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Abstract

Introduction: Current national and international guidelines for the management of patients with stable
chronic obstructive pulmonary disease (COPD) recommend the use of inhaled long-acting
bronchodilators, inhaled glucocorticoids and their combinations for maintenance treatment of moderate

to severe stable COPD.

Areas covered: The role of fluticasone furoate (FF) and vilanterol (VI) once daily combination therapy

for the regular treatment of patients with stable COPD is discussed in this review.

Expert commentary: The regular treatment of moderate to severe stable COPD with once daily FF/VI
combination therapy is effective, as seen in in several large placebo-controlled clinical trials involving
many thousands of patients. FF/VI improved lung function, decreased respiratory symptoms and
deceased the number of COPD exacerbations, including COPD-related hospitalizations. FF/VI
combination therapy has also been approved for this indication in most countries. The use of this

combination therapy may significantly decrease the economic costs for some National Health Services.

Keywords: COPD, bronchodilators, inhaled glucocorticoids, airway inflammation, beta2-agonists.
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1. Introduction

Currently there are no cures for chronic obstructive pulmonary disease (COPD). The limited efficacy of
current therapies for COPD indicates a pressing need to develop new treatments to prevent the
progression of the disease, which consumes a significant amount of health care resources and is an

important cause of mortality worldwide.

Current national and international guidelines for the management of stable COPD patients recommend
the use of inhaled long-acting bronchodilators, inhaled corticosteroids (ICSs) and their combinations
(usually in one single inhaler at fixed dose) for maintenance treatment of moderate to severe stable

COPD [1-5].

Regular treatment of stable COPD patients with inhaled long-acting [3,-agonists (LABAs) alone
produces modest increases in lung function with varying effects-on health-related quality of life and
reduction in symptoms. However, it is also associated with a consistent reduction in exacerbations
which may help COPD patients who suffer frequent deterioration of symptoms prompting healthcare
utilization [6]. In patients with stable COPD, compared with LABAs, inhaled long-acting muscarinic
antagonists (LAMASs) are slightly more effective than LABAs in preventing COPD exacerbations, but
there are no statistical differences between groups in overall hospitalization rates or mortality. Symptom
and quality of life improvement, changes in lung function and the risk of serious adverse events are

similar between the treatment groups [7].

A Cochrane review on the role of regular long term treatment with ICSs alone vs placebo in patients
with stable COPD has concluded that they significantly reduce the mean rate of exacerbations and the
rate of decline of quality: of life. However, there was no effect on the decline in forced expiratory
volume in one second (FEV;) or on total mortality rates [8]. The incidence of pneumonia is slightly
increased in patients treated with ICSs alone vs placebo in most studies, regardless of the glucocorticoid,

suggesting a class effect [9,10].

LABAs and ICSs therapies alone confer similar benefits across the majority of outcomes, including the
frequency of exacerbations and mortality. LABAs confer a small additional benefit in terms of
improvements in lung function compared to ICSs. On the other hand, ICSs have a small advantage over

LABAs in terms of health-related quality of life [11].

Several large controlled clinical trials of inhaled combination therapy with ICS and LABA in a single
3
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device in stable COPD have shown that this combination therapy is well tolerated and produces a
modest, but statistically significant, reduction in the number of severe exacerbations, and improvement

in FEV, quality of life, and respiratory symptoms in stable COPD patients [12].

In addition, the TORCH study showed a 17% relative reduction in mortality over three years for patients
receiving salmeterol/fluticasone propionate although this just failed to reach significance [13]. An
interesting post hoc analysis has then suggested that the benefits of ICS/LABA in TORCH are driven by
salmeterol [14]. Furthermore, systematic reviews of the literature suggest that a combination of ICS and
LABA reduces mortality by approximately 20%, whereas neither tiotropium nor. LABA by itself
modifies all-cause mortality in COPD [15]. ICS treatment is associated with a reduction in mortality rate
when compared to LABAs among patients with COPD [16]. However, ICS/LABA combination therapy
did not provide any additional benefit on mortality when compared to ICS monotherapy [17].

A Cochrane review concluded that combined inhaler therapy led to around a quarter fewer COPD
exacerbations than were seen with placebo. Current evidence does not suggest any major differences
between inhalers in terms of effects, although the ‘evidence is not strong enough to demonstrate

equivalency [12].

The development of improved LABAs has focused on once-daily agents [termed ultra-LABAs
(ULABASs)], like indacaterol, olodaterol and wvilanterol, that are slightly more effective in improving
lung function compared with twice-daily LABAs and have a good safety profile. There are insufficient

data to establish if any one ULABA is better than the others [18].

As with LABAs the development of improved ICSs has focused on once-daily agents to allow the
regular treatment of the patients with stable COPD with once daily dual-therapy combined inhalers.
There are many new ULABAs and once-daily ICS fixed-dose combinations under preclinical or clinical
development for. the treatment of stable COPD but only the fluticasone furoate/vilanterol (FF/VI)

combination is approved for clinical use [19].

The previous Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines (goldcopd.org)
recommended ICS/LABA combination as the first-line treatment for managing stable COPD in high-
risk COPD patients grades C and D. However, the updated GOLD 2017 guidance recommends
LAMA/LABA over ICS/LABA [20]. In addition, following the changes in the GOLD document 2017

update, in which impaired lung function is no longer considered as a determinant of exacerbation risk, a

4
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high number of COPD patients can now be labeled as group B (low risk of exacerbations and high level
of symptoms) instead of D, and hence, no longer fulfill the indication for ICS. Since long-term therapy
with ICS can result in side effects, the withdrawal of this treatment should be considered in this group of
patients [21]. There is often a over-prescription of ICSs in stable COPD patients, particularly in COPD
grades A or B, with considerable potential for harm [22,23] but there is also often, particularly in
general practice, a misdiagnosis of bronchial asthma as COPD grades A or B [24-28]. This may also
explain why conflicting findings exist on the benefit of ICS withdrawal in stable COPD. For example
many studies [including the Withdrawal of Inhaled Steroids during Optimized Bronchodilator
Management (WISDOM) controlled clinical trial [29], the real-life study On the aPpropriaTeness of
treatment In MOderate COPD patients (OPTIMO) [30] and other studies, all recently reviewed [31],
have shown that ICS withdrawal did not significantly increase the overall rate of COPD exacerbation,
although a clinically important increased risk of severe exacerbation was ‘detected (relative risk >1.2).
ICS withdrawal significantly impaired both lung function (-30 ml FEV,) and quality of life [+1.24 St.
George's Respiratory Questionnaire (SGRQ) units]. The time to_the first exacerbation was significantly
shorter in the patients who discontinued ICS [31]. Similarly the 1 year long, eFfect of Indacaterol
Glycopyronium Vs Fluticasone Salmeterol on COPD Exacerbations (FLAME) [32] and the 6-months
duration LANTERN [33] controlled clinical trials;.both comparing LAMA/LABA vs ICS/LABA in
moderate-to-severe stable COPD patients with a history of <1 exacerbation in the previous year, have
demonstrated that the LAMA/LABA combination has fewer exacerbations, a greater improvement of
FEV|, a lower risk of pneumonia, and more frequent improvement in quality of life as measured by an
increase over 4 units or more of the SGRQ. However, a very recent Cochrane Systematic Review
incorporating all the studies /discussed above, and many others, concluded that these data were
supported by low or moderate quality evidence generated from mainly participants with moderate to
severe COPD in heterogencous trials with an observation period of less than one year [20]. This is
particularly relevant because ICS discontinuation after 30 months in stable COPD can worsen lung
function decline, airway hyperresponsiveness, airway inflammation and quality of life during 5-year

follow-up [34,35].

This area requires carefully designed efficacy and effectiveness studies. Until and before the publication
of the recently terminated large long-term IMPACT (NCT02164513) and DYNAGYTO
(NCT02296138) controlled clinical trials the positioning of dual bronchodilator therapy in the treatment
guidelines of stable COPD remains controversial (see for example two recent Editorials published on
Lancet Respiratory Medicine by two Opinion Leaders seating in the GOLD Committee) [36,37].

COPD phenotyping can help define clusters of patients with common characteristics that relate to

5
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clinically meaningful outcomes. A very recent review, has described 7 clinically meaningful COPD
phenotypes that can be identified by primary care physicians as well as specialists and that have specific
management and prognostic implications: (1) asthma-COPD overlap phenotype, (2) frequent
exacerbator phenotype, (3) upper lobe-predominant emphysema phenotype, (4) rapid decliner
phenotype, (5) comorbid COPD phenotype, (6) physical frailty phenotype, and (7) emotional frailty
phenotype [38].

We provide here an update of our previous review on the role of fluticasone furoate and vilanterol for

the treatment of patients with stable COPD [39].

2. Pharmacodynamics of fluticasone furoate and vilanterol

2.1 Fluticasone furoate

Functionally glucocorticoids act by suppressing airway hyperresponsiveness, reducing airway edema
and the infiltration of inflammatory cells from the blood to the airway and thereby reducing the lower
airway inflammatory response [40,41]. The anti-inflammatory actions of glucocorticoids occur through
activation of glucocorticoid receptors (GRs), which are found in the cytoplasm of virtually all cells
[40,41]. GRs are predominantly localized to the airway epithelium, alveolar macrophages and
endothelium, which are, therefore, probably important sites for the anti-inflammatory action of
glucocorticoids [figure 1]. Airway epithelial cells respond to various inflammatory mediators by the
production of a wide range of cytokines, chemokines, and other inflammatory mediators. The GR gene
encodes many protein isoforms [42]: with the major being the cytoplasmic alpha form (GRa). This
binds hormone, translocates to the nucleus, and regulates gene transcription. Within the nucleus GR can
bind to specific DNA elements (glucocorticoid response elements or GREs) as homodimers to control
glucocorticoid-responsive genes. Several genes are upregulated by glucocorticoids, including the [3,-

adrenergic receptor(B,-AR), MAPK phosphatase (MKP1) and serum leukoprotease inhibitor (SLPI).

However, the major role of glucocorticoids appears to be gene repression [40,41]. The major anti-
inflammatory action of glucocorticoids is the repression of the pro-inflammatory actions of nuclear
factor kappaB (NF-kB), resulting in a reduction in inflammatory gene transcription. This requires the
action of a GR monomer which either tethers to NF-xB and recruits transcriptional co-repressors or
binds to negative GREs [40,41]. In addition, there are some effects on messenger ribonucleic acid
(mRNA) stability. Several molecular mechanisms for the suppressive actions of activated GR on NF-

kB-mediated gene transcription have been proposed. It is likely that it involves either recruitment of the

6
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repressive co-factor histone deacetylase (HDAC)-2 to the activated deoxyribonucleic acid (DNA)-bound
NF-kB complex or by modulation of RNA polymerase 2 phosphorylation and transcription re-initiation

[40,41].

Oxidative stress down-regulates HDAC activity and expression and this is linked to a reduction in the
repressive functions of GR. HDAC2 expression is reduced in the lung of patients with stable COPD and
overexpression of HDAC2 restores glucocorticoid sensitivity in bronchoalveolar lavage. (BAL)

macrophages from these patients.

Fluticasone furoate (FF) (formerly drug code GW685698) is a novel enhanced-affinity synthetic
trifluorinated glucocorticoid [43]. X-ray crystallography studies show that the 17-a furoate ester
occupies the lipophilic 17-a pocket on the ligand binding domain of GR to a-greater extent than
dexamethasone and fluticasone propionate (FP), and this may account for the enhanced glucocorticoid
receptor binding of FF [44]. In vitro FF has a fast association and.a slower dissociation rate from GR
resulting in a relative receptor affinity (RRA) of 30 with reference to dexamethasone (RRA=1). This is
superior to that of budesonide (RRA=S), des-ciclesonide (RRA=12), FP (RRA=18) and mometasone
furoate (RRA=22) [45].

Furthermore, both FP and FF, as with budesonide, have pronounced retention (without instability or
chemical modification) in human lung tissue in vitro [45]. As a result FF is very potent suppressor of
NF-kB and a strong activator of the GRE transactivation pathway. Unlike FP, FF action is relatively

resistant to oxidative stress [43,46].

FF has similar or slightly higher potency to FP and is 2-9 fold more potent than budesonide in inhibiting
inflammatory cytokine. production in human epithelial cells and macrophages. In addition, FF has
superior effects to FP in peripheral blood mononuclear cells (PBMCs) from patients with COPD and
also in U937 cells or primary bronchial epithelial cells under conditions of oxidative stress [46]. This,
together with the longer GR nuclear retention seen with FF compared with FP and budesonide provides

a mechanism for the 24 hours duration of action with single daily dosing [46].
Furthermore, in healthy male subjects in vivo, inhaled FF demonstrated prolonged absorption from the

lung into the systemic circulation than inhaled FP, indicating a longer lung retention time and the

potential for maintained efficacy with once-daily administration [47].

2.2 Vilanterol
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B»-agonists are effective bronchodilators due primarily to their ability to relax airway smooth muscle
(ASM) [48,49]. B,-agonists act as functional antagonists and reverse bronchoconstriction irrespective of
the contractile agent. This is an important property for the treatment of asthma where many
bronchoconstrictor mechanisms are important. In COPD, the major mechanism of action is likely to be a

reduction of cholinergic reflex bronchoconstriction.

In addition to prolonged bronchodilation, these drugs exert other P,-agonist-mediated effects in vitro

that may be of clinical relevance in patients with COPD [48,49].

Inhaled [,-agonists target B,-ARs which are members of the G protein coupled receptor (GPCR)
superfamily that are expressed in high numbers (>3000) per ASM cell of the lower airways (their
number increases with increasing airway generation). They are also expressed on other important target
cells, including lower airways epithelium and submucosal glands, vascular smooth muscle cells,
macrophages, neutrophils, lymphocytes, eosinophils, mast cells and the endothelium of the post-

capillary venules [50,51] [figures 1 and 2].

B,-agonists produce bronchodilatation by directly stimulating ,-ARs in ASM cells, and in vitro relax
human bronchi and lung strips (indicating an effect on peripheral airways) and in vivo there is a rapid

decrease in airway resistance.

Ligand binding to the B,-AR in the ASM cells results in activation of receptor-associated G-stimulatory
(Gs) protein and enhanced coupling with the membrane-bound enzyme adenylyl cyclase and with
calcium channels, to propagate the GPCR signaling [52]. The coupling of activated G, and adenylyl
cyclase leads to increased production of cyclic adenosine 3°,5’-monophosphate (cAMP) and subsequent
activation of cAMP-dependent protein kinase A (PKA), which phosphorylates several target proteins
within the cell, leading to relaxation of the ASM cells [figure 2].

The molecular mechanisms by which B,-agonists induce relaxation of ASM cells include [49,51,53]:

e Lowering of intracellular calcium ion (Ca’") concentration by active removal of Ca*" from the cell
and into intracellular stores. Activation of Ca’’-Mg*"-ATPases in the endoplasmic reticulum and
plasma membrane decreases Ca”" levels, thereby reducing Ca**-dependent actin-myosin interactions
and leading to relaxation of ASM cells.

e An inhibitory effect on phosphoinositide (PI) hydrolysis, which leads to intracellular Ca** release
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e Inhibition of myosin light chain kinase (MLCK) phosphorylation and inactivation and thereby
preventing myosin phosphorylation.

e Concomitant activation of myosin light chain phosphatase.

e Opening of a large conductance calcium-activated potassium channel (Kca) which repolarizes the
smooth muscle cell and may stimulate the sequestration of Ca** into intracellular stores.

e [3,-ARs are also directly coupled to Kca via Gs so that relaxation of ASM may occur independently

of an increase in cAMP.

Several of the actions of [,-agonists are not mediated via PKA, however and these effects are
transduced through other cAMP-regulated proteins [54]. Importantly, direct inhibition of PKA in human
ASM cells or murine airways ex vivo inhibits the vast majority of the relaxant effect of the 3,-agonists,
demonstrating that PKA is the principal effector of B,-agonist-mediated ASM relaxation [55] [figure 2].

B,-agonists may also influence gene transcription through elevation of cAMP and activation of PKA.
cAMP mediates the hormonal stimulation of many genes through a conserved cAMP response element
(CRE). cAMP causes translocation of the catalytic subunit of PKA to the nucleus, where it
phosphorylates and activates the transcription factor cAMP response element binding protein (CREB).
Activation of the 3,-AR can also lead to stimulation of the extracellular signal-regulated kinases (ERK)
and p38 mitogen-activated protein kinases (MAPKSs) pathways. These effects may contribute to the

inhibition of ASM cell proliferation and inflammatory mediator release [48,49].

B,-agonists may therefore cause bronchodilatation in vivo not only via a direct action on lower ASM,
but also indirectly by inhibiting the release of bronchoconstrictor mediators from inflammatory cells and
of bronchoconstrictor neurotransmitters from nerves in the lower airways. These mechanisms include
[48,49]:

e Prevention of mediator release from isolated human lung mast cells (via B,-AR).

e Attenuation of neutrophil recruitment and activation.

e Prevention of microvascular leakage and thus the development of bronchial mucosal edema.

e Weak increase in mucus secretion from submucosal glands and ion transport across airway
epithelium; these effects may enhance mucociliary clearance, and therefore reverse the defective
clearance found in stable COPD patients [56,57].

e Reduction of the bronchial epithelial damage caused by bacterial toxins.

e Reduction in neurotransmission in human airway cholinergic nerves by an action at pre-junctional [3,-

ARs to inhibit acetylcholine release and thereby reducing cholinergic reflex bronchoconstriction [57].
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Although these additional effects of inhaled 3,-agonists may be relevant to the prophylactic use of these
drugs against various challenges, their rapid bronchodilator action is likely attributable to a direct effect

on airway smooth muscle [48,49, 53].

In the lower airways of patients with COPD, [,-agonists may potentiate the molecular mechanism of
glucocorticoid actions, with increased nuclear localization of glucocorticoid receptors (GRs) and
additive or sometimes synergistic suppression of inflammatory mediator release [58]. Activated GR
binding to specific GREs in concert with another transcription factor, CAAT/enhancer-binding protein
alpha (C/EBPa), in ASM cells leads to optimal antiproliferative actions via p21WAF1/Cip1. This
mechanism been proposed to account, at least in part, for the enhanced effect of combination treatment

in COPD patients [53,59].

Inhaled glucocorticoids on the other hand increase the cellular expression of B,-AR by increasing gene
transcription acting through GREs and, importantly, may regulate ,-AR function by restoring G-
protein-f,-AR coupling and inhibiting [,-AR down-regulation induced by inflammation, thereby

preventing its desensitization [53].

Activation of the 3,-AR activates both rapid and slow negative feedback mechanisms that inhibits 3,-
AR signaling. Rapid inhibition involves receptor phosphorylation and uncoupling of the 3,-AR from the
G; protein via GPCR kinases 2/3 (GRK2/3) and association of the receptor inhibitor B-arrestin-2
[60,61]. Other kinases, including PKA and PKC, can also phosphorylate the [(3,-AR to promote

uncoupling, without the 3,-AR mecessarily being occupied by agonist.

Slower feedback mechanisms include receptor internalization, and receptor downregulation (loss of total

cellular B,-AR protein) following translocation to lysosomes for degradation [60,61].

Vilanterol trifenatate (VI) (formerly named compound 13f.triphenylacetate or GSK-642444) Is a novel
ULABA that has been synthesized by incorporation of an oxygen atom at the homobenzylic position of
the right-hand side phenyl ring of (R)-salmeterol and has suitable chemical properties for inhaled

administration [62].

The affinity of VI for the human [B,-AR is higher than formoterol, indacaterol and olodaterol but

comparable with that of salmeterol and slightly lower than that of abediterol [48,63,64]. VI is a highly
10



Downloaded by [Imperial College London Library] at 01:13 29 September 2017

lipophilic molecule partitioning into cell membrane and forming depots of drug in the cell membrane,

but it impossible to rule out VI binding directly to a binding site within the 3,-AR [63].

In functional activity studies, VI has similar selectivity profile as salmeterol for 3,-AR over 3;-AR and
B;-AR with over 1000-fold selectivity over both these receptors, but it has a significantly improved
selectivity profile than albuterol (salbutamol), formoterol and indacaterol decreasing the risk of

untoward effects due to the stimulation of the other B-ARs [48,63].

VI also has a level of intrinsic efficacy (an agonist of high intrinsic efficacy might offer advantages in
clinical effectiveness over a weak partial agonist) [65] comparable to indacaterol but significantly
greater than that of salmeterol. The intrinsic activity of VI is lower than-that of isoprenaline, the
reference full B,-AR agonist, indicating that VI, as well as salmeterol, is a partial B,-AR agonist. In in
vitro cell-based studies VI has a persistence of action comparable with.indacaterol and longer than that

of formoterol or salmeterol [48,63].

VI, formoterol, and indacaterol have a more rapid onset of activity compared with salmeterol. In human
airways preconstricted with histamine, VI has a significantly faster onset of action (3.1 min) compared

with salmeterol (8.3 min) [48].

In vitro in human airways, VI also has a longer duration of action than salmeterol, still exhibiting a

significant level of bronchodilation at 22 (but not 28) hours after treatment [63].

Together this results in VI having a rapid dose-dependent bronchodilation in vivo in healthy subjects and
in patients with stable COPD;which is maintained over 24 hours [65,66]. In asthmatics patients, there is
no advantage over a 24-hour period of VI twice daily versus once-daily dosing for the same total daily
dose [67]:

Importantly ‘in patients with stable COPD [,-AR gene (ADRB2) variants are not associated with the
bronchodilator response to VI [68].

3. Pharmacokinetics of fluticasone furoate and vilanterol

11



Downloaded by [Imperial College London Library] at 01:13 29 September 2017

Unfortunately, for both FF and VI we only know concentrations in systemic blood. This lack of
information does not allow us to understand the temporal relationship between the delivered dose and

the drug concentration at the sites of action within the lungs [69].

Following intranasal administration of FF, most of the swallowed dose undergoes incomplete absorption
and extensive first-pass metabolism in the liver, by the hepatic cytochrome P450 (CYP) isozyme, 3A4,
resulting in negligible systemic exposure (oral bioavailability is <0.5%). At the highest recommended
intranasal dosage, plasma concentrations of FF are typically not quantifiable despite the use of an highly
sensitive high-performance liquid chromatography (HPLC)-mass spectroscopy(MS) assay in.subjects of
all ages [70]. Concomitant administration of strong CYP3A4 inhibitors, like ketoconazole, increase the

plasma concentrations of both FF and VI [71].

Using pharmacokinetic studies performed in normal subjects and asthmatic patients, predictive models
indicate that a FF area under the concentration-time curve over 24 h post-dose (AUC24) of 1,000
pg-h/mL would be required to reduce 24-h serum cortisol or 24-h urine cortisol excretion by 20 and

17%, respectively [72].

FF inhalation is associated with reduced serum cortisol in patients with moderate hepatic impairment
[73] suggesting that caution should be exercised when prescribing FF/VI in patients with moderate or
severe hepatic impairment due to a risk for unwanted systemic glucocorticoid effects associated with

increased FF systemic exposure [73].

FF is not detectable in the urine of healthy subjects following intranasal dosing (<1%) and severe renal
function impairment has no clinically relevant effects on the pharmacokinetic or pharmacodynamics

properties or tolerability of FF/VI [70,73].

VI has a rapid turnover because it is rapidly metabolized by the human liver microsomes [62] via O-
dealkylation to metabolites with almost absent pharmacological activity, excreted by ~70% in the urine
and ~30% in the feces [74]. In healthy subjects, after a single 200 pug oral dose of VI, there is an
extensive first-pass metabolism in the liver with less of the 0.5% of total dose of VI measurable in the
plasma [74]. For this reason, the therapeutic inhaled dose of 25 ug of VI is unlikely to produce systemic
effects. In healthy subjects verapamil, a P-glycoprotein and moderate CYP3A4 inhibitor, does not

increase systemic exposure to VI [75].

12
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As a result, no dose adjustment for VI is required in patients with severe impairment of renal and/or

hepatic function [73,76].

In COPD patients there are significant differences in the population pharmacokinetics of FF/VI but the
magnitude of these effects on systemic exposure is not large enough to require FF/VI dosage adjustment

[77,78].

4. Clinical efficacy of fluticasone furoate/vilanterol combination therapy vs placebo in the

regular treatment of stable COPD

4.1 Effect on lung function, symptoms, cardiac function and exercise tolerance

Given once-daily to patients with moderate to severe stable COPD, inhaled FF/VI combination
improves trough forced expiratory volume in one second (FEV;) by more than 200 mL in two 28-day
trials versus placebo [79,80]. However, a more modest increase (100-130 mL) is seen in longer 12-28-
week trials [81-85]. The regular treatment of stable COPD patients with FF/VI combination decreases
their symptoms, particularly dyspnea, and the use of as needed salbutamol, in 12-52-week trials [79-

83,85,86].

In stable hyperinflated COPD patients, a short-term FF/VI therapy increases slightly, albeit significant,
left ventricular end-diastolic, left atrial end-systolic volumes, right ventricular stroke volume,
pulmonary artery pulsatility and left atrial ejection fraction but not right ventricular ejection fraction and
intrinsic myocardial function [87]. There are no published studies on the effect of this therapy on
exercise tolerance of stable patients with COPD. It is also unclear if the regular treatment with inhaled

VI alone vs placebo improves significantly exercise endurance time in stable COPD patients [88].

4.2.  Prevention.of COPD exacerbations, accelerated FEV,; decline, long-term compliance to

inhaled therapy and mortality

There is no established minimal clinically important difference (MCID) for COPD exacerbations but
interventions reducing exacerbations by as little as 11% appear to be regarded widely as clinically
important [89].

In two trials of one-year duration, involving more than three thousand patients with stable moderate to
severe COPD randomized to FF/VI or VI alone; treatment with FF/VI was associated with a slight

(27%) but significant decrease (0.81 vs 1.11) in the yearly rate of moderate plus severe COPD
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exacerbations, the time to first moderate or severe exacerbation and the frequency of exacerbations
requiring systemic glucocorticoids. There was no difference in the rate of COPD exacerbations

requiring hospitalization [86].

Reductions in exacerbations with FF/VI, compared with VI alone, were 24% in patients with baseline
blood eosinophil counts of >2-<4%, 32% for those with counts of 4-<6%, and 42% for those with
eosinophil counts of >6%. In patients treated with VI alone, exacerbation rates increased progressively

with increasing eosinophil count percentage category [90].

In the "Study to Understand Mortality and Morbidity in COPD" (SUMMIT) a multicentre, randomized,
double-blind, parallel-group, placebo-controlled event-driven trial (study end date was pre-determined
where approximately 1000 deaths would have occurred in the intent-to treat efficacy population, the
maximum follow-up was 4 years; median study exposure was 1-8:years and was similar across all
treatment groups), 16590 patients with moderate stable COPD. and either a history of cardiovascular
disease (CVD) or at increased risk for CVD were randomly assigned (1:1:1:1) to once-daily treatment
with FF/VI (100/25 pg), FF (100 pg), VI (25 pg) or matched placebo with mortality as the primary end-
point powered by the comparison of FF/VI versus placebo [91,92]. Compared with placebo, all-cause
mortality was unaffected by combination therapy or FF or VI alone, whereas all treatments reduced the
rate of moderate and severe COPD exacerbations [92]. Compared with placebo, FF/VI combination
reduced the rate of moderate/severe- COPDw=exacerbations by 29% and the rate of hospitalized
exacerbations by 27%. These effects were similar regardless of whether the COPD patients had a history
of exacerbation in the year prior to the study or an FEV less than or > 60% predicted [93].

In a controlled effectiveness trial (Salford Lung COPD trial) of 1-year duration conducted in 75 general
practices, 2799 COPD patients> 40 years old, with an exacerbation in the previous 3 years, were
randomized (1:1) to once-daily inhaled FF (100 pg)/vilanterol (25 pg) combination (the FF-VI group) or
to usual care (the usual-care group). The primary outcome was the rate of moderate or severe
exacerbations among patients who had had an exacerbation within 1 year before the trial. The rate of
moderate or severe exacerbations was significantly lower, by 8.4%, with FF-VI therapy than with usual
care [94]. There was no significant difference in the annual rate of COPD-related contacts to primary or
secondary care. There were no significant between-group differences in the rates of the first moderate or

severe exacerbation and the first severe exacerbation in the time-to-event analyses [94].
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There are no published studies adequately powered as the primary outcome and of sufficient duration,
on the role of the effect of regular treatment of patients with stable COPD with FF/VI combination in

the prevention of their accelerated FEV, decline.

In the SUMMIT trial (median study exposure 1-8 years), the rate of decline in FEV, is significantly
reduced by the FF/VI combination therapy (38 mL per year vs 46 mL per year for placebo, difference 8
mL per year) with similar findings for FF (difference 8 mL per year), but not VI (difference -2 mL per
year) [92].

Similarly there are no published studies using objective measures on the long-term compliance to the

inhaled therapy with FF/VI combination in stable COPD patients.

4.3 Clinical efficacy of fluticasone furoate/vilanterol vs tiotropium therapy in the regular treatment of

stable COPD

There are some data showing that in patients with moderate to severe stable COPD, 12 weeks treatment

with FF/VI improves FEV; (mean ~120 mL) to the same extent as tiotropium [95].

4.4 Clinical efficacy of fluticasone furoate/vilanterol vs fluticasone propionate/salmeterol vs

budesonide/formoterol combination therapy in the regular treatment of stable COPD

There are efficacy data comparing FF/VI vs fluticasone propionate/salmeterol (FP/SAL) combination in
the treatment of stable COPD. In one 12-week trial weighted mean FEV;(wmFEV,) (mean, 130 mL)
was greater and time to 100'mL improvement shorter (median, 16 min) with FF/VI than FP/SAL (mean
[wm], 108 mL; median, 28 min). Health status [St. George's Respiratory Questionnaire (SGRQ) total
score] improved in both groups (FF/VI, -4.3 units; FP/SAL, -3.0 units) but these differences between

treatments were not statistically significant [83].

One systematic review has suggested that FF/VI(100/25 pg) therapy has an efficacy comparable with
corresponding doses of FP/SAL and budesonide/formoterol on lung function and health status
outcomes. Non-inferiority on moderate/severe exacerbation rate was not demonstrated to the same

degree of confidence, though observed rates are similar [96].
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4.5 Clinical efficacy of fluticasone furoate/vilanterol vs umeclidinium/vilanterol vs fluticasone

Sfuroate/umeclidinium/vilanterol combination therapy in the regular treatment of stable COPD

Two large 12-week, controlled trials performed in in patients with stable COPD have shown that the
addition of umeclidinium (UMEC) (62.5 pg and 125 ng) to FF/VI (100/25 pg) provides statistically
significant improvements in lung function (and in quality of life in one of these studies) compared with

placebo + FF/VI. This provides support for the use of triple therapy in these patients [97].

The InforMing the PAthway of COPD Treatment (IMPACT) study is a recently terminated phase 3,
randomized, double-blind, three-arm, parallel-group, global (~1070 centers) study (NCT02164513)
investigating the efficacy (rate of moderate and severe COPD exacerbations) and safety of
FF/UMEC/VI versus FF/VI or UMEC/VI combinations over a 52-week treatment period. The study
aims to recruit 10000 patients. Eligible patients are >40 years, with symptomatic advanced COPD
[Global initiative for chronic Obstructive Lung Disease (GOLD). group: D] and an exacerbation in the
previous 12 months. The completion date is ~July 2017 [98] but the results have not yet published. A
recent press release regarding the IMPACT study suggest that the primary endpoint of statistically
significant reductions in the annual rate of on-treatment moderate to severe exacerbations for

FF/VI/UMEC compared to VI/UMEC was met [99].

4.6 Clinical efficacy of fluticasone.  furoate/vilanterol plus tiotropium vs beclomethasone
dipropionate/formoterol fumarate/glycopyrronium bromide therapy in the regular treatment of stable

coprD

There is a 26-week, 2-arm, parallel group phase 3 study investigating the non-inferiority on the quality
of life of the fixed combination of FF/VI plus tiotropium vs a fixed combination of beclomethasone
dipropionate/formoterol. fumarate/glycopyrronium bromide (CHF 5993) (NCT02467452) in ~1500
stable COPD patients. The study is terminated on January 2017 but the results have not yet published.

4.7 Anti-inflammatory effect of fluticasone furoate/vilanterol combination therapy in the regular

treatment of stable COPD

Airway biopsy studies are required to evaluate whether FF/VI have a significant in vivo anti-

inflammatory activity in the lower airways in addition to their known bronchodilator properties.
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S. Side effects and cost-effectiveness of fluticasone furoate/vilanterol combination therapy in

the regular treatment of stable COPD

Unlike other LABAs and ULABAs, vilanterol is not available as a single agent and for the treatment of
stable COPD is only marketed in a fixed combination with 100 micrograms of fluticasone furoate at a
dosage of 25 micrograms of vilanterol administered in a new dry powder inhaler (DPI) (Ellipta©)

incorporating a dose counter, that has little flow dependency [100].

Like other inhaled [B,-agonists VI may cause clinically significant cardiovascular ‘effects [including
increase of the pulse rate and of the systemic arterial blood pressure and prolongation of the QT interval
of the electrocardiogram (ECG) corrected for the heart rate(QTc)] and therefore must be used with
caution during acute coronary syndromes and in patients with cardiac arrhythmia and/or chronic heart
failure. However, the safety of single and repeat VI doses up to 50 ug has been established in healthy
subjects with no clinically significant abnormalities in vital signs,. 12-lead ECG, Holter ECG, blood
glucose or potassium and QTc observed [66,101], but some prolongation of the QTc has seen following
the 100 pg VI dose after single and repeat doses in healthy subjects [66,71]. In healthy subjects there is
a small effect, dependent on the plasma concentration, of repeated doses of inhaled VI on the QT

interval corrected using Fridericia's correction (QTcF) [102].

In healthy Japanese subjects, no safety concerns were found following single or repeat dosing of FF, VI
and FF/VI. Systemic exposure to,FF and VI increases in a dose-dependent manner. In these subjects,
serum cortisol level is suppressed by 97% after 7 days repeat administration of FF at a dose of 800 pg
[103]. There was a slight increase in heart rate observed but only with a supratherapeutic dose of 50ug

of inhaled VI [103].

Regular treatment with FF/VI combination in stable COPD patients is usually well tolerated. The
adverse ‘events reported most often in the short- and long-term clinical studies of FF/VI DPI
combination therapy vs placebo in these patients include rinopharyngitis (9%), upper respiratory tract
infection (7%), headache (7%) and dysphonia and oropharyngeal candidiasis (5%) [78-82,86,104].
However, in two trials of one year duration both pneumonia and bone fractures were more frequently
with FF/VI combination therapy than with VI alone [86]. Although the rate of radiographically-
confirmed pneumonia roughly doubled in the groups taking FF, this increase is similar to the increased
pneumonia risk described previously with FP and in some studies of budesonide and mometasone
[9,10,86]. In addition, the incidence of these events was very low compared with the rate of COPD

exacerbations, which was ten times higher. Eight deaths from pneumonia were observed in the FF/VI
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combination group compared with none in the VI only group [86]. A meta-analysis has suggested that
FF/VI therapy is associated with a significant 52% increase in the rate of pneumonia compared with VI
monotherapy (5.3% vs. 3.5%) with no difference in the rate of pneumonia when FF/VI is compared with
FF alone [105]. Likewise it has been suggested that stable COPD patients with baseline blood
eosinophil counts less than 2% have more pneumonia events than those with higher blood counts [106].
However, in the largest SUMMIT trial there was no excess risks of pneumonia (5% in the placebo
group, 6% in the FF/VI combination group, 5% in the FF group, and 4% in the VI group) or adverse

cardiac events or composite cardiovascular events between treatment groups [92,106].

Similarly, in the Salford COPD trial there was no excess risk of pneumonia or of other serious adverse
events in the FF/VI group vs the usual care group. Interestingly, there was a trend toward a higher mean
number of pneumonias in the group not receiving an inhaled glucocorticoid at randomization (mean
annual rate, 3.01 hospitalizations) compared to those groups on inhaled glucocorticoids (p=0.10 for the

interaction of treatment with baseline maintenance therapy in the analysis across the three strata) [94].

There is an ongoing 156 week multi-center, randomized, double-blind, parallel-group study in moderate
COPD patients evaluating the effect of FF on bone mineral density assessed at the total hip by
comparing FF/VI treatment with VI alone treatment (NCT01957150).

There are safety data showing that the short-term treatment of stable COPD patients with FF/VI vs
FP/SAL combination is equally well tolerated [91].

Current guidelines do not'recommend that the new FF/VI combination be used in the treatment of

COPD exacerbations.

There is no formal cost-effectiveness analysis published on the use of FF/VI combination vs other

combinations in the regular treatment of patients with stable COPD.

In one Spanish simulation the treatment of stable COPD patients with FF/VI may decrease the health
care costs for the Spanish National Health Service (NHS) due to the decreased rate of exacerbations
compared with VI monotherapy. This resulted in an annual reduction in average health care costs to the

Spanish NHS of €3,278,382 [107].
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6. Conclusion

The regular treatment of moderate to severe stable COPD patients with once daily FF/VI combination
therapy is effective in many large controlled clinical trials involving many thousands of patients. FF/VI
improves lung function, decreases respiratory symptoms and the number of COPD exacerbations,
including COPD-related hospitalizations, it is usually well tolerated and has been approved for this

indication in most of the countries.

7. Expert commentary

The true effectiveness achieved in clinical practice with any therapeutic intervention in patients with
stable COPD is strongly influenced by the patients' inhaler technique as well as their compliance with
taking the drug over many months/years [108]. Compliance should increase 'with once daily treatment
and so a once daily combination therapy within a single inhaler should be an ideal first choice option for
these patients. FF/VI represents the first once daily combination between ULABAs and inhaled
glucocorticoids available for the treatment of stable COPD patients and has already shown to improve
the natural history, decrease exacerbations and symptoms, but not the mortality, of the COPD patients.

The data to date indicates that FF/VI DPI once daily ecombination therapy is effective in improving lung
function, decreasing respiratory symptoms and the number of COPD exacerbations, including COPD-
related hospitalizations. Other combinations of LABAs and inhaled glucocorticoids have reported an
increased risk of pneumonias in COPD patients when taken for more than 1 year. In large clinical trials
and in a large “real world” effectiveness trial (Salford Lung COPD trial) of 1 year duration conducted in
general practices, the combination of FF/VI is safe and reported no excess risk of pneumonia or adverse

cardiac events or composite cardiovascular events.

8. Five-year view

A single simulation, with all the consequent limitations, suggest that the use of the once daily FF/VI
combination therapy for the regular treatment of stable COPD patients may significantly decrease the
economic costs for some National Health Services, particularly due to reduction in exacerbations. This
is an increasingly important area globally but clearly requires the design and completion of appropriate

studies to provide a definitive answer.

We also need additional large long-term controlled clinical trials comparing the efficacy of combination
therapy with once daily FF/VI versus an once daily inhaled ultra-long acting antimuscarinic (ULAMA)

alone or in combination with an inhaled ultra-long acting f2-agonist (ULABA) in COPD patients with
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different severities (grade B and C). In fact, there is low or moderate quality evidence, generated mainly
from patients with moderate to severe COPD in heterogeneous trials with an observation period of less
than one year, that treatment with ULAMA+ULABA combinations compared with ICS/LABA
combinations is more effective in improving lung function, quality of life and decreasing COPD

exacerbations, with a lower risk of pneumonia [20].

The large long-term controlled clinical trial IMPACT in advanced symptomatic grade D COPD patients
that has been recently terminated in the 2017 will clarify the efficacy of once daily FF/VI therapy in
comparison with once daily ULAMA/ULABA combination or the triple therapy with. FF/VI/UMEC
[98,99]. These data will aid the positioning of these treatments in the treatment.guidelines of stable

COPD.

There is already some evidence supporting the benefits of single inhaler triple therapy with
FF/VI/UMEC compared with ICS/LABA therapy in patients with advanced COPD. The FULFIL trial
has compared (double-dummy) once-daily triple therapy with. FF/VI/UMEC (100 png/25 ng/62.5 ug/;
ELLIPTA®) with twice-daily budesonide/formoterol (400 pg/12 pg; Turbuhaler™) for 24 weeks in
patients with severe stable COPD. In the intent-to-treat population (n =1,810) at week 24 the triple
therapy was significantly better in improving lung function and reducing (35% less) moderate/severe

COPD exacerbations [109].

The impact of these treatments on other distinct subphenotypes of COPD, such as those with asthma and

COPD overlap (ACO) also need to be addressed.

There is also a clear.need for objective data on the compliance with the long-term regular inhaled
therapy in stable COPD patients with once daily FF/VI compared with other twice and once daily

inhaled therapies.

The Ellipta device also has the potential to deliver additional drug along with FF/VI through the single
inhaler. The most obvious candidate is the ULAMA umeclidinium that has already been added to
provide a once-a-day triple inhaler. However, other candidate targets are possible, with the potential for
other multiple once daily inhaled combination therapies in a single device for the regular treatment of

stable COPD.
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Understanding of the mechanisms of glucocorticoid suppression of inflammatory genes has led to the
identification of pathways that impact upon glucocorticoid function [41]. One such pathway is the
phosphoinositide-3-kinase (PI3K)o signaling pathway that is up-regulated in peripheral lung tissue of
patients with stable COPD [110]. The results of the ongoing phase 2 controlled studies [NCT02130635]
on the efficacy of a highly selective inhaled PI3K9 inhibitor (GSK2269557) in patients with stable
COPD are awaited with interest. This compound has already been formulated for its use in the Ellipta
inhaler (NCT02691325) and if effective may represents in the future a new potential triple or quadruple

once daily inhaled combination therapy together with FF/VI with or without the umeclidinium.

In patients with severe stable COPD, the addition to ICS/LABA of the oral PDE4.inhibitor roflumilast
has some effect in reducing exacerbations and improving lung function, and this drug has been approved
for the market but its use is limited by the common side effects [5]. To reduce the risk of side effects
inhaled PDE4 inhibitors have been developed, including GSK256066 a potent and selective inhaled
PDE4 inhibitor. This compound has already been formulated for its use in the Ellipta inhaler and
appears to be safe and pharmacologically active in a phase 2 controlled study of stable COPD patients
[111].

If the inhaled PDE4 inhibitors will prove te be effective in the large controlled trials of patients with
stable COPD they may represent in the future a new potential triple or quadruple once daily inhaled
combination therapy together with FF/VI with-or without the umeclidinium and/or a selective inhaled

PI3KJd inhibitor.

Key issues

e Combinations of inhaled long-acting [,-agonists and glucocorticoids are recommended for

maintenance treatment of moderate to severe stable COPD.

e The combination in fluticasone furoate (FF) and vilanterol trifenatate (VI) in a single inhaler is the

first once daily combination available on the market for the treatment of stable COPD.
e In large controlled clinical trials of moderate to severe stable COPD patients FF/VI improved lung

function, decreased respiratory symptoms and the number of COPD exacerbations, including COPD-

related hospitalizations.
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e Compliance should increase with once daily treatment and so a once daily combination therapy within

a single inhaler should be an ideal first choice option for these patients.

e The use of this combination therapy may significantly decrease the economic costs for some National

Health Services.
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ATP: adenosine triphosphate

AUC24: concentration-time curve over 24 h post-dose
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BAL: bronchoalveolar lavage

Ca®" intracellular calcium ion

cAMP: cyclic 3’5’adenosine monophosphate+
COPD: chronic obstructive pulmonary disease
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C/EBPa: CAAT/enhancer-binding protein alpha
CRE: cAMP response element
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ERK: extracellular signal-regulated kinases
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Figure 1: Glucocorticoid receptors (GRs) and beta-2-adrenergic receptors (beta-2-ARs) are widely distributed in both the
structural and inflammatory cells of the lower airways of normal subjects and patients with stable COPD. ASM=airway

smooth muscle cells.
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Figure 2: Summary of the adrenergic/noradrenergic pathways in the lower airways and of the molecular mechanism of action
of inhaled beta-2-agonists (including vilanterol) on bronchial and bronchiolar smooth muscle cells. The central sympathetic
nuclei located in the brain stem [pons (locus coeruleus) and medulla oblongata (rostroventrolateral medulla)] modulate the
activity of the sympathetic preganglionic neurons of the spinal cord. Motor efferent sympathetic preganglionic nerve fibers
originate in the sympathetic preganglionic neurons located in the intermediolateral cell column of the first four thoracic
metamers of the spinal cord and terminate into the sympathetic ganglionic chain at the level of the trunk where modulate the
activity of the sympathetic postganglionic neurons. The motor efferent sympathetic postganglionic nerve fibers innervate
mainly the central lower airways, whereas there is scarce sympathetic innervation in the human small airways. Their
activation causes bronchodilation by releasing the neurotransmitter noradrenaline that stimulates the beta-2-adrenergic
receptors (beta-2-ARs) (so termed because are also activated by the adrenaline released in the blood by the medullary portion
of the adrenal glands) located on the cell membrane of the bronchial and bronchiolar smooth muscle cells. Ligand binding of
adrenaline or noradrenaline to the beta-2-ARs results in activation of receptor-associated G-stimulatory (Gs) proteins and
enhanced coupling with the enzyme adenylyl cyclase (AC) and stimulation of the G protein-coupled receptor kinase (GRK).
The coupling of activated Gs and adenylyl cyclase leads to increased production of cyclic 3’5’adenosine monophosphate
(cAMP) and subsequent activation of cAMP-dependent protein kinase A (PKA), which then phosphorylates several target
proteins which result in relaxation of the smooth muscle cell. ATP=adenosine triphosphate. MAPK=mitogen-activated
protein kinase. For a more detailed explanation of the molecular mechanisms of action of beta-2-agonists please refer to the
text.
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