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Abstract: Medication adherence among patients with chronic diseases, such as COPD, may
be suboptimal, and many factors contribute to this poor adherence. One major factor is the
frequency of medication dosing. Once-daily dosing has been shown to be an important variable
in medication adherence in chronic diseases, such as COPD. New inhalers that only require
once-daily dosing are becoming more widely available. Combination once-daily inhalers that
combine any two of the following three agents are now available: 1) a long-acting muscarinic
antagonist; 2) a long acting beta, agonist; and 3) an inhaled corticosteroid. A new once-daily
inhaler with both a long-acting muscarinic antagonist, umeclidinium bromide, and a long act-
ing beta, agonist, vilanterol trifenatate, is now available worldwide for COPD treatment. It
provides COPD patients convenience, efficacy, and a very favorable adverse-effects profile.
Additional once-daily combination inhalers are available or will soon be available for COPD
patients worldwide. The use of once-daily combination inhalers will likely become the standard
maintenance management approach in the treatment of COPD because they improve medica-
tion adherence.

Keywords: medication adherence, long-acting beta, agonist, long-acting muscarinic antagonist,
inhaled corticosteroid, chronic obstructive pulmonary disease

Introduction

COPD is a syndrome that is a major and steadily increasing cause of chronic morbid-
ity and mortality worldwide.' In a recent, large, Western European epidemiological
study, the incidence rate of physician-diagnosed COPD was 2.92/1,000 persons—years
and the prevalence was 3.02% (95% confidence interval [CI], 2.94%—3.10%).' The
prevalence of COPD increases with age; it has been climbing globally since 1990
and is expected to continue to do so through 2020 as the population of current and
former smokers ages.? COPD is underdiagnosed both in its early stages and when it
is more advanced.? Reducing further lung exposure to cigarette smoke, which is the
single most important causal factor in the development of COPD, will help reduce
this substantial disease burden. However, not all COPD is related to smoking; other
risk factors for the disease include genetic factors and other environmental and occu-
pational exposures.?

Because of the huge health burden that COPD represents, new medications continue
to be developed to treat the symptoms of COPD. This review will focus on adher-
ence to the use of these medications with a particular focus on the once-a-day dry
powder fixed-dose combination of umeclidinium bromide, a long-acting muscarinic
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antagonist (LAMA), and vilanterol trifenatate, a long-acting
beta, agonist (LABA), for the treatment of COPD.

Effect of dosing frequency
on medication adherence

in chronic disease

The adherence to medication use in chronic disease is influ-
enced by a number of factors. Individual factors such as
socioeconomic status, age, sex, race, and mental status and
health system factors such as health literacy, convenience of
pharmacy, and the complexity of the medication regimens all
contribute to medication adherence by chronically diseased
patients.*® Looking at patients with geriatric depression,
human immunodeficiency virus, diabetes mellitus, and
hypertension, Libby et al used the Medication Regimen
Complexity Index to evaluate medication adherence. They
found that dosing frequency and the variety of dosage forms
were important components of medication complexity.*
They recommended reducing complexity, such as decreas-
ing dosing frequencies, for all chronic disease management
programs.

The association of better dosing adherence with less fre-
quent dosing has been reported in systematic reviews and meta-
analyses performed for chronic psychiatric disease,® for chronic
cardiovascular disease,”® and for venous thromboembolism.’
In a large, systematic review of dosing frequency and medica-
tion adherence in chronic disease, Coleman et al reported that
the percentage values of adjusted weighted-mean—adherence
rates compared to those for once-a-day dosing were 6.7%
lower for two times-a-day, 13.5% lower for three times-a-
day, and 19.2% lower for four times-a-day dosing regimens.'°
Timing adherence was even worse; compared to the rate for
once-a-day dosing, the rates were 26.7% lower for twice-a-
day dosing, 39.0% lower for three-times-a-day dosing, and
54.2% lower for four-times-a-day dosing.!® Another systematic
review of dosing-frequency adherence in chronic diseases
found that patients were statistically (P<<0.05) more compli-
ant with once-a-day dosing regimens than with twice-daily
or thrice-daily dosing regimens.!" Dosing frequency clearly
plays an important role in predicting medication adherence
in chronic disease, and once-daily dosing regimens show the
best adherence.

Medication adherence in COPD

Medication adherence in patients with COPD, like with all
chronic diseases, is a complex issue, but adherence is crucial
for the best outcomes. The addition of inhaled medications
to an oral regimen further adds to this complexity. In a study

of 575 Medicare beneficiaries in California, 70% reported
taking medications “all of the time”. Forgetfulness, side
effects, difficulty paying for medications, complicated
administration instructions, complicated drug names, and
English as a second language were all identified as adherence
barriers.’ In COPD, poor inhaler technique has been associ-
ated with inadequate training and poor outcomes.'>!?

Poor health-related quality of life (HRQOL) has also
been associated with poor medication adherence in COPD.
Other studies have suggested that an improved HRQOL in
COPD can also trigger medication nonadherence.'*!> This
dual relationship between medication adherence and HRQOL
suggests that the dynamics between the two can differ over
time. In another study, no association between medication
compliance and demographic variables was reported for
COPD, but adherence was related to the classes of medication
(eg, patients on steroids and antibiotics adhered more to their
medication prescriptions than did those using theophylline
or inhalers) and situational variables (eg, forgetting a dose
related to feeling good, a change in routine, or the incon-
venience of dosing).'® There are limited amounts of data to
support the roles that reduced out-of-pocket expenses, the use
of case management, and patient education have in improving
long-term medication adherence and health outcomes in a
variety of disease states, as discussed in a recent systematic
review.!” In other studies, patient satisfaction with the inhaler,
knowledge and education about the inhaler, inhaler conve-
nience, and medication costs have been shown to be factors
in medication adherence in COPD.'®" This benefit is often
enhanced with the addition of pulmonary rehabilitation and
group education programs.'” Electronic medication delivery
devices that give the COPD patient feedback and disease and
medication education by pharmacists and the primary care
team are advocated as ways to improve medication adherence
in COPD, but again, the amount of quality data to support
the recommendations is limited.?*2

In a retrospective study using a large administrative
claims database and controlling for demographics, comorbid-
ities, and baseline resources, medication adherence in 55,076
COPD patients strongly correlated with dosing frequency.?
Adherence measured as the proportion of days in which
prescribed drugs were used over 12 months was 43.7% for
once-a-day, 37.0% for twice-a-day, 30.2% for three times-a-
day, and 23.0% for four times-a-day dosing. Through the use
of an administrative database of COPD patients and after con-
trolling for potentially confounding factors, it was found that
multiple-inhaler users experienced more exacerbations and
had higher health care costs than did single-inhaler users.?
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Combination-product inhalers have been advocated to
improve medication adherence in the treatment of COPD
for some time.? Several studies have suggested better adher-
ence and outcomes when COPD patients use combination
inhalers over single-product inhalers.?*® These studies are
often confounded by comparing a combination steroid/
bronchodilator inhaler to a single bronchodilator inhaler. In
a systematic review of ten articles on medication adherence
in COPD from 2008-2009, Charles found that the twice-a-
day combination inhaler fluticasone propionate/salmeterol
xinafoate combined with the once-a-day inhaler tiotropium
was associated with the highest adherence among all con-
troller medications available at that time.?' Together, these
data suggest that medication adherence by COPD patients
is poor and that the reasons are multifactorial. Inhalers that
use combinations of medications in conjunction with once-
a-day dosing frequencies can improve medication adherence
in these patients. Table 1 is a summary of current inhalers
that are dosed once-a-day, and Table 2 offers the current
combination drug inhalers that are available and approved
by the US Food and Drug Administration (FDA).

Once-a-day, long-acting inhalers
in COPD

The healthcare costs for patients with COPD increased by
38% between 1987 and 2007 in the USA and continued to
increase by approximately 5% annually between 2006 and
2009.% The major driver for this increase was the cost of
acute exacerbations of COPD; annual healthcare costs are
tenfold greater for COPD patients with exacerbations than
for those without. The use of LABAs, LAMAsS, and ICSs as
maintenance therapy remain underutilized; only 30%—-35%
of COPD patients receive prescriptions for maintenance
therapy.”

In a systematic review, the use of twice-daily LABAs by
patients with moderate-to-severe COPD was more effective
over the medium term and long term than was the use of the

Table | Once a day inhalers used in COPD

placebo. Their use was associated with improved quality
of life and reduced COPD exacerbations.*® New once-daily
LABA inhalers that have been approved by the FDA for use
in COPD include olodaterol, delivered by the spring-driven
mist (SDM) device Respimat®, and indacaterol, delivered
as a dry powder.>'* In a systematic review of randomized,
controlled clinical trials in patients with COPD, a similar
efficacy with olodaterol and indacaterol was reported.

The use of the inhaled LAMA tiotropium and the use of a
placebo was compared in a systematic review. In the review,
inhaled tiotropium treatment once-a-day was associated
with significant improvement in the patient’s quality of life
and resulted in a reduction in the risk of exacerbations.*® In
another review of tiotropium bromide inhalation for COPD,
it was also concluded that the once-daily LAMA was asso-
ciated with improved lung function, dyspnea, and HRQOL
scores, and was associated with the reduced incidence of
acute COPD exacerbations.?” By using claims data, inhaled
tiotropium was found to be associated with a higher adher-
ence than was twice-daily inhaled fluticasone/salmeterol
among COPD patients. Medication adherence in this study
was associated with lower respiratory-related medical and
inpatient costs.’® Another retrospective study in the USA
reported fewer COPD exacerbations, hospitalizations, and
hospital days among patients receiving tiotropium. This
resulted in a reduction of total healthcare costs of greater than
$1,000 per patient in the tiotropium-treated group.*

The dry powder, once-daily combination inhaler with the
LABA vilanterol and the ICS fluticasone furoate has been
approved by the FDA for the treatment of COPD. Significant
improvement in lung function was demonstrated in moderate-
to-severe COPD patients using that therapy.**** In addition,
once-daily inhalation of fluticasone furoate and vilanterol was
associated with a decrease in moderate and severe COPD
exacerbations in patients with a history of exacerbations.
This reduction in exacerbations was also associated with a
small increase in the risk of pneumonia.*

Drug(s) Dose per inhalation Drug type Inhaler type Brand name
Umeclidinium bromide + vilanterol trifenatate 0.0625 mg +0.025 mg LAMA + LABA Dry powder Anoro Ellipta®c
Fluticasone furoate + vilanterol trifenatate 0.1 mg +0.025 mg ICS + LABA Dry powder Breo Ellipta®©
Indacaterol maleate 0.075 mg LABA Dry powder Arcapta Neohaler®c
Olodaterol hydrochloride 0.0025 mgP LABA SDM Striverdi Respimat®©
Tiotropium bromide 0.018 mg LAMA Dry powder Spiriva Handihaler®c
Tiotropium bromide 0.0025 mgP LAMA SDM Spiriva Respimat®<

Notes: Sindicates an FDA approved indication for COPD; Pindicates two inhalations of 0.0025 mg once daily.
Abbreviations: LAMA, long-acting muscarinic antagonist; LABA, long-acting beta, adrenergic agonist; ICS, inhaled corticosteroid; SDM, spring-driven mist inhaler;

FDA, US Food and Drug Administration.

Patient Preference and Adherence 2015:9

submit your manuscript

237

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Albertson et al

Dove

Table 2 Combination inhaled drugs for airway diseases

Drug combination Dose per inhalation Drug type Frequency Inhaler type Brand name
Umeclidinium bromide 0.0625 mg +0.025 mg LAMA + LABA qd Dry powder Anoro Ellipta®c©

+ vilanterol trifenatate

Fluticasone furoate + 0.1 mg +0.025 mg ICS + LABA qd Dry powder Breo Ellipta®©
vilanterol trifenatate

Budesonide + Formoterol ~ 0.08 mg +0.0045 mg ICS + LABA bid MDI Symbicort®A¢
fumarate or 0.16 mg +0.0045 mg

Fluticasone propionate 0.1 mg +0.05 mg; 0.25 mg +0.05 mg; ICS + LABA bid Dry powder Advair Diskus®A¢

+ salmeterol xinafoate or 0.5 mg +0.05 mg

Fluticasone propionate 0.045 mg +0.021 mg; 0.115 mg +0.021 mg;  ICS + LABA bid MDI Advair HFA®A

+ salmeterol xinafoate or 0.230 mg +0.021 mg

Mometasone furoate 0.1 mg +0.005 mg or 0.2 mg +0.005 mg ICS + LABA bid MDI Dulera®

+ formoterol fumarate

Albuterol sulfate + 2.5 mg +0.5 mg SABA + SAMA  qid Neb DuoNeb®€ + generics©
ipratropium bromide

Albuterol sulfate + 0.1 mg +0.03 mg SABA + SAMA  qid SDM Combivent Respimat®©

ipratropium bromide

Notes: indicates an FDA approved indication for COPD; “indicates an FDA approved indication for asthma.
Abbreviations: LAMA, long-acting muscarinic antagonist; LABA, long-acting beta, agonist; ICS, inhaled corticosteroid; SABA, short-acting beta, agonist; SAMA, short-acting
muscarinic antagonist; qd, once-a-day; bid, twice-a-day; qid, four times-a-day; MDI, metered dose inhaler; Neb, nebulized drug; SDM, spring-driven mist; FDA, US Food and

Drug Administration.

Umeclidinium bromide is a new quinuclidine-based qua-
ternary ammonium LAMA not yet FDA approved for use in
COPD as a single agent. In a double-blind, placebo-controlled
trial, once-daily inhalation of a dry powder of umeclidinium
was compared to twice-daily doses and to once-daily tiotro-
pium inhalation. Once-daily inhaled umeclidinium was
associated with increases in lung function comparable to
those seen with twice-daily dosing and with once-daily tiotro-
pium, and all three were superior to the placebo.** Similar
sustained improvement in lung function and a reduced need
for short-acting beta, agonists (SABAs) have been reported
with once-daily inhaled umeclidinium.*¢

The first long-acting combination inhaled bronchodilator
was the LABA indacaterol paired with the LAMA glycopyr-
ronium. It is approved in Japan, Europe, and Great Britain
for maintenance therapy in COPD, but this combination has
not been approved in the USA. In patients with moderate-to-
severe COPD, once-daily inhaled indacaterol/glycopyrronium
was associated with better improvement in forced expiratory
volume 1-second (FEV ) at week 12 than was a combination
of indacaterol and a placebo.*” The combination once-daily
inhaler glycopyrronium/indacaterol was studied for 26 weeks
in 2,144 moderate-to-severe COPD patients in the SHINE
study.*® The study researchers found greater improvement
in trough FEV , dyspnea scores, and health status scores
with this inhaler than with the inhaled placebo, indacaterol
alone, glycopyrronium alone, or tiotropium alone.”® In an
analysis of a combination of five clinical trials (41,842 COPD
patients), glycopyrronium alone, tiotropium alone, and a

glycopyrronium/indacaterol combination were compared in
a systematic review.* The once-daily combination inhaler
was found to be associated with better trough FEV (70 mL,
P<<0.0001) and less frequent use of rescue SABA inhalers
(—0.63 puffs/day, P<<0.0001) than was the once-daily LAMA
tiotropium alone. The efficacy of glycopyrronium/indacaterol
was shown to be superior to glycopyrronium inhaled alone
in patients with moderate-to-severe COPD.*

In a study in Sweden, researchers evaluated the cost-
effectiveness of indacaterol/glycopyrronium as a once-
daily fixed-dose combination therapy in COPD patients
and compared it to that of an indacaterol inhaler plus a
glycopyrronium inhaler and to the fixed twice-daily inhaler
salmeterol/fluticasone; they used data from the SHINE study
and a cost-minimization analysis in which equal efficacy was
assumed. After including direct and indirect drug acquisi-
tion costs in Sweden, the combination inhaler indacaterol/
glycopyrronium was significantly cheaper than indacaterol
inhaler plus glycopyrronium inhaler or the combined
salmeterol/fluticasone inhaler.® Local indirect and direct
drug costs can change these calculations, but in general
combination inhalers are less expensive than the component
drugs as individual inhalers.

The once-daily combination inhaler
umeclidinium bromidel/vilanterol
trifenatate in the treatment of COPD

Currently, there are three fixed-dose combination long-acting
once-daily inhalers approved in Europe and Japan for the
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chronic treatment of COPD: the LAMA/LABA combination
glycopyrronium/indacaterol, the ICS/LABA combination
fluticasone/vilanterol, and the LAMA/LABA combina-
tion umeclidinium/vilanterol.>! Two of these agents, fluticasone/
vilanterol and umeclidinium/vilanterol, are currently FDA
approved in the USA for treatment of COPD. The LAMA
umeclidinium (62.5 pg) combined with the LABA vilanterol
(25 ng) is approved for once-daily maintenance therapy of
COPD in the USA.>2 When the umeclidinium/vilanterol
(UMEC/VI) combined once-daily inhaler was compared to
either an inhaler of umeclidinium alone, vilanterol alone,
or placebo in 1,493 COPD patients over 24 weeks, greater
improvements in lung function, health status, and dyspnea
were seen with UMEC/VI than with the monotherapies or
the placebo.® When the UMEC/VI inhaler was compared
to the placebo inhaler, the hazard ratio for COPD exacerba-
tion was 0.4 (95% CI, 0.2-0.6, P=0.001), and rescue SABA
albuterol (SABA) use decreased by 0.7 puffs/day for placebo
and decreased by 2.2 puffs/day for UMEC/VI (difference
of —1.7 puffs/day, P=0.001) from week 1 to week 24.* In a
double-blind, multicentered, double-dummy, parallel-group
trial in 2,332 COPD patients treated for 24 weeks with high-
dose (125 ng) UMEC/VI, low-dose (62.5 nug) UMEC/VI, VI
(27 ng) alone, tiotropium alone, or high-dose UMEC alone,
both doses of UMEC combined with VI were associated with
better trough FEV | than was VI monotherapy. An improve-
ment of 0.088 L (0.036-1.4 L, P=0.001) was seen for the
125 pg (high-dose) UMEC/VI regimen and 0.09 L improve-
ment (0.039-0.142 L, P=0.0006) was seen for the 62.5 ug
(low-dose) UMEC/VI regimen compared to VI alone.>* No
significant differences in symptoms, health status, or risk
of exacerbation were seen between either of the two doses
of combination UMEC/VI inhaler and either the tiotropium
inhaler or the high-dose UMEC inhaler alone. For both doses
of the UMEC/VI inhaler, trough FEV | values on day 169 were
better than on day 1, and the improvement was more than was
seen with the tiotropium inhaler alone. The difference between
tiotropium and 125 pg (high-dose) UMEC/VI was 0.088 L
(95% CI, 0.036-0.140, P=0.001); the difference between tiotro-
pium and 62.5 ug (low-dose) UMEC/VIwas 0.09 L (95% CI,
0.039-0.141 L, P=0.006).>* The low dose UMEC (62.5 pug)/IV
(25 ng) is the approved formulation in the USA. In a 24-week,
double-blind, placebo-controlled trial of 1,532 COPD patients
randomized to either UMEC (62.5 ug)/VI (25 pg), UMEC
(62.5 ng) alone, VI (25 ug) alone, or placebo once-daily
inhalers, lung-function indicators including trough FEV,
symptoms, and HRQOL were assessed. All active treatments
were associated with significantly greater trough FEV, than

was the placebo (0.072-0.167 L, all P<<0.001), and both
combination UMEC/VI inhalers were significantly better than
either monotherapy (0.052-0.095 L, P=0.004).>> Reduced
use of the SABA albuterol rescue inhaler, better symptom
scores, and improved HRQOL endpoints were also seen in a
comparison of UMEC/VI with the placebo.

In safety and tolerability studies of high-dose UMEC
(125500 pg)/VI (25 pug) inhalers for COPD, patients who used
the inhalers showed no differences in pulse rates, blood pressure,
or corrected QT (QTc) intervals from the patients who took
the placebo.’*” Over a 52 week trial, the incidence of ectopic
supraventricular beats, sustained supraventricular tachycardia, and
ectopic supraventricular rhythm were =2% with the high-dose
(125 pg) UMEC/VI inhaler than with the placebo inhaler.”

There are no apparent pharmacokinetic interactions
between umeclidinium and vilanterol when coadministered
in patients with COPD.*® When umeclidinium (500 pg) was
combined with vilanterol (50 pg) by inhalation in healthy
Japanese subjects, it was well tolerated. Both drugs showed
rapid absorption with maximum serum concentrations within
5 minutes and with rapid elimination terminal half-lives of
0.42 hours for vilanterol and 0.71 hours for umeclidinium.*
The maximal plasma concentration of umeclidinium was
995.9 pg/mL (776.0-1,278.1 pg/mL) and was 1,299.0 pg/mL
(1,026.0-1,644.7 pg/mL) for vilanterol. The average heart
rate increase was 4.8 (0.6-9.1) beats/minute.’® In a large
study of patients with COPD treated with fixed-dose umecli-
dinium and vilanterol inhalation, the pharmacokinetics was
best described by a two-compartment model with first-order
absorption. Again there was no apparent pharmacokinetic
interaction when umeclidinium and vilanterol were coad-
ministered in patients with COPD. Age, bodyweight, and
creatinine clearance did not significantly affect systemic
exposure to either drug after inhalation.’® After inhalation
of 125 ng umeclidinium and 25 pg vilanterol, the plasma
concentration-time curves for umeclidinium and vilanterol
were not significantly different between subjects with moder-
ate hepatic impairment and healthy volunteers.®

In exploring potential cardiac effects, healthy nonsmok-
ers received inhalers of UMEC 500 ug/VI 100 ug, UMEC
125 pg/VI1 25 pg, UMEC 500 pg, or placebo for 10 days.®!
Following the 10-day treatment, no clinically significant
differences in QTc¢ intervals were observed between those
who inhaled UMEC 500 pug/VI 100 pg, those who inhaled
UMEC 125 ng/VI 25 pg, and those who took the placebo.
The supratherapeutic dose of 500 ug of umeclidinium
with the supratherapeutic dose of 100 ug of vilanterol
by inhalation increased the QTc interval by 4.2—8.2 msec
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from 5 to 30 minutes after dosing.®! These changes were
the same magnitude as the QTc¢ interval changes seen with
oral moxifloxacin (4.8-9.7 msec) 30 minutes to 12 hours
after dosing.

Because these agents are very poorly absorbed, they are well
tolerated. Antimuscarinic inhaled compounds have been associ-
ated with dry mouth, constipation, dyspepsia, gastroesophageal
reflux, urinary retention, pupillary dilation, blurred vision, para-
doxical bronchoconstriction, and worsening of glaucoma.®? The
adverse effects of LABA agents include palpitations, increased
heart rates, supraventricular tachycardias, ectopy, nervousness,
tremor, anxiety, hypokalemia, glycogenolysis, hyperglycemia,
and paradoxical bronchoconstriction.®* Drug-related adverse
events reported with inhaled umeclidinium/vilanterol in clini-
cal trials occurred at the rate of =1% and included headaches,
nasopharyngitis, upper respiratory tract infections, dry mouth,
dyspnea, and cough.’>

Conclusion

Medication adherence is not optimal in patients with chronic
diseases, such as COPD. Many factors contribute to this poor
medication adherence. Medication dosing frequency is one
of the variables that contributes to poor medication adher-
ence in chronic diseases. Once-daily inhalers and particularly
combination once-daily inhalers have been shown to improve
medication adherence in COPD and are becoming more widely
available as new products emerge on the market. The once-
daily combination umeclidinium (LAMA)/vilanterol (LABA)
inhaler meets the criteria for the treatment of COPD and has
favorable efficacy and favorable adverse effects profiles.
Because the specific data for the UMEC/VI combined inhaler
are limited, improved adherence has not been studied, but this
inhaler should theoretically improve medication compliance in
COPD. Other once-daily LAMA/LABA combination inhalers
are available, are under clinical trials, and are likely soon to be
on the USA market. These once-daily combination inhalers
will likely become standard maintenance therapy for patients
with moderate-to-severe COPD.

Disclosure

TEA reports receiving speaking honorarium from BI and
GSK to speak on COPD. The other authors report no conflicts
of interest in this work.

References

1. Afonso AS, Verhamme KM, Sturkenboom MC, Brusselle GG. COPD in
the general population: prevalence, incidence and survival. Respir Med.
2011;105(12):1872-1884.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Chapman KR, Mannino DM, Soriano JB, et al. Epidemiology and costs

of chronic obstructive pulmonary disease. Eur Resp J. 2006;27(1):
188-207.

. Eisner MD, Anthonisen N, Coultas D, et al. An official American

Thoracic Society public policy statement: Novel risk factors and the
global burden of chronic obstructive pulmonary disease. Am J Respir
Crit Care Med. 2010;182(5):693-718.

. Libby AM, Fish DN, Hosokawa PW, et al. Patient-level medication

regimen complexity across populations with chronic disease. Clin Ther.
2013;35(4):385-398.

. Carr-Lopez SM, Shek A, Lastimosa J, et al. Medication adher-

ence behaviors of Medicare beneficiaries. Patient Pref Adherence.
2014;8:1277-1284.

. Medic G, Higashi K, Littlewood KJ, Diez T, Granstrém O, Kahn RS. Dos-

ing frequency and adherence in chronic psychiatric disease: systematic
review and meta-analysis. Neuropsychiatr Dis Treat. 2013;9:119-131.

. Caldeira D, Vaz-Carneiro A, Costa J. The impact of dosing frequency

on medication adherence in chronic cardiovascular disease: systematic
review and meta-analysis. Rev Port Cardiol. 2014;33(7-8):431-437.

. Coleman CI, Roberts MS, Sobieraj DM, Lee S, Alam T, Kaur R. Effect

of dosing frequency on chronic cardiovascular disease medication
adherence. Curr Med Res Opin. 2012;28(5):669—680.

. Laliberté F, Bookhart BK, Nelson WW, et al. Impact of once-daily

versus twice-daily dosing frequency on adherence to chronic medica-
tions among patients with venous thromboembolism. Patient. 2013;
6(3):213-224.

Coleman CI, Limone B, Sobieraj DM, et al. Dosing frequency and
medication adherence in chronic disease. J Manage Care Pharm. 2012;
18(7):527-539.

Saini SD, Schoenfeld P, Kaulback K, Dubinsky MC. Effect of medica-
tion dosing frequency on adherence in chronic diseases. Am J Manage
Care. 2009;15(6):e22—e33.

Lavorini F. Inhaled drug delivery in the hands of the patient. J Aerosol
Med Pulm Drug Deliv. 2014;27(6):414-418.

Newman S. Improving inhaler technique, adherence to therapy and the
precision of dosing: major challenges for pulmonary drug delivery.
Expert Opin Drug Deliv. 2014;11(3):365-378.

Agh T, Dométor P, Bartfai Z, Inotai A, Fujsz E, Mészaros A. Relation-
ship Between Medication Adherence and Health-Related Quality of Life
in Subjects With COPD: A Systematic Review. Respir Care. 2014; pii:
respcare.03123.

Agh T, Inotai A, Mészaros A. Factors associated with medication
adherence in patients with chronic obstructive pulmonary disease.
Respiration. 2011;82(4):328-334.

Dolce 11, Crisp C, Manzella B, Richards JM, Hardin JM, Bailey WC.
Medication adherence patterns in chronic obstructive pulmonary dis-
ease. Chest. 1991;99(4):837-841.

Viswanathan M, Golin CE, Jones CD, et al. Interventions to improve
adherence to self-administered medications for chronic diseases
in the United States: a systematic review. Ann Intern Med. 2012;
157(11):785-795.

Chrystyn H, Small M, Milligan G, Higgins V, Gil EG, Estruch J. Impact
of patients’ satisfaction with their inhalers on treatment compliance and
health status in COPD. Respir Med. 2014;108(2):358-365.

Mikeld MJ, Backer V, Hedegaard M, Larsson K. Adherence to inhaled
therapies, health outcomes and costs in patients with asthma and COPD.
Respir Med. 2013;107(10):1481-1490.

Bryant J, McDonald VM, Boyes A, Sanson-Fisher R, Paul C, Melville J.
Improving medication adherence in chronic obstructive pulmonary
disease: a systematic review. Respir Res. 2013;14:109.

Charles MS, Blanchette CM, Silver H, Lavallee D, Dalal AA, Mapel D.
Adherence to controller therapy for chronic obstructive pulmonary
disease: a review. Curr Med Res Opin. 2010;26(10):2421-2429.
Mendys P, Zullig LL, Burkholder R, Granger BB, Bosworth HB.
Medication adherence: process for implementation. Patient Prefer
Adherence. 2014;8:1025-1034.

submit your manuscript

240

Dove

Patient Preference and Adherence 2015:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Umeclidinium/vilanterol inhaler for COPD

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Toy EL, Beaulieu NU, McHale JM, et al. Treatment of COPD: relation-
ships between daily dosing frequency, adherence, resource use, and
costs. Respir Med. 2011;105(3):435-441.

Yu AP, Guérin A, de Leon DP, et al. Clinical and economic outcomes
of multiple versus single long-acting inhalers in COPD. Respir Med.
2011;105(12):1861-1871.

Tashkin DP. Multiple dose regimens. Impact on compliance. Chest.
1995;107(5 Suppl):176S—182S.

Rascati KL, Akazawa M, Johnsrud M, Stanford RH, Blanchette CM.
Comparison of hospitalizations, emergency department visits, and costs
in a historical cohort of Texas Medicaid patients with chronic obstruc-
tive pulmonary disease, by initial medication regimen. Clin Ther. 2007
29(6):1203-1213.

Olszanecka-Glinianowicz M, Almgren-Rachtan A. The adherence
and illness perception of patients diagnosed with asthma or chronic
obstructive pulmonary disease treated with polytherapy using new
generation Cyclohaler. Postepy Dermatol Alergol. 2014;31(4):
235-246.

Delea TE, Hagiwara M, Dalal AA, Stanford RH, Blanchette CM.
Healthcare use and costs in patients with chronic bronchitis initiat-
ing maintenance therapy with fluticasone/salmeterol vs other inhaled
maintenance therapies. Curr Med Res Opin. 2009;25(1):1-13.
Blanchette CM, Gross NJ, Altman P. Rising Costs of COPD and the
Potential for Maintenance Therapy to Slow the Trend. Am Health Drug
Benefits. 2014;7(2):98-106.

Kew KM, Mavergames C, Walters JA. Long-acting beta2-agonists for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev.
2013;10:CD010177.

Ferguson GT, Feldman GJ, Hofbauer P, et al. Efficacy and safety of
olodaterol once daily delivered via Respimat® in patients with GOLD
2-4 COPD: results from two replicate 48-week studies. /nt J Chron
Obstruct Pulmon Dis. 2014;9:629-645.

Feldman GJ, Bernstein JA, Hamilton A, Nivens MC, Korducki L,
LaForce C. The 24-h FEV, time profile of olodaterol once daily via
Respimat® and formoterol twice daily via Aerolizer® in patients with
GOLD 2-4 COPD: results from two 6-week crossover studies. Spring-
erplus. 2014;3:419.

Ohno T, Wada S, Hanada S, Sawaguchi H, Muraki M, Tohda Y. Efficacy
of indacaterol on quality of life and pulmonary function in patients with
COPD and inhaler device preferences. Int J Chron Obstruct Pulm Dis.
2014;9:107-114.

Price D, Gray A, Gale R, et al. Cost-utility analysis of indacaterol in
Germany: a once-daily maintenance bronchodilator for patients with
COPD. Respir Med. 2011;105(11):1635-1647.

Roskell NS, Anzueto A, Hamilton A, Disse B, Becker K. Once-daily
long-acting beta-agonists for chronic obstructive pulmonary disease:
an indirect comparison of olodaterol and indacaterol. Int J Chron
Obstruct Pulm Dis. 2014;9:813-824.

Karner C, Chong J, Poole P. Tiotropium versus placebo for chronic
obstructive pulmonary disease. Cochrane Database Syst Rev. 2012;
7:CD009285.

Keam SJ, Keating GM. Tiotropium bromide. A review of its use as
maintenance therapy in patients with COPD. Treat Respir Med. 2004;
3(4):247-268.

Halpern R, Baker CL, SuJ, et al. Outcomes associated with initiation of
tiotropium or fluticasone/salmeterol in patients with chronic obstructive
pulmonary disease. Patient Prefer Adherence. 2011;5:375-388.
Friedman M, Menjoge SS, Anton SF, Kesten S. Healthcare costs with
tiotropium plus usual care versus usual care alone following 1 year
of treatment in patients with chronic obstructive pulmonary disorder
(COPD). Pharmacoeconomics. 2004;22(11):741-749.

Boscia JA, Pudi KK, Zvarich MT, Sanford L, Siederer SK, Crim C.
Effect of once-daily fluticasone furoate/vilanterol on 24-hour pulmo-
nary function in patients with chronic obstructive pulmonary disease:
arandomized, three-way, incomplete block, crossover study. Clin Ther.
2012;34(8):1655-1666.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Martinez FJ, Boscia J, Feldman G, et al. Fluticasone furoate/vilanterol
(100/25; 200/25 mug) improves lung function in COPD: a randomised
trial. Respir Med. 2013;107(4):550-559.

Lotvall J, Bakke PS, Bjermer L, et al. Efficacy and safety of 4 weeks’
treatment with combined fluticasone furoate/vilanterol in a single inhaler
given once daily in COPD: a placebo-controlled randomised trial. BM.J
Open. 2012;2(1):¢000370.

Dransfield MT, Bourbeau J, Jones PW, et al. Once-daily inhaled fluti-
casone furoate and vilanterol versus vilanterol only for prevention of
exacerbations of COPD: two replicate double-blind, parallel-group,
randomised controlled trials. Lancet Respir Med. 2013;1(3):210-223.
Donohue JF, Anzueto A, Brooks J, Mehta R, Kalberg C, Crater G.
A randomized, double-blind dose-ranging study of the novel LAMA
GSK573719 in patients with COPD. Respir Med. 2012;106(7):
970-979.

Cahn A, Tal-Singer R, Pouliquen 1J, et al. Safety, tolerability, pharma-
cokinetics and pharmacodynamics of single and repeat inhaled doses of
umeclidinium in healthy subjects: two randomized studies. Clin Drug
Invest. 2013;33(7):477-488.

Decramer M, Maltais F, Feldman G, et al. Bronchodilation of umecli-
dinium, a new long-acting muscarinic antagonist, in COPD patients.
Respir Physiol Neurobiol. 2013;185(2):393-399.

Vincken W, Aumann J, Chen H, Henley M, McBryan D, Goyal P.
Efficacy and safety of coadministration of once-daily indacaterol and
glycopyrronium versus indacaterol alone in COPD patients: the GLOW6
study. Int J Chron Obstruct Pulm Dis. 2014;9:215-228.

Bateman ED, Ferguson GT, Barnes N, et al. Dual bronchodilation with
QVA149 versus single bronchodilator therapy: the SHINE study. Eur
Resp J. 2013;42(6):1484-1494.

Rodrigo GJ, Plaza V. Efficacy and safety of a fixed-dose combination
of indacaterol and Glycopyrronium for the treatment of COPD: a sys-
tematic review. Chest. 2014;146(2):309-317.

Price D, Keininger D, Costa-Scharplatz M, et al. Cost-effectiveness
of the LABA/LAMA dual bronchodilator indacaterol/glycopyr-
ronium in a Swedish healthcare setting. Respir Med. 2014;108(12):
1786-1793.

Bateman ED, Mahler DA, Vogelmeier CF, Wedzicha JA, Patalano F,
Banerji D. Recent advances in COPD disease management with
fixed-dose long-acting combination therapies. Expert Rev Respir Med.
2014;8(3):357-379.

Scott LJ, Hair P. Umeclidinium/Vilanterol: first global approval. Drugs.
2014;74(3):389-395.

Celli B, Crater G, Kilbride S, et al. Once-daily umeclidinium/vilanterol
125/25 mcg in COPD: a randomized, controlled study. Chest. 2014;
145:981-991.

Decramer M, Anzueto A, Kerwin E, et al. Efficacy and safety of umecli-
dinium plus vilanterol versus tiotropium, vilanterol, or umeclidinium
monotherapies over 24 weeks in patients with chronic obstructive
pulmonary disease: results from two multicentre, blinded, randomised
controlled trials. Lancet Respir Med. 2014;2(6):472—486.

Donohue JF, Maleki-Yazdi MR, Kilbride S, Mehta R, Kalberg C, Church A.
Efficacy and safety of once-daily umeclidinium/vilanterol 62.5/25 mcg in
COPD. Respir Med. 2013;107(10):1538-1546.

Feldman G, Walker RR, Brooks J, Mehta R, Crater G. 28-Day safety
and tolerability of umeclidinium in combination with vilanterol in
COPD: a randomized placebo-controlled trial. Pulmon Pharmacol
Ther. 2012;25(6):465-471.

Donohue JF, Niewoehner D, Brooks J, O’Dell D, Church A. Safety
and tolerability of once-daily umeclidinium/vilanterol 125/25 mcg and
umeclidinium 125 mcg in patients with chronic obstructive pulmonary
disease: results from a 52-week, randomized, double-blind, placebo-
controlled study. Respir Res. 2014;15:78.

Goyal N, Beerahee M, Kalberg C, Church A, Kilbride S, Mehta R.
Population pharmacokinetics of inhaled umeclidinium and vilanterol
in patients with chronic obstructive pulmonary disease. Clin Pharma-
cokinet. 2014;53(7):637-648.

Patient Preference and Adherence 2015:9

submit your manuscript

24|

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Albertson et al

Dove

59.

60.

Kelleher DL, Mehta RS, Jean-Francois BM, et al. Safety, tolerabil-
ity, pharmacodynamics and pharmacokinetics of umeclidinium and
vilanterol alone and in combination: a randomized crossover trial. PloS
One. 2012;7(12):e50716.

Mehta R, Hardes K, Kelleher D, Preece A, Tombs L, Brealey N. Effects
of moderate hepatic impairment on the pharmacokinetic properties and
tolerability of umeclidinium and vilanterol in inhalational umeclidinium
monotherapy and umeclidinium/vilanterol combination therapy: an open-
label, nonrandomized study. Clin Ther. 2014;36(7):1016-1027.

Patient Preference and Adherence

Publish your work in this journal

Patient Preference and Adherence is an international, peer-reviewed,
open access journal that focuses on the growing importance of patient
preference and adherence throughout the therapeutic continuum. Patient
satisfaction, acceptability, quality of life, compliance, persistence and their
role in developing new therapeutic modalities and compounds to optimize

61.

62.

Kelleher D, Tombs L, Preece A, Brealey N, Mehta R. A random-
ized, placebo- and moxifloxacin-controlled thorough QT study of
umeclidinium monotherapy and umeclidinium/vilanterol combination
in healthy subjects. Pulm Pharmacol Ther. 2014;29(1):49-57.
Malerba M, Morjaria JB, Radaeli A. Differential pharmacology and
clinical utility of emerging combination treatments in the management
of COPD - role of umeclidinium/vilanterol. /nt J Chron Obstruct
Pulmon Dis. 2014;9:687-695.

Dove

clinical outcomes for existing disease states are major areas of interest for

the journal. This journal has been accepted for indexing on PubMed Central.

The manuscript management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit http:/www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/patient-preference-and-adherence-journal

242

submit your manuscript

Dove

Patient Preference and Adherence 2015:9


http://www.dovepress.com/patient-preference-and-adherence-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


