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ABSTRACT

Review Article

Triple Therapy of Fluticasone Furoate,
Umeclidinium, Vilanterol- A Compelling
Choice in Severe Chronic Obstructive

Pulmonary Disease

Trelegy Ellipta (GlaxoSmithKlineTM) is the first single inhaler triple combination therapy comprising of umeclidinium, vilanterol
and fluticasone approved by the United States Food and Drug Administration (US FDA) for patients with severe COPD in 2019.
Clinical trials comparing this triple combination with dual therapy including a Long Acting p2-Agonist/Long Acting Muscarinic
Antagonist (LABA/LAMA) or Long Acting B2-Agonist/Inhaled Corticosteroids (LABA/ICS) were evaluated. Triple combination
did show improvement through the mean Forced Expiratory Volume per second (FEV1), St. George questionnaire, and reduced
hospitalisation due to acute exacerbation of COPD. This medication should be prescribed cautiously for certain populations.
Although this triple combination is used only in patients with the most advanced forms of disease who have frequent exacerbations
and remain uncontrolled, there are certain additional indications that may be explored in future trials. The convenience associated
with using a single device for three different classes of drugs could be its biggest trump card and it will not be surprising to see its
preference among patients avoiding the need for multiple dosing. Nevertheless, it remains to be seen if this improved adherence
would translate into improved outcomes such as reduced mortality in real world practice among patients with severe COPD. The
availability of a single inhaler device for delivering a triple combination of LABA/LAMA/ICS is a small success story in the quest to
identify better therapies for patients with severe COPD, who are so prone to repeat acute exacerbations which could eventually

turn fatal.
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INTRODUCTION

Chronic Obstructive Puimonary Disease (COPD) is characterised by
airway obstruction leading to persistent respiratory symptoms, on
account of exposure to noxious substances [1]. The primary aetiology
of COPD is smoking, though in recent times, many other additional
factors have also been identified. Patients with COPD complain of
persistent cough, sputum production, and dyspnea [2]. A 90% of
COPD related deaths have occurred in low-income countries [3]. In
accordance with large epidemiological studies such as Burden of
Obstructive Lung Disease (BOLD) showed that, with an increase in
the prevalence of smoking in developing countries, the prevalence
of COPD is expected to rise over the next 40 years [4,5]. There has
been a somber forecast that, by 2060 over 5.4 million deaths would
annually occur due to COPD and related conditions [6]. At present
it is not curable, it can only ease symptoms, improve health-related
quality of life, and reduce the risk of mortality [7]. Few studies have
shown that “the intensity of systemic inflammation in severe COPD
patients, including large numbers of neutrophils, macrophages,
and lymphocytes is directly affects the health-related quality of life,
airflow limitation, exercise intolerance, and comorbidities associated
with COPD” [8-10].

The pharmacological treatment of COPD largely revolves around
three categories of drugs namely inhaled corticosteroids,
muscarinic antagonists, and p2-agonists [11]. According to Global
Initiative for Chronic Obstructive Lung Disease (GOLD) criteria, the
management of COPD depends on the severity of the disease
and the rate of exacerbations leading to hospitalisation [12]. A
fixed dose combination of fluticasone furoate, umeclidinium and
vilanterol (Trelegy Ellipta/GlaxoSmithKline) is a newly developed
triple combination medication approved for use by US FDA for
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severe COPD patients in September 2017. It has the distinction of
being the first fixed-dose triple combination approved by US FDA
[13]. This review summarises the evidence on the safety, efficacy
and other important pharmacological properties of this unique triple
combination FDC product for use in severe COPD.

MECHANISM OF ACTION

The triple combination inhaler contains fluticasone, umeclidinium
and vilanterol. These drugs represent three different classes of the
active component such as inhaled corticosteroid, antimuscarinic
agent, and B2-agonist. The detailed mechanisms of action for the
individual component are described below [Table/Fig-1,2].
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[Table/Fig-1]: Represents the mechanism of f2-agonist and Muscarinic antagonist
[14].
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[Table/Fig-2]: Represent the mechanism of Inhaled corticosteroids [15,16].

ICS: Inhaled corticosteroids

1) Fluticasone furoate

Fluticasone furoate is a potent glucocorticoid that is synthetic and
chemically termed astriflourinated corticosteroid [17]. Corticosteroids
play an essential role in the treatment of COPD, because of their
excellent anti-inflamsmatory properties [18]. Fluticasone furoate binds
with glucocorticoid receptors which help in the regulation of gene
expression through glucocorticoid elements leading to inhibition
of pro-inflammatory factors such as NF-KB [19,20]. It works by
preserving epithelial integrity and permeability which occurs due to
protease induced cell damage [Table/Fig-2].

2) Umeclidinium

Cholinergic parasympathetic nerves provide the pre-dominant
innervations to the airway [21]. There are about 5 Muscarinic
acetylcholine receptors, (INAChRs) M1 to M5 of which only M1
to M3 are well known in humans. These receptors are expressed
abundantly in vagal nerve, pulmonary vasculature, smooth muscles,
and sub mucosal glands in the lining of airway [22]. The mMAChRs
are single glycoprotein receptors combined by intra and extracellular
loops which can be linked to ion channels (K+ or Ca2+). The
binding of Acetylcholine ligand typically results in the activation of
Adenylyl Cyclase (AC), activation of phospholipase C, and opening
of the potassium channel. The released acetylcholine interacts with
mAChRs to regulate contraction of smooth muscle in the airway,
mucus secretion, and vasodilation. COPD is characterised by
increased parasympathetic activity [23,24] which may be moderately
reversed with anticholinergic agents such as umeclidinium and
subsequently improve limitation in the airway [Table/Fig-1].

3) Vilanterol

Vilanterol is an effective bronchodilator that can ease the smooth
muscle lining of airway [25]. They exert their effects by binding
to the active site of B2-adrenoreceptors, which are present in
abundance on smooth muscles [26]. The assumed cellular mode
of action involves the signaling pathway such as activation of AC
and production of intracellular cAMP, which in turn may activate the
effector molecules of cAMP-dependent Protein Kinase A (PKA) and a
Rap1, Epac guanine nucleotide exchange factor. PKA phosphorylates
key regulatory proteins involved in the contraction of smooth muscle
tone and cAMP which results in the sequestration of intracellular
Ca2+, leading to relaxation of the smooth muscle [Table/Fig-1] [27].

PHARMACOKINETICS

1) Fluticasone furoate

When fluticasone furoate was administered by inhalation, maximum
Serum concentration (Cmax) occurred within 0.5 to 1 hour. Bioavailability
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was 15.2%. Steady state was estimated to be achieved within six
hours. The volume of distribution was 661L. It is highly bound to
human plasma protein and principally metabolised through hepatic
metabolism via CYP3A4. The elimination half-life of the drug was
24 hours and excreted through feces and urine [Table/Fig-3] [28].

Pharmacokinetic Fluticasone
parameters furoate Umeclidinium Vilanterol
C.x 0.5 to 1 hours 5to 15 minutes | 5 to 15 minutes
Bioavailability 15.2% 13% 27.3%
Volume of distribution 661L 86L 165L
Metabolism Hepatic via Hepatic via Hepatic via
CYP3A4 CYP2D6 CYP3A4
Half life 24 hours 11 hours 11 hours
Excretion Principally in feces Feces (58%); Urine (70%);
and urine Urine (22%) Feces (30%)

[Table/Fig-3]: Pharmacokinetics characteristics of fluticasone furoate, umeclidinium

and vilanterol [28].
Cmax: Maximum serum concentration

2) Umeclidinium

Upon inhalation of umeclidinium, Cmax was achieved within 5 to
15 minutes; Steady state was reached within 14 days. It binds
to plasma protein and the volume of distribution was 86 L. It is
metabolised through hepatic metabolism via CYP2D6. The elimination
half-life of the drug was 11 hours and excreted through feces (58%)
and urine (22%) [Table/Fig-3] [28].

3) Vilanterol

Cmax and steady state was achieved within 5 to 15 minutes, and
14 days respectively, upon inhalation of vilanterol. The drug is highly
bound to plasma protein and has a distribution volume of 165L. It is
metabolised by the liver via CYP3A4 with a half-life of 11 hours and
excreted in urine (70%) and feces (30%) [Table/Fig-3] [28].

EFFICACY

Overview of lung parameters and health related quality of life among
COPD patients in major trials [Table/Fig-4] [29-33].

Trough Rate of Rescue
Study FEV1 SGRQ | exacerbation | medication use
Siler TM et al., [29] (2015) + + Not evaluated +
Lipson DA et al., [30] + + + Not evaluated
(2018)
Lipson DA et al., [31] + + + Not evaluated
(2017)
Bremner PR et al., [32] + X X Not evaluated
(2018)
Tabberer M et al., [33] Not + Not evaluated +
(2018) evaluated

[Table/Fig-4]: Overview of lung parameters and health related quality of life among

COPD patients in major trial; + - Improved, X-Unchanged; SGRQ: St. George
questionnaire; FEV1: Forced expiratory volume per second

The Lung Function and Quality of Life Assessment in COPD
with Closed Triple Therapy (FULFIL) trial evaluated the Trelegy
Ellipta (GSK) (fluticasone furoate/umeclidinium/vilanterol) against
budesonide/formoterol combination in patients with COPD, GOLD
class D having an FEV1 <50% and COPD Assessment test >10
and having a moderate or severe exacerbation in the past one year.
Tough FEV1 and St. George’s Respiratory questionnaire total score
showed remarkable improvement at the end of 24 weeks of therapy
in the triple therapy group compared to the control group. Triple
therapy had greater odds of favorable response in comparison to
control with respect to SGRQ improvement. The annualised rate of
exacerbations was lesser in triple therapy [31].

In 2018, results of InforMing the PAthway of COPD Treatment
(IMPACT) trial were published, which compared Trelegy ellipta (GSK)
once-daily single inhaler triple combination (fluticasone furoate/
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umeclidinium/vilanterol) versus dual therapies i.e., fluticasone furoate/
vilanterol or umeclidinium/vilanterol. It was a phase lll, randomised trial
with a total of 10,355 patients enrolled as intent to treat. The primary
endpoint of the study was met, in terms of lower exacerbation rate
in the triple combination therapy, when compared to either of the
dual therapies. However, it is possible that the abrupt withdrawal
of ICS in patients of the LABA/LAMA group could have triggered
the increased risk of exacerbations when compared to the other
groups. The annual hospital admissions due to severe exacerbations
were significantly reduced. There was a high risk of pneumonia in
triple therapy compared to umeclidinium/vilanterol. A trend towards
lesser all-cause mortality in the triple therapy was reported, however
finding needs to be explored further as it did not achieve statistical
significance, due to the exploratory nature of the endpoint. It is
speculated that the immunosuppressive effects of ICS increase the
risk of pneumonia but its anti-inflammatory effect can mitigate the
severity of pneumonia, thereby reducing the mortality [30].

SAFETY

The adverse effects of triple combination therapy are a reflection of
the individual components of the inhaler. For instance, vilanterol by
virtue of its sympathetic activation can cause tachycardia, a rise in
blood pressure, and cardiac arrhythmia including supraventricular
tachycardia and extra systoles [34]. One should be extremely cautious
when prescribing this combination in patients with hypertension
or coronary artery disease. Patients with thyrotoxicosis or seizure
disorder are more prone to the worsening of the disease with vilanterol
[35]. ICS is known to potentially cause worsening of intraocular
pressure, glaucoma, and increase the risk of cataracts among COPD
patients. Some of these issues such as glaucoma worsening can
occur even with umeclidinium due to its anticholinergic property. An
increased predilection to Candida infection of the oral cavity can be
reduced with proper rinsing of the mouth to a certain extent [36].
Paradoxical bronchospasm, reduction in bone mineral density, adrenal
suppression are some of the other troublesome effects that can be
potentially seen among users of the triple combination. Headache,
diarrhea, cough, dyspepsia, and back pain are some of the minor
adverse events associated with the triple combination inhaler [28].

CURRENT STATUS AND FUTURE
PERSPECTIVES

Currently, the triple combination of umeclidinium/vilanterol/
fluticasone is approved in patients with COPD who are already
consuming LABA-LAMA combination or LABA-ICS combination
and still not achieving adequate control [37]. The drug is also
indicated in patients who have been using fluticasone-vilanterol
combination and umeclidinium as two separate medications,
as using the triple therapy would enhance compliance due to
convenience and also helps the patients to stick to the treatment
regimen to avoid exacerbation, and persistent symptoms [38]. The
triple combination is available as a dry powder inhaler. Besides this,
another triple therapy comprising of budesonide, glycopyrronium,
and formoterol has also been approved by the European Medicines
agency (EMA) based on the positive results from TRIBUTE studly.
In this study, a single inhaler triple combination of Beclomethasone
Dipropionate, Formoterol Fumarate, and Glycopyrronium (BDP/FF/
GLY) compared with single inhaler dual combination of indacaterol
and glycopyrronium (IND/GLY). It showed BDP/FF/GLY reduced
exacerbations rate compared to IND/GLY [Table/Fig-5] [39,40].

It remains to be seen how these two inhalers would fare against
each other in head to head trials in future. There has not been a
piece of definite evidence to prove that providing the same drugs
in a single inhaler is superior to giving them the drugs separately.
Nevertheless, there are data to suggest that within one year of
diagnosis; almost 32% of patients require triple therapy eventually
[41]. It has also been suggested that in a new COPD patient who
has been hospitalised for acute exacerbations, there is a strong
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Beclometasone/formoterol/
glycopyrronium

Fluticasone/umeclidinium/
vilanterol

Name of the
drugs

Metered-dose inhaler

BDP 87 mcg/FF 5 meg/

Mode of delivery Dry powder inhaler

FF 100 mcg/umec

Dose 62.5 mcg/vi 25 meg GP 9 mcg
Frequency Once daily Twice daily
Brand name Trelegy Ellipta Trimbow
Manufacturer GSK/Innoviva Inc. ChiesiFarmaceutici
Cost for 28 days £41.53 £41.53

FDA (Sep 2017), EMA (Nov

Approved by 2017), NMPA (Nov 2019)

EMA (July 2017)

[Table/Fig-5]: Characteristics of Trelegy Ellipta and Trimbow [28,40].

FDA: Food and drug administration; EMA: European medicines agency; NMPA: National medical
products administration

case for providing them on triple therapy after discharge from the
hospital for a few months at least. The drugs could be gradually
tapered subsequently for these patients based on the response of
the patient [42]. However, this has to be evaluated in a trial setting.
All scenarios that warrant avoiding ICS in COPD patients apply even
for triple therapy. For instance, HIV patients receiving Highly Active
Antiretroviral Therapy (HAART) may have the metabolism of ICS
impaired due to hepatic enzyme inhibition potential, resulting in an
increased predilection for Cushing’s syndrome. Patients with active
tuberculosis or any other infection should also not be prescribed
ICS, and hence triple therapy [43]. Despite these challenges, triple
therapy is bound to be increasingly used in advanced COPD owing
to its convenience from the patient’s vantage point [44]. Finally, in
terms of cost analysis, Fluticasone Furoate/Umeclidinium/Vilanterol
(FF/UMEC/VI) established a cost-effective treatment option for patients
with COPD when compared to treatment with Beclometasone/
formoterol/glycopyrronium [45-47].

CONCLUSION(S)

The pharmacological management of patients with COPD continues
to remain daunting in patients with advanced stage of disease. Besides
LAMA, LABA, and ICS there have not been any other drugs that have
revolutionised the care of these patients. The availability of a single
inhaler device for delivering a triple combination of LABA/LAMA/ICS
is a small success story in the quest to identify better therapies for
patients with COPD, who are so prone to repeat acute exacerbations
which could eventually turn fatal. With appropriate use of the
medication, the combination of umeclidinium/vilanterol/fluticasone
could add to the limited arsenal in the fight against COPD.
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