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Background: Asthma is a major cause of morbidity in children, despite the availability of various
treatments. In adults, tiotropium—a long-acting muscarinic antagonist (LAMA)—as add-on
therapy to an inhaled corticosteroid (ICS) with or without a long-acting B2-agonist provides
clinical benefit with a safety profile similar to placebo. Objective: To review published evidence
on the efficacy and safety of tiotropium as add-on LAMA therapy in children and adolescents
with asthma that is uncontrolled despite use of an ICS with or without additional controller
medication(s).

Methods: We searched PubMed from inception until June 12, 2018, for randomized controlled
trials (RCTs) involving children and adolescents aged 1 to 17 years treated with tiotropium
Respimat® and reporting a primary outcome of any pulmonary function test and a secondary
outcome of adverse events (AEs).

Results: Overall, 7 RCTs involving 1902 preschool children (aged 1-5 years; n = 102), school-age
children (aged 6-11 years; n = 905), and adolescents (aged 12-17 years; n = 895) with
moderatelltollsevere asthma were included in the analysis. Once-daily tiotropium (5, 2.5, 1.25
ug) improved lung function parameters, including peak and trough forced expiratory volume in
1 second, versus placebo. Commonly reported AEs across treatment groups included asthma
worsening or exacerbations, decreased peak expiratory flow rate, nasopharyngitis, viral
respiratory tract infection, and respiratory tract infection.

Conclusion: Once-daily tiotropium as add-on therapy is efficacious and safe in adolescents and
children with moderate-to-severe asthma. These results support the expanded indication by
regulatory authorities for add-on tiotropium in patients aged >6 years.
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INTRODUCTION

Asthma, which is one of the most common pediatnioic diseases, is a serious health
concern that poses a substantial socioeconomiehtifdn the United States (US),
approximately 1 in 10 adolescents (aged 12-17 yeau children (aged 5-11 years) had
asthma in 2018 An analysis of data from the 2001-2016 Nationahlttelnterview Survey
showed that children aged 0 to 4 years had a lpvetalence of asthma but a higher
prevalence of asthma attacks, emergency departnengent care center visits, and
hospitalization compared with those aged 12 todats! Further, uncontrolled asthma
significantly affects asthma-specific health-retatgiality of life, school attendance and
productivity of children, and work productivity dieir caregivers compared with controlled
asthma’® An analysis of data from Asthma Call-back Surviegvged that more children with
uncontrolled asthma, compared with those with welttrolled asthma, had activity
limitation (78.5% versus 51.8%) and emergency depant visits (27.1% versus 10.0%)
because of asthniazurther, annual all-cause expenditures in chilavith asthma having
indicators of poor control were significantly hightban in children having no indicators of

poor asthma contrd?.

Goals of asthma management in children includeea@iy good symptom control,
maintaining normal activity levels, and reducing tisk of impaired lung developmental
growth, exacerbations, and side effects of medinati Despite availability of various
treatment options, namely, inhaled corticoster@i@Ss) and short-actingp-agonists,
recurrent days with breathlessness, wheeze, ohasugmajor cause of morbidity in
children aged 1 to 5 yeatSNew, safe treatment options for asthma are thadetkin this
age group, especially for children whose symptaensain uncontrolled on ICS&

Importantly, infants have airway inflammation fe@simore commonly seen in adolescents
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and adults with asthmabut children aged 0 to 17 years have a higherafatésiting the
physician office or hospital outpatient departmemt emergency department, than adilts.
Therefore, not only asthma needs to be manageeteiifly in pediatric and adult patients,

but patient and disease characteristics speciath pediatric age group (adolescents [aged
12-18 years], school-age children [aged 6-11 years] preschool children [age8 years])

also need to be considered.

The Global Initiative for Asthma (GINA) recommenastep-wise approach to asthma
treatment not only for adults but for children amtblescents tob. For patients (agegll2
years) with a history of exacerbations, add-orrdjmtum (as an optional controller in GINA
step 4 and as a preferred controller in GINA steig fecommended. Of note, tiotropium is
indicated for patients age years in the US and elsewhété’*8In addition to GINA, use

of the Pediatric Asthma Yardstick provides guidaosevhen and how to step-up therapy for
adolescents, school-age children, and prescholalrehiwith not well-controlled or poorly
controlled asthm&’

Long-acting muscarinic antagonists (LAMAS), suchiasopium, are anticholinergic
compounds that block muscarinic receptors on airsvagoth muscles, glands, and nerves,
resulting in muscle relaxation, inhibition of glasécretion, and increased neurotransmitter
releas€® Tiotropium was approved by the US Food and Drugniistration in 2015 at a
once-daily dose of 2.5 pg for the long-term maiatere treatment of asthma in patients aged
>12 years! based on results of 7 phase Ill randomized cdettdtials (RCTsf?%° The
indication was extended in February 2017 to inclpaients aged 6 years and olifebased

on findings from additional RCTs involving childreged 6 to 11 yeaf$?® Results of a
systematic review of 5 RCTs of adults with uncolidch moderate-to-severe, persistent

asthma (N = 1635§***?showed that tiotropium as add-on therapy to IC&&flong acting
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B2-agonist (LABA) maintained lung function, even wh@ss were tapered or LABA was
discontinued®?® Tiotropium is delivered using the Respiffiatow/soft-mist inhaler, a non—
breath-actuated, propellant-free inhafetnlike dry-powder inhalers, which depend on the
patient's peak inspiratory flow for optimal medicet delivery® the slow/soft-mist inhaler
delivers the medication dose to the airways inddpenhof the patient’s variable inspiratory
flow.>* Further, unlike pressurized metered-dose inhaespacer is not needed to prevent

oropharyngeal medication impaction.

By systematically reviewing RCTs of tiotropium Rispf® as add-on therapy to ICS in
children and adolescents (aged 1-17 years) witinastwe sought to answer the following
guestion: what efficacy and safety evidence efastsiotropium as add-on LAMA therapy in
children and adolescents with asthma that is unclbed! despite use of an ICS with or

without additional controller medications?

METHODS

This systematic review was conducted in accordanttethe Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state>°

Search strategy

We searched PubMed from inception until June 12826br relevant RCTs using the
following terms: tiotropium AND ((child OR childr@rOR infan* OR adolescen* OR
pediatr* OR paediatr*) AND asthma. Literature sdaresults were limited to articles
reported in English.

Trial selection

Trial inclusion criteria were RCTs involving chilelr and adolescents aged 1 to 17 years

treated with tiotropium Respinfatwhere any pulmonary function test was used as the
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primary outcome and adverse events (AEs) werededuas a secondary outcome. Trial
inclusion criteria was based on expert consensutanes for lung function assessment
included peak forced expiratory volume in 1 sec(ieV,) from O to 3 h (FEVYo-3n), trough
FEV,, FEV; area under the curve from 0 to 3 h (Abl&), peak forced vital capacity (FVC),
trough FVC, FVC AUG.3n, morning peak expiratory flow (PEF), and evenifd-PArticles
retrieved from PubMed were imported into an EndNitt@ry. Titles and abstracts were
screened by S.N-S. and M.B., and independentlyi@érby the authors.

Narrative and systematic review articles, retrospechart reviews, case series, preclinical
or observational studies, letters, editorials,tarrand reports of pooled data were excluded.
A review and analysis of full-text articles of tR€Ts were conducted to assess relevant
articles based on patient population, interventstagly design, and outcomes. Articles
meeting the inclusion criteria were selected falgsis. Discrepancies about inclusion of
individual articles were resolved by consensush@lgh the study by Vrijlandt et al,

2018 did not strictly meet the inclusion critetiais study was included as it was the only
published study on preschool children aged 1 tedsi’ Relevant data were extracted from
the articles. If data were not available, clinic&l reports were requested from the sponsor
for additional data. Included articles and relevdata extraction was performed by S.N-S.
and M.B. and were independently reviewed by thbast

Assessment of risk of bias

Risk of bias in the included studies was assesasédoon the Cochrane Collaboration’s
tool 33For each study, risk of bias was assessed basselextion bias (random sequence
generation and allocation concealment), performéiea (blinding of participants and
personnel), detection bias (blinding of outcomeeassient), attrition bias (incomplete
outcome data), selective outcome reporting, andrdilas not reported elsewhere. Study

protocols were requested from the sponsor to d@terlnas in selective reporting. Each



101  potential source of bias was graded as high, lownclear along with an explanation in the
102  “Risk of bias” table (eTable 1; online only). Riskbias was assessed by S.N-S. and M.B.
103  and was independently reviewed by the authors.resmcies were resolved by consensus.
104

105 RESULTS

106  Trial selection

107  PubMed search yielded 56 articles, but only 7 metarespecified inclusion criteria (Figure
108  1). After title and abstract review, 44 articlesr&vexcluded because they either were

109  duplicates or did not meet the inclusion crite@4 [77%]) were review articles). The

110 remaining articles and those that did not haveratist available were considered for full-text
111 review. Of 12 articles considered for full-text v, 5 were excluded because they did not
112 meet the inclusion criteria (national guideline &sthma, n = 1; only adults were included in
113 the studies, n = 3; and HandiH&lea dry-powder inhaler [approved only for the tneent of
114  bronchospasm associated with chronic obstructile@uary disease in the U8}was used
115  to deliver tiotropium, n = 1).

116

117  Trial and patient characteristics

118 Intotal, 7 RCTs involving 1902 children and adok#ts with moderate-to-severe asthma
119  were selected for analysis (Table 1). Of the 14ri@d included adolescents aged 12 to 17
120  years (n = 8953%**3 included school-age children aged 6 to 11 ygars905)?"***?and
121 1included preschool children aged 1 to 5 years 102)3’ Five of the 7 RCTs were phase
122 Il (1 phase II/11l) trials with a parallel-groupedign, and 2 were phase Il trials with an

123 incomplete-crossover design. Two trials includetigoés with mild-moderate asthm&®’ 3,
124 moderate symptomatic asthitd:*%and 2, severe asthri®’ In all trials, male participants

125  outnumbered female participants (male: 60%-70%)eRts received once-daily tiotropium
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at a dose of 5, 2.5, or 1.25 g using the ResfSiinagler for 12 or 48 weeks and were

compared with those receiving placebo via Respirfrat 3”4+

Risk of biaswithin trials

Risk of bias was deemed low for selection, perfarceaand attrition bias for all included
trials (Figure 2). Risk of detection bias was uacla 1 trial, and selective outcome reporting
was low in 3 trials and unclear in 4 trials (eTabj@nline only). No other risks of bias were

identified.

Efficacy and safety data

Initial phase Il RCTs of tiotropium Respirfiah adolescents and school-age children with
moderate symptomatic asthma yielded encouragindtse@able 1Y>*!In the first
incomplete crossover trial, which involved adoledsavith moderate symptomatic asthma,
once-daily tiotropium Respima(s ug, n = 80; 2.5ug, n = 75; or 1.2g, n = 75), Vogelberg
et al. 2014, found that add-on to medium-dose @B @r without a leukotriene receptor
antagonist (LTRA) improved lung function compareithvplacebo (n = 75)* Compared
with placebo, tiotropium fg provided the greatest improvements in peak £Edugh

FEV,, and FEV AUCo.3n). All 3 doses of tiotropium significantly improvedorning PEF
compared with placebo; however, only the 5 andu8.80ses yielded significant changes in
evening PEF versus placebo. The rate of AEs wghtktihigher in the tiotropium fig

group than in the tiotropium 2,gg, tiotropium 1.254g, or placebo group (Table 2).
Similarly, in an RCT involving school-age childresith moderate symptomatic asthma,
Vogelberg et al. 2015, found that treatment withréipium Respimat(5 pg, n = 76; 2.5g,

n =74; or 1.2%9, n = 75), significant improved FEVand morning and evening PEF (only
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5-ug dose) versus placebo (n = 76). The incidehéd=e was comparable across all
treatment groups (Table ).

Results from 4 phase Il RCTs of tiotropium Respitna each involving
adolescenfs*®and school-age childréfi* confirmed previous findings. In a 48-week RCT
(RubaTinA®-asthma), Hamelmann et al. 2016, found that ondg-tiatropium Respimét
(5 ung, n =135; 2.5ug, n = 125) add-on therapy to ICS maintenancertreat with or without
an LTRA significantly improved lung function in ddscents with moderate asthma
compared with placebo (n = 138)Treatment with both tiotropium doses resulted in
significant improvement in peak FEY.an) after 24 weeks; however, only the 5-pg dose
significantly improved trough FEVat week 24. Asthma control (assessed by the Asthma
Control Questionnaire [ACQ]-6 and ACQ-7) improvegpthe 48-week treatment period
with both doses of tiotropium, and the 2.5-ug daigeificantly reduced rescue medication
use. The incidence of AEs was comparable acrossaagment groups. In a 12-week study
(PensieTinA-asthma) involving adolescents with severe symptiznaathma, Hamelmann
et al. 2017, found that once-daily tiotropium Resgf’ (5 pg, n = 130; 2.519; n = 127)
add-on to ICS plus other controller therapies tesuih numerical improvements in lung
function and asthma control compared with placebe {35)*° Significant improvements in
peak FEV(o-3nyand pre-dose morning and evening PEF were obsentediotropium 2.519
and 5ug, respectively. Numerical improvements in peak REM)were observed with
tiotropium 5ug. Both tiotropium doses produced numerical impnogets in trough FEV
and asthma control. The safety and tolerabilityfij@® of tiotropium were comparable with
those of placebo. Further, Szefler et al. 201 7ndoilat only tiotropium Respintab ug (n =
130) added to ICS maintenance treatment witltontroller medication significantly
improved peak FEMo-anyand trough FEY, and resulted in numerical improvements in peak

FVC-an)and trough FVC, compared with placebo in a 12-wieiek (VivaTinA®-asthma) of
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school-age children with severe symptomatic astirathis trial, tiotropium 5ug and 2.5

ug (n = 136) produced numerical decreases in day@seue medication use, and tiotropium
5 ug produced a decrease in Interviewer-Administer€@QAACQ-1A) scores. The incidence
of AEs was lower in the tiotropium groups thanhe placebo group, and most AEs were
mild or moderate in severity. Finally, in a 48-westldy (CanoTin&-asthma), Vogelberg et
al. 2018, found that tiotropium g (n = 135) and 2.pg (n = 135) significantly improved
peak FEV©.3nyand trough FEYat weeks 24 and 48nd peak FVC at week 24, compared
with placebo in children with moderate symptomasthma'? Additionally, ACQ-IA scores
improved with tiotropium. The incidence of AEs wawer in patients receiving tiotropium
than those receiving placebo; most AEs were milchoderate in intensity.

In addition to adolescents and school-age childrenefficacy and safety of
tiotropium in preschool children aged 1 to 5 yeaith persistent asthmatic symptoms were
evaluated in a small phase II/lll RCT (NinoTifiasthma)’ Vrijlandt et al. 2018, showed
that although the change in mean daytime asthmatsymscores from baseline to week 12
did not significantly differ across treatment greumore children in the placebo group
(10/34 [29%]) than in the tiotropium groups (2, 5/36 [14%]; Sug, 2/31 [6%]) had
asthma exacerbations reported as AEs. Otherwiseg@rsistent with prior findings in
patients aged6 years, the safety profile of tiotropium was santio that of placebo.

Overall, the most commonly reported AEs—based ostipshort-term safety data—
in the tiotropium Respim@atgroups across trials included asthma worsenirexacerbations,
decreased PEF rate, nasopharyngitis, viral regpyrétact infection, and respiratory tract
infection (Table 2). Within each age group (i.eladoents or school age children), the
percentage of asthma worsening or exacerbationseased PEF, and nasopharyngitis, was

lower in patients with severe asthma than thosk mibderate asthma.



200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

DISCUSSION

According to GINA recommendations, add-on tiotrapican be considered as an “other
controller option” at step 4 and “preferred addt@atment” at step 5 for adolescents and
adults (aged12 years) with a history of exacerbatidh$iowever, based on recent clinical
trial evidence, including trials described her¢ine US FDA and the European Medicines
Agency (EMA) expanded the indication for tiotropia® add-on maintenance treatment to
patients aged6 years (approved dose: US, 2d§ EU, 5ug).t"*®Findings from this
systematic review show that add-on tiotropium (8 2rbug) improved lung function and
was safe (based on mostly short-term safety dat@jlolescents and children . Similar
frequencies of exacerbations reported as AEs weserged with tiotropium and placebo in
studies of adolescents and school-age childreememl, but the frequency with tiotropium
was lower than that with placebo in preschool c¢kitd Patients with severe asthma had
lower asthma worsening or exacerbations and otksrpossibly because they received
higher doses of ICS/LABA leading to greater stapitir due taundefined demographics.
However, further studies with larger patient popialas enabling statistical versus descriptive
analyses are need&d.

Traditionally, drug development in children is picaded by the efficacy and safety of
medications in adult§ In adults, tiotropium Respinfags add-on therapy to ICS with or
without a LABA provided clinical benefit, with afedy profile comparable with that of
placebo, in 5 phase Il RCT§*In 2 replicate trials involving adults with seversthma
despite receiving ICS and LABAs (PrimoTifiAasthma), once-daily tiotropium (&)
significantly improved peak and trough FE&d increased the time to the first severe
exacerbation compared with placéb&imilarly, in 2 other replicate trials includinduts
with moderate symptomatic asthma (MezzoTiresthma), once-daily tiotropium (5 or

2.5ug) add-on to medium-dose ICS significantly impropedk and trough FEYFVC,
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morning and evening PEF, and ACQ-7 responder mtepared with placebd.Moreover,
tiotropium was as efficacious as twice-daily saknelt (50ug) in the MezzoTin&-asthma
trials 2 In the fifth trial (GraziaTin&-asthma), which involved adults with symptomatic
asthma receiving low- to medium-dose ICS, onceydatropium (5 or 2.5.9) significantly
improved peak FEMo-any trough FEV, FEV; AUC 0.3, and morning and evening PEF.
Findings from the present systematic review, llkese from systematic reviews of the adult
tiotropium trials, reinforce the efficacy and sgfef tiotropium in adolescents and
children(link to video)***4

Further, by being able to evaluate all 7 phaséd RCTs of tiotropium as add-on
LAMA therapy conducted in children and adolescevith asthma that is uncontrolled
despite ICS use, our findings confirm and expanohymreviously published systematic
reviews*®*’ In one systematic review and meta-analysis oBtRETs involving
approximately 1000 adolescents (mean age, 14 y@#lsjnoderate-to-severe asthma,
tiotropium was deemed well tolerated and efficasias add-on to maintenance ICS
treatment or ICS plus a LABZ Further, in another systematic review of 3 RCT®ining
approximately 900 school-age children, tiotropiugngicantly improved lung function and
decreased the number of patients with at leasttezkation compared with placebo.
Finally, consistent with our findings, a pooled lgs& of safety data from trials in
adolescents and children with symptomatic modeastiema showed that the most commonly
reported AEs with tiotropium treatment includedhash worsening, exacerbations, decreased
PEF, nasopharynagitis, viral respiratory tract itifet, and respiratory tract infection (link to
video)#84?
Limitations to our findings include inadequate daggarding the efficacy and safety
of tiotropium in preschool children. Results of w&alRCT have been reported; robust data

from additional trials are warranted. Moreovertistecal analysis (i.e., meta-analysis) of the
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efficacy data was not feasible because of inclusifarhildren from different age groups and
with a range of asthma severities. Other challeegesuntered with trials in children include
poor adherence and short study durations, whichaffagt the overall study resuftThe
inclusion of only English language studies coulbatontribute to reporting bias.

Despite these limitations, the strength of the ena is compelling, especially when the

burden of disease and unmet needs in current asthraare taken into consideratidn.

Results of this systematic review demonstratedghae-daily tiotropium (5 and 2,fg) as
add-on LAMA therapy is efficacious and safe in &daknts and children with moderate-to-
severe asthma and support the expanded indicatitmeldDA, EMA, and GINA for add-on
tiotropium in patients agexb years. Results in the pediatric population atenmwith those
reported in adults. Tiotropium is currently consa&tbas add-on treatment in GINA steps 4
and 5. Current scientific results will be additibpatrengthened by real-world studies of

tiotropium in the treatment of children and ado&eds with asthma.
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FIGURE LEGENDS

FIGURE 1. Flow chart showing selection of studies

FIGURE 2. Assessment of risk bias
The studies included in this systematic review are shown on the Y -axis and parameters for
assessing risk of bias are shown on the X-axis. The studies were categorized as possessing

unclear, low, or high risk of bias for each parameter assessed.



