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Abstract: Despite major advances in therapeutic interventions and the availability of detailed 

treatment guidelines, a high proportion of patients with symptomatic asthma remain uncontrolled. 

Asthma management is largely guided by the Global Initiative for Asthma (GINA) strategy and is 

based on a backbone of inhaled corticosteroid (ICS) therapy with the use of additional therapies 

to achieve disease control. Inhaled long-acting bronchodilators alone and in combination are 

the preferred add-on treatment options. Although long-acting muscarinic antagonists (LAMAs) 

are a relatively recent addition to disease management recommendations for asthma, tiotropium 

has been extensively studied in a large clinical trial program. In Europe and the United States, 

tiotropium is approved for patients aged $6 years and uncontrolled on medium- to high-dose 

ICS/long-acting β
2
-agonists at GINA Steps 4 and 5 with a history of exacerbations. Evidence 

supports the efficacy of tiotropium Respimat® in adults in terms of lung function and asthma 

control, with a safety profile comparable with that of placebo across a range of asthma severities. 

Similarly, clinical trials in patients aged 1–17 years have shown improvements in lung function 

and trends toward improved asthma control. Furthermore, its efficacy makes tiotropium relatively 

easy to incorporate into routine clinical practice, irrespective of allergic status and without the 

need for patient phenotyping. Tiotropium is a cost-effective treatment that may offer an important 

alternative to other, more expensive add-on therapies. This review discusses the potential future 

position of LAMAs in clinical practice by considering the continuously evolving evidence. Promi-

nence is given to tiotropium, the only LAMA supported by a structured clinical trial program in 

asthma to date, while also considering other recommended treatment options for patients with 

uncontrolled asthma. The importance of effective patient/caregiver–clinician communication 

and shared decision-making in enhancing treatment adherence is also highlighted.

Keywords: asthma, anticholinergic, tiotropium, LAMA, asthma management, adherence, 

pediatric asthma

Introduction
Despite major advances in therapeutic interventions, asthma remains a challenge 

globally.1 The 2016 Global Burden of Disease update reported a global prevalence 

of asthma of 339 million people and estimated years lived with disability (YLD) 

as 13 million in 2016, with an increase of 3.6% in age-adjusted YLD rates in the 

last decade.2 In a European survey, the prevalence of diagnosed asthma in adults 

across five countries was estimated at 5.8%; of these patients, ~50% were not well 

controlled.3 In the United Kingdom, it is estimated that over 60% of adults with 

asthma being treated with at least an inhaled corticosteroid (ICS) combined with a 

long-acting β
2
-agonist (LABA) (Global Initiative for Asthma [GINA] Step 3) remain 

uncontrolled.4 Similarly, poor levels of asthma control of over 50% are reported for 

children and adolescents.5 Uncontrolled asthma confers a considerable impact on 
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health care systems. Data from the REcognise Asthma and 

LInk to Symptoms and Experience survey of 8,000 European 

patients aged 18–50 years show that, of the 45% of patients 

with uncontrolled asthma, 24% had visited the emergency 

department and 12% had been hospitalized over the previ-

ous 12 months.6 The frequency of exacerbations is a major 

risk factor for the development of chronic and progressive 

disease in children and adolescents.7

The long-term goals of asthma management are symp-

tom control, minimization of future risk of exacerbations, 

and reduction of airflow limitation while simultaneously 

minimizing treatment side effects.8 There is a need for more 

treatment options to allow these goals to be achieved in 

patients who remain symptomatic with the highest therapy 

regimens.8 This review discusses current recommendations 

and recent developments in asthma management; it also 

considers the role of anticholinergic therapy and the future 

position of long-acting muscarinic antagonists (LAMAs) 

in the management of asthma across all age groups, while 

taking into account other recommended treatment options for 

patients with uncontrolled asthma. The discussion will also 

include an overview of the evidence to date for the benefits 

of tiotropium as the most extensively studied LAMA in the 

management of asthma in adult and pediatric/adolescent 

patients and the potential impact of these findings for future 

clinical practice.

Current treatment 
recommendations for asthma
The 2018 GINA report8 recommends a stepwise approach 

in the treatment of all patients with asthma, details of which 

are discussed elsewhere in this review series.9,10 Briefly, 

treatment algorithms are the same for adolescents and 

adults, recommending initial low-dose ICS with increasing 

ICS dose and/or other add-on treatments until control is 

achieved. Until recently, add-on maintenance therapies for 

these age groups included LABAs and leukotriene receptor 

antagonists (LTRA).8 Therapeutic recommendations differ 

for children aged 6–11 years, with preference for the use 

of moderate-dose ICS (double the “low” daily dose over 

combination ICS/LABA at Step 3). If this strategy is ineffec-

tive, it is recommended that the child be referred for expert 

assessment and advice at further treatment steps.8 In children 

aged ,6 years, the preferred asthma control medication is 

low-dose ICS, such as 200 µg budesonide or equivalent, 

plus as-needed short-acting β
2
-agonists (SABAs) as reliever 

medication. However, ICS monotherapy often only confers 

partial control in children aged ,6 years and, due to lack 

of data, treatment options for these patients are limited to 

doubling of low-dose ICS and addition of an LTRA, with 

specialist referral required if this strategy fails.8

The recent label approval of tiotropium for use in patients 

aged $6 years with severe asthma in both Europe11 and 

the United States12 reflects an awareness of the need for 

effective therapies for this younger population. However, 

there is still an important unmet clinical need for additional 

evidence-based second-line therapies in young children with 

uncontrolled symptomatic asthma.

Recent developments in asthma 
management
Asthma management continues to evolve as new treatment 

options are developed, approved, and incorporated into 

treatment recommendations. The GINA strategy currently 

includes the addition of the LAMA tiotropium as a Step 4–5 

add-on treatment for patients aged $12 years with a history 

of exacerbations, before escalation to treatment with 

biologics or low-dose oral corticosteroids (OCS) (where 

applicable).8 An extensive trial program, designed to estab-

lish the efficacy and safety of tiotropium Respimat® Soft 

Mist™ inhaler (Boehringer Ingelheim Pharma GmbH & 

Co. KG, Ingelheim am Rhein, Germany),13–19 has helped in 

the quest to address the unmet need of patients who remain 

symptomatic despite available therapies, resulting in the label 

approval in adult patients in Singapore (aged $18 years), 

Japan (aged $15 years), and, more recently, in Europe 

and the United States for patients aged $6 years.11,12 Given 

that tiotropium is a well-tolerated and efficacious add-on 

to at least medium-dose ICS plus one or more controller 

medications in clinical trials in children aged ,12 years,17,20,21 

assessing its use for the treatment of patients aged ,6 years, 

in whom alternative controller treatments are limited, could 

be extremely valuable due to the high unmet medical need 

in this age group. An increasing number of biologic thera-

pies targeting exacerbations are emerging. Antibody-based 

therapies are available to treat patients with moderate-to-

severe allergic asthma aged .6 years,22 or for adolescents22 

and adults,23,24 as add-on options at GINA Step 5. Omali-

zumab (Novartis Pharma Services AG, Basel, Switzerland) 

is a humanized monoclonal anti-immunoglobulin E (IgE) 

antibody initially approved in 2003 for the treatment of 

moderate-to-severe allergic asthma. By binding to the frag-

ment region of free IgE, it prevents its binding and allergen-

induced cross-linking of high-affinity receptors on effector 

cells.22 More recently, the humanized anti- IL–5 monoclonal 

antibodies reslizumab (Teva UK Ltd, Harlow, UK), 
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mepolizumab (GlaxoSmithKline UK, Uxbridge, Middlesex, 

UK), and benralizumab (AstraZeneca UK Ltd, Luton, 

Bedfordshire, UK) have been approved for the treatment of 

severe eosinophilic asthma in adults.25–27 Dupilumab (Regen-

eron Pharmaceuticals, Inc., Guildford, Surrey, UK),28,29 which 

targets the alpha chain of the IL-4 receptor, thereby inhibit-

ing binding of both IL-4 and IL-13, has also demonstrated 

improved outcomes in adult patients with severe or moderate-

to-severe asthma, including lung function, exacerbations, 

and symptoms.30 Treatment with biologics requires either 

subcutaneous or, in some cases, intravenous injections by 

health care professionals at regular intervals, as IgE levels 

and eosinophil numbers can be rapidly restored.31 Although 

these therapies have proven safety profiles, important limiting 

factors include the inconvenience caused to the patient due to 

the repeated visits for therapy and the personal financial cost 

of these visits. Their use also requires patient phenotyping 

and specific biomarker analysis to ensure the appropriate 

selection of patients who are most likely to benefit from the 

different biologic options.32 This requires additional testing, 

thereby increasing the complexity of prescribing an already 

costly therapy. Inhaled therapies offer a more autonomous 

option for asthma management as well being more cost 

effective and should therefore be thoroughly explored before 

considering biologics or OCS as therapeutic options.

Further options for Step 4–5 add-on 
treatment
In adults with symptomatic severe asthma with poor con-

trol and/or frequent exacerbations despite good inhaler 

technique and treatment adherence, low-dose OCS may be 

considered.8 However, OCS are frequently associated with 

substantial side effects after both frequent short-term and 

long-term use;33,34 this may account for the reluctance to 

prescribe OCS generally, not just in younger, symptomatic 

severe asthma patients.35 Another recommended alternative 

for symptomatic severe adults is bronchial thermoplasty – a 

nonpharmacological intervention that claims to reduce the 

amount of smooth muscle in the airway walls, making it less 

likely that the airways will become narrow in the future.8,36 

Although bronchial thermoplasty has shown some improve-

ments mainly in reducing exacerbations in adults with severe 

asthma, more long-term evidence from well-controlled 

clinical trials is required to establish the procedure, particu-

larly in severe asthma.36

A subpopulation of adult patients with persistent 

symptomatic asthma who may benefit from treatment with 

macrolides has yet to be precisely defined.37 Clinical trials 

with azithromycin found a decrease in exacerbations in 

patients treated compared with those prescribed placebo, as 

well as an improvement in asthma-related quality of life.35 

Macrolides could also be considered another potential treat-

ment to achieve disease control in patients who remain poorly 

controlled despite optimal inhaled treatment and who do not 

qualify for biologics. In particular, the effects of long-term 

therapy with macrolides on community microbial resistance 

are, as yet, undetermined and remain a major concern.

Cholinergic activity in asthma 
pathophysiology
Understanding the role of cholinergic signaling in the airways 

is important to gain a clear overview of the significance 

of LAMAs in asthma management. The neurotransmitter 

acetylcholine (ACh) is released by the parasympathetic 

nervous system and regulates airway tone, smooth muscle 

contraction, and mucus secretion.38 ACh exerts its effects 

primarily via interaction with muscarinic (M) receptors on 

the airway smooth muscle (ASM).38 It is postulated that 

functional antagonism due to crosstalk between M receptors 

and β
2
-adrenoceptors may exert an influence on β

2
-agonist-

induced muscle relaxation.39 Thus, muscarinic antagonists 

may provide bronchodilation in a way that is both comple-

mentary and different to β
2
-agonists.

Anticholinergics, both short-acting and long-acting, have 

long been used in the management of respiratory disease, 

particularly chronic obstructive pulmonary disease (COPD). 

Tiotropium has been approved for use in COPD for over 

10 years and has the most extensive research available in 

asthma for a LAMA. As such, its mechanism of action as a 

bronchodilator is well established in these respiratory dis-

eases. In the airways, tiotropium binds competitively and 

reversibly to the M
1
 and M

3
 receptors on ASM,40 inhibiting 

the action of ACh, thereby indirectly leading to smooth 

muscle relaxation.40,41 Compared with the short-acting 

muscarinic antagonist (SAMA) ipratropium, tiotropium dis-

sociates much more slowly from the M
1
 and M

3
 receptors, 

making it a more potent bronchodilator.42 Its .24-hour 

duration of action has been confirmed by several clinical 

studies in COPD.42,43

Clinical evidence with 
anticholinergics
Short-acting muscarinic antagonists
Ipratropium bromide is a SAMA that nonselectively blocks 

M
1
, M

2
, and M

3
 muscarinic receptors in the airways44 and 

exerts a bronchodilator effect in patients with asthma.45 
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Currently, ipratropium is recommended as an alternative 

reliever agent for adult patients who are unable to tolerate 

treatment with SABAs.46 Significant improvements in 

bronchodilation after 4 weeks of treatment with ipratropium 

bromide/albuterol combination therapy compared with 

albuterol alone were observed.37

Ipratropium is often used in conjunction with a SABA 

for the emergency treatment of exacerbations in adults and 

children; this approach has been associated with fewer hos-

pitalizations and greater improvement in peak expiratory 

flow (PEF) and forced expiratory volume in 1 second (FEV
1
) 

compared with SABA alone.8,47,48 For children experiencing a 

severe asthma exacerbation, triple therapy with ipratropium, 

albuterol, and an OCS led to significant improvement in lung 

function compared with standard therapy.45

Ipratropium has been shown to be more effective in adults 

with nonatopic asthma and a longer duration of the disease.49 

However, Cochrane reviews of the effectiveness of SAMAs 

in adults and children reveal no advantages to justify their 

use as maintenance asthma treatments.50,51

Long-acting muscarinic antagonists
Tiotropium bromide
Data from several clinical trials in patients aged 1–75 years 

with asthma show that the efficacy of tiotropium is consistent 

in both adults and children, irrespective of disease severity 

and phenotype. The trials in the tiotropium clinical develop-

ment program will be briefly summarized here but are dis-

cussed in greater detail in other articles in this supplement.

The efficacy and safety of tiotropium in asthma has been 

demonstrated in five adult52–56 and two pediatric57,58 Phase II 

studies comparing tiotropium with placebo. Tiotropium’s 

safety and safety profile (investigated at doses of 5 and 

2.5 µg, delivered as two puffs once daily via the Respimat® 

device) vs placebo was further established with a series 

of four Phase III trials in adults with symptomatic mild,57 

moderate,14,59 or severe13 asthma as add-on to ICS ± LABA 

(Table 1). Phase II trials in both adults and children were 

performed using different tiotropium dosages: 5, 2.5, and 

1.25 µg, each delivered as two puffs once daily via the 

Respimat® device. Across Phase II and III trials, the results 

of the 2.5 and 5 µg doses were predominantly similar, and 

both were superior to placebo for most endpoints tested. 

Therefore, based on the Phase II and III trials mentioned 

above, the approved and recommended once-daily tiotropium 

Respimat® dose for asthma in adults and children 6 years and 

above is 2.5 µg in the United States and 5 µg in almost all 

other countries. Of note, the 5 µg dose was superior to the 

2.5 µg dose for some endpoints in both the Phase II and III 

trials in children with moderate and severe asthma, without 

any differences regarding safety compared with placebo 

or the 2.5 µg dose. Both doses of tiotropium significantly 

improved lung function and asthma control. Results from 

three Phase III studies in children and two in adolescents 

with symptomatic moderate or severe asthma despite 

medium- or high-dose ICS also showed that tiotropium 

Respimat® resulted in a greater improvement in FEV
1
 within 

3 hours postdose (FEV
1(0–3h)

) response at 12 and 24 weeks 

compared with placebo (Table 1).15–19 Furthermore, in some 

cases, patient-assessed asthma control and quality of life did 

not reach statistical significance or cross the threshold for 

minimal clinical important difference. In addition to data 

from company-sponsored clinical trials, data from an inde-

pendent study by Peters et al support the use of tiotropium 

for the treatment of asthma in adult patients at GINA Step 3 

and 4.60 Their findings showed that the use of tiotropium 

was superior to doubling the ICS dose, with improvements 

in symptoms and lung function; tiotropium as add-on to 

medium-dose ICS was also shown to be noninferior to add-

ing salmeterol.60

In our experience, some patients believe tiotropium is less 

effective than LABA therapy due to its slower onset of action. 

Lung function assessment, however, has demonstrated that 

tiotropium, as an add-on therapy to LABA, is as effective as 

size on lung function in terms of timing and effect.53,61 Patient 

compliance, as we have observed it, increases if patients are 

informed of the difference in onset of action.

Asthma is a complex heterogeneous disease that com-

prises different phenotypes and endotypes; as such, patients 

may respond differently to therapies. However, evidence 

from subgroup analyses of data from clinical studies in 

patients aged 18–75 years with symptomatic moderate or 

severe asthma have demonstrated that tiotropium is effec-

tive in asthma, irrespective of baseline characteristics and 

phenotypes.62 Similarly, data from subgroup analyses of 

the two replicate MezzoTinA-asthma® studies have demon-

strated that tiotropium’s efficacy is independent of baseline 

characteristics in adults with symptomatic moderate asthma.63 

Data from studies with tiotropium in children and adolescents 

with symptomatic moderate or severe asthma also support 

these findings, and demonstrate treatment efficacy irrespec-

tive of eosinophil numbers in peripheral blood or IgE serum 

levels64–66 without the need to phenotype.

Preclinical studies also indicate that tiotropium may have 

other benefits, such as preventing airway remodeling67 and 

reducing airway inflammation.68,69
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Other long-acting muscarinic antagonists
To date, the tiotropium clinical trial program in asthma 

across all age groups is by far the most advanced of the 

studies evaluating LAMAs. A number of studies assessing 

the LAMAs umeclidinium bromide (GlaxoSmithKline plc, 

Middlesex, UK) and glycopyrronium in adults with symp-

tomatic and uncontrolled asthma have been completed or 

are ongoing.70–75 Although both therapies are approved for 

COPD, neither has been approved for an asthma indication. 

A Phase II trial investigating the efficacy of umeclidinium 

monotherapy in adults with asthma showed no conclusive 

therapeutic benefit.70,71 However, a different study in asthma 

showed that it had potential as a combination therapy with 

ICS, demonstrating improvements in trough FEV
1
, morning 

PEF, and evening PEF.71,72 A Phase III study assessing the 

safety and efficacy of adding umeclidinium to ICS + LABA 

in adults with symptomatic uncontrolled asthma is also 

ongoing.73 Results from a comparative study showed that 

both tiotropium and glycopyrronium provided clinically 

significant bronchoprotection against methacholine-induced 

bronchoconstriction for up to 96 hours, but at 168 hours, 

this effect was only significant with tiotropium.74 A small 

crossover study investigating the potential utility of glyco-

pyrronium in asthma showed that it significantly prolonged 

bronchoprotection and bronchodilation compared with 

ipratropium and placebo.75 Another LAMA approved for 

COPD – aclidinium – is currently under investigation in an 

acute model of asthma.76 Data from a murine model of asthma 

indicate that aclidinium reduces allergen-induced airway 

hyperresponsiveness and eosinophilic airway inflammation.77 

However, there are no clinical trials currently investigating 

the effect of aclidinium in patients with asthma.

Overall, studies involving patients with asthma investi-

gating the effects of LAMAs other than tiotropium are few 

in adults and have yet to be commenced in adolescents or 

children. Therefore, there is limited information to allow 

conclusions to be drawn about the potential future use of 

umeclidinium bromide, glycopyrronium, or aclidinium in 

the management of asthma.

Future perspectives in asthma 
management
Asthma in adults
Prior to the approval of tiotropium for the treatment of 

asthma, alternative options for adults with severe asthma 

uncontrolled with ICS/LABA were mainly biologic 

therapies or OCS.8 The use of biologics, while efficacious, 

requires specific biomarker analysis to phenotype patients,32 

and long-term use of OCS is associated with a high potential 

for side effects.8,33,34 The large body of data demonstrating 

the efficacy of tiotropium in the treatment of symptomatic 

asthma regardless of baseline characteristics addresses a 

previously unmet need in uncontrolled asthma. Its admin-

istration without the need for patient phenotyping makes 

tiotropium relatively easy to incorporate into routine clinical 

practice. Of note, GINA strategy now recommends the use 

of tiotropium as preferred option in adults uncontrolled on 

ICS/LABA at Step 4 and 5, before the addition of anti-IgE, 

anti-IL-5, or OCS.8

Tiotropium may also provide an alternative option to 

the use of LABAs in patients with uncontrolled asthma and 

is currently being investigated as such. In the large Gaining 

Optimal Asthma ControL study with over 3,000 patients 

aged 12 to ,80 years with uncontrolled asthma, around 

one-third of participants were not able to gain sufficient 

control despite ICS/LABA treatment.78 Additionally, studies 

in adults have shown that some patients may develop a toler-

ance to long-term use of LABAs,79,80 impairing their efficacy 

in bronchospasm prevention. There are currently limited 

treatment options for this group of patients, and evidence 

suggests that tiotropium has the potential to fill this gap.81,82 

Findings from a Cochrane meta-analysis of four double-blind, 

double-dummy studies with ~2,000 adults, comparing the 

use of tiotropium vs LABA add-on to medium-dose ICS, 

show that differences between the two controller medications 

were small. Tiotropium showed slight benefits over LABA 

on some measures of lung function, whereas LABA showed 

benefit in terms of quality of life.82 In a second trial, Kerstjens 

et al confirmed the aforementioned efficacy and safety of 

tiotropium add-on therapy compared with salmeterol.14 

Data from the Tiotropium Bromide as an Alternative to 

Increased Inhaled Glucocorticoid in Patients Inadequately 

Controlled on a Lower Dose of Inhaled Corticosteroid study 

in adults with inadequately controlled asthma also show 

that some patients respond to tiotropium but not salmeterol, 

and vice versa.83 Furthermore, Peters et al have shown that 

tiotropium is noninferior to the LABA salmeterol in adults 

with asthma. In that study, the addition of tiotropium to ICS 

resulted in a greater improvement in FEV
1
 and PEF compared 

with doubling the ICS dose.60 As the evidence increases, 

tiotropium may emerge as the key choice in adults for add-on 

to ICS/LABA, and in those unsuitable or intolerant to treat-

ment with a LABA. The use of LABAs as monotherapy has 

been associated with increased rates of hospitalization84 and 
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asthma-related deaths85 and has been linked to the occurrence 

of adverse cardiac events such as tachycardia.86

Pediatric asthma
The indication for tiotropium add-on treatment has 

recently been expanded to patients in the European Union 

aged $6 years with severe asthma who experienced $1 severe 

asthma exacerbation in the past year, and to patients in the 

United States aged $6 years with asthma.11,12 The approval 

of tiotropium has addressed an important unmet clinical 

need for children with uncontrolled asthma on ICS/LABA; 

these patients previously had very limited choices for add-on 

therapy, with less clear evidence for efficacy and safety, and 

have thus required specialist referral. Importantly, tiotropium 

has been demonstrated to be efficacious in pediatric asthma 

regardless of allergic subtype. Asthma in childhood is often 

associated with atopy – a condition that predisposes to pro-

duction of IgE against specific allergens87 – and studies have 

therefore been performed to determine whether baseline IgE 

levels or blood eosinophil counts will influence response 

to tiotropium. Analysis of pooled data from symptomatic 

moderate patients aged 6–17 years in the CanoTinA-asthma® 

and RubaTinA-asthma® trials has shown that tiotropium 

improves lung function irrespective of these markers of an 

allergic status.64–66 These results demonstrate the effective-

ness of tiotropium in pediatric asthma, primarily on lung 

function, without the need for phenotyping according to IgE 

levels or blood eosinophil counts, again conferring time- and 

cost-related benefits in the incorporation of tiotropium into 

clinical practice. However, while there was a consistent 

pattern for improved lung function, some improvements at 

different ages with specific doses did not reach statistical 

significance. Therefore, further studies investigating the 

relationship between improvement in pulmonary function, 

decreased exacerbations and increased quality of life are 

warranted.

Further consideration should also be paid to the person-

alization and monitoring of response to step-up therapy in 

pediatric asthma that is uncontrolled with ICS monotherapy. 

Differential responses to step-up therapy with ICS, LABA, 

or LTRA in ICS-treated children aged 6–17 years with 

uncontrolled mild-to-moderate asthma were demonstrated 

in the Best Add-on Therapy Giving Effective Responses 

trial. In this randomized, double-blind, three-way crossover 

trial, LABA add-on was significantly more likely to provide 

the best response vs either increased ICS dose or LTRA as 

add-on.88 Importantly, a differential response to the three 

step-up therapies occurred in 98% of patients, demonstrating 

that a single effective combination treatment for all patients 

does not currently exist in uncontrolled pediatric asthma. 

Findings from a meta-analysis of 18 randomized trials 

with ~3,750 patients aged #18 years, comparing the use of 

LTRA and ICS alone or in combination in mild-to-moderate 

asthma, show that patients treated with ICS alone had fewer 

asthma exacerbations and better lung function and asthma 

control than with LTRA alone.89 Add-on LTRA to ICS con-

ferred no significant benefit in this analysis. Furthermore, data 

from a Cochrane meta-analysis of four randomized trials in 

almost 560 patients aged 6–18 years with mild-to-moderate 

asthma demonstrated no significant benefit of adding LTRA 

to ICS in the three trials that evaluated this treatment.90 These 

data do not support LTRA as a Step 3 add-on in children and 

adolescents. Collectively, these findings, when considered 

with the adverse effects on linear growth associated with ICS 

use in these age groups,91,92 favor the use of add-on LABA 

to ICS as step-up therapy over add-on LTRA or increased 

ICS use. Tiotropium is an equally effective add-on to ICS 

and the only LAMA approved for use in children with 

asthma. It may provide an important alternative for pediatric 

patients, particularly those who have inadequate response to 

ICS + LABA. Thus, further responder analyses by age for 

different therapeutic options are required and should include 

tiotropium with ICS ± LABA as a triple therapy.

Tiotropium is a bronchodilator with no anti-inflammatory 

activities, and this may result in a limited effect size. The 

effect on future risk, such as exacerbation frequency and 

severity, was expectedly lower compared with the observed 

effect on disease control and, more importantly, lung function. 

Due to this mode of action, tiotropium is to be used as add-on 

to ICS and not as a single maintenance treatment. The 

addition of tiotropium to moderate- or high-dose ICS with 

or without LABA can improve lung function and enhance 

symptom control, and potentially aid in reducing future risk.

inhaler considerations
It is notable that, despite the availability of efficacious 

therapies and international treatment guidelines, achieving 

asthma control remains an elusive goal for a high propor-

tion of patients of all ages worldwide.93,94 One reason for 

suboptimal asthma control is nonadherence to prescribed 

controller therapy,95,96 which could be either unintentional 

or intentional (Figure 1). Unintentional reasons include 

poor inhaler technique, forgetfulness, or inadequate under-

standing of instructions by patients or caregivers.97,98 It has 
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been shown that control worsens as the number of mistakes 

in technique increases.99 Additionally, Hodder et al have 

reported that ease and convenience of use are some of the 

characteristics that affect patients’ perceptions of their inhaler 

devices.100 Intentional reasons could be driven by factors such 

as disease- or medication-related beliefs, or concerns about 

adverse effects.101 Here, effective patient/caregiver–clinician 

communication, as advocated by the GINA report, can play 

an important role.8 Eliciting a patient’s or caregiver’s views 

on a treatment could help to highlight and guide discussion 

when addressing possible perceptual barriers, reasons for 

nonadherence, and practical barriers such as poor inhaler 

technique. Improved treatment adherence may also be 

conferred by shared decision-making regarding treatment. 

Findings from a randomized study by the Better Outcomes 

of Asthma Treatment group, assessing the effect of shared 

decision-making on treatment adherence and clinical out-

comes in over 600 adults with poorly controlled asthma, 

demonstrate that conciliation of patient-preferred therapy 

choices significantly improves treatment adherence and 

clinical outcomes.102

Another factor that may influence therapy choice is 

device preference. Currently available inhalers include 

metered-dose inhalers (MDIs), which can be pressurized 

(pMDI) or breath-actuated, and dry powder inhalers (DPIs), 

each of which requires a different pattern of inhalation for 

optimal drug delivery to the lungs.98 MDIs are often used 

incorrectly,99 with a study finding that between 28% and 

68% of patients following the correct technique do not use 

them well enough to benefit from the medication.103 Fink 

and Rubin103 and McFadden104 have also shown that many 

patients lack coordination for the split-second timing required 

between beginning a slow inhalation and activation of a 

pMDI. However, aerosols with a smaller particle size exit-

ing at a low velocity may help to overcome problems with 

poor coordination.105

Tiotropium Respimat® is approved for once-daily admin-

istration, most likely supporting adherence to a medication 

plan rather than a twice-daily regimen. The aerosol cloud 

generated by the Respimat® Soft Mist™ inhaler contains 

a higher fraction of fine particles that exit the inhaler more 

slowly and last for a longer time than most pMDIs or 

DPIs.106,107 These properties translate into higher lung depo-

sition and may mean that drug delivery and efficacy may be 

improved with Respimat® in patients who have difficulties 

actuating and coordinating inhalation when using a pMDI.107 

Reported adherence to inhalers in children and adolescents 

can be as low as 50%, dropping to less than 30% in those aged 

16–17 years.108 Characteristics of the inhalers such as mecha-

nism of action were one of the factors affecting adherence in 

adolescents.108 Involving the adolescent patients in selecting 

their inhaler device has been suggested as a possible option 

to facilitate adherence. Findings from a patient questionnaire 

designed to examine preference for, and satisfaction with, 

inhaler devices in COPD and asthma showed that patients 

were more willing to continue to use Respimat® vs a hydro-

fluoroalkane pMDI. Respimat® also had significantly higher 

satisfaction ratings than other inhalers.109 The inhaler device 

was easier to use, and inhalation of a single dose was shown 

to provide bronchodilator efficacy over a 24-hour period 

in patients with symptomatic asthma in a similar manner 

to twice-daily dosing.56 The Soft Mist™ inhaler is suitable 

for use by all age groups, as demonstrated in the tiotropium 

clinical trial program. In addition, a handling study to assess 

the use of this inhaler in children aged #5 years concluded 

its suitability for this age group, although those younger 

Figure 1 Reasons for unintentional or intentional nonadherence.
Note: Data from these studies.97,98,101

Unintentional nonadherence

•  Poor inhaler technique

•  Physical difficulties using an inhaler

•  Language barriers

•  Forgetfulness

•  Inadequate understanding of
instructions by patients or
caregivers

•  Disease-related beliefs (eg, perception
 of disease severity, prognosis)

•  Medication-related beliefs (eg, not
recognizing importance of taking inhaler
regularly)

•  Concerns about adverse events

Intentional nonadherence
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than 5 years are advised to add a valved holding chamber to 

complement its use.110

Shared decision-making in asthma
A survey of adult asthma patients in a large health main-

tenance organization reported that 30% of patients were 

dissatisfied with their current treatment. Dissatisfaction was 

significantly associated with poor asthma control, patient–

provider communication problems, and the patients’ belief 

in their medication.111,112 For example, 16% of those who had 

good asthma control were dissatisfied compared with 70% of 

those who had poor control. Furthermore, the odds of treat-

ment dissatisfaction were up to eight times higher among 

patients who reported uncertainty about the efficacy of their 

medication or their ability to take the medication as directed 

than those without these management problems. Of those 

with patient–provider issues, half (49.8%) were observed 

among those who reported that their physician did not involve 

them in treatment decisions. These findings further highlight 

the importance of patient/caregiver–clinician communication 

and shared decision-making in the treatment of asthma.

Cost-effectiveness
Uncontrolled asthma has a negative impact on health status 

and work productivity and is associated with increased health 

care costs.113 Asthma costs directly increase with increasing 

lack of disease control. Between 80% and 90% of patients had 

uncontrolled asthma, as determined by The Epidemiology 

and Natural History of Asthma: Outcomes and Treatment 

Regimens study, and their costs were more than double 

those of patients with controlled asthma.114 Furthermore, 

pediatric asthma confers a considerable socioeconomic 

burden in terms of increased school absences, reduced per-

formance of patients, and missed workdays of caregivers.5 

Cost-effectiveness is an important aspect when considering 

new treatment options and their positioning in therapeutic 

management. Willson et al developed a Markov model to 

estimate the cost-effectiveness of tiotropium add-on therapy 

in patients with uncontrolled asthma despite treatment with 

ICS/LABA from the perspective of the UK National Health 

Service.115,116 Using data from two clinical trials in adult 

patients with severe asthma, the model considered asthma 

control and exacerbations, and analyzed cost and quality-

adjusted life-years (QALYs).115,116 The results showed that 

tiotropium was cost-effective when added to usual care, 

generating an incremental 0.19 QALYs and £5,389 in 

costs over a lifetime horizon, resulting in an incremental 

cost-effectiveness ratio of £28,383 per QALY gained.116 

Other studies conducted in Poland and Portugal also con-

firmed the cost-effectiveness of tiotropium add-on therapy in 

treating adults with uncontrolled asthma.117,118 A more recent 

study compared the cost-effectiveness of tiotropium against 

another add-on therapy option, omalizumab, in patients with 

uncontrolled severe allergic asthma.119 The authors reported 

lower total discounted costs with tiotropium compared with 

omalizumab, as well as lower expected values of model 

outcomes over 10 years in relation to number of nonsevere 

exacerbation weeks.119 Further cost-effectiveness analyses, 

particularly with biologic therapies, will help to clarify the 

true cost-effectiveness of tiotropium add-on therapy. With the 

emergence of novel therapies for asthma that present exciting 

possibilities for achieving disease control, it is important to 

critically assess the cost-effectiveness of these options.

Conclusion
Asthma is a chronic disease that confers a considerable burden 

on individual patient quality of life, as well as on global health 

and socioeconomics. Great advances have been made in asthma 

treatment and management; however, there is still a population 

of patients who remain difficult to control. LAMAs as add-on 

therapy are proving effective in achieving asthma control in 

patients with asthma. The extensive study of tiotropium, as 

part of a structured program of large-scale trials, demonstrated 

its efficacy and safety in improving lung function as add-on 

therapy to ICS ± LABA in patients of all ages across a broad 

spectrum of severities. Tiotropium is cost-effective and, unlike 

biologics, has been shown to be efficacious in all asthma phe-

notypes, irrespective of patients’ baseline characteristics and 

allergic status. Therefore, in adults, adolescents, and children 

with severe asthma who experienced one or more exacerba-

tions in the previous year, tiotropium is a suitable alternative 

add-on treatment to ICS, which should be considered ahead 

of interventions that require phenotyping. Tiotropium may 

also provide a much-needed alternative for children who are 

uncontrolled with ICS ± LABA and who would otherwise 

require higher ICS doses and specialist referral.
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