGRQ (score)

-3.01** (-5.05, —0.97)

-5.51*** (-7.88, -3.13)
—4.69*** (-7.07, =2.31)
—5.19*** (-7.58, —2.80)
—-3.60*** (-5.76, —1.44)

Duration Patients Treatment Patients
Comparison with
Study Weeks n (once daily dose, pg) placebo
SHINE 26 2144 QVA149 (110/50) 474
Indacaterol (150) 476 -1.92 (-3.97, 0.12)
Glycopyrronium (50) 473 -1.83 (-3.87, 0.21)
Tiotropium (18) 480 -0.88 (-2.92, 1.16)
373 24 1532 UMEC/VI (62.5/25) 413
UMEC (62.5) 421
VI (25) 418
361 24 1493 UMEC/VI (125/25) 403
UMEC (125) 407 —0.31 (-2.46, 1.85)
VI (25) 404 -0.87 (-3.05, 1.30)

FDC vs. monotherapy

NA

-1.09

-1.18

—2.13**

NA

-0.82 (-2.90, 1.27)
-0.32 (-2.41, 1.78)

NA

—-3.29%** (-5.13, -1.44)
-2.72** (-4.59, —0.86)

A Rescue use (puffs day~")

Comparison with
placebo

~0.96*** (~1.29, —062)
~0.65*** (~0.99, —0.32)
-0.30 (-0.63, 0.04)
~0.41* (-0.75, -0.08)
-0.8%** (-1.3,-0.3)
-0.3(-0.8,0.2)
~0.9%** (—1.4, —0.4
—1.5%%% (1.9, -1.0
~0.8%** (-1.3,-0.4

)
)
)
=0.8*** (1.2, -0.3)

FDC vs. monotherapy

NA

-0.31*

—0.66***

—0.54% %%

NA

-0.6* (-1.0, -0.1)
+0.1 (-0.3, 0.5)

NA

-0.7*** (-1.0, -0.3)
=0.7*** (=1.1, -0.3)

Values are least squares mean with 95% confidence intervals when reported; grey shading = FDC significantly superior to monotherapy; *P < 0.05, **P < 0.01, ***P < 0.001. FDC

fixed dose combination; NA not applicable; UMEC umeclidinium; V, vilanterol.

during the day. FEV; AUC(0-12 h) was significantly higher
with QVA149 compared with SFC at week 26, with a sig-
nificant treatment difference of 138 ml (P < 0-0001), with
similar results after the first dose and week 12.

There was a significant increase in the TDI focal score at
weeks 12 and 26 with QVA149 compared with SFC; A =
0.58(95% C10.07,1.08; P=0.025) and A=0.76 (95% Cl 0.26,
1.26; P = 0.0031), respectively. QVA149 patients used
significantly less rescue medication (0.39 puffs day™
treatment difference; P = 0.019) compared with SFC [36].
SGRQ total scores improved to a similar degree with both
treatments.

Umeclidinium/vilanterol

The UMEC/VI clinical development programme was prin-
cipally comprised of seven phase lll studies in approxi-
mately 6000 subjects. The UMEC/VI inhalation powder is
administered once daily by a novel, single step activation,
multidose DPI for oral inhalation (ELLIPTA®), and is
licensed at a dose of 62.5/25 g (this is the metered dose,
the delivered dose is 55/22 ug).

Assessing superiority over monocomponents

In two, 24 week, placebo-controlled trials (studies 373 (n =
1532) [38] and 361 (n = 1489) [39]; full GSK study numbers
were DB2113373 and DB2113361, respectively), the effect
of UMEC/VI (62.5/25 ng and 125/25 ug, respectively) was
compared with its monocomponents. Figure 1B shows
that UMEC and VI monocomponents improved trough
FEV: in both studies. Significantly greater improve-
ments were achieved by UMEC/VI compared with the
monocomponents in both studies. Interestingly, the effect
of UMEC/VI (62.5/25) compared with placebo on FEV,
(167 ml) was slightly lower than the sum of the
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1.00 -
0.95 -
0.90 -

0.85 -

J H

QVAI49
(110/50 ug OD)
n=729

Glycopyrronium
(50 ug OD)
n=739

Tiotropium
(18 ug OD)
n=737

Annual rate of moderate or severe
COPD exacerbations

Figure 3

Annual rate of moderate or severe COPD exacerbations according to
treatment group (SPARK trial). *P = 0.038 for comparison with
glycopyrronium. 1P = 0.096 for comparison with tiotropium. OD once
daily

components (187 ml), with a similar pattern for the higher
UMEC dose (125/25; 238 ml compared with 284 ml).

In study 373, there were statistically significant
increases in mean TDI compared with placebo for UMEC (A
= 1.0), VI (A = 0.9) and UMEC/VI (A = 1.2), with no differ-
ences between active treatments (Figure 2B) [38]. In study
361, the mean changes in TDI were not significantly differ-
ent compared with placebo for the individual compo-
nents, while UMEC/VI (125/25) caused improvements that
reached the MCID (A = 1.0) and were significantly greater
than placebo and the monocomponents [39]. In both
studies, the proportion of patients achieving the TDI MCID
at the end of the study was greatest with UMEC/VI, and the



odds of being a TDI responder were significantly greater
with UMEC/VI compared with placebo (Table 2). In study
361, the odds of being a TDI responder were also greater
for UMEC/VI compared with both monocomponents,
while in study 373 this was true for the comparison of
UMEC/VI with VI only.

Table 3 shows that UMEC/VI (62.5/25) was associated
with a significant improvement in SGRQ scores compared
with placebo, with no significant differences compared
with the monocomponents. UMEC/VI (62.5/25) signifi-
cantly reduced daily rescue medication use over 24
weeks compared with placebo, and compared with
umeclidinium, but not vilanterol. For the higher UMEC/VI
dose (125/25), there was a significant improvement in
SGRQ scores and a significant reduction of daily rescue
medication use over placebo and the monocomponents.

Comparison of UMEC/VI with tiotropium

Two active comparator studies comparing both UMEC/VI
doses (62.5/25 and 125/25) with tiotropium 18 ug have
been reported. In study 360 (full GSK study number;
DB2113360), VI 25 nug was also investigated, while UMEC
125 ng was included in study 374 (full GSK study number;
DB2113374) [40]. Placebo arms were not included in these
studies, as the comparisons of interest were between the
active treatments. There were no significant differences
for lung function, TDI, SGRQ or rescue medication use
between the UMEC/VI doses, and so the lower dose has
been licensed for clinical use. The effect of both doses of
UMEC/VI on trough FEV; at week 24 was significantly
greater than tiotropium in the two studies (effect size
ranging from 60-90 ml). All active treatments improved
TDI and SGRQ above the MCID thresholds, with no differ-
ences between both UMEC/VI doses and tiotropium.
However, there were significant reductions in reliever
medication use with both UMEC/VI doses compared with
tiotropium, ranging from mean 0.6 to 1.1 puff day™
reduction.

Aclidinium/formoterol

The clinical development programme for aclidinium/
formoterol FDC investigated two doses (400/6 ug twice
daily and 400/12ug twice daily) in more than 4000
patients with moderate to severe COPD [41-44]. These
studies are not yet fully published, and so only data from
abstracts have been reviewed here. The programme
included two placebo-controlled 24 week efficacy studies
(ACLIFORM/COPD and AUGMENT/COPD) comparing the
FDC with the monocomponents (formoterol 12 ug and
aclidinium 400 ug), and two long term safety studies, LAC-
MD-32 which is a 1 year trial and LAC-MD-36 which is a 6
month extension of AUGMENT. The FDC is administered
using Genuair®, a multiple dose dry powder inhaler.
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Table 4

Treatment differences in lung function at week 24 in the phase Il clinical
trials of aclidinium/formoterol

Aclidinium/
formoterol
400/12 pg

Aclidinium/

formoterol
Primary outcomes 400/6 pg

Pre-dose trough FEVq (ml) AUGMENT 26 45%
(comparison of FDC vs. ACLIFORM 53%* 851
formoterol)

1 h post-dose FEV; (ml) AUGMENT 871 108"
(comparison of FDC vs. ACLIFORM 691 1251

aclidinium)

*P<0.05, ** P<0.01, 1P < 0.001.

The AUGMENT/COPD and ACLIFORM/COPD studies
have reported co-primary end points measured at week 24
[43, 44], trough (pre-dose) morning FEV; for the compari-
son of FDC vs. formoterol and 1 h morning post-dose FEV;
for the comparison of FDC vs. aclidinium. These are shown
in Table 4. The 1 h post-dose FEV; was significantly higher
with both FDC doses compared with aclidinium in both
studies. In AUGMENT, the higher FDC dose significantly
improved trough FEV; compared with formoterol by 45 ml
(P =0.01), but there was no significant difference for the
lower dose. A greater effect for the higher FDC on trough
FEV, was also observed in ACLIFORM, indicating that the
higher FDC is superior to the monocomponents and the
lower FDC dose.

Safety of LABA/LAMA FDCs

The combination of a LABA with a LAMA could potentially
result in a greater incidence of adverse events (AE), in par-
ticular cardiovascular (CV) events. LABAs can increase
stimulation of cardiac B>-adrenoceptors [45, 46], while
LAMAs can block cardiac M2 receptors thereby predispos-
ing to tachycardias [47].

The ENLIGHTEN study was a placebo-controlled study
that evaluated QVA149 safety over 52 weeks. The overall
incidence of AEs with QVA149 and placebo was similar
(57.8% vs. 56.6%) [48]. Cardio-cerebrovascular (CCV) AEs
were reported in 5.3% of QVA149-treated patients and
2.7% of placebo-treated patients. The authors noted
imbalances in baseline characteristics of the populations
that could explain this difference [48], including more
severe COPD and more patients with a previous history of
myocardial infarction, stroke and diabetes in the group
treated with QVA149. A pooled analysis of the SHINE, ILLU-
MINATE, ENLIGHTEN and ARISE studies showed that CCV
AEs occurred in a comparable proportion of patients in the
QVA149 (1.8%) and tiotropium groups (1.7%), but impor-
tantly there was no increase compared with placebo
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(2.3%) [49]. Meta-analysis has demonstrated no significant
differences in SAEs and serious CCVs with QVA149 com-
pared with tiotropium and glycopyrronium [50].

A long term safety study of UMEC/VI [51] showed
similar AEs (range 52-58%) and serious AEs (6-7%) to
placebo. Similarly, the incidence of treatment-emergent
AEs was comparable between aclidinium/formoterol,
placebo and other active treatment arms in ACLIFORM
[44]. A long term safety trial reported that SAEs were
similar in patients treated with aclidinium/formoterol
(9.7%) or formoterol (10.6%) [52]. Overall, these adverse
event data do not show any significant safety concerns for
LABA/LAMA FDCs compared with monotherapy.

Discussion

This discussion of the clinical benefits of LABA/LAMA FDCs
will now focus mainly on QVA149 and UMEC/VI, as these
drugs have more clinical trial results published.

Benefits of LABA/LAMA FDCs

over monotherapies

LABA/LAMA FDCs demonstrated significantly greater
treatment effects on trough FEV; compared with placebo
and monocomponent therapy [30, 33, 38, 39]. The MCID
for improvement in trough FEV; in COPD clinical trials is
estimated at 100 ml [53]. The monocomponents of
QVA149 and UMEC/VI generally reached this threshold
compared with placebo, but significantly larger increases
were caused by the FDC compared with the mono-
components [30, 38, 39]. It is interesting that these FDC
LABA/LAMA trough FEV, improvements were less than the
sum of the monocomponent improvements. The use of a
second long acting bronchodilator drug appears to cause
an additive response that is not linear, possibly because
the second drug causes bronchodilation near the top of
the dose—response curve where the response is flatter.
This lack of a full addition may be due to a ‘ceiling effect’,
whereby the magnitude of bronchodilation that is achiev-
able in poorly reversible COPD patients is limited, and
so the linear response part of the bronchodilation
dose—response curve is relatively short. An alternative
explanation is that LABAs and LAMAs act initially on differ-
ent cell signalling mechanisms but ultimately exert
bronchodilation through the same downstream mecha-
nisms. In vitro studies suggest that LABA/LAMA combina-
tions may allow beneficial synergistic interactions [13, 28].
However, clinical trials using LABA/LAMA FDCs show that a
full additive effect is not seen, let alone the prospect of
synergistic benefits.

A key question is whether the benefit of LABA/LAMA
FDCs in terms of FEV; leads to a clinically meaningful
improvement in symptoms. The TDI is often used to
measure dyspnoea in clinical trials, with the 1 point MCID
established based on the difference between active treat-

702 / 79:5 |/ Br] Clin Pharmacol

ment and placebo [54]. Neither QVA149 nor UMEC/VI
reached a 1 point improvement compared with the
monocomponents, and it appears that applying the same
MCID to studies that compare active drugs is not appro-
priate. Furthermore, most studies were not statistically
powered specifically to detect a 1 point difference in TDI
between active treatments. Indeed, other patient reported
outcomes and measurements related to symptoms, such
as reliever medication use, have also been secondary end
points, which again were not specifically powered for.
However, a combined view of the TDI data with rescue
medication use allows a proper understanding of changes
in dyspnoea. Both QVA149 and UMEC/VI FDCs caused
numerically greater mean TDI improvements compared
with the monocomponents, with statistical significance
reached for the higher UMEC/VI dose compared with the
monocomponents. Responder analysis is recognized as an
alternative and appropriate way to evaluate the effects of
two active treatments compared with one [53], and
showed a significant advantage of UMEC/VI over the
monocomponents for TDI. Rescue medication use also
showed that UMEC/VI and QVA149 reduced symptoms to
a significantly greater extent than the monocomponents.
Taken together, these TDI responder data and rescue
medication use provide strong evidence of clinically sig-
nificant improvements in dyspnoea with LABA/LAMA
FDCs compared with monocomponent therapy.

Further evidence for the potential benefits on symp-
toms of these LABA/LAMA FDCs over bronchodilator
monotherapy comes from comparisons with tiotropium.
The SHINE study showed a significant benefit for QVA149
compared with tiotropium on mean TDI (A = 0.51), which
was confirmed by TDI responder analysis and was consist-
ent with less rescue medication use with QVA149. The
BLAZE study showed a similar superiority for QVA149 on
mean TDI score (A = 0.49). A recent meta-analysis has
shown that QVA149 provided superior bronchodilation
compared with tiotropium (A =70 ml, P < 0.0001), accom-
panied by reductions in rescue medication use (—0.63 puffs
day™', P < 0.0001) and a 19% greater chance of achieving
the TDI MCID compared with treatment with tiotropium
[50]. For UMEC/VI, the strongest evidence of symptom
benefit compared with tiotropium monotherapy was the
reduction in rescue usage ranging from mean 0.6 to 1.1
puff day™' reduction across the studies. Tiotropium is
widely used as bronchodilator monotherapy. It appears
that increased benefits in terms of lung function and dys-
pnoea can be achieved with LABA/LAMA FDCs.

The SPARK study demonstrated that QVA149 had a
greater effect on moderate to severe exacerbations com-
pared with glycopyrronium [33]. It is known that long
acting bronchodilators used as monotherapy reduce exac-
erbation rates [55, 56] and the SPARK study showed for the
first time that two long acting bronchodilators are superior
to one with regard to this end point [33]. The 10% differ-
ence between QVA149 and tiotropium for moderate to



severe exacerbations was similar to the 14% benefit
observed for tiotropium added to standard of care in
UPLIFT [56]. This suggests that the benefit of adding an
additional long acting bronchodilator to existing therapy,
including long acting bronchodilator monotherapy, is an
approximately 12-14% reduction in exacerbations. It
would be valuable to see more clinical trials evaluating
exacerbation reduction caused by dual bronchodilators to
confirm this. Furthermore, SPARK was conducted in
patients with FEV; <50% predicted. Investigating the
effects of dual bronchodilators in frequent exacerbators
with FEV; >50% would be of interest.

A pooled analysis of 3313 patients in indacaterol
studies showed that increasing FEV; was associated with
significant improvements in TDI, SGRQ and a decline in
exacerbation rate [57]. This indicates that larger improve-
ments in FEV; are likely to be associated with larger,
patient-reported benefits across a range of clinical out-
comes. In general, the outcomes from the QVA149 and
UMEC/VI studies support this concept.

Comparison of LABA/LAMA FDCs with
ICS/LABA FDCs

ICSs are licensed for use in COPD patients with a history of
exacerbations, but in real life these drugs are commonly
also prescribed to patients without a history of exacerba-
tions [37]. ILLUMINATE suggests that LABA/LAMA FDCs are
a more effective treatment option than ICS/LABA FDCs in
COPD patients without a history of exacerbations [36]. Fur-
thermore, there are also potential corticosteroid-sparing
advantages in terms of side effects.

Let us consider what result would be observed if LABA/
LAMA FDCs were compared with ICS/LABA FDCs in
patients with a history of exacerbations (GOLD category C
and D). The INSPIRE study showed no difference between
tiotropium and salmeterol-fluticasone for the overall rate
of moderate to severe exacerbations, although there
appeared to be a difference in the nature of the exacerba-
tions with more oral corticosteroid courses required in
patients taking tiotropium but more pneumonia events in
patients taking salmeterol-fluticasone [58]. SPARK showed
significant superiority of QVA149 over glycopyrronium for
the rate of moderate to severe exacerbations, and there
was a numerical advantage over tiotropium [33]. INSPIRE
showed that tiotropium was similar to ICS/LABA in terms
of exacerbation reduction, so one could speculate that
QVA149 would also not be inferior to salmeterol-
fluticasone for exacerbation reduction in patients with a
history of exacerbations. Future clinical trials that compare
LABA/LAMA FDCs with ICS/LABA FDCs hopefully will
inform us of the relative merits of these treatments for
GOLD category C and D patients.

Differences between LABA/LAMA FDCs
There are insufficient clinical data to determine whether
there are clinically important differences in efficacy
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between the various LABA/LAMA FDCs reviewed here. It is
not wise to compare effect sizes between studies to draw
definitive conclusions on whether one drug is better than
the other, as differences in the characteristics of the
patients and the design of the studies can impact on the
effect sizes observed. Head to head studies would be
needed to compare properly LABA/LAMA FDCs. Neverthe-
less, the efficacy results in terms of lung function for
QVA149 and UMEC/VI are broadly similar and one could
speculate that any difference in lung function between
these two treatments is likely to be small in magnitude.

QVA149 and UMEC/VI are administered once per day,
which is a convenient treatment regime for patients.
LABA/LAMA FDC in development such as aclidinium/
formoterol and glycopyrronium/formoterol are adminis-
tered twice per day, which may be less convenient.
However, the profile of lung function after twice a day
dosing may be better suited to patients with night time or
early morning symptoms, as the administration of the
evening dose may offer benefits to these patients. The
efficiency, ease of use and patient preference for the dif-
ferent inhaler devices should also be considered. Safety is
also a key issue and the current safety profile of these
drugs is encouraging.

Place of LABA/LAMA FDCs in COPD treatment

The emerging clinical trial data provide valuable informa-
tion to help us understand the relative merits of LABA/
LAMA FDCs compared with other drug therapies. COPD
patients are usually treated initially with short acting
bronchodilators, followed by the addition of a long acting
bronchodilator (either a LAMA or a LABA) monotherapy
[3]. The QVA149 and UMEC/VI clinical trials were mostly
conducted in COPD patients without frequent exacerba-
tions, and demonstrate that a simple stepwise approach of
adding a second bronchodilator drug in these patients is
clinically effective, as shown in Figure 4. The UMEC/VI clini-
cal trials were performed in COPD patients with FEV; <70%

|Short acting bronchodilators|

\ For patients with more severe
symptoms or lower FEV,
[__AddLABAorLAMA | consider LABA/LAMA FDC

without trying monotherapy first

| Use LABA/LAMA FDC |

Figure 4

Proposed treatment pathway for COPD patients without frequent exac-
erbations. LABA long acting ,-adrenoceptor agonist; LAMA long acting
muscarinic antagonist; FDC fixed dose combination; FEV; forced expira-
tory volume in 1s.
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predicted and significant dyspnoea (mMMRC > 2). In this
population of GOLD B and D patients it appears that LABA/
LAMA FDCs are superior to monotherapy, and it would be
reasonable to start such patients on LABA/LAMA FDCs
without first trying monotherapy, as the therapeutic
benefit as a first line therapy is likely to be greater.
However, for patients who are less symptomatic or who
have better lung function the evidence for this approach is
lacking, and the stepwise approach shown in Figure 4
could be advocated. It should be noted that there are no
clinical trial or real life data to guide us on whether to start
with bronchodilator monotherapy or dual treatment.

For COPD patients without a history of exacerbations,
ILLUMINATE clearly shows lung function and symptom
benefits for QVA149 over seretide. ICS/LABA combinations
are not licensed for use in COPD patients without a history
of exacerbations, and ILLUMINATE shows that such
patients are better treated by using a FDC dual broncho-
dilator. With disease progression, patients who then suffer
with exacerbations could then progress to ‘triple therapy’
with the addition of an inhaled corticosteroid or other anti-
inflammatory drug.

Gaps in knowledge There are important gaps in our
knowledge regarding the optimum use of LABA/LAMA
FDCs in COPD patients. SHINE suggests that the effect on
FEV; may be reduced in more severe patients [30], which is
compatible with other data using monotherapies showing
that bronchodilator effects are greater in patients with less
severe airflow obstruction [59]. Nevertheless, the question
of whether a subgroup of patients benefit more
from LABA/LAMA FDCs remains largely unanswered.
Bronchodilators decrease hyperinflation, and perhaps
patients with more hyperinflation will be responders to
LABA/LAMA FDCs. BRIGHT showed superiority for QVA149
over tiotropium on resting and dynamic hyperinflation
[35]. Disappointingly, these physiological advantages for
QVA149 did not translate into improved exercise endur-
ance compared with tiotropium. Perhaps the true advan-
tages of LABA/LAMA FDCs on exercise performance will
only be seen in the context of pulmonary rehabilitation
which can provide concurrent improvements in muscle
strength. More studies evaluating the effects of dual and
monobronchodilators on lung volumes and exercise per-
formance would be informative.

Table 5 outlines important clinical trials in COPD con-
cerning dual bronchodilator therapies that have either
been recently completed or are ongoing. The full publica-
tions of these studies are likely to increase further our
understanding of the merits of these drugs. There are
further comparisons of dual bronchodilators with 1CS/
LABA. Although the GOLD guidelines include LABA plus
LAMA therapy as a treatment option for GOLD C and D
patients, the only clinical trial of LABA/LAMA FDCs in GOLD
C and D patients with frequent exacerbations is SPARK
[33]. The important comparison of LABA/LAMA FDCs vs.
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ICS/LABA FDCs in these patients will be very informative
for treatment guidelines.

The majority of clinical trials reviewed here have been
parallel group studies. This is the most practical way to
conduct long term phase 3 studies. However, crossover
designs with shorter treatment periods can be very
informative about the potential treatment differences
‘within’ an individual. Table 5 shows that a crossover study
with UMEC/VI designed to identify treatment responders
to monocomponents and/or dual therapy has been con-
ducted. This study may allow us to understand further the
potential benefits to an individual of receiving dual com-
pared with monotherapy.

Clinical trials with LABA/LAMA FDCs have focused on
patients with moderate to severe COPD. Patients with FEV;
> 80% predicted have not been studied. The effects of
these drugs in this milder population may be different
from the published results, and warrants investigation.

Conclusion

LABA/LAMA FDCs have shown greater effects on lung
function than monocomponent long acting bronchodila-
tor therapies, and achieved health benefits above those
observed with active comparator inhaled therapies,
tiotropium and seretide, which have been the standard of
care for COPD for many years. These new LABA/LAMA
FDCs differ in terms of frequency of administration (one or
twice a day) and inhaler device characteristics, which are
likely to be key factors in determining their use in clinical
practice. The relative clinical efficacy and safety of these
drugs can only be properly determined by head-to-head
clinical trials.

LABA/LAMA FDCs offer a simplified means of maximiz-
ing bronchodilation for COPD patients, with the improve-
ments in lung function being mirrored by benefits in terms
of symptoms and exacerbations. The use of LABA/LAMA
FDCs in clinical practice is set to grow and further studies
are needed to define their optimal place in treatment
guidelines.
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Table 5

Important ongoing or recently completed clinical trials assessing fixed dose combination dual bronchodilators

Fixed dose
combination Identifier and study name Comparator Patients Evaluation
QVA149 NCT01709903* Salmeterol/fluticasone 500/50 ug Moderate to severe COPD 679 QVA149 vs. SFC for lung function
LANTERN twice daily and rate of exacerbations
NCT015746511 Tiotropium 18 pg once daily plus Moderate to severe COPD 934 QVA149 vs. LABA and LAMA
QUANTIFY formoterol 12 mg twice daily co-prescribing for lung function
and dyspnoea
UMEC/VI NCT01822899% Salmeterol/fluticasone twice daily Moderate to severe COPD 716 UMEC/VI vs. SFC for lung
without recent history of function
exacerbation
NCT020144808 Crossover study, COPD 389 Effect of UMEC/VI vs.
and UMEC 62.5 ug once daily, mono-components in
NCT01716520 VI 25 ug once daily responders/non-responders
Tiotropium/ NCT015256159 TORRACTO Placebo Moderate to severe COPD 404 Impact on exercise tolerance vs.
olodaterol placebo
NCT01431274** (TONADO 1) O5ug, T25pg, T5ug, T+0O Moderate to very severe COPD 5162 T+ O 5/5 ug vs. monotherapy for
and 2.5/5ug or T+ O 5/5 ug lung function and symptoms
NCT0143128711 (TONADO 2)
FF/UMEC/VI NCT02164513++ IMPACT FF/UMEC/VI 100/62.5/25 ng, FF/VI COPD with CAT score >10 10,000 Superiority of triple therapy over
100/25 pg or UMEC/VI dual therapy for
62.5/25 ug moderate/severe exacerbations

*Clinicaltrials.gov. A 26 week treatment randomized, double-blind, double dummy study to assess the efficacy and safety of QVA149 (LANTERN). NCT01709903. http://
clinicaltrials.gov/ct2/show/NCT01709903 [Accessed 23 Sept 2014].

tClinicalTrials.gov. The Effect of QVA149 on Health Related Quality of Life in Patients With Chronic Obstructive Pulmonary Disease (COPD) (QUANTIFY). http://clinicaltrials.gov/ct2/
show/NCT01574651 [Accessed 22 Sept 2014].

$ClinicalTrials.gov. A Study to Evaluate the Efficacy and Safety of Umeclidinium Bromide/Vilanterol Compared With Fluticasone Propionate/Salmeterol Over 12 Weeks in Subjects With
Chronic Obstructive Pulmonary Disease (COPD). http://clinicaltrials.gov/ct2/show/NCT01822899 [Accessed 22 Sept 2014].

§ClinicalTrials.gov. A Cross-Over Study to Evaluate Lung Function Response After Treatment With Umeclidinium (UMEC) 62.5 Micrograms (Mcg), Vilanterol (VI) 25 Mcg, and
Umeclidinium/Vilanterol (UMEC/VI) 62.5/25 Mcg Once-Daily in Subjects With Chronic Obstructive Pulmonary Disease (COPD). http://clinicaltrials.gov/ct2/show/NCT02014480
[Accessed 22 Sept 2014].

fIClinicalTrials.gov. A Study to Determine the Effect of Tiotropium + Olodaterol Fixed Dose Combination on Exercise Endurance Time During Constant Work Load Cycle Test in COPD.
http://clinicaltrials.gov/ct2/show/NCT01525615 [Accessed 22 Sept 2014].

**ClinicalTrials.gov. Tiotropium + Olodaterol Fixed Dose Combination (FDC) Versus Tiotropium and Olodaterol in Chronic Obstructive Pulmonary Disease (COPD). http://
clinicaltrials.gov/ct2/show/NCT01431274 [Accessed 22 Sept 2014].

t1ClinicalTrials.gov. Tiotropium + Olodaterol Fixed Dose Combination (FDC) Versus Tiotropium and Olodaterol in Chronic Obstructive Pulmonary Disease (COPD). http://
clinicaltrials.gov/ct2/show/NCT01431287 [Accessed 22 Sept 2014].

$+ClinicalTrials.gov. A Study Comparing the Efficacy, Safety and Tolerability of Fixed Dose Combination (FDC) of FFFUMEC/VI With the FDC of FF/VI and UMEC/VI; Administered
Once-daily Via a Dry Powder Inhaler (DPI) in Subjects With Chronic Obstructive Pulmonary Disease (COPD) http://clinicaltrials.gov/ct2/show/NCT02164513 [Accessed 22 Sept 2014].

Ingelheim, Chiesi, Forest, Genentech, GlaxoSmithKline, Obstructive Lung Disease (GOLD). Updated 2014. Available
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