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Despite a range of efficacious therapies for asthma, including inhaled corticosteroids (ICS) and long-acting Bz-agonists (LABA), a significant propor-
tion of patients have poor asthma control and retain a risk of future worsening of their symptoms. Long-acting muscarinic antagonist (LAMA) bron-
chodilators offer a well-tolerated, efficacious, and cost-effective add-on to a patient’s treatment. Of the LAMAs currently under investigation or
available for the treatment of asthma, evidence from a comprehensive clinical trial program in adults and children shows that once-daily treatment
with tiotropium provides benefits for patients with uncontrolled asthma despite the use of ICS and LABAs. Tiotropium is included in the Global Ini-
tiative for Asthma (GINA) strategy document as an add-on therapy option for patients at Step 4 or 5 with a history of asthma exacerbations. Tiotropi-
um Respimat® has demonstrated safety and efficacy in patients with a range of disease severities, ages, and phenotypes. This review describes the
evidence for the use of LAMA as add-on therapy for patients with asthma who remain uncontrolled despite the use of ICS and LABA treatments.
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INTRODUCTION

An estimated 235-334 million people worldwide suffer from
asthma,"? with an estimated 14% of the world’s children experi-
encing asthma symptoms. Poor asthma control is associated
with decreased quality of life, more frequent use of rescue med-
ications, increased healthcare utilization, and ultimately death.’
The reasons for poor control include misdiagnosis, non-adher-
ence and non-compliance to treatment, individual variations
in response to treatment, poor inhaler techniques, and patients’
treatment expectations.” The majority of patients state that they
are dissatisfied with their current treatment and believe that
there is a need for new therapies.” It has been estimated that in
the United States approximately 15,000 people die each year
from asthma exacerbations,” with approximately 500,000 hos-
pitalizations from “acute asthma” each year.’ Hospitalizations
and associated costs are also high in Asia; in the Asia-Pacific
Asthma Insight Management (AP-AIM) survey, 54% of patients
with asthma reported having been hospitalized overnight 2 or
more times. Substantial variations were observed between
countries, where unscheduled urgent and emergency care
ranged from 46% in Taiwan, 42% in India, and 40% in Malaysia
to 15% in both Hong Kong and Australia, and 16% in South Ko-
rea.® This highlights the discrepancy between accepted goals
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for asthma management and the actual degree of asthma con-
trol in the Asia-Pacific region.” The burden of asthma (per-pa-
tient costs) as a percentage of healthcare costs or per capita
gross domestic product (GDP) was also high for the Asthma In-
sights and Reality in Asia-Pacific (AIRIAP) countries (300% of
per capita healthcare costs and 13% of per capita GDP overall).?

Asthma management is a continuous cycle of assessing symp-
toms, adjusting treatment, and reviewing the response. The
Global Initiative for Asthma (GINA) definition of asthma con-
trol has 2 domains:® 1) symptom control—current impairment
or day-to-day asthma control (absence of symptoms, minimal
reliever use, normal activity levels, and lung function); and 2)
control of future risk (absence of exacerbations, prevention of
decline in lung function, and absence of side effects from
drugs)." This can be achieved by assessing symptom control
over the last 4 weeks and assessing risk factors for poor out-
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comes, including low lung function.’ The proportion of patients
who achieve control remains low, with control rates of around
50% in real-life settings and up to 70% in randomized con-
trolled trials.""'* Factors underlying the poor levels of control in-
clude the heterogeneity in the clinical spectrum and patho-
physiological features of asthma, in addition to the presence of
comorbidities and lack of treatment adherence.*"

The Asthma Control Test (ACT) questionnaire is widely used
in asthma clinics to assess patients’ subjective perception of
their symptoms 4 weeks prior to the clinic visit. This test in-
volves patients’ self-assessment of their symptoms for each
item (frequency of dyspnea, use of rescue medications, effect of
asthma on daily functioning, frequency of night-time symp-
toms, and overall assessment of asthma control), using a
5-point scale for each item, giving a total score ranging from 0
to 25, with a higher score indicating well-controlled status. The
scores resulting from these tests do not always correlate with
lung function parameters such as forced expiratory volume in 1
second (FEV1), leading to confusion in assessing asthma con-
trol status. A study by Park ef al." retrospectively reviewed ACT
questionnaire results, baseline lung function, and changes in
FEV1; it was concluded that physicians should consider other
factors, such as patient age, gender, blood eosinophil levels,
and comorbidities along with ACT score and lung function in
the assessment of asthma control.

Uncontrolled asthma has a negative impact on health status
and work productivity,” and is associated with increased health-
care costs.'® In Europe, the mean total cost per patient has been
estimated at €2,281 in patients with uncontrolled persistent
asthma, compared with €509 in patients with controlled persis-
tent asthma (based on 2010 values).'® Despite this, many pa-
tients overestimate their level of control: in a survey of asthma
control and management in 8,000 European patients (REcog-
nise Asthma and LInk to Symptoms and Experience [RE-
ALISE])," levels of asthma control were low, with 45% of respon-
dents having uncontrolled asthma (as defined by GINA guide-
lines’). However, many patients (>80%) regarded their asthma
as controlled and not serious, despite experiencing symptoms
and exacerbations." The survey was extended to include 2,467
patients'” and 375 physicians' from 8 countries in Asia (RE-
ALISE Asia). Similarly, while approximately 90% of these pa-
tients considered their asthma to be under control, less than
20% actually achieved controlled asthma, with nearly 50% hav-
ing uncontrolled asthma by the GINA-defined criteria.’ In the
AP-AIM study, only 2% were considered controlled across the
entire region when compared with the GINA guidelines. Over-
all, 59.4% of all respondents reported daytime symptoms; of
these, 23% reported having daytime symptoms either every day
or most days. Daytime shortness of breath and chest tightness
was considered the most bothersome symptom by over 60% of
respondents. 45.2% of respondents reported nighttime symp-
toms; of these, 44% reported symptoms at least once or twice
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per week.’

Despite this increasing need for effective therapeutic interven-
tion in asthma, there have been no new treatments for asthma
in the non-severe population until recently. Tiotropium is an ef-
fective long-acting muscarinic antagonist (LAMA) bronchodila-
tor that has been used in the management of chronic obstruc-
tive pulmonary disease (COPD) for over 10 years. Tiotropium is
now also indicated for use in asthma in several regions. This re-
view discusses the position of LAMAs in the treatment of asth-
ma, and provides an overview of the recent clinical trial data of
tiotropium in both adult and pediatric patient populations.

TREATMENT OPTIONS

GINA guidelines recommendations

Low-dose inhaled corticosteroids (ICS) and ICS/long-acting
[.-agonist (LABA) are the mainstays of asthma treatment for
patients in steps 1-3 of the GINA guidelines, with as-needed
short-acting B.-agonist (SABA) or low-dose ICS/formoterol em-
ployed as reliever medications. The LAMA tiotropium is in-
cluded in the guidelines as an add-on therapy option at step 4
or 5 in patients with a history of asthma exacerbations.’ Tiotro-
pium Respimat” is approved in adult patients in Singapore
(aged 18 years or over), Japan (aged 15 years and over), and the
EU (aged 18 years or over), and in patients aged =6 years in the
US. Other options at step 4 include the combination of high-
dose ICS with LABA, or medium- or high-dose ICS with the ad-
dition of a leukotriene modifier receptor antagonist (LTRA) or
low-dose sustained-release theophylline. At step 5, options in-
clude anti-immunoglobulin E (IgE) (omalizumab) and anti-in-
terleukin-5 (IL-5) (mepolizumab) in patients with severe asth-
ma, or the addition of low-dose oral corticosteroids, among
others.’

Role of cholinergic activity in the pathophysiology of asthma
Cholinergic parasympathetic nerves provide dominant inner-
vation to the lungs." Release of acetylcholine from these nerves
regulates airway tone, vasodilation, and cholinergic activity,
and is the predominant driver of bronchial smooth muscle
contraction.””*' Patients with asthma may have increased re-
lease of acetylcholine from cholinergic nerve endings,” leading
to bronchoconstriction. In addition, it has been hypothesized
that local airway inflammatory mediators, along with the
mechanisms listed above, may be driving an increase in cholin-
ergic tone. Other reasons suggesting that LAMAs may be bene-
ficial for the control of asthma include: 1) cholinergic antago-
nists may have non-neuronal anti-inflammatory actions;” 2)
patients with asthma may have abnormal muscarinic (M) re-
ceptor expression; and 3) increased cholinergic and smooth
muscle tone may contribute to airway hyper-responsiveness

(Flgu.re) .21,24726

http://e-aairorg 387



Aalbers et al.

Airway
smooth
muscle

Epithelial T
cells

Airway

Airway smooth
muscle tone

Mucus secretion

Volume 9, Number 5, September 2017

[ Autonomic regulation ]

/
/

/ H
s Indirect ;g
Vs )
c
&)

sympathetic |
influence

e~
0
iS
i@
iQ
5
7
Q.

Ganglion

Figure. The role of cholinergic activity in the pathophysiology of asthma. Autonomic regulation of airway smooth muscle tone. Mi, M, Ms represent muscarinic re-
ceptors 1, 2, and 3. + and — symbols represent signals increasing and decreasing airway smooth muscle tone, respectively. Reproduced with permission from Price

et al® M, muscarinic.

Anticholinergic therapies and mechanism of action
Tiotropium has been approved for use in COPD for over 10
years, and its mechanism of action as a bronchodilator has
been studied extensively in this disease. In the lungs, release of
acetylcholine from parasympathetic nerves regulates airway
tone, airway smooth muscle contraction, mucus secretion, and
vasodilation via interactions with M-receptors on the airway
smooth muscle, glands, and the pulmonary vasculature.”
Blockade of M, and M3 anticholinergic receptors reduce
smooth muscle tone and cause bronchodilation, but inhibition
of the M-receptor has the opposite effect.? Ipratropium non-
selectively blocks all three receptors whereas tiotropium disso-
ciates much more slowly from the M, and M; receptors, making
it a more potent bronchodilator.?® Importantly, single-dose
studies showed that tiotropium has a long-lasting effect,® and a
wealth of clinical data in COPD support its 24-hour profile.*
There have been observations of anti-inflammatory effects of
anticholinergics in in vitro and in vivo studies using experimen-
tal models.*** Combination therapy with anticholinergics and
corticosteroids might have additive protective effects on airway
inflammation. This effect has been investigated in guinea pig
models. It was found that combined treatment with tiotropium
and ciclesonide did not inhibit acute allergen-induced inflam-
mation, but did inhibit chronic allergen-induced airway in-
flammation and remodeling.®
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As acetylcholine has a key role in the pathophysiology of asth-
ma, there is a clear rationale for the development of anticholin-
ergic bronchodilators as therapies in this disease as well as in
COPD. In an early investigation of the duration of protection
from a single dose of inhaled tiotropium against methacholine-
induced bronchoconstriction in male volunteers with atopic
asthma, tiotropium produced a dose-dependent mild bron-
chodilation as measured by an increase in FEV1 that was sus-
tained for 24 hours. This prolonged bronchodilator response
and protection against methacholine challenge suggested that
tiotropium would be useful in the treatment of asthma, and
that once-daily dosing may be sufficient.*

Clinical trials with LAMAs

Aclidinium bromide is currently being investigated in COPD
and experimental asthma.*® However, there are currently no
clinical trials investigating its effect in asthma.

There are several studies completed or currently ongoing with
the LAMASs umeclidinium and glycopyrronium (Table 1). Ume-
clidinium is a quinuclidine derivative and potent anticholiner-
gic with slow functional reversibility at the human Ms recep-
tor.* The dose response, efficacy, and safety of once-daily ume-
clidinium bromide combined with fluticasone furoate were in-
vestigated in adults with asthma who were symptomatic de-
spite maintenance ICS treatment. Clinically meaningful and
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Table 1. Clinical trials with LAMAs other than tiotropium

Long-Acting Muscarinic Antagonists in Asthma

Patients Treatment duration Baseline therapy No. (enrolled) Study drugs

Symptomatic inadequately controlled®  Variable 24-52 wk  ICS/LABA 2,250 Umeclidinium bromide 31.25 and 62.5 pg

Symptomatic* 14 wk Non-ICS controller 350 Umeclidinium bromide 15.6, 31.25, 62.5, 125, and
250 ug

Symptomatic** 14wk At lgast ICS/LABA a1 Umeclidinium bromide 15.6, 31.25, 62.5, 125, and
250 ug

Symptomatic® 14 days ICS or non-ICS maintenance 249 Glycopyrronium MDI 1.9, 3.6,7.2, 14.4, and 28.8 ug

Uncontrolled® 6 wk ICS 98 Glycopyrrolate bromide 12.5 pg

Symptomatic*® 96 hr NS 13 Glycopyrronium 50 pg

Symptomatic mild-to-moderate® 24-48 hr NS 30 Glycopyrronium 50 pg

hr, hour; ICS, inhaled corticosteroid; LABA, long-acting B2-agonist; MDI, metered dose inhaler; NS, not specified; wk, week.

statistically significant increases in trough FEV1 were found
with the combination treatment, but not with fluticasone fu-
roate alone.*® In addition, monotherapy with umeclidinium re-
sulted in modest improvements in trough FEV1 that were not
dose-related or consistent in magnitude, and therefore did not
conclusively support a therapeutic benefit of monotherapy
with umeclidinium in patients with asthma not requiring ICS
treatment.”

Glycopyrronium has been investigated in a study comparing
the effects of single doses of tiotropium and glycopyrronium
against methacholine-induced bronchoconstriction. Tiotropi-
um provided at least 7 days of bronchoprotection against
methacholine, whilst glycopyrronium provided up to 7 days of
bronchoprotection against methacholine. Tiotropium provided
statistically superior bronchoprotection at 24 and 72 hours
compared to glycopyrronium.*

The efficacy and safety of tiotropium have been investigated
in a number of phase II and III clinical trials in patients with
symptomatic asthma and in a large-scale clinical trial program
comprising 18 randomized, double-blind, placebo-controlled
studies in >6,000 patients with asthma who continued to be
symptomatic despite receiving ICS maintenance therapy with
or without other maintenance therapies. The phase II clinical
trial program included 5 trials investigating tiotropium at vari-
ous doses (10, 5, 2.5, and 1.25 pg) vs placebo as add-on to ICS
with or without LABA in adult patients with moderate to severe
symptomatic asthma.***** These studies showed that tiotropi-
um consistently improved lung function as assessed by im-
provements in peak FEV1 measured within 3 hours of dosing
(FEV1(o3n). The safety profile of tiotropium across the phase II
studies was established and balanced across treatment groups
except for increased systemic anticholinergic effects (such as
dry mouth) in the 10 pg dosage group. Phase II, randomized,
dose-ranging studies of tiotropium at 5 pg, 2.5 pg, and 1.25 g
in children (aged 6-11 years)* and adolescents (aged 12-17
years)* with symptomatic asthma despite maintenance treat-
ment with ICS have demonstrated the efficacy and safety of
tiotropium in younger patients, suggesting the potential indica-
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tion of tiotropium across all age groups. In terms of phase III tri-
als, 6 trials have been conducted to assess the efficacy and safe-
ty of once-daily tiotropium 5 pg vs placebo in adult patients
with mild, moderate, or severe symptomatic asthma as an add-
on therapy to ICS (low to high dose) with or without LABA (Ta-
ble 2). Four of the studies also included the 2.5 pg dose. Both
doses of tiotropium had a significantly greater improvement in
FEV1(.3n) at 24 weeks compared with placebo. Five phase III
studies have been conducted to assess the efficacy and safety of
once-daily tiotropium at 2.5 and 5 pg vs placebo in children
with moderate or severe symptomatic asthma as an add-on
therapy to ICS (low to high dose) with or without another con-
troller (Table 3). Both doses of tiotropium had a significantly
greater improvement in FEV1.sn) at 24 weeks compared with
placebo (data not shown).

Clinical trials with tiotropium complement the GINA guidelines

One phase III study examined tiotropium as an add-on to
low-dose ICS, in line with step 2 of the GINA guidelines where
low-dose ICS is the preferred controller choice.* Another study
examined the effect of tiotropium when added on to at least
ICS, complementing step 3 of the guidelines, where low- dose
ICS/LABA is the preferred choice of controller therapy.*® In a
further study, tiotropium was added on to at least ICS/LABA,
which corresponds with step 4, where medium-dose ICS and
high-dose LABA are recommended as the preferred controller
therapy.”’

Patient phenotyping for asthma

Asthma is a heterogeneous disease, and different asthma phe-
notypes and endotypes exist, which may respond differently to
targeted therapies.” It has long been known that patients with
asthma with higher levels of eosinophils in their sputum re-
spond to systemic corticosteroids and that patients with lower
levels of eosinophils do not. Severe asthma is defined by the
European Respiratory Society and American Thoracic Society
(ERS/ATS) as “asthma that requires treatment with high-dose
ICS plus a second controller and/or systemic corticosteroids to
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Table 2. Phase IIl studies with tiotropium in adults

Volume 9, Number 5, September 2017

Patients Treatment  Baseline No. Study drugs Primary and key Difference from placebo
duration (wk) ~ therapy (treatment group) secondary endpoints Trial 1 Trial 2
Poorly controlled” 48 At least 456 Tiotropium Peak FEV1 86 (20-152) mL 154(91-217) mL
ICS/LABA Respimat 5 pg (Week 24) (P=0.010) (P<0.001)
Trough FEV1 88 (27-149) mL 111 (53-169) mL
(Week 24) (P=0.010) (P<0.001)
Time to first severe 21% reduction in risk
exacerbation (HR=0.79; 95% Cl=0.62-1.00; P=0.030)
ACQ-7 NS -0.2(P=0.003)
(adjusted mean score)
Symptomatic® 52 At least 114 Tiotropium Trough FEV1 (Week 52) 112 mL (95% Cl=18-207; P=0.020)
ICS£LABA Respimat 5 pg*
Trough FVC (Week 52) NS
ACQ-7 responder rate  76.3% tiotropium vs 73.2% placebo
(Week 52)
Moderate 24 At least ICS 519 tiotropium Tiotropium Peak FEV1 198(142-253)mL  169(116-222) mL
symptomatic®® 5 g Respimat 5 pg* (P<0.0001) (P<0.0001)
Peak FVC 102 (42-162) mL 89(30-147) mL
(P<0.0008) (P=0.0031)
ACQ-7 -0.12 (SD=0.04; P=0.0084)
(adjusted mean score)
Symptomatic® 12 Low-dose ICS 155 Tiotropium Peak FEV1 (Week 12) 128 mL (95% Cl=57-199; P<(0.001)
Respimat 5 pg*

Trough FEV1 (Week 12)

ACQ-7 total score
(Week 12)

122 mL (95% Cl=49-194; P<0.001)
0.014 (95% Cl=-118-0.146; P=0.830)

ACQ-7, Asthma Control Questionnaire-7; Cl, confidence intervals; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; HR, hazard ratio; ICS, in-
haled corticosteroids; LABA, long-acting Bz-agonist; NS, not significant; SD, standard deviation; wk, week.

*2.5 g tiotropium Respimat also included in study but not reported here.

Table 3. Phase Il studies with tiotropium in children

Patients Treatment duration (wk) Baseline therapy No. (treatment group) Study drugs

Moderate persistent 18 At least ICS 259 Tiotropium respimat 2.5and 5 g
12- to 17-year-olds®

Severe persistent 12 ICS+=1 controller 257 Tiotropium respimat 2.5 and 5 g
12- to 17-year-olds®

Moderate persistent 48 At least ICS 270 Tiotropium respimat 2.5 and 5 g
6- to 11-year-olds®

Severe persistent 12 ICS+=1 controller 262 Tiotropium respimat 2.5 and 5 g
6- to 11-year-olds®

Persistent 12 At least ICS 67 Tiotropium respimat 2.5 and 5 g

1- to 5-year-olds®

ICS, inhaled corticosteroids; wk, week.

prevent it from becoming uncontrolled or that remains uncon-
trolled despite this therapy”* As 5%-10% of patients with asth-
ma can be classified as severe, many new approaches to the
treatment of severe asthma have been attempted, including tar-
geting components of the immune response pathway."® Tiotro-
pium has been shown to be efficacious across asthma severi-
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ties, but it is nevertheless important to determine whether there
is a clinical phenotype or characteristic that would predict
whether certain patients would respond favorably with the ad-
dition of this treatment. A recent study investigated the effec-
tiveness of once-daily tiotropium Respimat® as an add-on to
ICS/LABA in patients with severe symptomatic asthma. This
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study revealed that tiotropium 5 pg improved lung function, re-
duced the risk of asthma exacerbations (time to first severe ex-
acerbation), and improved asthma symptom control irrespec-
tive of IgE levels, eosinophils counts, age, gender, or baseline
demographics compared with placebo.*® Comparisons of ad-
justed mean difference (mL) made in patients stratified into 2
groups with serum IgE levels of <430 pg/L and >430 pg/L, and
blood eosinophils of <0.6X10°/L and >0.6x10°/L showed no
interaction between risk of exacerbations or asthma worsening.
These results suggest that an important clinical advantage of
tiotropium is that patient phenotyping is not necessary. How-
ever, further studies are needed.

Potential role of LAMA in elderly asthma patients

Although the prevalence of asthma in the elderly population
is similar to that in the adult population (approximately 5%-
10%) the severity and mortality of asthma are reported to in-
crease with age.' The prevalence of asthma in South Korea is
higher in elderly than in non-elderly patients.”’ Many questions
remain unanswered in elderly patients, as this population is
partially excluded from randomized clinical trials due to age
criteria and comorbidities. A recent study examined the predi-
cators of asthma control in elderly patients with asthma in
South Korea.”>* This study showed that the number of medica-
tions for comorbidities, as well as functional status, determined
by the higher physical functioning scale, are important param-
eters in assessing and predicting asthma control.” A large num-
ber of medications were associated with unfavorable outcomes,
and it is recommended that treatment regimens for the elderly
should be as simple as possible for elderly asthmatic patients.
As tiotropium has been shown to be efficacious and have a fa-
vorable safety profile in COPD patients who are generally older,
it offers a good option for the treatment of elderly asthma pa-
tients, especially for those with comorbid conditions such as
cardiovascular diseases.

Cost-effectiveness of tiotropium

Using data from the replicate phase III trial in patients with
moderate asthma,” Willson and colleagues™ created a Markov
model to estimate the cost-effectiveness of tiotropium from the
perspective of the UK National Health Service. The analysis
concluded that in adult patients with severe asthma, tiotropi-
um provided a cost-effective treatment option if used in combi-
nation with high-dose ICS/LABA therapy. Add-on tiotropium
generated an incremental 0.24 in quality-adjusted life years and
£5,238 costs over a lifetime horizon, resulting in an incremental
cost-effectiveness ratio of £21,906 per QALY gained (based on
2012 pricing). The cost-effectiveness of treatment of uncon-
trolled severe asthma with tiotropium added to standard of
care has been confirmed by regional studies from Spain,” Po-
land,*® and Portugal.”” Additional studies to further clarify the
cost-effectiveness of tiotropium in asthma are needed, particu-
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larly in relation to novel biologic treatments such as omalizum-
ab and mepolizumab.

CONCLUSION

The use of LAMA in large-scale trials has demonstrated clini-
cal benefits and improvements in lung function where tiotropi-
um is used as add-on therapy to ICS alone, or plus an LABA in
adult and pediatric patients with poorly controlled asthma by
ICS with or without other controllers. Tiotropium is also a use-
ful add-on therapy for patients at risk of future asthma worsen-
ing or exacerbations.
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