Role of anticholinergics in asthma management:
recent evidence and future needs
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Purpose of review

Anticholinergic antimuscarinic bronchodilators play a major role in the treatment of chronic obstructive
pulmonary disease, but their role in asthma has long been limited to acute management. More recently, the
role of long-acting antimuscarinic bronchodilators (LAMAs) in chronic asthma management has been
explored. This review will examine the pharmacological rationale for use of inhaled anticholinergics in the
treatment of asthma, and provide an overview of the current literature supporting this use, as well as

describe future research needs in this area.

Recent findings

Shortacting anticholinergic bronchodilators have a role as add-on agents in the treatment of acute asthma.
Preliminary clinical studies suggest that inhaled LAMAs may be comparable to long-acting beta2-agonists
(LABAs) as an add-on therapy in patients not controlled by inhaled corticosteroids (ICS) alone, and may
also have added benefit in patients not controlled on combined ICS—-LABA. Mechanistic studies suggest
that apart from their bronchodilator activity, LAMAs may have anti-inflammatory and antiremodeling
influences on the airways. Further research is needed to clarify the clinical relevance of these experimental

observations.

Summary

Accumulating evidence supports the use of inhaled LAMAs as an add-on therapy in patients with asthma,
who remain symptomatic despite guideline-based therapy with ICS with or without LABAs. Further studies
are warranted to help define mechanisms of action of LAMAs, apart from their role as bronchodilators, and
defermine how these other actions impact asthma outcomes over time. Furthermore, future studies need to
examine the longterm efficacy and safety of LAMAs in asthma and identify a subgroup of patients who
would benefit from such therapies to facilitate early, personalized therapy.
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INTRODUCTION

Bronchodilators play a pivotal role in the acute and
maintenance management of asthma. Among the
available groups of bronchodilators, beta2-agonists
have been considered by asthma guidelines as first-
line agents [1]. Short-acting beta2-agonists (SABAs)
such as albuterol sulfate are recommended to treat
acute symptoms of asthma in both outpatient and
inpatient settings. Inhaled long-acting beta2-ago-
nists (LABAs) such as salmeterol and formoterol
are effective only when added to inhaled cortico-
steroids (ICS) in patients whose asthma remains
uncontrolled despite adequate ICS therapy. Their
routine use in this situation has demonstrated
improvement in lung function and symptoms,
reduction in exacerbations, and has allowed the
reduction of ICS dose needed to achieve asthma
control. However, the long-term safety of LABAs
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in asthma has been questioned, and the US Food
and Drug Administration (FDA) recommends with-
drawal of these agents from asthma regimens of
patients whose asthma symptoms become con-
trolled [2]. Furthermore, many patients with asthma
remain symptomatic despite the use of moderate
doses of ICS and LABAs [3].
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KEY POINTS

e Cholinergic activity is a major driver of bronchial
smooth muscle contraction, and asthma patients have
increased bronchial smooth muscle contraction that is
the major contributor for respiratory symptoms
in asthma

e Inhaled anticholinergics, also known as inhaled
muscarinic antagonists, target these receptors and have
been used in the treatment of airway disease for
many years.

e Preliminary clinical studies suggest that inhaled
anticholinergics may be comparable to long-acting beta
agonists as an add-on therapy in patients not controlled
by ICS alone, and may reduce exacerbations in
patients not controlled on combined ICS-long-acting
beta agonists.

e It is not currently clear who among patients with asthma
might benefit from addition of a LAMA, but ongoing
clinical trials may clarify this issue in addition to
documenting their long-term efficacy and safety
in asthma

Inhaled anticholinergics constitute another
group of bronchodilators that have been pre-
dominantly used in the management of chronic
obstructive pulmonary disease (COPD). The use of
short-acting anticholinergic agents (SAMAs) such as
ipratropium bromide in asthma has been limited to
treatment of acute asthma symptoms, especially
when it is added to inhaled SABAs in both adults
and children [4-7]. More recently, some studies
have examined the role of long-acting antimus-
carinic bronchodilators (LAMAS) such as tiotropium
bromide in the treatment of chronic asthma as
an add-on to other maintenance medications
[8-19,20™,21].

RATIONALE FOR USE OF
ANTICHOLINERGICS IN ASTHMA

Parasympathetic nerves control airway caliber and
airway inflammation in allergic airway diseases
including asthma by signaling through peripheral
muscarinic receptors [22,23]. Effector tissues in this
situation include airway smooth muscles and
mucous glands. Cholinergic activity is a major driver
of bronchial smooth muscle contraction, and asthma
patients have increased bronchial smooth muscle
contraction that is the major contributor for res-
piratory symptoms in asthma [24]. Furthermore,
increased cholinergic and smooth muscle tone may
contribute to airway hyper-responsiveness present in
the majority of patients with asthma [25,26™]. In
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addition, parasympathetic signaling may modulate
inflammatory cells and other non-neuronal airway
cells including fibroblasts, which contribute to air-
way inflammation, and remodeling [25,26"].

Animal as well as human studies clearly dem-
onstrate beneficial effects of blocking cholinergic
activity in the lungs by improving lung function
through the modulation of airway narrowing [14],
but also through nonbronchodilatory effects includ-
ing reduction of mucus secretion and airway hyper-
responsiveness [14,25,27-31].

PHARMACOLOGY OF ANTICHOLINERGICS

Five muscarinic receptor subtypes — M1, M2, M3,
M4, and MS - are expressed in the human lung, but
a functional role has been identified only for M1,
M2, and M3 receptors [14]. Muscarinic receptor
density is highest in the parasympathetic ganglia,
followed by mucous glands, smooth muscle, and
nerve fibers [14]. Inhaled anticholinergics, also
known as inhaled muscarinic antagonists, target
these receptors and have been used in the treatment
of airway disease for many years [32,33]. In the early
17th Century, smoking plant alkaloids containing
anticholinergics such as Atropa belladonna and
Datura stramonium was routinely recommended by
Ayurvedic medicine to treat bronchospasm in differ-
ent diseases including asthma. Early in the 19th
Century, anticholinergic alkaloids were first intro-
duced in Europe and then in the USA, and were used
to treat acute asthma, in the form of atropine and
stramonium cigarettes and cigars [34,35]. However,
a major concern with the use of such agents was
their safety, especially since atropine, a tertiary
ammonium compound, is well absorbed across
the blood-brain barrier. This safety concern led
to the development of synthetic quaternary
ammonium agents that are very poorly absorbed
when given by inhalation.

Ipratropium bromide has a relatively short
duration of action, ranging from 4 to 8h [32]. It is
delivered by either a metered dose inhaler (MDI) or
nebulized solution. In addition, it has been used in
combination with albuterol delivered in one device
for the maintenance treatment of COPD. Its use in
asthma has been limited to treat acute symptoms.
Tiotropium bromide was introduced in the early
2000, has a duration of action of at least 24 h, and
thus has been recommended for once-daily main-
tenance treatment of COPD. It is delivered by either
a dry powder inhaler (DPI), but more recently,
through a soft mist inhaler (SMI). Several new
inhaled LAMAs have been recently approved (acli-
dinium, glycopyrinium, and umeclidinium) for
either twice-daily or once-daily use as stand-alone
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agents or in combination with inhaled LABAs in
COPD [367].

CLINICAL ROLE OF SHORT-ACTING
ANTICHOLINERGICS IN ACUTE ASTHMA
AND CHRONIC ASTHMA MANAGEMENT
Short-acting anticholinergic bronchodilators are
commonly used for acute asthma treatment in
children and adults. Systematic reviews of the
addition of ipratropium to SABAs in acute asthma
show modestly greater improvements in lung func-
tion, but significantly reduced risk of hospital
admission [5,7]. Benefits in both adults and children
are mostly limited to those experiencing moderate
to severe exacerbations [7,37]. In children, the
benefit of use is limited to emergency department
care, and dual bronchodilator use after admission
does not appear to reduce length of stay or improve
other outcomes, and thus is not recommended
[387].

Use of SAMAs in the management of chronic
asthma in adults is often limited to those with
intolerance to SABA or in lieu of SABAs in patients
with underlying cardiovascular disease. Studies in
adult asthma reveal that SAMAs are associated with
statistically significant albeit small improvements in
dyspnea scores and peak expiratory flow (PEF) that
are of unlikely clinical significance [39]. SAMAs are
traditionally thought to have slower onset of action
and purported weaker bronchodilator effect than
SABAs, but both bronchodilators showed similar
mean forced expiratory volume in 1s (FEV,)
responses during bronchodilator testing in patients
with asthma in a recent study, challenging this idea
[11,12]. There are conflicting data regarding cardi-
ovascular safety of SAMAs, and prospective safety
comparisons to SABAs have not been performed in
vulnerable populations [40,41]. There has not been
published evidence suggesting increased cardio-
vascular effects when adding SAMA to SABA. Use
of combination SABA and SAMA produces statisti-
cally greater bronchodilation of unclear clinical
significance [42]. Pooled analysis of studies, albeit
ones with significant limitations, found little
benefit in regards to most physiologic and clinical
measures arguing against routine use of combi-
nation SAMA and SABA in asthma [39].

CLINICAL ROLE OF LONG-ACTING
ANTICHOLINERGICS IN PATIENTS NOT
CONTROLLED ON ICS ALONE

Despite maximal-dose ICS and LABA treatment,
25-38% of patients have asthma that remains
uncontrolled [43]. Existing add-on treatments in
this Global Initiative for Asthma step 4/5 patients
such as leukotriene modifiers, theophylline,
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anti-Immunoglobulin E (Igf) monoclonal anti-
bodies, oral corticosteroids, and bronchial thermo-
plasty are burdened with problems of limited
efficacy, expense, lack of availability, inconvenience,
or significant adverse effects. Recent guidelines have
not included LAMAs in recommended asthma step
therapy as neither the US FDA nor the European
Medications Agency have currently approved them
for asthma treatment. Nevertheless, initial reports
suggested possible benefit of LAMAs in severe asthma
and asthma-COPD overlap syndrome [8,9,19,44].

Long-acting antimuscarinic bronchodilators
have now been studied in patients with asthma
not controlled with ICS alone, and those with
severe asthma not controlled on ICS-LABA therapy
(Table 1) [11,45]. Tiotropium Bromide Step-Up
Therapy for Adults with Uncontrolled Asthma
(TALC) was a three-way, double-blind, triple-
dummy crossover trial comparing addition of tio-
tropium to either doubling of ICS (primary superi-
ority comparison) or the addition of salmeterol
(secondary noninferiority comparison) in patients
with uncontrolled symptoms and an FEV; less than
70%, despite moderate-dose ICS. The primary out-
come, AM PEF, and secondary outcomes (FEV;,
symptoms scores and proportion of asthma control
days) were superior for tiotropium compared to
doubling ICS. AM PEF was noninferior and other
outcomes were comparable for tiotropium and
salmeterol.

A randomized, double-blind, crossover study
looking at the safety and efficacy of adding tio-
tropium or placebo in patients with uncontrolled
severe asthma, despite high-dose ICS-LABA, found
that peak FEV,, the primary endpoint, was higher in
both active treatments than placebo [45]. Interest-
ingly, no significant differences in symptoms or
health status, and only small and nonsignificant
differences in SABA use were observed. Out of
concern for possible adverse effects of LABAs in
asthma patients with a specific B2-receptor geno-
type, Bateman et al. [12] looked at the role of LAMAs
instead of LABAs in genotype stratified patients not
controlled with ICS alone. In this study, the primary
endpoint, mean weekly AM predose PEF, was main-
tained when patients treated with ICS-LABA were
either kept on LABA or switched to LAMA. Other
endpoints were similar between tiotropium and
LABA, suggesting similar performance of these
two agents in patients not controlled by ICS alone.

CLINICAL ROLE OF LAMAS AS ADD-ON
‘TRIPLE THERAPY’ IN PATIENTS NOT
CONTROLLED ON ICS-LABA

Two replicate randomized controlled trials includ-
ing over 800 patients examined the effect of LAMA
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vs. placebo in patients with severe asthma defined
by postbronchodilator FEV; below 80% on at least
moderate-dose ICS-LABA and with at least one
asthma exacerbation in the year prior to enrollment
[13]. A significant increase in the primary endpoints
of FEV, and time to first severe asthma exacerbation
(as defined by American Thoracic Society/European
Respiratory Society) was observed with addition of
tiotropium to ICS-LABA [46]. The rate of exacer-
bations requiring oral corticosteroids was reduced
by 21% with treatment of 15 patients needed to
prevent one severe exacerbation during the 48-week
treatment period. Interestingly, there was no differ-
ence in symptom-free days or SABA use, nor was a
minimal clinically important difference in symp-
toms scores such as the Asthma Control Question-
naire (ACQ) or Asthma Quality of Life Questionnaire
(AQLQ) observed. An editorial accompanying the
publication of this study raised concerns about
the cardiovascular safety of tiotropium delivered
via Respimat, but these concerns have abated some-
what following the publication of the Tiospir study
in which an increased rate of adverse cardiovascular
outcomes was not observed [47,48]. A recently
published systematic review of anticholinergics in
asthma identified five randomized controlled
trials and two open-labeled uncontrolled trials,
but statistical pooling and analysis of the data were
precluded by the small number of studies and
heterogeneity of study design [49%]. To date, the
relative merits of LAMA as add-on to patients with
ICS-LABA have not been compared directly to leu-
kotriene modifiers, omalizumab, or theophylline.
It is not currently clear how to identify specific
groups of patients with asthma who might benefit
from addition of a LAMA. Most studies to date have
included patients with persistent airflow limitation,
despite at least moderate-dose ICS. An initial study
suggested that the single-nucleotide polymorphism
Arg16Gly in the B-2 adrenergic receptor was associ-
ated with a lung function response to tiotropium
[10]. In a follow-up publication, the authors of the
TALC study assessed the prespecified hypotheses
that response to individual SAMA or SABA, both
of which were tested at baseline, would predict
response to the respective long-acting agents of that
class [50™]. Somewhat surprisingly, an acute
response to a SABA, but not SAMA, and higher
cholinergic tone (as determined by lower resting
heart rate) predicted a positive lung function
response to tiotropium. Other demographic factors
(ethnicity, sex, BMI) and asthma characteristics
(atopy, total serum IgE sputum eosinophil count,
FeNO, asthma duration) did not predict a significant
response. In most studies published to date, LAMAs
do not reduce frequency of SABA use or significantly
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improve patient-reported outcomes such as ACQ
and the Asthma Control Test (ACT) despite rela-
tively consistent lung function improvement across
studies. This suggests that either the lung function
effects were not of sufficient clinical significance to
correlate with an impact on symptoms or that our
current patient-centric outcomes scores are insensi-
tive to change in patients with the level of disease
severity in these trials [51].

CONCLUSION

In conclusion, tiotropium improves lung function
when added to ICS alone or to ICC-LABA combi-
nation. Tiotropium may also maintain lung func-
tion with step-down of ICS dose or if LABA is
discontinued during treatment with ICS-LABA
combination therapy. Till the date of publication
of this review, no large randomized controlled trial
has been published examining the efficacy of
LAMAs other than tiotropium in asthma. However,
a broader role for anticholinergics in asthma is
actively under investigation, and a review of clin-
icaltrials.gov identified multiple studies assessing
the role of LAMAs in asthma, including adults with
asthma of a broad range of severity, children and
adolescents, and ‘triple therapy’ with ICS, LABA,
and LAMA in a variety of combinations.
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