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Abstract Asthma is one of the most common chronic
diseases in children, with a high proportion of patients
demonstrating poor control despite the availability of dis-
ease management guidelines. Global Initiative for Asthma
guidelines include tiotropium as an add-on therapy option
at Steps 4 and 5 in patients aged > 12 years with a history
of exacerbations, and tiotropium delivered via the Respi-
mat® Soft Mist™ Inhaler has recently been approved for
use as once-daily maintenance therapy for children with
asthma over the age of 6 years in the USA. A large clinical
trial program has been conducted in children, adolescents,
and adults across the spectrum of asthma severity. Findings
from these clinical studies and pooled analyses in children
and adolescents with symptomatic moderate or severe
asthma have demonstrated that tiotropium Respimat® as
add-on to inhaled corticosteroids, with or without other
maintenance therapies, is a well-tolerated and efficacious
bronchodilator, showing improved lung function and trends
towards improved asthma control, mirroring findings in
adult studies. This review discusses the evidence to date for
tiotropium Respimat® for the management of asthma in
adolescents and children with symptomatic moderate and
severe asthma, and considers the challenges of asthma
management in these patients. Factors affecting this pop-
ulation group, such as poor adherence, underreporting of
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symptoms, and social and psychological issues, are high-
lighted, along with the need for active review and man-
agement of treatment to help achieve optimal control.

Key Points

Poorly controlled asthma is common in children and
adolescents.

Tiotropium Respimat® can help improve a patient’s
asthma when added to other controller options.

It is important to understand the factors that
contribute to poor asthma control in children and
adolescents, and for patients, carers, and physicians
to work together to overcome these challenges.

1 Introduction

Asthma affects approximately 235 million people world-
wide [1], and is one of the most common chronic diseases
observed in children, concerning approximately one in 11
children in the UK [2] and 10% of adolescents aged
12-18 years in USA [3]. Despite the availability of
national and international asthma management guidelines
[4], up to 50% of patients aged 4-18 years with asthma
show symptoms as signs of inadequate control [3]. Poor
control not only contributes to high treatment costs, but is
also associated with more frequent exacerbations and an
increased risk of persistent asthma in children [5, 6].
Therefore, there is a need for effective and well-toler-
ated treatment options for those patients who have
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difficulty gaining and maintaining disease control. The
long-term goals of asthma management in children and
adolescents are quite similar to those in adults, and include
achieving good symptom control, minimizing the risk of
asthma exacerbations, reducing hospitalizations, reducing
the use of rescue medication, reducing airflow limitation
and side effects, and allowing maintenance of normal
activity levels [4].

Using the Global Initiative for Asthma (GINA)
approach to asthma management, therapy in children and
adolescents is stepped up from initial, on-demand short-
acting beta agonists (SABAs) through a backbone of
inhaled corticosteroids (ICS) at increasing doses as main-
tenance therapy. The first-line escalation after increasing to
medium-dose ICS involves the addition of either a long-
acting P,-agonist (LABA) or a leukotriene receptor
antagonist (LTRA), or further increasing to high-dose ICS.
This is followed by the addition of a long-acting mus-
carinic antagonist (LAMA) [tiotropium] or biologic treat-
ments (e.g., omalizumab) for patients with severe asthma
with sensitization against perennial allergens, and finally,
and only in cases of severe exacerbations or lasting loss of
asthma control, oral corticosteroids [4]. Treatment recom-
mendations may vary from country to country and should
be followed based on local approval for the different drugs.
Guidelines for management in individuals aged 0-5 years,
as well those aged 6-11 years, differ from those for ado-
lescents, with more limited therapeutic options than in
adolescents and adults [4]. Especially for younger patients
with partially or uncontrolled asthma, therapeutic options
have been quite limited to date.

Tiotropium is a LAMA that primarily acts as a bron-
chodilator. The GINA guidelines include tiotropium
delivered by mist inhaler as an add-on therapy option at
Steps 4 and 5 in patients aged > 12 years with a history of
exacerbations despite treatment with ICS and LABAs [4],
and tiotropium Respimat® (Boehringer Ingelheim, Ingel-
heim am Rhein, Germany) has recently been approved for
use as once-daily maintenance therapy for children with
asthma over the age of 6 years in the USA (February
2017). The aim of this review is to discuss the evidence to
date, demonstrating the efficacy and safety of tiotropium in
children and adolescents, and to consider the asthma
management challenges specific to this population group.

2 Anticholinergic Agents in Asthma Management

Experience with anticholinergic bronchodilators in asthma
is well documented. Ipratropium bromide, a short-acting
muscarinic antagonist, has been used in clinical practice for
many years [4, 7] as a rapid bronchodilator in acute
exacerbations of asthma in children and adolescents [8, 9].
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For children and adults with moderate-to-severe exacer-
bations, treatment with a combination of ipratropium and a
SABA are reported to be associated with fewer hospital-
izations, and a greater improvement in forced expiratory
volume in 1 s (FEV;) and peak expiratory flow (PEF)
compared with a SABA alone [9, 10]. However, iprat-
ropium is less effective in stable disease, adding only little
additional bronchodilatory effect to regular SABAs or
LABAs, and is therefore not recommended for daily or
maintenance therapy [4].

Tiotropium, a long-acting form of anticholinergic
bronchodilator, has been indicated for the treatment of
chronic obstructive pulmonary disease for over 10 years,
followed by its more recent approval for use in patients
with asthma. Once-daily tiotropium delivered as two puffs
via the Respimat® Soft Mist™ Inhaler is included in the
most recent version of the GINA guidelines for asthma as a
treatment option for addition to ICS plus LABAs at Steps 4
and 5 in adolescents and adults (aged > 12 years) with a
history of exacerbations [4]. Tiotropium is the only LAMA
approved for asthma in USA (patients aged > 6 years),
Japan (patients aged > 15 years), and in Singapore and the
European Union (patients aged > 18 years).

2.1 Cholinergic Activity in Asthma and Mechanism
of Action

Tiotropium is well established for the management of
chronic obstructive pulmonary disease, and the mechanism
of action in the airways has been extensively studied.
Acetylcholine, released from the parasympathetic nerves in
the lungs, plays a significant role in the pathophysiology of
asthma by increasing cholinergic tone and driving bron-
chial smooth muscle contraction [11-13]. Release of
acetylcholine regulates airway tone, airway smooth muscle
contraction, mucus secretion, and vasodilation via inter-
actions with G protein-coupled muscarinic (M) receptors
on the airway smooth muscle, glands, and pulmonary
vasculature of the lungs [12, 14]. There are three types of
muscarinic receptors (M;, M,, and Mj3) in the airways
(Table 1). M, receptors are expressed on postganglionic
nerves in the ganglia and by airway epithelial cells, where
they have a modulatory role in electrolyte and water
secretion. M, receptors have an inhibitory auto-regulatory
effect on the release of acetylcholine from both pre- and
postganglionic nerve terminals, but are also widely
expressed by other cells such as fibroblasts and smooth
muscle cells [15]. M3 receptors mediate the effects of
acetylcholine on airway smooth muscle tone and mucus
secretion from mucosal glands. Tiotropium binds equally
well to M, M,, and M; receptors, but dissociates slowly
from the M; and Mj; anticholinergic receptors, hence the
long duration of bronchodilatory effect [16—18]. Thus,
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Table 1 Overview of
muscarinic receptors in the

Receptor  Location

Mode of action Function

airways [15, 72, 73] M,
Submucosal glands

Airway epithelium

M, Parasympathetic nerves

Smooth muscle cells
Endothelial cells
Airway epithelium
M; Smooth muscle cells
Submucosal glands
Pulmonary arteries
Endothelial cells
Airway epithelium

Parasympathetic nerves

Typically couples to Gag/11*  Enhances neurotransmission

Increases ciliary beat frequency
Typically couples to Gai/o® Decreases neurotransmission
Limits acetylcholine release
Reduces ciliary beat frequency
Typically couples to Gag/11*  Bronchoconstriction
Mucus secretion
Vasodilation

Increases ciliary beat frequency

M muscarinic

“Heterotrimeric G protein subunit that activates phospholipase C

Heterotrimeric G protein subunit that inhibits the production of cyclic adenosine monophosphate from

adenosine triphosphate

muscarinic antagonists facilitate bronchodilation by a dif-
ferent and potentially complementary mechanism to
LABAs [19].

Aside from its impact as a bronchodilator, data suggest
that tiotropium may have an inhibitory effect on airway
remodeling, in addition to anti-inflammatory properties
[19, 20]. It has been suggested from in-vitro and in-vivo
studies that tiotropium may have a direct anti-inflammatory
effect, potentially via the suppression of proinflammatory
cell activity, in addition to an indirect effect on suppression
of airway smooth muscle contraction, thus reducing
inflammatory activity [21]. Tiotropium has also been
shown to reduce airway inflammation and T-helper-2
cytokine production in the bronchoalveolar lavage fluid in
mouse models of allergic asthma [22, 23].

3 Efficacy and Safety of Tiotropium
across a Range of Asthma Severities

3.1 Established Efficacy and Safety of Tiotropium
in Adults

The efficacy and safety of tiotropium have been investi-
gated in several phase II and III clinical studies in patients
with symptomatic asthma, and have been discussed pre-
viously [24, 25]. Overall, six phase III studies have been
conducted to assess the efficacy and safety of once-daily
tiotropium 2.5 pg and/or 5 pg vs. placebo in adult patients
with symptomatic mild (GraziaTinA-asthma®) [26], mod-
erate (MezoninA-asthma®; CadenTinA-asthma®) [27, 28]
or severe (PrimoTinA-asthma®) [29] asthma as an add-on
therapy to ICS (low-to-high dose) with or without LABAs.

Tiotropium add-on therapy has been associated with a
significant reduction in the risk of exacerbations [29], as
well as with improvements in lung function and asthma
control [27] vs. placebo in symptomatic moderate or severe
asthma. Furthermore, effect sizes with tiotropium are
similar to effect sizes reported with salmeterol as add-on to
ICS [27]. In a pooled safety analysis of data from studies in
adults, the proportion of patients reporting adverse events
(AEs), including serious AEs, was comparable between
tiotropium and placebo groups [30]. As a consequence of
these significant effects and a reassuring safety profile,
tiotropium gained the approval for use in asthma man-
agement, as detailed above.

3.2 Efficacy and Safety of Tiotropium
in Adolescents and Children

In addition to studies in adults, the efficacy and safety of
tiotropium delivered via Respimat® has been investigated
in a large-scale clinical trial program in adolescents and
children with asthma. Phase II, randomized, dose-ranging
studies of tiotropium at 5, 2.5, and 1.25 pg in adolescents
aged 12-17 years [31] and children aged 6-11 years [32]
with symptomatic asthma despite maintenance treatment
with at least ICS have demonstrated the efficacy and safety
of tiotropium in these groups. Phase III clinical studies in
adolescents (aged 12—17 years) [33, 34] and children (aged
6-11 years) [35, 36] with symptomatic moderate-to-severe
asthma have been conducted to assess the efficacy and
safety of once-daily tiotropium 5 and 2.5 pg vs. placebo as
add-on therapy to treatment, including ICS (low-to-high
dose) with or without additional controllers (Table 2). In
each study, the primary endpoint was the change from
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Table 2 Overview of phase III studies with tiotropium Respimat® in adolescents and children

Asthma severity

Treatment duration, weeks

Baseline therapy Treatment group, n*

Adolescents (aged 12-17 years)

RubaTinA-asthma® (NCTO01257230) [33] Symptomatic

moderate

PensieTinA-asthma® (NCT01277523)
[34]

Symptomatic severe

Children (aged 6-11 years)

CanoTinA-asthma® (NCTO01634139) [35] Symptomatic

moderate

VivaTinA-asthma® (NCT01634152) [36]  Symptomatic severe

Children (aged 1-5-years)
NinoTinA-asthma® (NCT01634113) [37]  Persistent asthmatic

symptoms

48

12

48

12

12

At least ICS Tio 5 pg, 134
Tio 2.5 pg, 125

Placebo, 138

ICS+>1 Tio 5 pg, 130
controller Tio 2.5 pg, 127
Placebo, 135
At least ICS Tio 5 pg, 135

Tio 2.5 pg, 135
Placebo, 131
Tio 5 pg, 130
Tio 2.5 pg, 136
Placebo, 134

ICS+>1
controller

At least ICS Tio 5 pg, 31
Tio 2.5 pg, 36

Placebo, 34

ICS inhaled corticosteroids, Tio tiotropium
“Delivered as two puffs once daily via the Respimat®

baseline in peak FEV, within 3 h post-dose [FEV_an)].
Secondary endpoints included trough FEV; response
(change from baseline pre-dose FEV,), the 7-question
Asthma Control Questionnaire (ACQ-7) score, and the
interviewer-administered Asthma Control Questionnaire
(ACQ-IA) score in 6- to 11-year-old children. In addition,
severe exacerbations were defined as asthma worsening
that required treatment with systemic (including oral)
corticosteroids for 3 consecutive days or more. Asthma
worsening was defined as either a progressive increase in
one or more asthma symptoms outside the patient’s usual
range of day-to-day asthma (as determined by the study site
investigator) and lasting for 2 or more consecutive days, or
a decrease in the best morning PEF response of 30% or
more of the mean morning response for 2 or more con-
secutive days.

A further study has recently been published evaluating
the efficacy and safety of tiotropium in preschool children
(aged 1-5 years) with persistent asthmatic symptoms
(Table 2) [37]. The efficacy and safety of tiotropium add-
on therapy in school-age children and adolescents with
symptomatic moderate-to-severe asthma has also been
reported in systematic literature reviews [38, 39]. It is
noteworthy to add that in tiotropium trials in adolescents
and children, only lung function endpoints were confir-
matory, symptom and exacerbation endpoints were
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assessed in an exploratory manner. Therefore, for the latter
endpoints, the trials were not powered to show statistical
significance.

3.2.1 Symptomatic Moderate Asthma

In the RubaTinA-asthma® study, adolescents with symp-
tomatic moderate asthma were randomized to receive tio-
tropium Respimat® 5 or 2.5 g, or placebo Respimat® over
48 weeks as add-on therapy to ICS (200-800 pg of
budesonide or equivalent in patients aged 12-14 years;
400-800 pg in patients aged 15-17 years) with or without
an LTRA (Table 2) [33]. Findings demonstrated that tio-
tropium add-on therapy improves lung function in adoles-
cent patients with moderate asthma. Improvement in
FEV0-3n) after dosing at week 24 was statistically sig-
nificant with both tiotropium doses compared with placebo:
5 pg of tiotropium, adjusted mean difference 174 mL [95%
confidence interval (CI) 76-272; p<0.001]; 2.5 pg of
tiotropium, 134 mL (95% CI 34-234; p<0.01). A statis-
tically significant improvement in trough FEV,; was
observed for tiotropium 5 pg compared with placebo. At
least one severe exacerbation was reported by two (1.5%),
five (4.0%), and nine (6.5%) patients treated with tio-
tropium 5, 2.5 pg, and placebo, respectively. Considering
asthma worsening, at least one episode was reported for 30
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(22.4%), 34 (27.2%), and 37 (26.8%) patients receiving
tiotropium 5, 2.5 pg, and placebo, respectively. ACQ-7
scores at week 24 were numerically lower (improved
control) with tiotropium compared with placebo, but the
differences were not significant.

The efficacy and safety of once-daily tiotropium as an
add-on therapy in children (aged 6-11 years) with mod-
erate  persistent asthma on medium-dose ICS
(200400 pg/day) was investigated in the CanoTinA-
asthma® study over 48 weeks (Table 2) [35, 40]. A sig-
nificant improvement in FEVq_3, at week 24 was
observed with both doses of tiotropium (5 and 2.5 pg), with
adjusted mean differences of 164 mL (95% CI 103-225)
and 170 mL (95% CI 108-231) vs. placebo, respectively
(p<0.0001 for both comparisons). Statistically significant
improvements were also seen in trough FEV, at week 24
for both doses (p <0.01). Severe asthma exacerbations and
the number of patients reporting episodes of worsening
occurred more frequently with placebo compared with
tiotropium. Findings suggested that once-daily tiotropium
as an add-on to maintenance therapy is safe and well tol-
erated in this patient group [40].

A subsequent pooled analysis involving 798 adolescents
(RubaTinA-asthma®) [33] and children (CanoTinA-
asthma®) [35] with symptomatic moderate asthma reported
similar findings to the adult studies [41]. Statistically sig-
nificant improvements in peak FEV(_3n) responses vs.
placebo at week 24 were observed for both doses of tio-
tropium (p <0.0001 for each comparison). The improve-
ments observed in trough FEV, responses vs. placebo at
week 24 for both tiotropium doses were also statistically
significant (p <0.01 for each comparison). The differences
were > 150 mL in peak FEV_sn) response and > 100 mL
in trough FEV, response vs. placebo (Table 3). The sig-
nificant improvements in peak FEV_3p, and trough FEV,
responses were sustained at week 48. At least one asthma
exacerbation (asthma worsening) was reported for 87
(32.3%) patients receiving tiotropium 5 pg, 97 (37.3%)
patients receiving tiotropium 2.5 pg, and 103 (38.3%)
patients receiving placebo during the 48-week treatment
period. The ACQ-7 responder rates at week 24 were higher
in the tiotropium groups than in the placebo group (tio-
tropium 5 pg, 81.0%; tiotropium 2.5 ng, 78.1%; placebo,
70.3%) (Table 3) [41].

The safety and tolerability of tiotropium were also
examined in the pooled population of adolescents and
children with symptomatic moderate asthma, with an
overall mean exposure of 330.6 40.6 days to the study
drug, with the majority of patients receiving at least
280 days of treatment. Adverse events were reported by
61.7, 63.5, and 63.6% of patients receiving tiotropium 5,
2.5 ug, and placebo, respectively. The proportion of
patients with drug-related AEs was low (1.5, 0.4, and 1.1%,

respectively). There were no AEs leading to discontinua-
tion in the tiotropium groups and no deaths occurred. The
most commonly reported AEs were asthma worsening,
decreased PEF, and nasopharyngitis, of which asthma
worsening was reported by more patients in the placebo
group compared with tiotropium 5 and 2.5 pg (33.1, 25.7,
and 29.2% of patients, respectively) (Table 4). Overall,
similar to findings in adults, results from the pooled anal-
ysis demonstrate that the safety and tolerability of once-
daily tiotropium as add-on to maintenance therapy were
comparable to placebo [42].

3.2.2 Symptomatic Severe Asthma

In PensieTinA-asthma®, adolescent patients were ran-
domized to receive tiotropium 5 or 2.5 pg, or placebo over
12 weeks as either add-on to high-dose ICS (>400 pg of
budesonide or equivalent in patients aged 12-14 years;
800-1600 pg in patients aged 15-17 years) plus one or
more controllers (e.g., LABA and/or LTRA), or as add-on
to medium-dose ICS (200-400 pg of budesonide or
equivalent in patients aged 12-14 years; 400-800 pg in
patients aged 15-17 years) plus two or more controllers
(e.g., LABA, LTRA, or sustained-release theophylline)
(Table 2) [34]. In this study, tiotropium 5 pg provided
numerical improvements in peak FEV_3,) compared with
placebo [90 mL (95% CI — 19 to 198; p = 0.104)]. There
was a statistically significant improvement in peak
FEV¢_3n) response with the 2.5-pg dose [111 mL (95% CI
2-220; p = 0.046)], but because the efficacy of tiotropium
5 pg over placebo could not be demonstrated, and thus the
primary endpoint of the trial was not met, all further
treatment comparisons were considered descriptive only, to
control the type I error [34]. Numerical improvements in
trough FEV response at week 12 were observed with both
tiotropium 5 pg [54 mL (95% CI — 61 to 168; p = 0.361)]
and tiotropium 2.5 pg [115mL (95% CI 0-231;
p = 0.051)] compared with placebo. The lack of statistical
significance observed with these data was somewhat
unexpected in view of all other investigations of tiotropium
as add-on to at least ICS therapy in adolescents [33] and
adults [27, 29] with asthma, which have demonstrated that
the 5-pg dose provides statistically significant improve-
ments in both peak and trough FEV .

With no minimal clinically important difference in lung
function improvements established in pediatric patients, it
is difficult to interpret the clinical relevance of non-sig-
nificant changes. However, lung function improvements
are broadly of the same magnitude in adolescents and
children as previously reported in adults. The incidence of
both severe exacerbations and episodes of asthma wors-
ening were low, and the safety and tolerability of tio-
tropium were comparable to placebo. One patient in each
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Table 3 Key efficacy findings from pooled phase III studies with tiotropium Respimat® 5 pg in adolescents and children with asthma

Studies included in pooled analysis N

Primary and key secondary endpoints

Difference from placebo, mL
(95% CI)
p value

Symptomatic moderate asthma [41]
RubaTinA-asthma® 269

CanoTinA-asthma®

Peak FEV, 168

(109-228)
<0.0001

Trough FEV, 118

Symptomatic severe asthma [43]
VivaTinA-asthma® 258
PensieTinA-asthma®

(53-182)
0.0004

Peak FEV, 117

(51-183)
0.0005

Trough FEV, 71

(3-139)
0.04

FEF(25_75%) 296

(168-425)
<0.0001

CI confidence interval, FEF ;5 754, forced expiratory flow 25-75%, FEV, forced expiratory volume in 1 s

of the tiotropium 2.5-pg and placebo treatment groups and
two patients receiving tiotropium 5 pg experienced a sev-
ere asthma exacerbation during the study. At least one
episode of asthma worsening was reported for 15 (11.5%),
18 (14.2%), and 25 (18.5%) patients receiving tiotropium
5, 2.5 ng, and placebo, respectively. The ACQ-7 scores at
week 12 were comparable for both tiotropium doses and
were not significantly different to findings with placebo.

The VivaTinA-asthma® study was the first phase III
study of tiotropium in children (aged 6-11 years) with
symptomatic severe disease. Over a 12-week period, the
efficacy and safety of tiotropium added on to high-dose
ICS (>400 pg/day) with one or more controller medication
or medium-dose ICS (200400 pg/day) with two or more
controller medications in symptomatic severe asthma were
assessed [36]. Compared with placebo, tiotropium 5 pg
add-on therapy significantly improved the primary end-
point, peak FEV;on [139mL (95% CI 75-203;
p<0.001)]. Similarly, a significant difference was
observed in improvements in trough FEV,; response vs.
placebo for the 5-pg dose. No significant differences in
adjusted mean peak forced vital capacity (FVC) within 3 h
post-dose [FVC( 3] or trough FVC responses were
observed with either dose of tiotropium.

The safety and tolerability of tiotropium were compa-
rable to placebo. A severe exacerbation was experienced by
seven (5.4%), three (2.2%), and eight (6.0%) participants
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being treated with tiotropium 5, 2.5 pg, or placebo,
respectively. At least one episode of asthma worsening was
reported for 26.9, 21.3, and 35.1% of those receiving tio-
tropium 5, 2.5 pg, or placebo, respectively. The risk of
severe asthma exacerbations and episodes of asthma
worsening was lower with tiotropium than with placebo, a
difference that reached statistical significance for episodes
of asthma worsening with tiotropium 2.5 pg vs. placebo
(p = 0.006). Changes in ACQ-IA scores were similar
between tiotropium and placebo, with over 75% of par-
ticipants in each group showing a response (improvement
of at least 0.5). In addition, there was no difference in
improvement in the adjusted mean number of asthma
symptom-free days with both doses of tiotropium com-
pared with placebo. Once-daily tiotropium was also well
tolerated as an add-on therapy to ICS with other mainte-
nance therapies in children with symptomatic severe
asthma [36].

In the pooled analysis of these data, it was shown that in
patients aged 6-17 years with symptomatic severe asthma
(n = 792), either dose of tiotropium added on to ICS sig-
nificantly improved measures of lung function (Table 3)
[43]. Peak FEV_sp response at week 12 was significantly
improved with both the 5 and 2.5-p1g dose of tiotropium vs.
placebo; the adjusted difference vs. placebo was 117 mL
(95% CI 51-183; p = 0.0005) and 74 mL (95% CI 8-140;
p = 0.027), respectively. Improvements in forced
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Table 4 Summary of safety outcomes from a pooled analysis of adolescents and children with symptomatic moderate asthma [42]

Tiotropium Respimat® 5 pg Tiotropium Respimat® 2.5 g Placebo
(n = 269) (n = 260) Respimat®
(n = 269)
Patients with any AE, n (%) 166 (61.7) 165 (63.5) 171 (63.6)
Patients with drug-related AEs®, n (%) 4 (1.5) 1(0.4) 3 (1.1)
Patients with AEs leading to discontinuation, n (%) 0 0 2 (0.7)
Patients with serious AEs, n (%) 4 (1.5) 5(1.9) 8 (3.0)
AEs in > 2% of patients in any treatment arm, by preferred term
Asthma worsening 69 (25.7) 76 (29.2) 89 (33.1)
Decreased PEF rate 35 (13.0) 40 (15.4) 35 (13.0)
Nasopharyngitis 31 (11.5) 28 (10.8) 30 (11.2)
Respiratory tract infection viral 18 (6.7) 19 (7.3) 19 (7.1)
Respiratory tract infection 15 (5.6) 16 (6.2) 21 (7.8)
Upper respiratory tract infection 13 (4.8) 5(1.9) 10 (3.7)
Headache 11 4.1) 12 (4.6) 4 (1.5)
Rhinitis allergic 9 (3.3) 72.7) 11 4.1)
Viral infection 9 (3.3) 72.7) 6(2.2)
Rhinitis 8 (3.0) 11 4.2) 10 (3.7)
Pharyngitis 6 (2.2) 9 (3.5) 9 (3.3)
Bronchitis 5(1.9) 9 (3.5) 3 (1.1
Tonsillitis 4 (1.5) 6 (2.3) 10 (3.7)
Sinusitis 4 (1.5) 72.7) 3 (1.1)
Cough 2 (0.7) 6 (2.3) 5(1.9)

Findings from a pooled analysis of the RubaTinA-asthma® and CanoTinA-asthma® studies

AE adverse event, PEF peak expiratory flow

“Investigator-defined

expiratory flow between 25 and 75% of vital capacity
response, more closely representing changes in the lower
airways, and the FEV/FVC ratio, as the pivotal marker of
obstructive lung disease, were also reported. Only the 5-pg
dose of tiotropium significantly improved trough FEV,
compared with placebo [43]. While findings from the pooled
analysis demonstrate significant improvements in peak
FEV_3n) response compared with placebo, it must be
acknowledged that this primary endpoint was not met in
PensieTinA-asthma®, which was conducted solely in
adolescents.

As discussed later, studies in children and adolescents
present challenges; poor adherence, a common problem in
asthma management, may in part explain these findings, in
addition to the short study duration (12 weeks) and the
strong placebo effect observed, pointing towards a possible
low treatment adherence prior to inclusion [34]. While the
pooled analysis involves a large number of patients across
a wide age range, the limitations of these types of analyses
must also be acknowledged. Regarding safety, the most
common AEs, with an incidence >2% in any treatment
group in either study, were asthma, decreased PEF rate, and

nasopharyngitis (Table 5) [43]. Overall, this pooled anal-
ysis confirms that the addition of tiotropium to existing
controller medication improves lung function in children
and adolescents with symptomatic severe asthma.
Observations of improvements in lung function with
tiotropium add-on therapy in children and adolescents with
symptomatic moderate or severe asthma are consistent with
findings in adults with symptomatic asthma [26, 27, 29].
However, the dose response observed in children and
adolescents with symptomatic moderate asthma was not
observed to the same extent in patients with severe disease
[34]. Furthermore, improvements in asthma control were
observed across age groups and asthma severities in all
treatment groups, including placebo. However, the studies
were not statistically powered to assess asthma symptom
scores. It must be acknowledged that short study durations
in children and adolescents with symptomatic severe
asthma do not allow for a comprehensive assessment of
asthma control and exacerbations. In all the studies
reported here, the frequency of severe exacerbations in
children and adolescents were low and did not allow for the
calculation of any treatment effect. The published
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Table 5 Summary of safety outcomes from a pooled analysis of adolescents and children with symptomatic severe asthma [43]

Tiotropium Respimat® 5 pg

Tiotropium Respimat® 2.5 pg Placebo Respimat®

(n = 260) (n = 263) (n = 269)
Patients with any AE, n (%) 99 (38.1) 101 (38.4) 114 (42.4)
Patients with drug-related AEs®, n (%) 1(0.4) 0 3(1.1)
Patients with AEs leading to discontinuation, n (%) 2 (0.8) 0 3(1.1)
Patients with serious AEs, n (%) 6 (2.3) 3(1.1) 2 (0.7)
AEs in>2% of patients in any treatment arm, by preferred term
Asthma 39 (15.0) 34 (12.9) 44 (16.4)
Decreased PEF rate 20 (7.7) 24 (9.1) 33 (12.3)
Nasopharyngitis 11 4.2) 11 4.2) 14 (5.2)
Viral respiratory tract infection viral 6 (2.3) 2 (0.8) 7 (2.6)
Respiratory tract infection 4 (1.5) 1(0.4) 7 (2.6)
Rhinitis 2 (0.8) 3(1.1) 8 (3.0)
Upper respiratory tract infection 4 (1.5) 3(1.1) 4 (1.5)

Findings from a pooled analysis of the PensieTinA-asthma® and VivaTinA-asthma® studies

AE adverse event, PEF peak expiratory flow

“Investigator-defined

evidence, however, demonstrates that tiotropium is a safe
and well-tolerated treatment.

In addition to the studies reported here, a further anal-
ysis of the safety and tolerability of once-daily tiotropium
add-on therapy was assessed in a pooled analysis using
data from>1600 patients aged 1-17 years with symp-
tomatic asthma of different severities. Safety findings were
comparable to placebo regardless of age group and asthma
severity. This finding is of particular importance for chil-
dren, where safety is the major consideration prior to the
incorporation of new treatment strategies [44].

4 Perspectives for Future Research

Further research is required to help determine the optimal
position for tiotropium in asthma management guidelines
for children and adolescents. Several questions remain
unanswered in this context, including non-compliance,
which presents a major challenge, especially in older
children [45]. An effective bronchodilator with a once-
daily regimen might increase the chance of sustained
asthma control, especially in addition to once-daily ICS or
ICS/LABA treatment [33, 34, 46]. To date, there is no
published evidence on the effect of tiotropium on night-
time awakening in children and adolescents. Children with
poorly controlled asthma are at risk of sleep interference
and night-time awakenings, potentially leading to loss of
concentration or absence from school [3, 47-49]. Future
studies are required to evaluate this, and evidence will
provide a better understanding of the position of tiotropium
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in asthma management guidelines. There is currently only
one ongoing study with tiotropium in children
(NCTO03199976). This open-label study evaluates the effect
of intermittent tiotropium bromide and salbutamol as
needed vs. intermittent fluticasone propionate and salbu-
tamol as needed, or solely, salbutamol as needed on epi-
sode-free days in infants and toddlers with recurrent
episodes of wheeze and/or shortness of breath. Results
from this study, as well as the recently completed Nino-
TinA-asthma study (NCT01634113) [37], may shed light
on the effect of tiotropium in very young children with
asthma-like symptoms or wheezy bronchitis.

Identifying or assessing whether certain populations of
adolescents and children with asthma are responders to
tiotropium is also an important aspect for consideration in
future research. Evidence with tiotropium has shown it to
be a well-tolerated treatment that improves lung function
and asthma control in all patient phenotypes and asthma
severities studied. Furthermore, a study in adults has
reported that tiotropium 5 pg improved lung function,
reduced the risk of exacerbations (time to first severe
exacerbation), and improved asthma symptom control
independent of immunoglobulin E levels, eosinophil
counts, age, sex, or baseline demographics compared with
placebo [50]. Preliminary data from a pooled analysis of
trials in children and adolescents confirmed the notion that
tiotropium is effective in improving lung function inde-
pendent from allergic status (immunoglobulin E serum
levels) or eosinophil blood counts [51]. Thus, the evidence
suggests tiotropium is a convenient option for incorpora-
tion into patient care, with no need for patient phenotyping.
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However, this finding needs to be confirmed in adolescents
and children. The improvements in lung function observed
in children with once-daily tiotropium add-on therapy
compared with placebo are shown to be irrespective of the
degree of airflow obstruction at baseline [52]. Previously,
greater bronchodilator responsiveness to SABAs was
reported as a predictor of a positive clinical response to
tiotropium in adults with asthma [53]. Considering the
mode of action of tiotropium, this is not completely
unexpected, but findings need to be confirmed in children
and adolescents. This would allow an inexpensive and
simple test to be performed prior to adding tiotropium to
ICS or for switching to tiotropium from another second
controller.

It is well acknowledged that some patients still have
symptomatic disease despite the use of currently available
therapies [54] and some patients may not respond well to
certain therapies [53]. The efficacy of tiotropium both
added on to medium- and low-dose ICS has been demon-
strated in adults [26, 27]. To date, no study has directly
compared the efficacy of tiotropium with that of LABAs as
an add-on to ICS in adolescents and children. Availability
of this evidence would help to enhance understanding of
the evolving role of tiotropium in clinical practice and
better integrate this therapy into current guidelines.

Chronic inflammation in asthma impacts airway remod-
eling, and involves changes such as goblet cell metaplasia,
airway smooth muscle thickening, and extracellular matrix
deposition [19], which ultimately manifest as disease per-
sistence and progression. Acetylcholine is thought to induce
proinflammatory responses of both inflammatory and
structural cells in the airways, in addition to profibrotic
effects via muscarinic receptor stimulation on mesenchy-
mal, epithelial, and inflammatory cells [19]. As discussed
earlier, anticholinergic agents can reduce the acetylcholine-
induced inflammatory response and may have an inhibitory
effect on airway remodeling [19, 20]. Thus, it is likely that
the impact of LAMAS extends beyond that of bronchodila-
tors to potentially enhance the anti-inflammatory and
bronchodilator effects of LABAs. Further studies are rec-
ommended in this area to confirm the potential impact of
tiotropium on airway inflammation and remodeling.

Exacerbations and disease progression are a major
concern in children with asthma. Evidence suggests that
children with reduced growth of lung function are at an
increased risk of fixed airflow obstruction and hence
exacerbations [55]. An analysis from the Childhood
Asthma Management Program suggested that lower pul-
monary function predicts increased exacerbations [56, 57],
and in a study from the Inner-City Asthma Consortium, a
recent exacerbation, together with impaired lung function,
emerged as important predictors of an increased risk of
exacerbations in this population group [58]. However, it is

unknown whether the exacerbations are a result of the low
pulmonary function or if multiple exacerbations result in
reduced pulmonary function owing to irreversible losses in
lung function. Longer-term studies in patients at risk of
disease progression or frequent exacerbations are needed to
provide such insights. Based on these observations, it
should be considered whether bronchodilators or their
bronchoprotective properties prevent asthma exacerbations
and thus ongoing irrecoverable loss in lung function. While
there is a trend for tiotropium to reduce exacerbations, a
study that focuses on patients at risk of exacerbations is
needed to confirm that finding.

5 Challenges of Asthma Management
in Adolescents and Children

Education and support are recognized as important com-
ponents of care in all patients with asthma, regardless of
age [4]. Challenges in the treatment of patients with asthma
include topics such as adherence, awareness of the
importance of disease management, self-monitoring and
potential underestimation of symptoms, declining and
irreversible lung function, exacerbations in otherwise
controlled patients, and the risk of frequent exacerbations
in partly controlled patients [4, 59, 60]. GINA recommends
a continuous cycle of assessment, treatment, and review.
As part of this, physicians should aim to recognize patients
who may be adapting to their symptoms, e.g., children with
poorly controlled asthma avoiding physical exercise, thus
reporting that their disease is well controlled [4]. It is
important for the healthcare professional to regularly
review treatment choice and device handling, and to be
aware of the gap between patient perception and the clin-
ical definition of asthma treatment and control, so that
clinic visits can be tailored accordingly [59]. It has been
suggested that using a motivational interview technique, a
patient-centered communication skills approach, to help
establish a collaborative relationship may be helpful in
clinical practice [61]. Empowering adolescents and young
adults to play an active role in their own care means they
may be more receptive to advice, and research suggests
they are more likely to be receptive to change when they
independently set goals for themselves [61].

Essential components of guided asthma management
include self-monitoring of symptoms and peak flow, a
written asthma action plan to recognize and respond to
worsening asthma, and regular review of asthma control in
partnership with a healthcare professional [62]. The provi-
sion of information and education to support asthma man-
agement should be considered an evolving process, with
previous details being reinforced at each opportunity. Fur-
thermore, education and support can be delivered at several
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points of care by the multidisciplinary team, including
pharmacists, nurses, and community health workers, in
addition to the primary care professional [63, 64].

Poor medication adherence is a common occurrence in
children and adolescents with asthma, and can result in
suboptimal asthma control [65, 66], which may in part
explain the placebo effect observed in the PensieTinA-
asthma® trial [34]. A recent analysis of posts from an online
forum for patients with asthma established poor inhaler
technique, inhaler characteristics, choosing a device, and the
embarrassment of using the inhaler because of asthma stigma
as some of the factors that can impact treatment adherence in
adolescents [67]. The availability of once-daily dosing with
tiotropium may therefore be particularly helpful in the
younger patient group. Furthermore, the Respimat® Soft
Mist™ Inhaler, which can be used with a spacer if necessary,
is easy to inhale [68] and delivers a dose independent of a
patient’s variable inspiratory flow, facilitating efficient lung
deposition [69, 70], which should especially benefit younger
patients with asthma. Evidence also suggests a drive toward
the use of new strategies, such as electronic monitoring
device technology, to help with the challenges of poor
adherence [67, 71]. However, effective and repeated
instruction on inhaler technique remains of considerable
importance, particularly in younger patients [4].

In younger children, education is primarily targeted at the
parent/caretaker; however, patients should also be taught
simple asthma management skills from a young age as
building blocks for expanding knowledge with age. In ado-
lescents, healthcare professionals should be particularly
aware of psychological challenges such as anxiety and poor
self-esteem [60]. Enabling adolescents to understand their
disease (including its potential long-term nature) and the
importance of adhering to treatment are significant aspects of
care. Social and psychological support may be required to
help initiate and maintain positive behavioral change, such
as involving adolescents in a forum where they feel com-
fortable discussing their personal experiences with asthma
and how they manage their disease [60]. Peer support groups
may provide additional support to any details provided by the
primary care professional, and given the widespread use of
technology and social media among the adolescent popula-
tion, there may be opportunities to access supportive patient
websites, apps, and online forums to help reduce potential
isolation [60, 71]. GINA also provides patient educational
materials and links to asthma websites [4].

6 Conclusion
Findings from pooled analyses of phase III clinical trials in

adolescents and children have shown improved lung
function and asthma control where tiotropium Respimat® is
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used as add-on therapy to ICS with or without other con-
trollers in patients with poorly controlled asthma. These
findings were reported in adolescents and children with
symptomatic moderate or severe asthma, and are consistent
with previous data from trials of tiotropium in adult
patients with comparable disease severities. This makes
tiotropium a useful and novel add-on treatment option,
especially in patients where standard therapy with moder-
ate-to-high ICS with or without a LABA does not result in
sufficient asthma control. Understanding the challenges
faced by adolescents and children with asthma, and
implementing tailored communication strategies to help
optimize disease management in this population, is an
important component of clinical care.
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