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Abstract

Background: Studies in adults and adolescents have demonstratetiotropium is
efficacious as an add-on therapy to inhaled caosteroids (ICS) with or without other

maintenance therapies in patients with moderageweere symptomatic asthma.

Objective: To assess the efficacy and safety of once-daityojpgum Respimat add-on
therapy to high-dose ICS with 1 or more controffexdications, or medium-dose ICS with
2 or more controller medications, in the first pidél$ trial of tiotropium in children with

severe symptomatic asthma.

Methods: In this 12-week, double-blind, placebo-controllpdrallel-group trial,
401 participants aged 6-11 years were randomizegc&ve once-daily tiotropium 5 pg
(2 puffs of 2.5 nug) or 2.5 pg (2 puffs of 1.25 pgy) placebo (2 puffs), administered through

the Respimat device as add-on to background therapy

Results: Compared with placebo, tiotropium 5 pg add-on thgraut not 2.5 pg, improved
the primary endpoint, peak forced expiratory volumé& second (FE) within 3 hours after
dosing (5 pg, 139 mL [95% ClI, 75-208< 0.001]; 2.5 pg, 35 mL [95% CI, —28-99;

P = 0.27]), and the key secondary endpoint, trougk:H5 pg, 87 mL [95% CI, 19-154;

P =0.01]; 2.5 ug, 18 mL [95% CI, —48-88;= 0.59]). The safety and tolerability of

tiotropium were comparable with those of placebo.

Conclusion: Once-daily tiotropium Respimatfy improved lung function and was well
tolerated as add-on therapy to ICS with other neai@bce therapies in children with severe

symptomatic asthma.

ClinicalTrials.gov no. NCT01634152
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Clinical implications

Once-daily tiotropium Respimatig improves lung function, with safety and tolerdpil

comparable with those of placebo, in children vgigrere symptomatic asthma.

Capsule summary

Once-daily tiotropium Respimatyg as add-on therapy to ICS with other maintenance
therapy has been shown for the first time to prewdproved lung function in children with

severe symptomatic asthma.

Key words. Anticholinergic drug, asthma, asthma control, dhéin, efficacy, FEV lung

function, Respimat, safety, tiotropium



Abbreviations used

ACQ-IA:
AE:
FER25.750
FEV::
FEV1(0-3ny
FVC:
FVCio-any
ICS:
LABA:
LTRA:
PEF:
QD:
SD

SE

Interviewer-administered Asthma Control Questiormai
Adverse event

Forced expiratory flow between 25% and 75% of tiredd vital capacity
Forced expiratory volume in 1 second

Forced expiratory volume in 1 second within 3 haafter dosing
Forced vital capacity

Forced vital capacity within 3 hours after dosing

Inhaled corticosteroids

Long-actingBz-agonist

Leukotriene receptor antagonist

Peak expiratory flow

Once daily

Standard deviation

Standard error
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INTRODUCTION

Asthma is one of the most prevalent chronic diseasehildren and adolesceritaffecting

approximately 1 in 11 children in the Blénd 10% of adolescents in the U3A.

The once-daily long-acting anticholinergic broncitetar tiotropium, delivered through the
Respimat Soft Mist inhaler (Boehringer Ingelheingélheim am Rhein, Germany), has
demonstrated efficacy as an add-on therapy to@dhebrticosteroids (ICS) with or without
other maintenance therapies in adults and adolesc&ased on this comprehensive clinical
evidence, tiotropium is approved in several coestfor the treatment of symptomatic
asthma in adulf& and in the USA for the treatment of children agé#é years?®*?
Furthermore, the current Global Initiative for Asth recommendations include tiotropium

add-on therapy as part of steps 4 and 5 of thevisepproach for patients aget? years-

In children aged 6-11 years, the current Globadidtive for Asthma strategy recommends
treatment with low-dose ICS, followed by a stepwisgease in ICS dose and/or additional
(or second class of) maintenance therapy, suchagyeacting3,-agonist (LABA) or
leukotriene receptor antagonist (LTRA), if contnals not been achievéd.However,
treatment according to guidelines has been reptotessult in sufficient asthma control in
only around 50% of pediatric patierits*®> This may be explained in most cases by low
adherence to asthma treatment, which is of gegeralern in asthma patients and is notably
poor in the pediatric populatidi?* Prescribing physicians may also not adhere ctemlyg
to treatment guidelines and may fail to prescrimerapriate therapy or provide adequate
education for pediatric asthma patients, compountie issue of poor asthma confrof®
However, a proportion of patients have asthmardratins unstable or suffer from frequent

exacerbations despite adhering to therapy and afdnessing any comorbiditi&&®°
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Asthma exacerbations are linked with high morbiditsk of mortality, and high treatment
costs?’ The risk of an asthma exacerbation increasesdeitheasing lung function, and
recurring exacerbations may lead to the developmiemérsistent asthma in childf&ri° and
significantly poorer lung functioff leading to a potentially higher risk of developittyonic
obstructive pulmonary disease in adulthdb¥. Pediatric patients with asthma also have
higher rates of comorbidities, including depressiod behavioral disorders, which rise
further with increasing asthma severityChildren with poorly controlled asthma are at a
higher risk of suffering from sleep interferencel amghttime awakenings, and may miss
school days as a restft**® Overall, therefore, there is a need to improveeaence through
better communication strategigsand for additional options for the treatment of
suboptimally controlled asthnt. Safety considerations are particularly relevantaunger

patients, and it is important that potential neer#éipies are both efficacious and well

tolerated.

Here we present results from the first completeasphlIl study of once-daily tiotropium
Respimat add-on therapy in children with asthmayhich the 5 pg and 2.5 pg doses were

administered over 12 weeks in participants aged gehrs with severe symptomatic asthma.
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METHODS

Study design

This was a 12-week, phase lll, randomized, doubketpplacebo-controlled, parallel-group
study (VivaTinA-asthma; NCT01634152) in childreredd-11 years with severe
symptomatic asthma. The study design is the santeah of the PensieTinA-asthma study in
adolescents (aged 12-17 years) with severe sympitoasthm&? (Fig 1A), and is part of a
larger pediatric investigational program that inéd to the investigational program of
tiotropium conducted in adult and adolescent asthati@énts. The trial was conducted at

92 sites in 17 countries (Argentina, Australia,ddem, Brazil, Canada, Czech Republic,
Germany, Guatemala, Hungary, Latvia, LithuaniagRd) Romania, Russia, Slovakia,

Ukraine, and the USA).
Study population

Eligible participants were aged 6-11 years witkeast a 6-month documented history of
asthma at enrollment, and were symptomatic at scrg&and before randomization, defined
as an interviewer-administered Asthma Control QGaesaire (ACQ-IAY® mean score of at
least 1.5. Participants were required to: have lbeeeiving maintenance therapy with ICS
either at a stable high dose in combination withr inore controller medications (e.g. LABA
or LTRA) or at a stable medium dose in combinatiatth 2 or more controller medications
(e.g. LABA and/or LTRA and/or sustained-releasefisg/lline) for at least 4 weeks before
screening; and have a prebronchodilator forcedratqry volume in 1 second (FEMof 60-
90% of predicted normal at screening, RE®Versibility of 12% or more 15-30 minutes after
200ug salbutamol (albuterol), and variability of abdel&EV; values from screening to

randomization within £30%.
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A key exclusion criterion was a diagnosis of argngicant disease other than asthma.

Study procedures

Following a 4-week screening period, participangsewandomized 1:1:1 to once-daily
tiotropium 5 pg (2 puffs of 2.5 pg) or 2.5 pg (Zfpwof 1.25 pg), or placebo (2 puffs),
administered through the Respimat Soft Mist inhaler 12 weeks, with a 3-week follow-up
period after the last dose of treatment (Fig 1Rarticipants were required to show
compliance of 80% or more (recorded with the AMthasa monitor device [electronic peak
flow meter and eDiary; eResearch Technology, Hoahl®ermany]) at randomization to
continue with the trial. Randomization was perfechusing a pseudo-random number

generator with a supplied seed number, with a béiok of 6.

Study treatments were administered as add-on tedage ICS maintenance therapy
(>400 pg budesonide or equivalent) with 1 or mamatioller medications (e.g. LABA and/or
LTRA) or medium-dose ICS (200-400 pug budesonidequivalent) with 2 or more
controller medications (e.g. LABA and/or LTRA andgustained-release theophylline).
Participants self-administered medication onceydaithe evening betweenr# and 7pPwm,
taking ICS therapy first (if usually administeredthe evening), then other controller
therapies, followed by trial medication. Open-ladsbutamol hydrofluoroalkane metered-
dose inhalers (100 pg per actuation) were provateaescue medication during the
screening, treatment, and follow-up periods. P#ethiconcomitant medications for the
treatment of acute asthma exacerbations inclugetpadrary increases in the dose of ICS;
temporary addition of systemic corticosteroids,rslacting theophylline preparations,

systemid,-agonists, or inhaled short-acting anticholinergao®d antibiotics.

The study complied with the principles of the Deateon of Helsinki and the International

Conference on Harmonisation for Good Clinical Hcac6Guidelines. Before trial initiation,

10
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the trial protocol, participant and parent/guardr@ormation sheets, and consent forms were
reviewed and approved by the independent ethicsrstiee and/or institutional review board
of each participating institution. Before partigiion in the trial, written, informed consent
was received from each participant’s parent or djaar and informed assent suitable for this

age group was obtained from participants.

Study endpoints

All primary and secondary efficacy endpoints wenalgzed at week 12. The primary
efficacy endpoint was change from baseline (responspeak FEYwithin 3 hours after
dosing (FEVM(0-3n). The key secondary efficacy endpoint was trolegN; response
(measured at the end of the dosing interval, 1Qutasmbefore the administration of the next

dose of trial medication).

Other secondary efficacy endpoints included: peaged vital capacity (FVC) response
within 3 hours after dosing (F\§=n) and trough FVC response; ACQ-IA score and
responder rate; weekly mean asthma symptom-freg r@@ponse; weekly mean rescue
medication use response; and weekly mean evenadgeeiratory flow (PEF) response,

measured at home.

Further efficacy endpoints included: mean forcegliratory flow between 25% and 75% of
the FVC (FERs.7s%) response at each time point during the 12-wesstitient period; peak
FEV1(0-3nyand trough FEYpercent predicted responses at week 12; and tirfiest episode

of asthma worsening (prespecified as exacerbatieimed as a progressive increase in 1 or
more asthma symptoms that were outside a particgpasual day-to-day variation, lasting

for 2 or more consecutive days, and/or a decreaaearticipant’s best morning PEF of 30%
or more from their mean morning PEF for 2 or maesecutive days, recorded as described

below) and first severe exacerbation (defined aspasode of asthma worsening that required

11
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treatment with systemic corticosteroids for 3 orenconsecutive days) over the 12-week

treatment period.

Post hoanalyses were performed on in-clinic trough PEpaases at week 12 and trough

FEV1/FVC responses over 12 weeks.

Adverse events were recorded until 30 days afeefast dose of trial medication to assess

safety and tolerability.
Study assessments

In-clinic lung function testing was conducted atesning and at every visit during the
treatment period. Spirometers met American Thor&aciety and European Respiratory
Society criterig’ At each time point, in-clinic FEMand FVC responses were measured
from at least 3 and up to 8 spirometric maneuwaeshighest FEyYand FVC responses from
an acceptable maneuver were selected, regardlegsetiier they came from the same or

different maneuvers.
The ACQ-IA was completed at screening and at evisityduring the treatment period.

Rescue medication use, treatment compliance, andiarsening of asthma symptoms were
measured by participants at home using the AM3cgevHome-based FE\and PEF were

measured twice daily with the AM3 device.
Statistical analyses

Efficacy analyses were performed on the full analgst, which was the same as the treated
set. Safety analyses were performed on the tresatedefined as all randomized participants

who received at least 1 dose of study medication.

12



163 The null hypotheses were tested in a stepwise maarm®ntrol the probability of a type |
164 error (1-sidedp = 0.025). First, the superiority of tiotropiumug versus placebo for peak
165 FEVi.3nresponse at week 12 was tested. If the correspgmadll hypothesis was rejected,
166 then the same null hypothesis for the 2.5 pg dasetested. Testing for the superiority of
167 tiotropium 5 pg, and then 2.5 ug, versus placebthi® key secondary endpoint was then
168 conducted. If at any stage the previous step wasuccessful, further analyses were

169 considered descriptive, i.e. non-confirmatory, only

170 All lung function endpoints, ACQ-IA scores, and poahts from the AM3 device were

171 analyzed using a restricted maximum likelihood-dasexed-effects model with repeated
172 measures. The model included the fixed, catedagfbects of “treatment”, “country”,

173 “visit”, and “treatment-by-visit interaction”, asel as the covariates of “baseline value” and
174 “baseline value-by-visit interaction”. Baselinesm@efined as the pretreatment value

175 measured at randomization in the evening 10 mirheésre the evening dose of the

176 participant’s usual asthma medication and firsedafstrial medication for lung function

177 endpoints, and as the average of the 7 days imtegd@eceding randomization for

178 endpoints measured using the AM3 device. “Patiesis included as random effect. ACQ-
179 1A responder analyses were performed using themahclinically important difference of
180 0.5%° Time to first severe exacerbation and time tst fapisode of asthma worsening were
181 analyzed using Cox’s proportional hazards regressiodel with “treatment” fitted as an

182 effect. Safety analyses were descriptive in nature

183 Sample size was determined using a conservative@grtest with a power of 80% and a
184 probability of a type | error of 2.5% (1-sided}.wlas determined that 125 participants per
185 treatment group were required to detect a diffezafcl50 mL in peak FENb.an) response,

186 assuming a common standard deviation (SD) of 420 mL

13
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RESULTS

A total of 401 participants were randomized; 392.890) completed the 12-week treatment
period, 1 (0.2%) was not treated, and 8 (2.0%) ptarely discontinued study medication
(Fig 1B). Mean treatment exposure = SD was 8®11idays, and mean adherence with

study medication = SD was 82.0 + 21.6%, recordet thie AM3 device.

Baseline participant demographics and disease chasteristics

Overall, baseline demographics and disease chasticie were balanced between treatment
groups (Table I). The majority of participants wenale (69.8%), 36.3% were aged 6-8
years, and 63.8% were aged 9-11 years, with a mgar SD of 9.0 £ 1.6 years overall.
Mean asthma duration £ SD was 4.9 £ 2.5 years,/é8fb of participants had been exposed
to second-hand smoke. In the 3 months before siciggeall participants received treatment
with ICS, 78.8% received a LABA, and 85.0% receia@ad.TRA. During the treatment
period, 30.2% of participants received ICS plugHeocontroller, 69.8% received ICS plus

2 other controllers, 78.5% received a LABA, and384 received an LTRA.

Efficacy

Primary endpoint

Tiotropium provided a statistically significant imgvement versus placebo in the primary
endpoint, peak FENo-3nresponse at week 12, with the 5 pg dose (adjusesth difference:
139 mL; 95% CI, 75-203 < 0.001) but not with the 2.5 pg dose (adjustedmifference:
35 mL; 95% CI, —28-99P = 0.27) (Fig 2A and Table II); all subsequent geat were

therefore considered descriptive.

14
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Key secondary endpoint

Improvements in trough FEMWfesponse versus placebo after 12 weeks of treatweze
statistically significant with the 5 pg dose (adggsmean difference: 87 mL; 95% CI, 19-
154;P = 0.01) but not with the 2.5 pg dose (adjustedmuiierence: 18 mL; 95% CI, —48-

85: P = 0.59) (Fig 2B).

Other secondary endpoints

Additional secondary endpoints are presented ileldb No statistically significant
differences compared with placebo were observeddprsted mean peak FyGny and

trough FVC responses at week 12 following treatmtit either dose of tiotropium.
Changes in adjusted mean ACQ-IA score with botlesia$ tiotropium at week 12 were
similar to those seen with placebo; the majoritpafticipants in all treatment groups were
responders (ACQ-IA improvement of at least 0.5¢raft2 weeks (tiotropium 5 g, 80.8%;
tiotropium 2.5 pg, 79.4%; placebo, 76.9%). Theaisidjd mean number of asthma symptom-
free days was increased by a similar degree imestment groups after 12 weeks, and there
was a non-significant difference versus placebadjusted mean daytime rescue medication
use with both tiotropium doses (Table II). Adjuktaean differences in weekly mean
evening PEF responses following tiotropium admraigin, measured at home using an
unsupervised AM3 device (Table 1), were incongisend did not correlate with the

post hodn-clinic trough PEF results (see below). Whealgred by age group, the adjusted
mean difference versus placebo in weekly mean agdPEF response with tiotropium was
inconsistent (for example, in participants agedy@&ars: tiotropium 5 pug: 6.58 L/min; 95%
Cl, —9.04-22.19P = 0.41; tiotropium 2.5 pg: 5.91 L/min; 95% CI, £8:19.93,P = 0.41,

and in participants aged 9-11 years: tiotropiung5+L0.66 L/min; 95% CI, —22.92-1.61;

P = 0.09; tiotropium 2.5 pug: —2.45 L/min; 95% CI,5:39-10.49P = 0.71).

15
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Further endpoints

Post hoanalysis of in-clinic trough PEF response at we2kidmonstrated a statistically
significant improvement compared with placebo fotropium 5 pg (adjusted mean
difference versus placebo: 13.80 L; 95% ClI, 3.47L24° = 0.009); however, the difference
was not significant with the 2.5 pg dose (adjustexdn difference versus placebo: 9.55 L;

95% ClI, —-0.67-19.76® = 0.07).

Adjusted mean differences in Fd=s0,) responses between both tiotropium doses and
placebo were statistically significant at all tim@nts throughout the study period, with the
exception of the 2.5 pug dose at week 8 (Fig 3)probmements in adjusted mean peak
FEV10-3n) percent predicted responses were statisticallifssgnt compared with placebo
for both tiotropium doses at week 12; improvemamizdjusted mean trough FEYercent
predicted responses were statistically signifieaith tiotropium 5 g only (Fig 4)Post hoc
analyses of adjusted mean trough FEEVC responses demonstrated statistically sigmfica
improvements at all time points versus placebo Wdth tiotropium doses, with the

exception of tiotropium 2.5 pg at week 8 (Fig 5).

Seven participants (5.4%) in the tiotropium 5 pgugy, 3 participants (2.2%) in the

tiotropium 2.5 pg group, and 8 participants (6.0&dhe placebo group experienced a severe
asthma exacerbation during the treatment periadeast 1 episode of asthma worsening
was reported for 35 participants (26.9%) receitiaggopium 5 pg, 29 participants (21.3%)
receiving tiotropium 2.5 pg, and 47 participants.{36) receiving placebo. The risk of
severe asthma exacerbations and episodes of asthrs@ning was lower with tiotropium
than with placebo (hazard ratios <1); however, difference was significant only for

episodes of asthma worsening with tiotropium 2.5/@igus placebd(= 0.006).
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Safety and tolerability

The overall incidence of adverse events was lowsr tiotropium 5 pg (n = 56; 43.1%) and
2.5 pg (n =59; 43.4%) compared with placebo (16:748.3%). The majority of adverse
events were mild or moderate in intensity and tlstnfrequently reported adverse events, by
preferred term, included asthma, decreased PEFYadepharyngitis, and respiratory tract
infection (Table IIl). Investigator-defined druglated adverse events were reported for

3 participants: tiotropium 5 pg, n = 1 (dizzinegggcebo, n = 2 (cough, n = 1; asthma,
cough, decreased appetite, fatigue, and metakaitsanyopathy, n = 1). Adverse events
leading to discontinuation were reported for 4 ipgrants receiving tiotropium 5 pug (asthma,
n = 2) or placebo (cough, n = 1; metabolic cardiopathy, n = 1). Eight participants
reported serious adverse events, none of whiclcarasidered to be related to the study drug:
tiotropium 5 pg, n = 4 (asthma, n = 3; appendicitis 1); tiotropium 2.5 pg, n = 2 (asthma,

n = 1; epilepsy, n = 1); placebo, n = 2 (asthma,In asthmatic crisis, n = 1). No deaths

occurred during the trial.
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DISCUSSION

In this phase Il study in children aged 6-11 yeaith severe symptomatic asthma, once-
daily tiotropium Respimat add-on to ICS plus 1 @rencontroller medications improved
lung function compared with placebo. Statisticalignificant improvements in the primary
endpoint, peak FENo-3nresponse, were observed with tiotropium 5 pg solsll
subsequent analyses, including those for the keynslary endpoint of trough FEV
response, were considered descriptive. Likewmmprovements in the key secondary
endpoint, trough FEVresponse, were statistically significant withriogium 5 pg only.
Peak FV(g-3n and trough FVC responses with tiotropium werestatistically significant.
The safety and tolerability of tiotropium were caamgible with those of placebo, consistent

with previously published data in adults and admess® '

The significant improvements in peak and trough FEBgponses observed with tiotropium

in this study of children with severe symptomasthana are consistent with published data
in adults and adolescents with comparable asthrexibe suggesting that consistent
findings are generally observed across the tiotmoptrial program in both adult and pediatric
asthma patients. In the PrimoTinA-asthma studiexlults with severe symptomatic asthma,
tiotropium 5 pg led to significant improvementshioth peak and trough FEVesponses at
weeks 24 and 48.The PensieTinA-asthma study in adolescents weitler® symptomatic
asthma demonstrated improvements with tiotropiursugeplacebo in several domains of
lung function, including peak and trough FEsponses, FEfs 750, responses, and morning
and evening PEF responses; however, findings warstatistically significant as the trial

did not meet the primary endpoint of peak k¥ response at week 12.

Changes in ACQ-IA score in this study were similatween tiotropium and placebo, with

more than 75% of participants in all treatment astmswing an ACQ response (improvement

18



293 of at least 0.5). These responder rates are sitnikose observed in adolescent patierts
294  and greater than those observed in adultiese data are in line with findings that studies
295 asecond or third controller added on to ICS afiely to achieve the minimum important

296 difference (0.5) in ACQ score versus placebo; gy be attributable to improved adherence
297  with background medication in the trial settingguking in improvements from baseline in

298 all treatment arm$: Interestingly, despite improvements being obseimeasthma control in
299 all treatment arms, a reduction in respiratory aslvevents (asthma and decreased PEF rate)
300 was observed with tiotropium compared with placetioich may be indicative of improved
301 asthma control, as respiratory adverse events eaoisidered both a safety and an efficacy

302 parameter.

303 Statistically significant improvements in Ffzf=s0) response were observed versus placebo
304 with tiotropium across the trial duration (with tBeception of tiotropium 2.5 pug at week 8).
305 FERgs.7s0)is a reflection of small airway functidf;®and these improvements in

306 conjunction with the observed improvements in FBWpport the efficacy of tiotropium in

307 children with severe symptomatic asthma.

308 Children with severe asthma have been reportedcatotain similar levels of lung function to
309 children with less severe asthma, despite havieguient asthma symptorifs However, in
310 the present study, we observed statistically sicgmit improvements with tiotropium in

311 relation to spirometry but no significant improvemein asthma symptoms. Furthermore, it
312 has been shown that FE¥VC significantly decreases as asthma severiteases in

313 children?*and that decreases in FERVC ratio are linked to an increased risk of

314 exacerbation$’ suggesting that the improvements in REEW/C with tiotropium versus

315 placebo observed in our study may be of importance.
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316 In-clinic data demonstrated a significant improveiria trough PEF response with

317 tiotropium 5 pg, whereas analysis of home-baseslipgrvised measurements of evening
318 PEF using the AM3 device revealed no significaffedences between tiotropium and

319 placebo, overall and by age group. This is ini@sttto the significant improvements versus
320 placebo seen in home-based measurements of eveBRg adolescents with tiotropium
321 5 pugd?and in adults with tiotropium 5 pg and 2.5 1 G:omparison with these other phase IlI
322 data suggest that the young participants in theenuitrial may have experienced difficulty
323 obtaining accurate PEF measurements at home mbdence of supervision by a medical

324 professionaf?®

325 Data on the efficacy and safety of ICS plus tioiwmap compared with the combination of ICS

326 plus LABA are becoming availabfe”’

“% The MezzoTinA-asthma study in adults with
327 moderate symptomatic asthma demonstrated thadpiotn shows efficacy and tolerability
328 comparable with those of the LABA salmetérlowever, data on the efficacy of ICS plus
329 LABA versus ICS plus anticholinergic drugs in cindd are lacking. Surveillance studies

330 have provided further reassuring information iratiein to the safety and tolerability of ICS

331 plus LABA in pediatric patient&>?

332 Poor medication adherence is a common issue idrehi] leading to suboptimal asthma
333  control®>*** Once-daily dosing with other asthma medicatioas heen shown to improve
334 adherence versus twice-daily dosiigOnce-daily dosing of tiotropium may thereforedfe
335 benefit in the stepwise addition of treatmentsuiecontrolled asthma in children aged 6-11
336 years with severe symptomatic asthfhparticularly when a LABA is unsuitable or

337 ineffective®®>’ The Respimat Soft Mist inhaler may provide furthenefits for pediatric
338 patients with asthma, since it is easy to use atidats a dose independent of a patient’s

339 variable inspiratory flow, which facilitates supmriung deposition compared with
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alternative inhaler device&. However, effective and repeated instruction draler

technique remains of considerable importance, @4atily in pediatric patients:®

The results of this trial should be interpretedhia light of certain limitations. Improved
adherence to background medication in the clinreal environment can lead to a marked
placebo responsgé. Additionally, the short duration of the study iiithe analysis of severe
or seasonal exacerbations, asthma worsening, #maasontrol endpoints, and may have
affected the lung function endpoints. Lung functi® the most sensitive assessment for
bronchodilator medications, and was therefore sedleas the primary endpoint of this study.
However, as a result, this trial was not fully poaefor the analysis of FEXFVC, which
may provide a more accurate reflection of asthrearitg in children than FEM*

Similarly, this trial was not powered for the ars$yof important patient-reported outcomes
such as ACQ score or exacerbations, which reqaiget, long-term studies to assess.
Furthermore, although smaller, short-term studssprovide valuable information over a
short time-frame, they may overestimate the madgitf treatment effects and can require

validation from larger confirmatory studiés.

Nevertheless, the relatively large participant pgapaon in this trial increases the reliability of
the study findings. These data add to the bodyvimfence from trials in adults and
adolescents that demonstrates the efficacy, safetytolerability of tiotropium Respimat in
asthma, and provides insight into its real-worlicaty, as tiotropium was studied as an add-

on to participants’ usual background therapy.

In conclusion, once-daily tiotropium Respimaidgpimproves lung function and is a well-
tolerated bronchodilator when added to ICS plus thare controller medications in children

aged 6-11 years with severe symptomatic asthma.
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TABLE I. Baseline participant demographics and diseasectaaistics

Tiotropium 5 ug QD Tiotropium 2.5 pg QD Placebo QD
(n = 130) (n = 136) (n = 134)
Age (y)* 92+1.6 8.8+1.7 9.1+1.6
Age (y), no. (%)

6-8 36 (27.7) 60 (44.1) 49 (36.6)

0-11 94 (72.3) 76 (55.9) 85 (63.4)
Sex, no. (%)

Male 90 (69.2) 96 (70.6) 93 (69.4)
Body mass index (kg/ft 18.6 + 3.7 17.8 +3.5 17.9+3.6
Exposure to second-hand smoke, no. (%)

No 118 (90.8) 126 (92.6) 125 (93.3)
Yes 12 (9.2) 10 (7.4) 9 (6.7)
Duration of asthma (y)* 5.07 £ 2.59 4.96 + 2.47 4.77 +£2.39

Prebronchodilator FEVat screening*
Actual (mL) 1512 + 316 1442 + 314 1469 + 291
76.6 £ 8.0 76.8+7.7 76.2 +8.1

Percent predicted



FEV; reversibility at screening (%)*
FEV*
Actual (mL)
Percent predicted
FVC*
Actual (mL)
Percent predicted
FER25.75%)"
Actual (L/s)
Percent predicted
Weekly mean evening PEF (L/min)*
ACQ-IA score*
ICS dose of stable maintenance treatment (ug)*t
Concomitant therapies in the 3 months before sangeno. (%)
LABA
LTRA

Concomitant therapies during the treatment penod(%o)

276 +13.1

1595 + 353

80.9+11.8

2093 £ 474

92.0+14.1

14+0.6
60.0 £ 21.9

235.0 +67.7

20+04

0

101 (77.7)

114 (87.7)

27.332

1569 + 336

83.6 £10.9

2057 £ 494

94.7+12.9

1.4+0.5
62.3+23.3
23658.7
1.9+0.3

439 + 218

113 (83.1)

113 (83.1)

27.1+13.5

1552 + 350

80.3+11.6

2013 = 457

90.3+13.6

1.4+0.6

61.6 +24.4
226.3 +58.0

20+04

480 + 240

101 (75.4)

113 (84.3)
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LABA 100 (76.9) 113 (83.1) 101 (75.4)

LTRA 113 (86.9) 113 (83.1) 113 (84.3)

The treated set is shown.

ACQ-IA Interviewer-administered Asthma Control Questaire FEF s 754, Forced expiratory flow between 25% and 75% offtiieed vital
capacity;FEV,, Forced expiratory volume in 1 secoRd/C, Forced vital capacityCS Inhaled corticosteroid$ABA Long-acting3,-agonist;
LTRA Leukotriene receptor antagoniBEF, Peak expiratory flowQD, Once daily.

*Values are means * standard deviation.

tBudesonide or equivalent dose.
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TABLE Il. Primary and other secondary endpoints at week 12

Active versus placebo Respimat

Adjusted Adjusted mean of

Treatment and parameter mean + SE (mL) difference £ SE (mL) 95% ClI P value

Peak FEV(o-3nresponse (mL)
Tiotropium Respimat 5 ug QD (n = 128) 391 + 26 9 333 75-203 <0.0001
Tiotropium Respimat 2.5 ug QD (n = 135) 287 £ 25 5 £332 -28-99 0.27
Placebo Respimat QD (n = 130) 252 + 25

Peak FV(.3n response (mL)
Tiotropium Respimat 5 ug QD (n = 128) 275 + 28 +386 -40-101 0.40
Tiotropium Respimat 2.5 ug QD (n = 135) 201 £ 27 43+ 36 -113-27 0.23
Placebo Respimat QD (n = 130) 244 + 28

Trough FVC response (mL)
Tiotropium Respimat 5 ug QD (n = 128) 150 £ 30 38t -66-83 0.82
Tiotropium Respimat 2.5 ug QD (n = 135) 94 £+ 29 8 #437 -121-26 0.20
Placebo Respimat QD (n = 130) 141 £ 29

ACQ-IA score
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Tiotropium Respimat 5 ug QD (n = 126)
Tiotropium Respimat 2.5 ug QD (n = 136)
Placebo Respimat QD (n = 130)

Weekly mean asthma symptom-free days response
Tiotropium Respimat 5 ug QD (n = 127)
Tiotropium Respimat 2.5 ug QD (n = 136)
Placebo Respimat QD (n = 128)

Weekly mean daytime rescue medication use
response (puffs)

Tiotropium Respimat 5 ug QD (n = 126)
Tiotropium Respimat 2.5 ug QD (n = 136)
Placebo Respimat QD (n = 127)

Weekly mean evening PEF response measured at
home (L/min)

Tiotropium Respimat 5 ug QD (n = 126)
Tiotropium Respimat 2.5 ug QD (n = 136)

Placebo Respimat QD (n = 127)

0.95 +0.06
1.05 #0.0

1.03+0.06

0.17 +£0.03
0.13 £30.0

0.15+0.03

—0.37 £ 0.06
-0.29600.

-0.28 + 0.06

3.79+3.73
8.46 #)3.6

7.89 +3.72

-0.08 £ 0.08

0.02 +0.08

0.03+0.04

—-0.02 + 0.04

—-0.09 +0.08

-0.02 £ 0.07

-4.11 + 4.87

0.57+4.81

-0.23-0.08

-0.13-0.17

-0.06-0.11

-0.10-0.06

-0.23-0.06

-0.16-0.13

-13.66-5.44

—-8.87-10.00

0.32

0.80

0.55

0.68

0.25

0.84

0.40

0.91
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The full analysis set is shown. Results are adgugtr treatment, country, visit, baseline, treattdgy-visit interaction, and baseline-by-visit
interaction. Common baseline mean + standard termidFEV; = 1572 + 346; FVC = 2.05 £ 0.48; weekly mean astlsymptom-free days =
0.27 £ 0.35; daytime rescue medication use = 0.0(r&; weekly mean evening PEF = 232.60 + 61.56.

ACQ-IA Interviewer-administered Asthma Control Questeirel FEV;o.3n, Forced expiratory volume in 1 second within 3riscafter dosing;

FVC, Forced vital capacityVC.3n), Forced vital capacity within 3 hours after dosiRgF, Peak expiratory flonQQD, Once daily.
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TABLE Ill.  Overall summary of adverse events

Tiotropium 5 ug QD Tiotropium 2.5 ug QD Placebo QD Total
(n=130) (n =136) (n=134) (n = 400)

Participants with any AE 56 (43.1) 59 (43.4) 66.839 181 (45.3)
Participants with investigator-defined drug-relatdels 1(0.8) 0 2 (1.5) 3(0.8)
Participants with AEs leading to discontinuation (15) 0 2 (1.5) 4(1.0)
Participants with serious AEs 4(3.1) 2 (1.5) B]1. 8 (2.0)
AEs in >2% of participants in total, by preferrednh*

Asthma 24 (18.5) 20 (14.7) 30 (22.4) 74 (18.5)

Decreased PEF rate 15 (11.5) 15 (11.0) 20 (14.9) 0 (18.5)

Nasopharyngitis 6 (4.6) 6 (4.4) 11 (8.2) 23 (5.8)

Viral respiratory tract infection 5(3.8) 2 (1.5) 4 (3.0) 11 (2.8)

Respiratory tract infection 3(2.3) 1(0.7) 5 (3.7 9 (2.3)

Values are presented as numbers (percentagesartidipant can be counted in more than 1 categdhe treated set is shown.

AE, Adverse eventPEF, Peak expiratory flonQ@D, Once daily.

*Medical Dictionary for Regulatory Activities, vao 18.0.
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Figure legends

FIG 1. Study designA) and CONSORT diagranB}. Usual background therapy is defined
as high-dose ICS (>400 ug budesonide or equivabdm) 1 or more controller therapies (e.g.
a LABA or LTRA) or medium-dose ICS (200-400 g bsoeide or equivalent) plus 2 or
more controller therapies (e.g. a LABA and/or LTRAd/or sustained-release theophylline).
ICS Inhaled corticosteroid§;ABA Long-acting3,-agonist,L TRA Leukotriene receptor

antagonistQD, Once daily.

FIG 2. Peak FEVY(o-3n) (A) and trough FEY(B) responses at week 12: full analysis set.
Results are adjusted for treatment, country, \isiseline, treatment-by-visit interaction, and
baseline-by-visit interaction. Error bars are isSEEommon baseline mean FEvstandard
deviation is 1572 + 346 mL.P*< 0.05; **P < 0.001 versus placebo RespimBEV;, Forced
expiratory volume in 1 seconBEV; .3, Forced expiratory volume in 1 second within

3 hours after dosing)D, Once daily,SE Standard error.

FIG 3. FERgs.750 responses over 12 weeks: full analysis set. fearg adjusted for
treatment, country, visit, baseline, treatment-sjtinteraction, and baseline-by-visit
interaction. Error bars are £ SEs. Common baseliran FEfs.754,)* standard deviation is
1393 £ 571 mL. P < 0.05; *P < 0.001 versus placebo RespimBEFs.750 Forced
expiratory flow between 25% and 75% of the forcedl capacity,QD, Once daily;

SE Standard error.

FIG 4. Peak FEVY(o-3n) percent predictedd) and trough FEYpercent predicted
responses at week 12: full analysis set. Resdjtsted for treatment, country, visit,
baseline, treatment-by-visit interaction, and baseby-visit interaction. Error bars are +

SEs. Common baseline mean RE)ércent predicted + standard deviation is 81.6.5.1
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*P < 0.05; **P < 0.001 versus placebo RespimBEV,, Forced expiratory volume in 1
secondFEVyo.3n, Forced expiratory volume in 1 second within 31iscafter dosing;

QD, Once dailySE Standard error.

FIG 5. Trough FEM/FVC responses over 12 weeks: full analysis s&suRs are adjusted
for treatment, country, visit, baseline, treatmieyrvisit interaction, and baseline-by-visit
interaction. Error bars are + SEs. Common basetiran FEVFVC * standard deviation is
77.4 £10.1. P <0.05 versus placebo Respim&EV,, Forced expiratory volume in 1

secondfVC, Forced vital capacityQD, Once dailySE Standard error.
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ACCEPTED MANUSCRIPT

Figure 1A
A
| Screening | Treatment: add-on to usual background therapy | Follow-up
I I I I
Tiotropium Respimat 5 pg QD
Tiotropium Respimat 2.5 pg QD
Placebo Respimat QD
Visit 0 1 2 3 4 5 6
. | | | | | |
Week -4 0 4 8 12 15

Randomization


http://ees.elsevier.com/jaci/download.aspx?id=1229163&guid=84eac43c-2c6c-4dab-a196-baae4fa2d5d1&scheme=1

Figure 1B
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Participants excluded
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(n=1;0.4%)

— Did not meet inclusion
criteria or met
exclusion criteria
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— Lost to follow-up
(n=6;2.6%)

— Consent withdrawn
(n=15; 6.4%)

— Other (n = 8; 3.4%)

Participants randomized
(n=401)

Participants not treated
(n=1)

Tiotropium Respimat
5 pg QD
Treated set (n = 130)
Full analysis set (n = 130)

Tiotropium Respimat
2.5ug QD
Treated set (n = 136)
Full analysis set (n = 136)

Discontinued treatment

(n=4;3.1%)

— Adverse event
(n=2;1.5%)

— Consent withdrawn
(n=1;0.8%)

— Other (n=1; 0.8%)

Placebo Respimat
QD
Treated set (n = 134)
Full analysis set (n = 134)

Discontinued treatment
(n=0)

Discontinued treatment

(n=4;3.0%)

— Adverse event
(n=2;1.5%)

— Consent withdrawn
(n=1;0.7%)

— Other (n=1; 0.7%)

Completed
(n =392; 98.0%)




Figure 2A
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Figure 2B
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Figure 3
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Figure 4A
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Figure 4B
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Figure 5

—— Tiotropium Respimat 5 yg QD —Z— Tiotropium Respimat 2.5 ug QD —O— Placebo Respimat QD

Adjusted mean + SE trough FEV,/FVC response (%)

90 —

80

70

Week


http://ees.elsevier.com/jaci/download.aspx?id=1229171&guid=0705bc2b-1bee-4d52-9bfa-fc7fd980ec2b&scheme=1



