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Abstract Status

Asthma often remains uncontrolled despite treatment with inhaled corticosteroids 
(ICS) alone or with ICS plus a long-acting β2-agonist (LABA). The recommended 
alternative is the addition of either montelukast or tiotropium. The aim of this study 
was to compare the effects of montelukast and tiotropium on airway inflammation 
and remodeling in persistent asthma.Eighty-seven patients with asthma were treated 
with budesonide and formoterol (640/18 μg); then, the patients were randomly 
allocated to three groups to receive oral montelukast (10 mg/day), inhaled 

tiotropium (5 μg/day), or no add-on to the maintenance therapy for 48 weeks. 

Fractional exhaled nitric oxide (FeNO) and pulmonary function were measured, and 
quantitative computed tomography was performed.Compared to the maintenance 
therapy, add-on montelukast significantly decreased FeNO (p < 0.05) and improved 
airflow obstruction (p < 0.05), whereas airway dimensions remained unchanged. 
Changes in FeNO were significantly correlated with changes in FEV1 (r = -0.71, 
p < 0.001). In contrast, the addition of tiotropium significantly decreased airway wall 
area corrected for body surface area (WA/BSA) (p < 0.05), decreased wall thickness 
(T/√BSA) (p < 0.05) and improved airflow obstruction (p < 0.05) with no change in 
FeNO. Changes in WA/BSA and T/√BSA were significantly correlated with the 
change in percentage predicted FEV1 (r = -0.84, p < 0.001 and r = -0.59, p < 0.01, 
respectively).Adding either montelukast or tiotropium to ICS/LABA may provide 
additive benefits with respect to the pulmonary function and airway inflammation or 
remodeling in patients with asthma.

excluded
did not meet 
inclusion criteria

In Japan, most asthma deaths occur among the elderly. We should improve the 
control of asthma in elderly patients to reduce the number of deaths due to asthma. 
This retrospective study aimed to evaluate the efficacy of tiotropium RespimatⓇ (Tio-
Res) in symptomatic, never-smoking, elderly asthmatics with irreversible airflow 
limitation despite the use of high-dose inhaled corticosteroids (ICS) plus long-acting 
β2-adrenoceptor agonists (LABA).The Asthma Control Test™ (ACT), pulmonary 
function tests, morning and evening peak flow (mPEF, ePEF, respectively, evaluated 
with an ASSESS® peak flow meter), and respiratory impedance (assessed with 
MostGraph®) were measured before and after a minimum of one year of Tio-Res 
5 µg/day administration. Sixteen symptomatic, never-smoking asthmatics, aged 75 
or over with irreversible airflow limitation despite the use of high-dose ICS plus 
LABA, were analyzed.All patients were female (mean age, 81.6 years). Tio-Res led 
to statistically significant improvements in the total ACT score (19.9 to 23.6), FVC 
and FEV1 (1.97 to 2.14 L and 1.13 to 1.23 L, respectively), and mPEF and ePEF 
(229.9 to 253.8 L/min and 259.8 to 277.4 L/min, respectively). Tio-Res also resulted 
in statistically significant improvements in respiratory resistance at 5 Hz (R5), 
respiratory resistance at 20 Hz (R20), R5-R20, low-frequency reactant indices at 
5 Hz (X5), resonant frequency (Fres) and low-frequency reactance area (ALX).Our 
retrospective study suggests that Tio-Res improves symptoms, pulmonary function, 
and respiratory impedance in symptomatic asthmatics aged 75 or over with 
irreversible airflow limitation despite the use of high-dose ICS plus LABA.

excluded
did not meet 
inclusion criteria

The long-acting muscarinic antagonist tiotropium received an indication for the 
treatment of asthma from the FDA in 2015.This paper summarizes much of the 
published findings on tiotropium and asthma and explores the heterogeneity of the 
asthma population vis-à-vis recent changes in guidelines for management of COPD. 
The accompanying case study provides an illustration of how tiotropium might be 
added to a patient's regimen appropriately.Tiotropium has been shown in many 
studies to be beneficial to patients with asthma as an add-on medication. It should 
be considered as an agent by the clinician managing patients with both allergic and 
non-allergic asthma.

excluded Case study
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In vitro and clinical 
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administrating tiotropium 
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children with persistent asthmatic 
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Long-acting muscarinic antagonist (LAMA) tiotropium improved lung function and 
reduced risks of exacerbation when added on to inhaled corticosteroids (ICS) with or 
without long-acting B2 agonists (LABAs) in patients with uncontrolled asthma. 
However, studies predicting the effectiveness of tiotropium based on patients' clinical 
characteristics were limited.We conducted this retrospective study at a single 
medical center from July 2016 to July 2017, and used asthma control test (ACT) to 
evaluate the effectiveness of tiotropium add-on therapy in patients with uncontrolled 
asthma. The effectiveness was shown by an increase in ACT score from baseline of 
3 or greater after 3 months of tiotropium add-on therapy.Patients with uncontrolled 
asthma despite the use of low- or medium- to high-dose of ICS plus LABA (n=160) 
were analyzed. Among patients having good response (n=112, ACT score increased 
≥3 points) to tiotropium (TGR group) and patients having poor response (n=48, ACT 
increased <3 points) to tiotropium (TPR group), their baseline characteristics 
including age, asthma and chronic obstructive pulmonary disease (COPD) overlap 
(ACO), cigarette use, initial FEV1, serum IgE level, eosinophil count, and BMI were 
significantly different. Univariate analysis showed that old age, ACO, cigarette use, 
initial FEV1 <80%, and BMI >30 were predictors of the effectiveness of tiotropium. 
Patients with high serum total IgE level >430 µg/L and eosinophil count >0.6×109/L 
had a negative impact on response to tiotropium. Multivariate logistic regression 
analysis demonstrated that the independent factor of poor response to tiotropium 
was high serum IgE level >430 µg/L.Tiotropium add-on therapy in patients with 
uncontrolled asthma was effective. However, patients with serum total IgE level >430 
µg/L were less likely to benefit from tiotropium.

excluded
did not meet 
inclusion criteria

When characterizing inhalation products, a comprehensive assessment including in 
vitro, pharmacokinetic (PK), and clinical data is required. We conducted a 
characterization of tiotropium Respimat® when administered with AeroChamber 
Plus® Flow-Vu® anti-static valved holding chamber (test VHC) with face mask in 1-5-
year-olds with persistent asthmatic symptoms.In vitro tiotropium dose and particle 
size distribution delivered into a cascade impactor were evaluated under fixed 
paediatric and adult flow rates between actuation and samplings. The tiotropium 
mass likely to reach children's lungs was assessed by tidal breathing simulations 
and an ADAM-III Child Model. PK exposure to tiotropium in preschool children with 
persistent asthmatic symptoms (using test VHC) was compared with pooled data 
from nine Phase 2/3 trials in older children, adolescents, and adults with 
symptomatic persistent asthma not using test VHC.At fixed inspiratory flow rates, 
emitted mass and fine particle dose decreased under lower flow conditions; dose 
reduction was observed when Respimat® was administered by test VHC at 
paediatric flow rates. In <5-year-old children, such a dose reduction is appropriate. In 
terms of dose per kg/body weight, in vitro-delivered dosing in children was 
comparable with adults. Transmission and aerosol holding properties of Respimat® 
when administered with test VHC were fully sufficient for aerosol delivery to patients. 
At zero delay, particles <5 μm (most relevant fraction) exhibited a transfer efficacy of 
≥60%. The half-time was>10 s, allowing multiple breaths. Standardized tidal 
inhalation resulted in an emitted mass from the test VHC of approximately one-third 
of labelled dose, independent of coordination and face mask use, indicating 
predictable tiotropium administration by test VHC with Respimat®. Tiotropium 
exposure in 1-5-year-old patients using the test VHC, when adjusted by height or 
body surface, was comparable with that in older age groups without VHCs; no 
overexposure was observed. Adverse events were less frequent with tiotropium 
(2.5 μg, n = 20 [55.6%]; 5 μg, n = 18 [58.1%]) than placebo (n = 25 [73.5%]).Our 
findings provide good initial evidence to suggest that tiotropium Respimat® may be 
administered with AeroChamber Plus® Flow-Vu® VHC in 1-5-year-old patients with 
persistent asthmatic symptoms. To confirm the clinical efficacy and safety in these 
patients, additional trials are required.The trial was registered under NCT01634113 
at http://www.clinicaltrials.gov.

excluded
did not meet 
inclusion criteria
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BACKGROUND The aim of this study was to evaluate the therapeutic effects of 
tiotropium bromide on asthma. MATERIAL AND METHODS A total of 160 patients 
with moderate persistent asthma were randomly divided into 4 groups (n=40): the 3 
control groups were given fluticasone propionate aerosol (group A), salmeterol-
fluticasone propionate inhalant (group B), and tiotropium bromide inhalation powder 
combined with salmeterol-fluticasone propionate inhalant (group C), respectively, 

and the experimental group received tiotropium bromide inhalation powder 

combined with fluticasone propionate aerosol (group D) and salbutamol was used to 
relieve symptoms when necessary. RESULTS After 8 weeks of treatment, the 
pulmonary function of group D, which was significantly better than those of group A 
(P<0.05), was similar to those of groups B and C (P>0.05). Group D had significantly 
better asthma control test scores and nighttime symptom scores than in group A 
(P<0.05), without significant differences from those of group B or group C (P>0.05). 
The number of times salbutamol was used to alleviate symptoms was significantly 
different (P<0.05) between group D and group A (P<0.05), as well as between group 
C and group D (P<0.05). Groups D and B had similar results (P>0.05). IL-13 levels 
in induced sputum had significant differences (P<0.05). The levels in group D, which 
were higher than those of groups A and B (P<0.05), were similar to those of group C 
(P>0.05). CONCLUSIONS Tiotropium bromide combined with fluticasone propionate 
improved the respiratory function and quality of life, and is a new therapy for 
moderate, persistent asthma.

excluded
did not meet 
inclusion criteria

A significant minority of asthma patients remain uncontrolled despite the use of 
inhaled corticosteroids (ICS) and long-acting beta-agonists (LABA). A number of add-
on therapies, including monoclonal antibodies (namely omalizumab) and more 
recently tiotropium bromide have been recommended for this subgroup of patients. 
The purpose of this study was to assess the cost-effectiveness of tiotropium versus 
omalizumab as add-on therapies to ICS + LABA for patients with uncontrolled 
allergic asthma.A probabilistic Markov model of asthma was created. Total costs (in 
2013 US $) and health outcomes of three interventions including standard therapy 
(ICS + LABA), add-on therapy with tiotropium, and add-on therapy with omalizumab, 
were calculated over a 10-year time horizon. Future costs and quality-adjusted life 
years (QALYs) were discounted at the rate of 3%. Multiple sensitivity analyses were 
conducted. Cost-effectiveness was evaluated at willingness-to-pay value of 
$50,000.The 10-year discounted costs and QALYs for standard therapy were 
$38,432 and 6.79, respectively. The corresponding values for add-on therapy with 
tiotropium and with omalizumab were $41,535 and 6.88, and $217,847 and 7.17, 
respectively. The incremental cost-effectiveness ratios (ICER) of add-on therapy with 
tiotropium versus standard therapy, and omalizumab versus tiotropium were 
$34,478/QALY, and $593,643/QALY, respectively. The model outcomes were most 
sensitive to the costs of omalizumab but were robust against other 
assumptions.Although omalizumab had the best health outcomes, add-on therapy 
with tiotropium was a cost-effective alternative to omalizumab and standard therapy 
for uncontrolled allergic asthma at willingness-to-pay of $50,000/QALY.

excluded HEOR
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Few studies have assessed the safety and efficacy of potential asthma medications 
in children younger than 5 years. We descriptively assessed the safety and efficacy 
of tiotropium, a long-acting anticholinergic drug, in children aged 1-5 years with 
persistent asthmatic symptoms.This exploratory 12-week, randomised, double-blind, 
placebo-controlled, parallel-group, phase 2/3, regulatory multicentre trial was done at 
32 hospitals, clinics, and clinical research units in 11 countries in Asia, Europe, and 
North America. Children aged 1-5 years with at least a 6-month history of persistent 
asthmatic symptoms and a need for inhaled corticosteroids were eligible. Patients 
were randomly allocated using an interactive voice or web-based response system 
to receive once-daily tiotropium 2·5 μg, tiotropium 5 μg, or placebo as an add-on to 
inhaled corticosteroids with or without additional controller medication. Patients and 
investigators were masked to study group assignment. Tiotropium was given via the 
Respimat inhaler once daily as two puffs of 1·25 μg in the 2·5 μg group, two puffs of 
2·5 μg in the 5 μg group, or two puffs of placebo. The primary outcomes were safety, 
which was assessed by comparing adverse events between the tiotropium and 
placebo groups, and efficacy, which was measured as the change in weekly mean 
combined daytime asthma symptom score from baseline to week 12. Statistical 
analyses of treatment effects were exploratory; although endpoints were defined, 
they were used for descriptive analyses only. The safety and primary analyses were 
done in all patients who received at least one dose of their assigned treatment. This 
study is registered with ClinicalTrials.gov (NCT01634113), and is 
completed.Between July 26, 2012, and Dec 4, 2014, 102 children were randomly 
assigned to the three treatment groups (36 to receive tiotropium 2·5 μg, 32 to 
receive tiotropium 5 μg, and 34 to receive placebo). 101 children completed the 
study and were included in the analyses. The changes in adjusted weekly mean 
combined daytime asthma symptom scores between baseline and week 12 were not 
significantly different between any of the groups. The adjusted mean difference 
between the tiotropium 2·5 μg group and placebo group was -0·080 (95% CI -0·312 
to 0·152) and the difference between tiotropium 5 μg and placebo group was -0·048 
(-0·292 to 0·195). Adverse events were less frequent with tiotropium treatment than 
with placebo (20 [56%] of 36 children with tiotropium 2·5 μg, 18 [58%] of 31 with 
tiotropium 5 μg, and 25 [74%] of 34 with placebo), although no formal statistical 
comparison between groups was performed. A greater proportion of children 

Included Inclusions

Adding tiotropium to existing inhaled corticosteroid (ICS) maintenance therapy with 
or without a long-acting β2-agonist (LABA) has been shown to be beneficial in 
patients with symptomatic asthma.To assess whether responses to tiotropium 
Respimat add-on therapy were influenced by patients' T2 status.In this exploratory 
study, data from 4 phase III trials were analyzed: once-daily tiotropium 5 μg or 
placebo as add-on to ICS + LABA (PrimoTinA-asthma; 2 replicate trials; 
NCT00772538/NCT00776984; n = 912); once-daily tiotropium 5 μg or 2.5 μg, twice-
daily salmeterol 50 μg, or placebo as add-on to ICS (MezzoTinA-asthma; 2 replicate 
trials; NCT01172808/NCT01172821; n = 2100). The prespecified efficacy outcomes 
of these studies have been reported previously. Here, further exploratory subgroup 
analyses were performed to study whether these coprimary end points were 
influenced by serum IgE levels, blood eosinophil counts, and clinician judgment of 
allergic asthma. In addition, for the continuous parameters, namely, IgE and blood 
eosinophils, their influence on the treatment effect was modeled over the whole 
range of values.Tiotropium was efficacious in improving peak FEV1 within 3 hours 
postdose and trough FEV1, independent of T2 status. Tiotropium significantly 
reduced the risk of severe asthma exacerbations and asthma worsening, 
independent of T2 phenotype; Cox regression modeling supported a beneficial effect 
of tiotropium on exacerbations, independent of IgE levels or eosinophil counts. 
Numerical improvements in the 7-question Asthma Control Questionnaire (ACQ-7) 
responder rate with tiotropium versus placebo were observed in T2high and T2low 
patients; logistic regression modeling provided further evidence for improvement in 
ACQ-7 responder rates with tiotropium, independent of IgE levels or eosinophil 
counts.The results of our exploratory analyses suggest that the improvements seen 
with tiotropium Respimat as add-on to ICS ± LABA in patients with symptomatic 
asthma on lung function, exacerbation risk, and symptom control are independent of 
T2 phenotype.

excluded
did not meet 
inclusion criteria
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Tiotropium is a long acting muscarinic antagonist (LAMA), licensed as triple therapy 
with inhaled corticosteroid and long-acting beta-agonist (ICS/LABA). There may be a 
synergistic benefit between LAMA and LABA as a consequence of receptor cross-
talk, which in turn could modify beta-2 receptor downregulation and associated 
tolerance induced by LABA.We hypothesize this mechanism may result in a 
reduction of airway hyperresponsiveness (AHR) when using triple therapy.We 
evaluated 14 non-smoking asthmatics using an open-label, randomized crossover 
design. ICS with Indacaterol and Tiotropium (IND/TIO) vs ICS with Indacaterol (IND) 
over 4 weeks with challenge performed after first and last doses at trough.We found 
no significant difference in mannitol sensitivity, expressed as the provocative dose of 
mannitol required to reach a 15% drop in FEV1 , or mannitol reactivity, expressed as 
the response dose ratio (RDR: max % fall in FEV1 /cumulative dose), when 
comparing ICS/IND/TIO to ICS/IND. Geometric mean fold differences for RDR 
comparing single and chronic dosing were 3.26-fold (95% CI 1.46-7.29) and 2.51-
fold (95% CI 1.32-4.79) for IND and IND/TIO, respectively. Furthermore, salbutamol 
recovery post-challenge was significantly blunted after chronic compared to single 
dosing with either ICS/IND (P<.005) or ICS/IND/TIO (P<.05).Our data suggest that 
concomitant tiotropium does not modify the bronchoprotective tolerance induced by 
Indacaterol, in turn suggesting that cross-talk may not be clinically relevant when 
using triple therapy. This study was registered on clinicaltrials.gov as NCT02039011.

excluded
did not meet 
inclusion criteria

Studies in adults and adolescents have demonstrated that tiotropium is efficacious 
as an add-on therapy to inhaled corticosteroids (ICSs) with or without other 
maintenance therapies in patients with moderate or severe symptomatic asthma.We 
sought to assess the efficacy and safety of once-daily tiotropium Respimat add-on 
therapy to high-dose ICS with 1 or more controller medications, or medium-dose ICS 
with 2 or more controller medications, in the first phase III trial of tiotropium in 
children with severe symptomatic asthma.In this 12-week, double-blind, placebo-
controlled, parallel-group trial, 401 participants aged 6 to 11 years were randomized 
to receive once-daily tiotropium 5 μg (2 puffs of 2.5 μg) or 2.5 μg (2 puffs of 1.25 μg), 
or placebo (2 puffs), administered through the Respimat device as add-on to 
background therapy.Compared with placebo, tiotropium 5 μg, but not 2.5 μg, add-on 
therapy improved the primary end point, peak FEV1 within 3 hours after dosing 
(5 μg, 139 mL [95% CI, 75-203; P < .001]; 2.5 μg, 35 mL [95% CI, -28 to 99; 
P = .27]), and the key secondary end point, trough FEV1 (5 μg, 87 mL [95% CI, 19-
154; P = .01]; 2.5 μg, 18 mL [95% CI, -48 to 85; P = .59]). The safety and tolerability 
of tiotropium were comparable with those of placebo.Once-daily tiotropium Respimat 
5 μg improved lung function and was well tolerated as add-on therapy to ICS with 
other maintenance therapies in children with severe symptomatic asthma.

Included Inclusions
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Tiotropium is a long-acting inhaled antimuscarinic bronchodilator that has recently 
received marketing authorization for the indication of asthma with dose delivery via 
the Respimat® inhaler, in addition to its widely established role in the management 
of chronic obstructive pulmonary disease (COPD). This report presents a combined 
analysis of tiotropium plasma and urine pharmacokinetics at steady state from 8 
Phase II/III clinical trials in asthma and delineates the effects of patient 
characteristics on systemic exposure based on the parameters fe0-24,ss (fraction of 
dose excreted unchanged in urine over 24 h post-dose at steady-state) and dose-
normalized AUCtau,ss and Cmax,ss. Pharmacokinetics were also compared 
between asthma and COPD, incorporating data from 3 COPD Phase II/III clinical 
trials. Tiotropium pharmacokinetics in asthma were dose-proportional up to 5 μg 
dosed once daily. The following factors showed no statistically significant effects on 
tiotropium systemic exposure in asthma based on analysis of geometric mean ratios 
and 90% confidence intervals: age, asthma severity, lung function, reversibility 
testing, allergy status, smoking history, geographical region, and posology (5 μg 
once daily or 2.5 μg twice daily via Respimat®). Asian patients showed a moderately 
but significantly higher systemic exposure compared to White or Black patients. 
However, no differences in safety by race were observed. Total systemic exposure 
(AUCtau,ss) was similar between asthma and COPD, but Cmax,ss was 52% lower 
in asthma patients compared to COPD. It is concluded that in asthma, patient 
characteristics have no relevant effect on tiotropium systemic exposure. Since 
systemic exposure to inhaled drugs is an indicator of safety, the lower Cmax,ss 
compared to COPD is not considered a concern for tiotropium therapy of asthma.

excluded
did not meet 
inclusion criteria

Tiotropium, a once-daily, long-acting anticholinergic bronchodilator, has shown 
efficacy and safety as an add-on to maintenance therapy in patients with 
symptomatic asthma.The aim of the present study was to assess the effect of 
tiotropium on airway geometry and airway inflammation in patients with asthma who 
were symptomatic despite treatment with inhaled corticosteroid (ICS) plus a long-
acting beta 2agonist (LABA).In total, 53 patients with symptomatic asthma who 
received ICS plus LABA and who had a prebronchodilator forced expiratory volume 
in 1 second of 6090% of the predicted value were randomized to the addition of 
tiotropium 5 g once daily (n = 25) or no add-on (n = 28) to maintenance therapy for 
48 weeks. Quantitative computed tomography, fractional exhaled nitric oxide, and 
pulmonary function were measured.Compared with maintenance therapy, the 
addition of tiotropium significantly decreased airway wall area (WA) corrected for 
body surface area (BSA) (WA/BSA) (p 0.05) and wall thickness (T) (T/BSA, p 0.05), 
and improved airflow obstruction. No significant difference in the change of fractional 
exhaled nitric oxide was observed between the two treatment groups. Changes in 
WA/BSA and T/BSA were significantly correlated with the change in predicted forced 
expiratory volume in 1 second (r = 0.87, p 0.001, and r = 0.82, p 0.001, 
respectively).The addition of once-daily tiotropium to maintenance therapy improved 
airflow limitation and reduced airway T. A triple combination of tiotropium and ICS 
plus LABA may have additive protective effects of bronchodilation and remodeling.

excluded
did not meet 
inclusion criteria
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The effects of tiotropium, an inhaled long-acting muscarinic antagonist, on lung 
function were investigated in current smokers and nonsmokers with asthma treated 
with inhaled corticosteroids (ICSs) and other asthma controllers: inhaled long-acting 
β2 agonists, leukotriene receptor antagonists, and/or theophylline. We conducted a 
double-blind, placebo-controlled study of an inhaled single dose of tiotropium in 9 
asthmatics currently smoking and 9 asthmatics who have never smoked in a 
crossover manner. Lung function was measured before and 1, 3, and 24 h after 
inhalation of 18 μg of tiotropium or a placebo. The primary outcome was a change in 
forced expiratory volume in 1 s (FEV1) from the baseline, and the secondary 
outcomes were changes in peak expiratory flow rate (PEFR), V˙50, and V˙25. At 
baseline, asthmatics with and without a smoking history had a mean FEV1 of 
2590 ml and 2220 ml and were taking a mean dose of ICSs of 1208 and 
1000 μg/day, respectively. The increase from the baseline FEV1 was 169 ml and 
105 ml higher at 3 h after tiotropium than after the placebo in current smokers and 
nonsmokers, respectively. PEFR, V˙50, and V˙25 were also significantly increased 
after tiotropium as compared with the placebo in both study groups. Changes in 
FEV1 and PEFR tended to be greater in asthmatics currently smoking than in 
subjects who have never smoked, although there were no statistical differences at 
any time points. Tiotropium resulted in improved lung function and symptoms both in 
current smoker and nonsmoker asthmatics. These findings suggest that tiotropium 
will provide a new strategy for the treatment of bronchial asthma.

excluded
did not meet 
inclusion criteria

We present results from the first phase III trial of once-daily tiotropium add-on to 
inhaled corticosteroids (ICS) plus one or more controller therapies in adolescents 
with severe symptomatic asthma.In this double-blind, parallel-group trial 
(NCT01277523), 392 patients aged 12-17 years were randomised to receive once-
daily tiotropium 5 µg or 2.5 µg, or placebo, as an add-on to ICS plus other controller 
therapies over 12 weeks. The primary and key secondary end-points were change 
from baseline (response) in peak forced expiratory volume in 1 s (FEV1) within 3 h 
post-dosing (FEV1(0-3h)) and trough FEV1, respectively, after 12 weeks of 
treatment.Tiotropium 5 µg provided numerical improvements in peak FEV1(0-3h) 
response, compared with placebo (90 mL; p=0.104), and significant improvements 
were observed with tiotropium 2.5 µg (111 mL; p=0.046). Numerical improvements in 
trough FEV1 response and asthma control were observed with both tiotropium 
doses, compared with placebo. The safety and tolerability of tiotropium were 
comparable with those of placebo.Once-daily tiotropium Respimat add-on to ICS 
plus one or more controller therapies in adolescents with severe symptomatic 
asthma was well tolerated. The primary end-point of efficacy was not met, although 
positive trends for improvements in lung function and asthma control were observed.

Included Inclusions

Burden of asthma supplementary worksheet.xlsx



27

No
Tiotropium not 
delivered via 
Respimat®

Pulmonary 
pharmacology & 
therapeutics

9715279

The European 
respiratory journal

8803460

Burden of asthma supplementary worksheet.xlsx



28

2017 02 42 7-12 Internet
Makoto 
Yoshida

Yoshida, 
M; 
Kaneko, 
Y; 
Ishimatsu
, A; 
Komori, 
M; 
Iwanaga, 
T; Inoue, 
H

Division 
of 
Respirato
ry 
Medicine, 
National 
Hospital 
Organizati
on 
Fukuoka 
Hospital, 
4-39-1 
Yakataba
ru, 
Minami-
ku, 
Fukuoka 
811-1394, 
Japan. 
Electronic 
address: 
myoshida
@mfukuo
ka2.hosp.
go.jp.

2017 01 49 1 Internet
Eckard 
Hamelma
nn

Hamelma
nn, E; 
Bernstein, 
JA; 
Vandewal
ker, M; 
Moroni-
Zentgraf, 
P; Verri, 
D; 
Unseld, 
A; Engel, 
M; Boner, 
AL

Klinik für 
Kinder- 
und 
Jugendm
edizin, 
Kinderzen
trum 
Bethel, 
Evangelis
ches 
Krankenh
aus 
Bielefeld, 
Akademis
ches 
Lehrkrank
enhaus 
der 
Universitä
t Münster, 
Bielefeld, 
Germany 
eckard.ha
melmann
@evkb.de
.

Burden of asthma supplementary worksheet.xlsx



29

27578478
10.1016/j.
rmed.201
6.07.001

Respir Med. 2016 
Sep;118:102-111. doi: 
10.1016/j.rmed.2016.07.0
01. Epub 2016 Jul 2.

Safety and tolerability of once-daily 
tiotropium Respimat(®) as add-on 
to at least inhaled corticosteroids 
in adult patients with symptomatic 

asthma: A pooled safety 

analysis.

27578477
10.1016/j.
rmed.201
6.07.017

Respir Med. 2016 
Sep;118:96-101. doi: 
10.1016/j.rmed.2016.07.0
17. Epub 2016 Jul 30. 
Erratum in: Respir Med. 
2017 Nov;132:268. 

Duration of bronchoprotection of 

the long-acting muscarinic 
antagonists tiotropium & 
glycopyrronium against 
methacholine-induced 
bronchoconstriction in mild 
asthmatics.

Burden of asthma supplementary worksheet.xlsx



30

Tiotropium, a long-acting anticholinergic bronchodilator, has demonstrated efficacy 
and safety as add-on therapy to inhaled corticosteroids (ICS), with or without other 
maintenance therapies, in patients with symptomatic asthma.To evaluate safety and 
tolerability of tiotropium delivered via the Respimat(®) device, compared with 
placebo, each as add-on to at least ICS therapy, in a pooled sample of adults with 
symptomatic asthma at different treatment steps.Data were pooled from seven 
Phase II and III, randomised, double-blind, parallel-group trials of 12-52 weeks' 
treatment duration, which investigated once-daily tiotropium Respimat(®) (5 μg, 
2.5 μg) versus placebo as add-on to different background maintenance therapy 
including at least ICS. Adverse events (AEs) including serious AEs were assessed 
throughout treatment + 30 days after the last dose of trial medication.Of 3474 
patients analysed, 2157 received tiotropium. The percentage of patients with AEs 
was comparable between treatment groups: tiotropium 5 μg, 60.8%; placebo 5 μg 
pool, 62.5%; tiotropium 2.5 μg, 57.1%; placebo 2.5 μg pool, 55.1%. Consistent with 
the disease profile, the most frequent AEs overall were asthma, decreased peak 
expiratory flow rate (both less frequent with tiotropium) and nasopharyngitis. Overall 
incidence of dry mouth, commonly associated with use of anticholinergics, was low: 
tiotropium 5 μg, 1.0%; placebo 5 μg pool, 0.5%; tiotropium 2.5 μg, 0.4%; placebo 
2.5 μg pool, 0.5%. The percentage of cardiac disorder AEs was comparable 
between tiotropium and placebo: tiotropium 5 μg, 1.4%; placebo 5 μg pool, 1.4%; 
tiotropium 2.5 μg, 1.4%; placebo 2.5 μg pool, 1.1%. The proportions of patients with 
serious AEs were balanced across groups: tiotropium 5 μg, 4.0%; placebo 5 μg pool, 
4.9%; tiotropium 2.5 μg, 2.0%; placebo 2.5 μg pool, 3.3%.Tiotropium Respimat(®) 
demonstrated safety and tolerability comparable with those of placebo, as add-on to 
at least ICS therapy, at different treatment steps in adults with symptomatic asthma.

excluded
did not meet 
inclusion criteria

The duration of bronchoprotection against methacholine-induced 
bronchoconstriction by long-acting muscarinic antagonists (LAMA's) in asthmatics 
and whether these drugs differ in their pharmacodynamic properties remain to be 
determined. The most recent published guidelines for methacholine challenge 
testing (MCT) suggest that LAMA's should be abstained from for 48 h prior to 
testing, perhaps one week in the case of tiotropium. The objectives were to 
determine and compare the duration of protection of a single dose of two different 

LAMA's, tiotropium and glycopyrronium, against methacholine-induced 

bronchoconstriction. Thirteen mild-to-moderate asthmatics [with a forced 

expiratory volume in 1 s (FEV1) > 65% of predicted and a baseline methacholine 
provocation concentration causing a 20% reduction in FEV1 (PC20) ≤ 8 mg/mL] 
completed this double-blind, double-dummy, crossover study. Methacholine 
challenges were performed before treatment (5 μg tiotropium or 50 μg 
glycopyrronium) and at 1, 24, 48, 72, 96 and 168 h post-treatment. The minimum 
duration between treatment administration was 11 days. Both drugs provided 
significant bronchoprotection, each producing greater than a 16-fold increase in 
mean PC20 by 1 h. Tiotropium still provided statistically significant protection at 7 
days (p = 0.0282) while glycopyrronium provided bronchoprotection until day 7 
(p = 0.0590). Tiotropium provided statistically superior bronchoprotection at 24 and 
72 h compared to glycopyrronium. To minimize the occurrence of false negatives, 
MCT guidelines should be updated to recommend a minimum one-week abstinence 
period from all LAMA's. MCT was also able to statistically differentiate between 
tiotropium and glycopyrronium with respect to the degree and duration of 
bronchoprotection provided by each.NCT02622243.
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Many patients with asthma remain symptomatic despite treatment with inhaled 
corticosteroids (ICS) with or without long-acting β2-agonists (LABAs). Tiotropium 
add-on to ICS plus a LABA has been shown to improve lung function and reduce 
exacerbation risk in patients with symptomatic asthma.To determine whether the 
efficacy of tiotropium add-on therapy is dependent on patients' baseline 
characteristics.Two randomized, double-blind, parallel-group, twin trials 

(NCT00772538 and NCT00776984) of once-daily tiotropium Respimat(®) 5 μg 

add-on to ICS plus a LABA were performed in parallel in patients with severe 

symptomatic asthma. Exploratory subgroup analyses of peak forced expiratory 
volume in 1 s (FEV1), trough FEV1, time to first severe exacerbation, time to first 
episode of asthma worsening, and seven-question Asthma Control Questionnaire 
responder rate were performed to determine whether results were influenced by 
baseline characteristics.912 patients were randomized: 456 received tiotropium and 
456 received placebo. Tiotropium improved lung function, reduced the risk of 
asthma exacerbations and asthma worsening, and improved asthma symptom 
control, compared with placebo, independent of baseline characteristics including 
gender, age, body mass index, disease duration, age at asthma onset, and FEV1 % 
predicted at screening and reversibility.Once-daily tiotropium 5 μg compared with 
placebo improved lung function, reduced the risk of asthma exacerbations and 
asthma worsening, and improved asthma symptom control, independent of a broad 
range of baseline characteristics, as add-on to ICS plus LABAs in patients with 
severe symptomatic asthma.ClinicalTrials.gov; numbers NCT00772538 and 
NCT00776984 URL: www.clinicaltrials.gov.

excluded
did not meet 
inclusion criteria

To investigate the clinical efficacy of tiotropium in children with asthma. Eighty 
children with newly diagnosed moderate persistent asthma were enrolled into this 
study. The children were randomly assigned to the fluticasone propionate aerosol 
group or the fluticasone propionate aerosol plus tiotropium group for 12 weeks. Lung 
function was significantly improved in both groups at 4, 8, and 12 weeks compared 
with baseline (P < 0.01). Moreover, lung function was significantly improved in the 
tiotropium group compared with the control group (P < 0.05). However, there was no 
significant difference in the incidence of severe asthma between the two groups 
(36.3% and 26.8%, respectively; P > 0.05). Compared with the control group, the 
number of days and frequency of short-acting beta2-adrenoceptor agonist use was 
significantly reduced in the tiotropium group (P < 0.05). Awakenings during the night 
were also significantly decreased (P < 0.00). There were no severe adverse 
reactions in either of the study groups.Tiotropium could significantly improve lung 
function, reduce the use of short-acting beta2-adrenoceptor agonists, and improve 
sleep in children with asthma. Furthermore, few adverse reactions were reported.
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Results from phase III clinical trials in adults and phase II clinical trials in children 
and adolescents demonstrate that tiotropium is an effective treatment when added to 
inhaled corticosteroid (ICS) maintenance therapy.We sought to assess the efficacy 
and safety of once-daily tiotropium Respimat added to ICSs with or without a 
leukotriene receptor antagonist in a phase III trial in adolescent patients with 
moderate symptomatic asthma.In this 48-week, double-blind, placebo-controlled, 
parallel-group study, 398 patients aged 12 to 17 years were randomized to receive 
5 μg (2 puffs of 2.5 μg) or 2.5 μg (2 puffs of 1.25 μg) of once-daily tiotropium or 
placebo (2 puffs) administered through the Respimat device every evening, each as 
add-on treatment to ICS background therapy, with or without a leukotriene receptor 
antagonist; long-acting β2-agonist therapy was not permitted during the 
study.Improvement in peak FEV1 within 3 hours after dosing at 24 weeks (primary 
end point) was statistically significant with both tiotropium doses compared with 
placebo: 5 μg of tiotropium, 174 mL (95% CI, 76-272 mL); 2.5 μg of tiotropium, 
134 mL (95% CI, 34-234 mL). Significant improvements in trough FEV1 at week 24 
(a secondary end point) were observed with the 5-μg dose only. Trends for 
improvement in asthma control and health-related quality of life over the 48-week 
treatment period were observed.Once-daily tiotropium significantly improved lung 
function and was safe and well tolerated when added to at least ICS maintenance 
therapy in adolescent patients with moderate symptomatic asthma. Larger 
responses were observed with the 5-μg tiotropium dose.

Included Inclusions

To evaluate the efficacy and safety of tiotropium in treatment of severe persistent 
asthma.Reports of randomized controlled trials (RCTs) describing tiotropium for 
treatment of severe persistent asthma published from January 1946 to February 
2015 were searched in Cochrane Library, ClinicalTrials.gov, PubMed, Ovid Medline, 
CNKI, and CSJD. The data of the included RCTs were extracted and the data quality 
was evaluated. Meta-analyses were performed with Revman 5.3 software.Five RCTs 
including 1433 patients were analyzed. Meta-analysis of the data showed that 
compared with the placebo group, tiotropium treatment significantly improved the 
patients' peak forced expiratory volume in one second (FEV1) [weighted mean 
difference (WMD): 0.13 L, 95% confidence interval (CI): 0.10-0.16 L, P<0.00001], 
trough FEV1 (WMD: 0.09 L, 95%CI: 0.06-0.12 L, P<0.00001), peak forced vital 
capacity (FVC) (WMD: 0.10 L, 95%CI: 0.06-0.14 L, P<0.00001), trough FVC (WMD: 
0.12 L, 95%CI: 0.08-0.17 L, P<0.00001), morning peak expiratory flow (PEF) (WMD: 
9.21 L/min, 95%CI: 4.2-14.23 L/min, P=0.0003), evening PEF (WMD: 22.06 L/min, 
95%CI 13.05-31.08 L/min, P<0.00001). The scores of asthma control questionnaire 
(ACQ) (WMD: 0.01, 95% CI: -0.07-0.09, P=0.86) or asthma quality of life 
questionnaire (AQLQ)(WMD: 0.06, 95% CI:-0.18-0.06, P=0.33) were not affected by 
tiotropium. No significant difference with adverse events between tiotropium group 
and placebo group were reported in these included studies (P>0.05).Tiotropium for 
severe persistent asthma treatment can improve FEV1, FVC, and PEF but may not 
improve the quality of life of the patients. Tiotropium is well tolerated and can be an 
add-on therapy for severe persistent asthma.
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This study was conducted to confirm the 24-hour bronchodilator efficacy and 
pharmacokinetic profile of once-daily tiotropium Respimat® 5 μg add-on to inhaled 
corticosteroids (ICS) in adults with symptomatic asthma. It used a trial protocol 
designed to minimize the risk of pharmacokinetic sample contamination resulting 
from improper sampling procedure, sample handling, or device handling during 
priming and subsequent inhalation procedure. A Phase II, randomized, double-blind, 
two-way crossover study (NCT01696071) comparing two daily dosing regimens of 
tiotropium for 4 weeks, once-daily 5 μg (evening dosing) or twice-daily 2.5 μg 
(morning and evening dosing), as add-on to maintenance therapy with ICS (400-
800 μg budesonide or equivalent) as controller medication. There was no washout 
between treatment periods.An increase in the area under the curve of the 24-hour 
forced expiratory volume in 1 second profile from study baseline was observed 
following once-daily tiotropium 5 μg (217 mL) and twice-daily 2.5 μg (219 mL), with 
no difference between the two regimens (-2 mL [95% confidence interval: -38, 34]). 
In a subset of the study population, total tiotropium exposure, expressed as area 
under the plasma concentration versus time curve over 24 hours, was comparable 
between dosing regimens. Unexpected tiotropium plasma levels were observed in 
two patients, possibly because of contamination.The observed bronchodilator 
efficacy over 24 hours was similar with once-daily tiotropium 5 μg and twice-daily 
2.5 μg as add-on to ICS therapy, supporting the suitability of once-daily dosing to 
provide sustained improvements in lung function in adults with symptomatic asthma.

excluded
did not meet 
inclusion criteria

The long-acting anticholinergic tiotropium has recently been registered for the 
treatment of asthma, and its use is associated with a reduction in exacerbation 
frequency. Anti-inflammatory and anti-remodeling effects of tiotropium have been 
demonstrated in in vitro and in vivo models. Because tiotropium treatment is used in 
combination with inhaled corticosteroids, potential additive effects between the two 
would be clinically relevant. Therefore, the aim of this study was to investigate 
additive effects between tiotropium and ciclesonide on airway inflammation and 
remodeling in guinea pig models of asthma.Guinea pigs (n = 3-8/group) were 
sensitized and challenged with ovalbumin in an acute (single challenge) and a 
chronic model (12 weekly challenges) of allergic asthma. Animals were treated with 
vehicle, nebulized tiotropium (0.01-0.3 mM) and/or intranasally instilled ciclesonide 
(0.001-1 mg/kg) before each challenge. Bronchoalveolar lavage fluid and lungs were 
collected for analysis of airway inflammation and remodeling.Tiotropium and 
ciclesonide treatment, alone or in combination, did not inhibit airway inflammation in 
the acute asthma model. In a dose-finding study, low doses of tiotropium and 
ciclesonide inhibited airway eosinophilia and airway smooth muscle thickening in the 
chronic asthma model. Threshold doses of 0.01 mM tiotropium (nebulizer 
concentration) and 0.01 mg/kg ciclesonide were selected to investigate potential 
additive effects between both drugs. At these doses, tiotropium and ciclesonide did 
not inhibit airway eosinophilia or airway smooth muscle thickening when 
administered alone, but significantly inhibited these allergen-induced responses 
when administered in combination.Combined treatment with low doses of tiotropium 
and ciclesonide inhibits airway inflammation and remodeling in a guinea pig model of 
chronic asthma, suggesting that combined treatment with anticholinergics and 
corticosteroids may have anti-inflammatory and anti-remodeling activity in allergic 
airway diseases. Since tiotropium is registered as a therapy for asthma added on to 
corticosteroid treatment, these beneficial effects of the combination therapy may be 
clinically relevant.
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Anticholinergic drug products are not part of the current treatment paradigm for 
asthma, despite their widespread availability for chronic obstructive pulmonary 
disease (COPD) and interest in their use for asthma. Published study results, mostly 
of short duration and primarily with ipratropium and tiotropium, have revealed 
inconsistent efficacy results. Consequently, the role of inhaled anticholinergic drugs 

in the treatment of asthma has been unclear. This commentary discusses and 

comments on data from five clinical trials in adults that were submitted by 
Boehringer Ingelheim to the U.S. Food and Drug Administration to support approval 
of tiotropium delivered by the Respimat device (Spiriva Respimat) for the treatment 
of asthma. These trials provided substantial evidence that supported the approval of 
Spiriva Respimat at a recommended dose of 2.5 μg once daily for asthma. Notably, 
in trials that evaluated two doses of tiotropium, 2.5 μg and 5 μg (the dose approved 
for COPD), pulmonary function measures for Spiriva Respimat 2.5 μg once daily 
were better overall than those obtained for the 5-μg once-daily dose, thus justifying 
selection of the lower dose for asthma. Spiriva Respimat represents the first new 
class of drug approved by the U.S. Food and Drug Administration for the treatment 
of asthma in more than a decade. The availability of Spiriva Respimat for asthma 
along with other novel therapies currently under development has the potential to 
impact asthma treatment guidelines. 

excluded
Review/meta 
analysis

Tiotropium, a once-daily long-acting anticholinergic bronchodilator, has 
demonstrated efficacy in patients with asthma who were symptomatic despite 
treatment with medium- to high-dose inhaled corticosteroids (ICS).The objective of 
this study was to evaluate the efficacy and safety of once-daily tiotropium Respimat 
(5 μg or 2.5 μg), compared with placebo Respimat, as add-on therapy to low- to 
medium-dose ICS for adults with symptomatic asthma.A phase III, double-blind, 

placebo-controlled trial was conducted (NCT01316380). Adults with symptomatic 

asthma receiving low- to medium-dose ICS (200-400 μg budesonide or equivalent 
dose) and a pre-bronchodilator forced expiratory volume in 1 second (FEV1) ≥60% 
and ≤90% of predicted normal were randomized to 12 weeks of treatment with once-
daily tiotropium Respimat 5 μg or 2.5 μg, or placebo Respimat, as add-on therapy to 
ICS. The primary endpoint was peak FEV1(0-3h) response.In total, 464 patients 
were randomized (61% female; mean age 43 years; mean baseline FEV1 78% of 
predicted normal). After 12 weeks, both tiotropium Respimat doses were superior to 
placebo (adjusted mean difference from placebo: 5 μg, 128 mL; 2.5 μg, 159 mL; 
both P < .001). Both doses of tiotropium Respimat were also superior to placebo 
with regard to the secondary endpoints of adjusted mean trough FEV1 and FEV1 
area under the curve(0-3h) responses, and the other endpoints of morning and 
evening peak expiratory flow. Adverse events were comparable across the treatment 
groups.Once-daily tiotropium Respimat add-on therapy to low- to medium-dose ICS 
in adults with symptomatic asthma is an efficacious bronchodilator, and its safety 
and tolerability are comparable with those of placebo Respimat.

Included Inclusions
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excluded Erratum

Bronchial asthma is becoming increasingly prevalent worldwide. Although first-line 
therapy with inhaled corticosteroids (ICS) with or without long-acting β2 agonists 
(LABA) has significantly improved the clinical outcomes of asthma, they cannot 
provide all asthmatics with good control and thus alternatives or add-on drugs are 
required. Tiotropium is a long-acting muscarinic antagonist that has been used to 
treat chronic obstructive pulmonary disease and it has been approved for treating 
asthma in some countries. This agent has similar bronchodilatory effects to those of 
LABA and might also have anti-inflammatory and anti-remodeling effects.Some 
pivotal clinical trials have found tiotropium effective as an add-on medication for low-
to-medium doses of ICS for treating symptomatic asthma and asthma that remains 
uncontrolled despite ICS plus LABA therapy.Whether or not tiotropium has anti-
inflammatory and anti-remodeling effects in humans with asthma is an important 
issue. Predictors that would identify patients who would derive the maximal potential 
benefit from treatment with tiotropium in addition to their current therapy are also 
needed. Although the cardiovascular toxicity of tiotropium is less remarkable in 
asthma than in chronic obstructive pulmonary disease, longer and larger studies are 
still needed to confirm the safety of tiotropium for treating asthma.
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This study assessed the long-term safety and efficacy of tiotropium Respimat, a long-
acting inhaled anticholinergic bronchodilator, in asthma, added on to inhaled 
corticosteroids (ICS) with or without long-acting β2-agonist (LABA).285 patients with 
symptomatic asthma, despite treatment with ICS±LABA, were randomised 2:2:1 to 
once-daily tiotropium 5 μg, tiotropium 2.5 μg or placebo for 52 weeks (via the 
Respimat SoftMist inhaler) added on to ICS±LABA, in a double-blind, placebo-
controlled, parallel-group study (NCT01340209).to describe the long-term safety 
profile of tiotropium. Secondary end points included: trough forced expiratory volume 
in 1 second (FEV1) response; peak expiratory flow rate (PEFR) response; seven-
question Asthma Control Questionnaire (ACQ-7) score.At Week 52, adverse-event 
(AE) rates with tiotropium 5 μg, 2.5 μg and placebo were 88.6%, 86.8% and 89.5%, 
respectively. Commonly reported AEs with tiotropium 5 μg, 2.5 μg and placebo were 
nasopharyngitis (48.2%, 44.7%, 42.1%), asthma (28.9%, 29.8%, 38.6%), decreased 
PEFR (15.8%, 7.9%, 21.1%), bronchitis (9.6%, 13.2%, 7.0%), pharyngitis (7.9%, 
13.2%, 3.5%) and gastroenteritis (10.5%, 3.5%, 5.3%). In the tiotropium 5 μg, 2.5 μg 
and placebo groups, 8.8%, 5.3% and 5.3% of patients reported drug-related AEs; 
3.5%, 3.5% and 15.8% reported serious AEs. Asthma worsening was the only 
serious AE reported in more than one patient. At Week 52, adjusted mean trough 
FEV1 and trough PEFR responses were significantly higher with tiotropium 5 μg (but 
not 2.5 μg) versus placebo. ACQ-7 responder rates were higher with tiotropium 5 μg 
and 2.5 μg versus placebo at Week 24.The long-term tiotropium Respimat safety 
profile was comparable with that of placebo Respimat, and associated with mild to 
moderate, non-serious AEs in patients with symptomatic asthma despite ICS±LABA 
therapy. Compared with placebo, tiotropium 5 μg, but not 2.5 μg, significantly 
improved lung function and symptoms, supporting the long-term efficacy of the 5 μg 
dose.ClinicalTrials.gov NCT01340209.

Included Inclusions

A considerable number of children with asthma remain symptomatic despite 
treatment with inhaled corticosteroids, resulting in significant morbidity, reduced 
quality of life, increased healthcare costs and lost school days. The aim of our study 
was to assess the efficacy, safety and tolerability of once-daily tiotropium Respimat® 
5 μg, 2.5 μg and 1.25 μg add-on to medium-dose inhaled corticosteroids, with or 
without a leukotriene modifier, in children aged 6-11 years with symptomatic 
asthma.In this Phase II, double-blind, placebo-controlled, incomplete-crossover, 
dose-ranging study, patients were randomised to receive three of the four treatments 
evaluated: once-daily tiotropium Respimat® 5 μg, 2.5 μg or 1.25 μg or placebo 
Respimat®, in the evening during the 12-week (three × 4-week) treatment period.In 
total, 76, 74, 75 and 76 patients aged 6-11 years received tiotropium Respimat® 5 
μg, 2.5 μg, 1.25 μg and placebo Respimat®, respectively. For the primary end point 
(peak forced expiratory volume in 1 second measured within 3 hours post-dosing), 
the adjusted mean responses with tiotropium Respimat® 5 μg (272 mL), 2.5 μg (290 
mL) and 1.25 μg (261 mL) were significantly greater than with placebo Respimat® 
(185 mL; p = 0.0002, p < 0.0001 and p = 0.0011, respectively). The safety and 
tolerability of all doses of tiotropium Respimat® were comparable with those of 
placebo Respimat®, with no serious adverse events and no events leading to 
discontinuation.Tiotropium Respimat® add-on to medium-dose inhaled 
corticosteroids, with or without a leukotriene modifier, was efficacious in paediatric 
patients with symptomatic asthma and had comparable safety and tolerability with 
placebo Respimat®.ClinicalTrials.gov identifier NCT01383499.
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In patients with severe asthma, tiotropium improves lung function and exacerbation 
risk when added to high-dose inhaled corticosteroids plus long-acting β2 agonists. 
We aimed to assess the safety and efficacy of tiotropium in patients with moderate 
asthma who were symptomatic despite treatment with medium-dose inhaled 
corticosteroids.We did two 24-week, replicate, randomised, double-blind, placebo-
controlled, parallel-group, active-comparator trials at 233 sites in 14 countries. 

Eligible patients were aged 18-75 years with symptomatic asthma and a pre-

bronchodilator forced expiratory volume in 1 s (FEV1) of 60-90% predicted despite 
use of medium-dose inhaled corticosteroids, and had never smoked or were ex-
smokers for 1 year or more with 10 pack-years or less. Patients were randomly 
assigned (1:1:1:1), with computer-generated pseudorandom numbers, to receive 
once-daily tiotropium 5 μg or 2·5 μg, twice-daily salmeterol 50 μg, or placebo, while 
maintaining inhaled corticosteroids. Patients and study investigators were masked to 
treatment allocation. Prespecified co-primary endpoints, assessed at week 24 in the 
full analysis set, were peak FEV1 response, measured within the first 3 h after 
evening dosing; trough FEV1 response; and responder rate assessed according to 
the seven-question Asthma Control Questionnaire (ACQ-7). These studies are 
registered with ClinicalTrials.gov, numbers NCT01172808 and 
NCT01172821.Between Aug 24, 2010, and Nov 13, 2012, we randomly assigned 
2103 patients to the tiotropium 5 μg group (n=519), the tiotropium 2·5 μg group 
(n=520), the salmeterol group (n=541), or the placebo group (n=523); 1972 (94%) 
patients completed the study. Peak and trough FEV1 responses were significantly 
greater with tiotropium and salmeterol than with placebo and were similar in both 
studies. With pooled data, difference versus placebo in peak FEV1 was 185 mL 
(95% CI 146-223) in the tiotropium 5 μg group, 223 mL (185-262) in the tiotropium 
2·5 μg group, and 196 mL (158-234) in the salmeterol group (all p<0·0001); 
difference in trough FEV1 was 146 mL (95% CI 105-188), 180 mL (138-221), and 
114 mL (73-155; all p<0·0001), respectively. There were more ACQ-7 responders in 
the tiotropium 5 μg (OR 1·32, 95% CI 1·02-1·71; p=0·035) and 2·5 μg (1·33, 1·03-
1·72; p=0·031) groups, and the salmeterol group (1·46, 1·13-1·89; p=0·0039), than 
in the placebo group. 48 (2%) of 2100 patients had serious adverse events 
(tiotropium 5 μg n=11, tiotropium 2·5 μg n=12, salmeterol n=11, placebo n=14).Once-
daily tiotropium add-on to medium-dose inhaled corticosteroids reduces airflow 

Included Inclusions

Once-daily tiotropium Respimat(®) 5 μg is an efficacious add-on therapy to inhaled 
corticosteroids (ICS) with or without long-acting β2-agonists in patients with 
symptomatic asthma. The objective of this study was to investigate whether the 
dosing regimen of tiotropium (once- versus twice-daily), delivered via the 
Respimat(®) SoftMist™ inhaler, affected 24-h bronchodilator efficacy and safety 
versus placebo Respimat(®) in patients with asthma who were symptomatic despite 
medium-dose ICS therapy.A randomised, double-blind, placebo-controlled, 
crossover study with 4-week treatment periods of tiotropium 5 μg (once-daily, 
evening) and 2.5 μg (twice-daily, morning and evening). The primary efficacy end 
point was forced expiratory volume in 1 s (FEV1) area under the curve from 0 to 24 
h (AUC)(0-24h) at the end of each treatment period. Secondary end points included 
peak forced expiratory volume in 1 s measured within 24 h of the last evening 
inhalation (peak FEV1(0-24h)), trough FEV1 measured prior to evening dosing, 
morning and evening peak expiratory flow (PEFam and PEFpm) and 
pharmacokinetic assessments.94 patients were randomised (mean age 44.3 years; 
mean asthma duration 21.3 years) and 89 (94.7%) completed the study. Significant 
and comparable bronchodilation was achieved over a 24-h period with both 
tiotropium dosing regimens. FEV1 AUC(0-24h) response (mean ± standard error) 
was significantly greater with both tiotropium dosing regimens (once-daily 5 μg: 158 
± 24 mL; twice-daily 2.5 μg; 149 ± 24 mL; both p < 0.01) when compared with 
placebo. Improvements in peak FEV1(0-24h), trough FEV1 and pre-dose 
PEFam/pm with both dosing regimens versus placebo were statistically significant 
(all p < 0.01), with no statistically significant differences between the tiotropium 
treatment regimens. Total systemic exposure and tolerability were comparable 
between treatment regimens.Lung function improvements with tiotropium 
Respimat(®) add-on to medium-dose ICS were sustained and similar for once-daily 
5 μg and twice-daily 2.5 μg, supporting tiotropium Respimat(®) 5 μg as a once-daily 
bronchodilator that provides efficacy over the whole 24-h dosing interval in patients 
with symptomatic asthma. ClinicalTrials.gov identifier: NCT01152450.

excluded
did not meet 
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Randomized controlled trials indicate that addition of a long-acting muscarinic 
antagonist (LAMA) such as tiotropium may improve asthma control and reduce 
exacerbation risk in patients with poorly controlled asthma, but broader clinical 
studies are needed to investigate the effectiveness of LAMA in real-life asthma 
care.Medical records of adults with asthma (aged ≥18 years) prescribed tiotropium 
were obtained from the UK Optimum Patient Care Research Database for the period 
2001-2013. Patients diagnosed with chronic obstructive pulmonary disease were 
excluded, but no other clinical exclusions were applied. Two primary outcomes were 
compared in the year before (baseline) and the year after (outcome) addition of 
tiotropium: exacerbations (asthma-related hospital emergency department 
attendance or inpatient admission, or acute oral corticosteroid course) and acute 
respiratory events (exacerbation or antibiotic prescription with lower respiratory 
consultation). Secondary outcomes included lung function test results and short-
acting β2 agonist usage. The Wilcoxon signed-rank test was used for variables 
measured on the interval scale, the marginal homogeneity test for categorized 
variables, and the paired t-test for lung function indices.Of the 2,042 study patients, 
83% were prescribed an inhaled corticosteroid and 68% a long-acting β2 agonist 
during the baseline year; 67% were prescribed both. Comparing baseline and 
outcome years, the percentage of patients having at least one exacerbation 
decreased from 37% to 27% (P<0.001) and the percentage having at least one 
acute respiratory event decreased from 58% to 47% (P<0.001). There were no 
significant changes in lung function, and usage of short-acting β2 agonists (in 
salbutamol/albuterol equivalents) increased from a median (interquartile range) of 
274 (110, 548) to 329 (110, 603) μg/day (P=0.01).In this real-life asthma population, 
addition of LAMA therapy was associated with significant decreases in the incidence 
of exacerbations and antibiotic prescriptions for lower respiratory tract infections in 
the following year.

excluded
did not meet 
inclusion criteria

Data comparing various second-line treatments for asthma with subjective and 
objective assessment are lacking. This study aimed to compare the efficacy and 

safety of montelukast, doxofylline, and tiotropium with a low-dose budesonide in 

patients with mild to moderate persistent asthma.Patients, all of whom were 
concurrently using inhaled budesonide (400 µg), were treated for 6 months with 

formoterol (12 µg), montelukast (10 mg), doxofylline (400 mg), or tiotropium (18 

µg). Outcomes included forced expiratory volume in 1 second (FEV1), Saint George 

Respiratory Questionnaire (SGRQ) scores, asthma symptom scores (daytime and 
nighttime), and assessment of tolerability and rescue medication use.A total of 297 
patients completed the study. In all 4 groups, significant improvements were 
observed in all the outcome measures, with formoterol treatment having greater and 
earlier improvements than the other 3 second-line controller medications with 
budesonide. Among the second-line treatments, monteradlukast improved the FEV1 
from day 45 (P < 0.01), SGRQ scores from day 30 (P < 0.0001), daytime scores 
from day 30 (P < 0.05), nighttime scores from day 30 (P < 0.0001), and rescue 
medication use from day 15 (P < .0001) at a faster rate than doxofylline or tiotropium 
with budesonide. No patients discontinued the treatment because of adverse 
reactions.Among the tested second-line treatment regimens, the 
budesonide/montelukast combination was found to be superior to either the 
budesonide/doxofylline or budesonide/tiotropium combination in all the outcome 
measures without adversely affecting the tolerability of the patients. Further clinical 
studies with blinding techniques are likely to be useful.
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Some patients with asthma have poorly controlled disease despite the use of high-
dose inhaled corticosteroids (ICS), long-acting β2 agonists (LABAs) and 
antileukotrienes. The aim of the study was to assess the effectiveness of tiotropium 
as an add-on therapy to the standard treatment with high-dose ICS/LABA on asthma 
control and lung function in patients with severe asthma.Of the 633 asthmatic 
patients, 64 (10.1%) patients with severe asthma who were add-on treated at least 
for 3 months were evaluated. Number of exacerbations, emergency department 
visits, hospitalizations and lung functions of patients belonging to 12 months before 
starting add-on treatment were compared with those of 12 months after starting add-
on treatment.The mean duration of add-on tiotropium treatment was 8.3 ± 0.5 
months. For patients with severe asthma that was poorly controlled with standard 
combination therapy, tiotropium improved asthma control in 42.2%, decreased the 
number of emergency department visits in 46.9% and decreased the number of 
hospitalizations in 50.0% of them. The mean baseline forced expiratory volume in 1 s 
before add-on tiotropium was 57.5 ± 1.9% and forced vital capacity was 
74.3 ± 15.6%. However, after 12 months of add-on tiotropium treatment, these rates 
became 65.5 ± 1.9% and 82.5 ± 15.1%, respectively. The addition of tiotropium 
significantly improved the percentages of the number of emergency department 
visits, the number of hospitalizations (P < 0.05).Our study has suggested that, for 
patients with poorly controlled asthma despite of the use of ICS/LABA, the addition 
of tiotropium to standard care may be beneficial.

excluded
did not meet 
inclusion criteria

Tiotropium, a once-daily long-acting anticholinergic agent, has been shown to be an 
efficacious and safe add-on treatment for adults with symptomatic asthma, despite 
treatment with inhaled corticosteroids (ICS). A large proportion of asthmatic 
adolescents have symptomatic disease despite a wide range of therapeutic options. 
We investigated the efficacy and safety of three doses of tiotropium, administered in 
the evening (via Respimat(®) SoftMist™ inhaler), versus placebo in asthmatic 
adolescents symptomatic despite ICS treatment.This randomised, double-blind, 
placebo-controlled, incomplete crossover study evaluated once-daily tiotropium 5 μg, 
2.5 μg and 1.25 μg versus placebo in three 4-week treatment periods. Primary 
efficacy end point was change in peak forced expiratory volume in 1 s within 3 h post-
dose from baseline (peak FEV1(0-3h)).From 139 enrolled patients, 105 were 
randomised to receive one of four treatment sequences. Peak FEV1(0-3h) response 
for tiotropium 5 μg was significantly greater versus placebo (p = 0.0043). Trough 
FEV1 responses were significantly greater for tiotropium 5 μg (p < 0.00001) and 
1.25 μg (p = 0.0134) versus placebo, but not for 2.5 μg (p = 0.0975), while FEV1 
area under the curve(0-3h) responses were significant for all doses (p = 0.00001-
0.0398). Overall incidence of adverse events was balanced across treatment 
groups, with no dose-dependent observations. The majority of adverse events were 
mild to moderate in intensity.This first study of tiotropium in adolescents with 
symptomatic asthma demonstrates that tiotropium is well tolerated and efficacious 
as add-on to maintenance treatment with ICS. ClinicalTrials.gov identifier; 
NCT01122680.
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A considerable proportion of patients with asthma remain uncontrolled or 
symptomatic despite treatment with a high dose of inhaled glucocorticosteroids 
(ICSs) and long-acting β2-agonists (LABAs). Tiotropium Respimat(®) added to usual 
care improves lung function, asthma control, and the frequency of non-severe and 
severe exacerbations, in a population of adult asthma patients who are uncontrolled 
despite treatment with ICS/LABA.This study estimated the cost effectiveness of 
tiotropium therapy as add-on to usual care in asthma patients that are uncontrolled 
despite treatment with ICS/LABA combination from the perspective of the UK 
National Health Service (NHS).A Markov model was developed which considers 
levels of asthma control and exacerbations. The model analysed cost and quality-
adjusted life-years (QALYs); sensitivity and scenario analyses were also conducted 
to test the robustness of the base case outcomes. All costs are given at 2012 
prices.The model found that in this category of asthma with unmet need, add-on 
tiotropium therapy generated an incremental 0.24 QALYs and £5,238 costs over a 
lifetime horizon, resulting in an incremental cost-effectiveness ratio of £21,906 per 
QALY gained. Sensitivity analysis suggested that findings were most dependent on 
the costs of managing uncontrolled asthma and the cost of treatment with 
tiotropium.In this modelled analysis of two clinical trials, tiotropium was found to be 
cost effective when added to usual care in patients who remain uncontrolled despite 
treatment with high-dose ICS/LABA. Further research should investigate the long-
term treatment effectiveness of tiotropium.

excluded HEOR

Tiotropium, a once-daily long-acting anticholinergic bronchodilator, when 
administered via Respimat® SoftMist™ inhaler (tiotropium Respimat®) significantly 
reduces the risk of severe exacerbations and improves lung function in patients with 
severe persistent asthma that is not fully controlled despite using inhaled 
corticosteroids (ICS) and long-acting β2-agonists. To further explore the dose-
response curve in asthma, we investigated the efficacy and safety of three different 
doses of tiotropium Respimat® as add-on to ICS in symptomatic patients with 
moderate persistent asthma.In this randomised, double-blind, placebo-controlled, 
four-way crossover study, patients were randomised to tiotropium Respimat® 5 μg, 
2.5 μg or 1.25 μg or placebo Respimat®, once daily in the evening. Each treatment 
was administered for 4 weeks, without washout between treatment periods. Eligibility 
criteria included ≥60% and ≤90% of predicted normal forced expiratory volume in 
1 second (FEV1) and seven-question Asthma Control Questionnaire mean score of 
≥1.5. Patients were required to continue maintenance treatment with stable medium-
dose ICS for at least 4 weeks prior to and during the treatment period. Long-acting 
β2-agonists were not permitted during the treatment phase. The primary efficacy end 
point was peak FEV1 measured within 3 hours after dosing (peak FEV1(0-3h)) at the 
end of each 4-week period, analysed as a response (change from study baseline).In 
total, 149 patients were randomised and 141 completed the study. Statistically 
significant improvements in peak FEV1(0-3h) response were observed with each 
tiotropium Respimat® dose versus placebo (all P < 0.0001). The largest difference 
from placebo was with tiotropium Respimat® 5 μg (188 mL). Trough FEV1 and 
FEV1 area under the curve (AUC)(0-3h) responses were greater with each 
tiotropium Respimat® dose than with placebo (all P < 0.0001), and both were 
greatest with 5 μg. Peak forced vital capacity (FVC)(0-3h), trough FVC and FVC 
AUC(0-3h) responses, versus placebo, were greatest with tiotropium Respimat® 
5 μg (P < 0.0001, P = 0.0012 and P < 0.0001, respectively). Incidence of adverse 
events was comparable between placebo and all tiotropium Respimat® groups.Once-
daily tiotropium Respimat® add-on to medium-dose ICS improves lung function in 
symptomatic patients with moderate asthma. Overall, improvements were largest 
with tiotropium Respimat® 5 μg.ClinicalTrials.gov identifier NCT01233284.
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There is no comparative study among asthma patients receiving first-line versus 
various second-line treatment regimens for mild to moderate persistent asthma.We 
assessed the pulmonary function in asthma patients receiving montelukast, 
doxofylline, and tiotropium with budesonide in a pilot group.Patients were recruited 

as per the study criteria and randomly allocated to 4 groups to receive budesonide 

(400 µg) with formoterol (12 µg), doxofylline (400 mg), montelukast (10 mg), or 

tiotropium (18 µg) for a period of 3 months. Outcomes included forced expiratory 

volume in 1 second (FEV1) and rescue medication use.A total of 167 patients were 
recruited; among them, 123 patients completed the study. At baseline, no significant 
difference (P > 0.05) was observed in any of the outcome measures. Significant 
within-group improvement in FEV1 was observed in all the groups. At day 90, 
between-group difference revealed that improvement in FEV1 was significantly (P < 
0.05) high for budesonide plus formoterol followed by budesonide plus doxofylline, 
budesonide plus montelukast, and, lastly, budesonide plus tiotropium. Similarly, 
within-group comparison revealed a significant (P < 0.05) reduction in rescue 
medication use in all the groups. The intensity in decrease was more in budesonide 
plus formoterol group followed by budesonide plus doxofylline, budesonide plus 
montelukast, and budesonide plus tiotropium groups.On the basis of our findings, 
among the second-line treatment regimens, budesonide plus doxofylline and 
budesonide plus montelukast was found to be better than budesonide plus 
tiotropium in patients with mild to moderate persistent asthma. Further studies with a 
larger sample size are likely to be useful.

excluded
did not meet 
inclusion criteria

The novel once-daily β₂-agonist bronchodilator drug olodaterol has recently been 
shown to be effective in patients with allergic asthma for >24 hours. An increased 
cholinergic tone common to these patients may decrease the effectiveness of β₂-
agonists. This could provide a rationale for combination therapy with olodaterol and 
the long-acting anticholinergic tiotropium to aim for a once-daily treatment regimen. 
In guinea pigs, we evaluated the protective effects of olodaterol, alone and in 
combination with tiotropium, on airway responsiveness to histamine, which is 
partially mediated by a cholinergic reflex mechanism. In addition, using a guinea pig 
model of acute allergic asthma, we examined the cooperative effects of these 
bronchodilators on allergen-induced early (EAR) and late (LAR) asthmatic reactions, 
airway hyper-responsiveness (AHR) to histamine, and airway inflammation. It was 
demonstrated that the protective effect of olodaterol against histamine-induced 
bronchoconstriction was synergistically enhanced and prolonged in the presence of 
tiotropium. In addition, tiotropium synergistically augmented both the reversal of and 
the protection against the allergen-induced AHR after the EAR by olodaterol. 
Olodaterol and tiotropium were highly effective in inhibiting the magnitude of the 
allergen-induced EAR and LAR, and both reactions were fully inhibited by the 
combination of these drugs. It is remarkable that these effects were not associated 
with an effect on inflammatory cell infiltration in the airways. In conclusion, the 
results indicate that combination therapy with olodaterol and tiotropium may be 
highly effective in the treatment of allergen-induced asthmatic reactions and AHR.
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Recurrent relapses of allergic lung inflammation in asthmatics may lead to airway 
remodeling and lung damage. We tested the efficacy of tiotropium bromide, a 
selective long-acting, muscarinic receptor antagonist as an adjunct therapy in 
relapses of allergic asthma in mice. We compared the effectiveness of local 
intranasal administration of tiotropium and dexamethasone in acute and relapsing 
allergic asthma in BALB/c mice. Although tiotropium at low doses is a potent 
bronchodilator, we tested higher doses to determine effectiveness on inflammation 
and mucus hypersecretion. A 5-day course of twice daily intranasal tiotropium or 
dexamethasone (1 mg/kg (b.w.)) suppressed airway eosinophils by over 87% during 
disease initiation and 88% at relapse compared to vehicle alone. Both drugs were 
comparable in their capacity to suppress airway and parenchymal inflammation and 
mucus hypersecretion, though tiotropium was better than dexamethasone at 
reducing mucus secretion during disease relapse. Despite treatment with either 
drug, serum antigen-specific IgE or IgG1 antibody titres remained unchanged. Our 
study indicates that tiotropium at higher doses than required for bronchodilation, 
effectively suppresses inflammation and mucus hypersecretion in the lungs and 
airways of mice during the initiation and relapse of asthma. Tiotropium is currently 
not approved for use in asthma. Clinical studies have to demonstrate the efficacy of 
tiotropium in this respiratory disease.

excluded
In 
vitro/Preclinical

Tiotropium has activity as an asthma controller. However, predictors of a positive 
response to tiotropium have not been described.We sought to describe individual 
and differential responses of asthmatic patients to salmeterol and tiotropium when 
added to an inhaled corticosteroid, as well as predictors of a positive clinical 
response.Data from the double-blind, 3-way, crossover National Heart, Lung, and 
Blood Institute's Asthma Clinical Research Network's Tiotropium Bromide as an 
Alternative to Increased Inhaled Glucocorticoid in Patients Inadequately Controlled 
on a Lower Dose of Inhaled Corticosteroid (ClinicalTrials.gov number, 
NCT00565266) trial were analyzed for individual and differential treatment 
responses to salmeterol and tiotropium and predictors of a positive response to the 
end points FEV1, morning peak expiratory flow (PEF), and asthma control days 
(ACDs).Although approximately equal numbers of patients showed a differential 
response to salmeterol and tiotropium in terms of morning PEF (n = 90 and 78, 
respectively) and ACDs (n = 49 and 53, respectively), more showed a differential 
response to tiotropium for FEV1 (n = 104) than salmeterol (n = 62). An acute 
response to a short-acting bronchodilator, especially albuterol, predicted a positive 
clinical response to tiotropium for FEV1 (odds ratio, 4.08; 95% CI, 2.00-8.31; P < 
.001) and morning PEF (odds ratio, 2.12; 95% CI, 1.12-4.01; P = 0.021), as did a 
decreased FEV1/forced vital capacity ratio (FEV1 response increased 0.39% of 
baseline for every 1% decrease in FEV1/forced vital capacity ratio). Higher 
cholinergic tone was also a predictor, whereas ethnicity, sex, atopy, IgE level, 
sputum eosinophil count, fraction of exhaled nitric oxide, asthma duration, and body 
mass index were not.Although these results require confirmation, predictors of a 
positive clinical response to tiotropium include a positive response to albuterol and 
airway obstruction, factors that could help identify appropriate patients for this 
therapy.
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The effects of tiotropium, an inhaled long-acting anti-cholinergic agent, on lung 
function were investigated in obstructed severe asthmatics with and without 
emphysematous changes despite maximal recommended treatments with high-dose 
of inhaled glucocorticoids and inhaled long-acting β(2)-agonists. We conducted a 
double-blind, placebo-controlled study of an inhaled single-dose of tiotropium in 18 
asthmatics with emphysema and 18 without emphysema in a crossover manner. 
The primary efficacy outcome was the relative change in forced expiratory volume in 
1 s (FEV(1)) from baseline to 60 min, and the secondary outcome was a relative 
change in FEV(1) from baseline to 12 h. Subsequently, the patients were treated 
with tiotropium inhaled once daily for 12 weeks in an open label manner, and lung 
function and symptoms were evaluated. At baseline, patients with or without 
emphysema had a mean FEV(1) of 55.9% before tiotropium and 56.8% before 
placebo, or 77.4% before tiotropium and 77.6% before placebo of the predicted 
value and were taking a mean dose of inhaled glucocorticoids of 1444 or 
1422 μg/day. Among patients with emphysema, the increase from baseline FEV(1) 
was 12.6 percentage points higher at 60 min after tiotropium than after placebo. 
Among patients without emphysema, the increase from baseline FEV(1) was 5.4 
percentage points higher at 60 min after tiotropium than after placebo. Tiotropium 
resulted in improved lung function and symptoms in asthmatics with and without 
emphysema. These findings suggest that tiotropium will provide a new strategy for 
the treatment of bronchial asthma and of overlapping asthma and COPD.

excluded
did not meet 
inclusion criteria

Some patients with asthma have frequent exacerbations and persistent airflow 
obstruction despite treatment with inhaled glucocorticoids and long-acting beta-
agonists (LABAs).In two replicate, randomized, controlled trials involving 912 
patients with asthma who were receiving inhaled glucocorticoids and LABAs, we 
compared the effect on lung function and exacerbations of adding tiotropium (a total 
dose of 5 μg) or placebo, both delivered by a soft-mist inhaler once daily for 48 
weeks. All the patients were symptomatic, had a post-bronchodilator forced 
expiratory volume in 1 second (FEV(1)) of 80% or less of the predicted value, and 
had a history of at least one severe exacerbation in the previous year.The patients 
had a mean baseline FEV(1) of 62% of the predicted value; the mean age was 53 
years. At 24 weeks, the mean (±SE) change in the peak FEV(1) from baseline was 
greater with tiotropium than with placebo in the two trials: a difference of 86±34 ml in 
trial 1 (P=0.01) and 154±32 ml in trial 2 (P<0.001). The predose (trough) FEV(1) also 
improved in trials 1 and 2 with tiotropium, as compared with placebo: a difference of 
88±31 ml (P=0.01) and 111±30 ml (P<0.001), respectively. The addition of tiotropium 
increased the time to the first severe exacerbation (282 days vs. 226 days), with an 
overall reduction of 21% in the risk of a severe exacerbation (hazard ratio, 0.79; 
P=0.03). No deaths occurred; adverse events were similar in the two groups.In 
patients with poorly controlled asthma despite the use of inhaled glucocorticoids and 
LABAs, the addition of tiotropium significantly increased the time to the first severe 
exacerbation and provided modest sustained bronchodilation. (Funded by 
Boehringer Ingelheim and Pfizer; ClinicalTrials.gov numbers, NCT00772538 and 
NCT00776984.).
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Recent evidence suggests that acetylcholine acting through muscarinic receptors 
may play an inhibitory role in the mechanisms that drive the structural changes in the 
airways called airway remodeling. The novel anticholinergic drug tiotropium bromide, 
which selectively antagonizes muscarinic receptors, especially the M3 subtype, and 
is long acting, could be beneficial in attenuating airway remodeling in chronic 
asthma.To investigate the effect of tiotropium bromide on parameters of airway 
remodeling, including smooth muscle hypertrophy and peribronchial thickening, in a 
mouse model of chronic asthma.To develop the murine models of acute and chronic 
asthma, BALB/c mice were sensitized and challenged to ovalbumin for 1 and 3 
months, respectively. The effect of tiotropium bromide (0.1mM in 50 μL of phosphate-
buffered saline) on pulmonary inflammation and remodeling was evaluated. The 
expression of muscarinic receptors M2 and M3 was analyzed.In the chronic asthma 
model, the tiotropium-treated group significantly decreased smooth muscle 
thickening and peribronchial collagen deposition. As for pulmonary inflammation, the 
chronic asthma model had a reduction of inflammatory cells and T(H)2 cytokines by 
tiotropium bromide, but the effects in the asthma acute model were reversed. In the 
chronic asthma model, expression of the M3 receptor was inhibited and that of the 
M2 receptor was elevated by the administration of tiotropium bromide.This study 
suggests that tiotropium bromide might have an inhibitory effect on airway 
remodeling in a murine model of chronic asthma. Differential effects on muscarinic 
receptor subtypes may explain why tiotropium bromide has different effects on acute 
and chronic asthma.

excluded
In 
vitro/Preclinical

The efficacy and safety of inhaled long-acting β(2)-adrenergic agonists in asthmatic 
patients with the B16-Arg/Arg genotype has been questioned, and the use of 
antimuscarinics has been proposed as an alternative in patients whose symptoms 
are not controlled by inhaled corticosteroids (ICSs).We compared the efficacy and 
safety of the long-acting anticholinergic tiotropium with salmeterol and placebo 
added to an ICS in B16-Arg/Arg patients with asthma that was not controlled by ICSs 
alone.In a double-blind, double-dummy, placebo-controlled trial, after a 4-week run-
in period with 50 μg of twice-daily salmeterol administered through a metered-dose 
inhaler, 388 asthmatic patients were randomized 1:1:1 to 16 weeks of treatment with 

5 μg of Respimat tiotropium administered daily in the evening, 50 μg of salmeterol 

administered twice daily through a metered-dose inhaler, or placebo. Patients aged 
18 to 67 years demonstrated reversibility to bronchodilators, and their symptoms 
were uncontrolled by regular ICSs (400-1000 μg of budesonide/equivalent). ICS 
regimens were maintained throughout the trial. The mean weekly morning peak 
expiratory flow (PEF) before randomization was 358 ± 115.7 L/min (range, 80.3-
733.0 L/min).Changes in weekly PEF from the last week of the run-in period to the 
last week of treatment (primary end point: change in PEF) were -3.9 ± 4.87 L/min 
(n = 128) for tiotropium and -3.2 ± 4.64 L/min (n = 134) for salmeterol, and these 
were superior to placebo (-24.6 ± 4.84 L/min, n = 125, P < .05). Tiotropium was 
noninferior to salmeterol (estimated difference, -0.78 L/min [95% CI, -13.096 to 
11.53]; P = .002; α = .025, 1-sided; noninferiority, 20 L/min). Tiotropium and 
salmeterol were numerically superior to placebo in some patient-reported secondary 
outcomes. Adverse events were comparable across treatments.Tiotropium was 
more effective than placebo and as effective as salmeterol in maintaining improved 
lung function in B16-Arg/Arg patients with moderate persistent asthma. Safety 
profiles were comparable.
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Some patients with severe asthma remain symptomatic and obstructed despite 
maximal recommended treatment. Tiotropium, a long-acting inhaled anticholinergic 
agent, might be an effective bronchodilator in such patients.We sought to compare 

the efficacy and safety of 2 doses of tiotropium (5 and 10 μg daily) administered 

through the Respimat inhaler with placebo as add-on therapy in patients with 
uncontrolled severe asthma (Asthma Control Questionnaire score, ≥ 1.5; 

postbronchodilator FEV₁, ≤ 80% of predicted value) despite maintenance treatment 

with at least a high-dose inhaled corticosteroid plus a long-acting β₂-agonist.This 

was a randomized, double-blind, crossover study with three 8-week treatment 

periods. The primary end point was peak FEV₁ at the end of each treatment 

period.Of 107 randomized patients (54% female patients; mean, 55 years of age; 

postbronchodilator FEV₁, 65% of predicted value), 100 completed all periods. Peak 

FEV₁ was significantly higher with 5 μg (difference, 139 mL; 95% CI, 96-181 mL) 

and 10 μg (difference, 170 mL; 95% CI, 128-213 mL) of tiotropium than with placebo 
(both P < .0001). There was no significant difference between the active doses. 

Trough FEV₁ at the end of the dosing interval was higher with tiotropium (5 μg: 86 

mL [95% CI, 41-132 mL]; 10 μg: 113 mL [95% CI, 67-159 mL]; both P < .0004). Daily 
home peak expiratory flow measurements were higher with both tiotropium doses. 
There were no significant differences in asthma-related health status or symptoms. 
Adverse events were balanced across groups except for dry mouth, which was more 
common on 10 μg of tiotropium.The addition of once-daily tiotropium to asthma 

treatment, including a high-dose inhaled corticosteroid plus a long-acting β₂-agonist, 

significantly improves lung function over 24 hours in patients with inadequately 
controlled, severe, persistent asthma.

excluded
did not meet 
inclusion criteria

Existing asthma therapies are not always able to achieve disease control. The 
addition of tiotropium bromide to inhaled corticosteroids might be effective in 
improving disease outcome. This paper discusses the results of a study evaluating 
the effects of tiotropium bromide added to inhaled corticosteroids when compared to 
other regimens in patients with uncontrolled asthma. The addition of tiotropium to the 
current inhaled corticosteroid dose is comparable to the addition of salmeterol: both 
are more effective in achieving disease control versus doubling the inhaled 
corticosteroid dose. It is well worth investigating the effects of tiotropium in asthma 
that is not adequately controlled with higher doses of inhaled corticosteroids.
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Long-acting beta-agonist (LABA) therapy improves symptoms in patients whose 
asthma is poorly controlled by an inhaled glucocorticoid alone. Alternative treatments 
for adults with uncontrolled asthma are needed.In a three-way, double-blind, triple-
dummy crossover trial involving 210 patients with asthma, we evaluated the addition 
of tiotropium bromide (a long-acting anticholinergic agent approved for the treatment 
of chronic obstructive pulmonary disease but not asthma) to an inhaled 
glucocorticoid, as compared with a doubling of the dose of the inhaled glucocorticoid 
(primary superiority comparison) or the addition of the LABA salmeterol (secondary 
noninferiority comparison).The use of tiotropium resulted in a superior primary 
outcome, as compared with a doubling of the dose of an inhaled glucocorticoid, as 
assessed by measuring the morning peak expiratory flow (PEF), with a mean 
difference of 25.8 liters per minute (P<0.001) and superiority in most secondary 
outcomes, including evening PEF, with a difference of 35.3 liters per minute 
(P<0.001); the proportion of asthma-control days, with a difference of 0.079 
(P=0.01); the forced expiratory volume in 1 second (FEV1) before bronchodilation, 
with a difference of 0.10 liters (P=0.004); and daily symptom scores, with a 
difference of -0.11 points (P<0.001). The addition of tiotropium was also noninferior 
to the addition of salmeterol for all assessed outcomes and increased the 
prebronchodilator FEV1 more than did salmeterol, with a difference of 0.11 liters 
(P=0.003).When added to an inhaled glucocorticoid, tiotropium improved symptoms 
and lung function in patients with inadequately controlled asthma. Its effects 
appeared to be equivalent to those with the addition of salmeterol. (Funded by the 
National Heart, Lung, and Blood Institute; ClinicalTrials.gov number, 
NCT00565266.).

excluded
did not meet 
inclusion criteria

Tiotropium bromide, a long acting muscarinic receptor inhibitor, is a potent agent for 
patients with bronchial asthma as well as chronic obstructive pulmonary disease.The 
aim of this study was to evaluate whether tiotropium bromide can inhibit allergen-
induced acute and chronic airway inflammation, T helper (Th)2 cytokine production, 
and airway remodelling in a murine model of asthma.Balb/c mice were sensitized 
and challenged acutely or chronically to ovalbumin (OVA). The impact of tiotropium 
bromide was assessed using these mice models by histologic, morphometric, and 
molecular techniques. Moreover, the effect of tiotropium bromide on Th2 cytokine 
production from purified human peripheral blood mononuclear cells (PBMCs) was 
assessed.Treatment with tiotropium bromide significantly reduced airway 
inflammation and the Th2 cytokine production in bronchoalveolar lavage fluid (BALF) 
in both acute and chronic models of asthma. The levels of TGF-beta1 were also 
reduced by tiotropium bromide in BALF in a chronic model. The goblet cell 
metaplasia, thickness of airway smooth muscle, and airway fibrosis were all 
significantly decreased in tiotropium bromide-treated mice. Moreover, airway 
hyperresponsiveness (AHR) to serotonin was significantly abrogated by tiotropium 
bromide in a chronic model. Th2 cytokine production from spleen cells isolated from 
OVA-sensitized mice was also significantly inhibited by tiotropium bromide and 4-
diphenylacetoxy-N-methylpiperidine methiodide, which is a selective antagonist to 
the M3 receptor. Finally, treatment with tiotropium bromide inhibited the Th2 cytokine 
production from PBMCs.These results indicate that tiotropium bromide can inhibit 
Th2 cytokine production and airway inflammation, and thus may reduce airway 
remodelling and AHR in a murine model of asthma.
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Recent findings have raised new interests about the use of anticholinergics, 
especially tiotropium, for the treatment of asthma. This study was performed to 
determine whether an additional improvement in lung function is obtained when 
tiotropium is administrated in addition to conventional therapies in severe 
asthmatics, and to identify factors capable of predicting the response to tiotropium, 
using a pharmacogenetic approach.A total of 138 severe asthmatics on conventional 

medications and with decreased lung function were randomly recruited. Tiotropium 

18 microg was added once a day and lung functions were measured every 4 weeks. 

Responders were defined as those with an improvement of > or = 15% (or 200 ml) in 
the forced expiratory volume in 1 s (FEV1) that was maintained for at least 8 
successive weeks. Eleven single nucleotide polymorphisms (SNPs) in CHRM1-3 
(coding muscarinic receptors one to three) which were identified by re-sequencing, 
and Arg16Gly and Gln27Glu in ADRB2 (coding beta(2) adrenoreceptor) were scored 
in 80 of the 138 asthmatics.Forty-six of the 138 asthmatics (33.3%) responded to 
tiotropium treatment. Logistic regression analyses (controlled for age, gender, and 
smoking status) showed that Arg16Gly in ADRB2 [P = 0.003, OR (95% CI) = 0.21 
(0.07-0.59) in a minor allele-dominant model] was significantly associated with 
response to tiotropium.As many as 30% of severe asthmatics on conventional 
medications with reduced lung function were found to respond to adjuvant 
tiotropium. The presence of Arg16Gly in ADRB2 may predict response to tiotropium.

excluded
did not meet 
inclusion criteria

Chronic obstructive pulmonary disease (COPD) and asthma have different 
diagnostic criteria and treatment paradigms. Both are common and can occur in the 
same patient. We sought to determine the spirometric effects of tiotropium in COPD 
patients with concomitant asthma.A 12-week randomized, double-blind, placebo-

controlled, parallel group trial with tiotropium 18 mcg daily was performed. Patients 

continued usual respiratory medications except for inhaled anticholinergics.Physician 
diagnosis of COPD and asthma, age >or= 40 years, smoking >10 pack years, post-
bronchodilator forced expiratory volume in 1s (FEV(1))<80% predicted, 
FEV(1)/forced vital capacity (FVC)<70%, >or= 12%, and >or= 200 ml increase in 
FEV(1) following inhaled bronchodilator, treatment with inhaled steroids >or= 1 year. 
Spirometry was measured serially for 6h on days 1, 29 and 85.Four hundred and 
seventy-two patients were randomized. Baseline characteristics were balanced. 
Mean age=59.6 years, 61.4% were men, and FEV(1)=1.55l (53.0% predicted). 
Improvements at 12 weeks with tiotropium were observed for the primary endpoint 
FEV(1) area under the curve (AUC) from 0 to 6h (difference=186+/-24 ml, p<0.001) 
and for morning pre-dose FEV(1) (difference=98+/-23 ml, p<0.001). Significant 
differences in favor of tiotropium were observed for pre-dose FVC (difference=128+/-
34 ml, p<0.001) and FVC AUC 0-6h (difference=232+/-35 ml, p<0.001). Compared 
to baseline, the mean weekly number of daily puffs of prn salbutamol was reduced 
by 0.05+/-0.12 puffs/day in the placebo group and by 0.50+/-0.12 puffs/day in the 
tiotropium group at week 12 (p<0.05).Patients with COPD and concomitant asthma 
achieve spirometric improvements with tiotropium along with symptomatic benefit as 
seen by reduced need for rescue medication.

excluded
did not meet 
inclusion criteria
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We conducted a double blind, randomised, placebo-controlled, crossover study 
evaluating the effects of halving inhaled steroid dosage plus salmeterol, or 
salmeterol and tiotropium. Eighteen life-long non-smoking severe asthmatics [mean 
FEV(1) 1.49 l (51%)] were run-in for 4 weeks on HFA-fluticasone propionate 1000 
microg daily, and were subsequently randomised to 4 weeks of either (a) HFA-

fluticasone propionate 500 microg BD/salmeterol 100 microg BD/HFA-tiotropium 

bromide18 microg od; or (b) fluticasone propionate 500 microg BD/salmeterol 100 

microg BD matched placebo. Measurements of spirometry and body 
plethysmography were made. Adding salmeterol to half the dose of fluticasone led to 
a mean improvement (95% CI) vs. baseline in morning PEF of 41.5 (14.0-69.0)l/min 
[p<0.05]; and RAW of 0.98 (0.14-1.8)cm H(2)O/l/s [p<0.05]. Adding 
salmeterol/tiotropium produced similar improvements in PEF and RAW, but also 
improved FEV(1) by 0.17 (0.01-0.32)l [p<0.05]; FVC 0.24 (0.05-0.43)l [p<0.05] and 
reduced exhaled NO by 2.86 (0.12-5.6)ppb [p<0.05]. RV and TLC were not altered 
by either treatment; there were no significant changes in symptoms or quality of life 
compared with baseline. Addition of salmeterol/tiotropium to half the dose of 
fluticasone afforded small, but significant improvements in pulmonary function. 
These effects were not associated with commensurate changes in subjective 
symptoms or quality of life.

excluded
did not meet 
inclusion criteria

Inhaled anticholinergic drugs are effective in the treatment of chronic obstructive 
pulmonary diseases (COPD), of acute asthma, and of some patients with nocturnal 
asthma. Tiotropium bromide (tiotropium) is a novel anticholinergic agent with a long 
duration of action and kinetic selectivity for M1- and M3-subtypes of muscarinic 
receptors. We investigated the duration of protection of a single dose of inhaled 
tiotropium against methacholine-induced bronchoconstriction in 12 male atopic 
asthmatic volunteers in a double-blind, placebo-controlled study. On four separate 
occasions 8 to 24 d apart, methacholine PC20 was measured serially for up to 48 h 
after placebo and after three doses of tiotropium (10, 40, and 80 microg). Each dose 
of tiotropium produced mild bronchodilatation as measured by an increase in FEV1 
of between 5.5 and 11.1% from baseline, that was sustained for 24 h. There was 
significant dose-dependent protection against methacholine challenge at 2 h of 5.0 
+/- 1.1, 7.1 +/- 0.5, and 7.9 +/- 0.7 (mean +/- SEM) doubling doses after 10, 40, and 
80 microg respectively, and this persisted for 48 h. There were no adverse effects 
reported at any dose. The prolonged bronchodilator response and protection against 
methacholine challenge suggest that tiotropium may be useful in the treatment of 
COPD and nocturnal asthma and that once-daily dosing may be sufficient.
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did not meet 
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Table S1. Baseline characteristics of patients in the phase 3 RCTs. 

Study Total (n) Female  Age (y) Asthma duration (y) 

Pre-

bronchodilator 

FEV1 % 

predicted 

Dose of stable 

maintenance ICS 

(μg)
†

ACQ-7 scores 

2.5 µg 

TioR 
Pbo 

2.5 µg 

TioR 
Pbo 

2.5 µg 

TioR 
Pbo 2.5 µg TioR Pbo 

2.5 µg 

TioR 
Pbo 

2.5 µg 

TioR 
Pbo 

2.5 µg 

TioR 
Pbo 

Vrijlandt 

2018
24 36 34 

17 

(47.2) 

13 

(38.2) 

3.1 

(1.5) 

3.2 

(1.4) 
1.8 (1.1)†† 1.4 (0.9)†† MD MD 

228 

(111) 

276 

(230) 
MD MD 

Szefler 

2017
15 136 134 

40 

(29.4) 

41 

(30.6) 

8.8 

(1.7) 

9.1 

(1.6) 
5.0 (2.5) 4.8 (2.4) 

76.8 

(7.7) 

76.2 

(8.1) 

439 

(218) 

480 

(240) 

1.9 

(0.3)* 

2.0 

(0.4)* 

Hamelmann 

2017
16 127 135 

47 

(37.0) 

56 

(41.5) 

14.4 

(1.8) 

14.1 

(1.7) 
8.0 (3.9) 8.0 (3.7) 

75.9 

(7.6) 

75.0 

(8.2) 

727.8 

(343.6) 

736.6 

(347.9) 

2.2 

(0.4) 

2.2 

(0.5) 

Hamelmann 

2016
17 125 138 

44 

(35.2) 

50 

(36.2) 

14.2 

(1.8) 

14.2 

(1.7) 
7.7 (4.0) 7.7 (4.2) 

78.1 

(7.9) 

77.6 

(7.5) 

557 

(346) 

527 

(275) 

2.1 

(0.5) 

2.0 

(0.4) 

Paggiaro 

2016
18 154 155 

82 

(53.2) 

103 

(66.5) 

43.8 

(14.0) 

42.8 

(12.1) 

15.0 

(0.3–61.0)** 

15.0 

(0.3–57.0)** 

73.2 

(8.6) 

73.7 

(8.5) 

384.4 

(93.4) 

383.0 

(77.1) 

2.1 

(0.4) 

2.1 

(0.4) 

Ohta 2015
19

114 57 
72 

(63.2) 

38 

(66.7) 

44.7 

(12.1) 

47.8 

(13.0) 

21.0 

(0.8–57.8)** 

26.8 

(0.8–63.0)** 
MD MD 

673.2 

(247.4) 

644.2 

(220.9) 

1.94 

(0.43) 

1.90 

(0.32) 

Kerstjens 

2015
20 519 523 

316 

(61.0) 

311 

(59.0) 

43.4 

(12.9) 

42.8 

(13.0) 
22.1 (14.3) 21.1 (13.7) 

72.8 

(8.3) 

73.0 

(8.3) 

655.9 

(213.2) 

668.3 

(217.3) 

2.17 

(0.49) 

2.18 

(0.50) 

Vogelberg 

2018
21 135 131 

38 

(28.1) 

46 

(35.1) 

9.0 

(1.6) 

9.0 

(1.6) 
4.42 (2.43) 4.24 (2.30) 

77.0 

(7.8) 

78.9 

(7.1) 

312 

(109) 

301 

(102) 

1.9 

(0.3)* 

1.9 

(0.3)* 

Data are expressed as n (%) or mean (SD) unless stated otherwise. 
Baseline patient characteristics by individual treatment group were not reported for the 3 phase 2 dose-ranging studies (Vogelberg 2014, Vogelberg 2015, and Beeh 2014).  
*Data presented for ACQ-IA. 
**Data presented as median (range).
†Budesonide or equivalent dose. 
††Adjusted for treatment and baseline. 
ACQ-7 = Asthma Control Questionnaire 7; ACQ-IA = Interviewer-Administered Version of the ACQ; FEV1 = forced expiratory volume in 1 second; ICS = inhaled corticosteroid; MD = missing data; 
Pbo = placebo; RCT = randomized controlled trial; SD = standard deviation; TioR = tiotropium Respimat®.  



Figure S2. Risk of bias summary.  


