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ABSTRACT

Introduction: Tiotropium, a long-acting mus-
carinic antagonist, is approved for maintenance
treatment of asthma in patients at least 6 years
of age in the USA. We systematically reviewed
published evidence on the efficacy and safety of
2.5 pg tiotropium Respimat® add-on therapy to
inhaled corticosteroid (ICS) with or without
additional controller medication(s) in children,
adolescents, and adults with asthma.

Methods: We searched PubMed from inception
until October 3, 2018, for phase 2 and 3
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randomized controlled trials (RCTs) evaluating
the effects of 2.5 ug tiotropium Respimat® on
lung function parameters in patients with
asthma. We extracted adjusted mean differ-
ences for lung function data and adverse events
(AEs) from relevant articles.

Results: Overall, 11 RCTs (three phase 2 and
eight phase 3 studies) including 3244 patients
(2.5 ug tiotropium Respimat®, n = 1642; pla-
cebo, n=1602) met the predefined inclusion
criteria. Once-daily 2.5 ng tiotropium Respi-
mat® improved lung function parameters,
including peak and trough forced expiratory
volume in 1s and peak and trough forced vital
capacity, versus placebo. Overall, the safety
profile of 2.5ug tiotropium Respimat® was
comparable to that of placebo, with the most
commonly reported AEs being asthma worsen-
ing, reduction in peak expiratory rate,
nasopharyngitis, and  respiratory  tract
infections.

Conclusion: On the basis of the results of phase
2 and 3 studies, 2.5 pg tiotropium Respimat® as
add-on to ICS therapy was safe and associated
with consistent improvements in lung function
in patients with asthma of varying severities
across different age groups.
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INTRODUCTION

Asthma, one of the most common chronic res-
piratory conditions, poses a substantial human
and socioeconomic burden. In the USA alone,
approximately 20.4 million adults and 6.1 mil-
lion children—or 8.3% of the population—were
reported to have asthma in 2016 [1]. A recent
study based on the Medical Expenditure Panel
Survey showed that the economic burden of
asthma in the USA was estimated to exceed $80
billion in 2013 [2]. Typical signs and symptoms
of asthma, such as wheezing, dyspnea, chest
tightness, and cough, which reflect episodes of
reversible airflow obstruction, may remit spon-
taneously or with treatment. However, many
patients experience progressive airway remod-
eling, leading to an incompletely reversible, or
fixed, airflow obstruction [3]. In certain situa-
tions, such as exposure to allergens and respi-
ratory infections, patients can experience a
flare-up of asthma signs and symptoms or
asthma exacerbations [4].

Asthma is generally classified as allergic or
nonallergic and ranges in severity from mild to
severe [5], with severe asthma being associated
with higher morbidity and mortality [6]. Sus-
ceptibility to and/or development of asthma
involves a complex interplay of individual
characteristics and environmental factors.
Variability in immunologic responses (endo-
types) results in different pathophysiological
characteristics (phenotypes), in turn contribut-
ing to asthma heterogeneity [3]. Moreover,
asthma affects patients of all ages and can
develop at any time from childhood (early
onset) to late in adulthood (late onset), making
the diagnosis and management of asthma
sometimes challenging, particularly in children
[7].

In general, diagnosis of asthma is based on
patient history (such as characteristic signs and
symptoms) and clinical evidence of variable
expiratory airflow limitation [8]. According to
the Global Initiative for Asthma (GINA) 2018
report, an asthma diagnosis should be con-
firmed using objective assessments such as
spirometry, which reveals variable airway
obstruction that is at least partially reversible

[8]. Most national and international guidelines
on asthma management, including GINA,
advocate regular use of spirometry in the diag-
nosis and subsequent management of asthma.
Primary care providers (PCPs) often prescribe
reliever medications “as needed” on the basis of
history and physical examination [9]. Although
treatment step-up, as recommended by GINA, is
based on the assessment of symptom control,
spirometry could help PCPs identify patients
with poor perceptions of their symptoms and
make data-driven therapeutic decisions for
stepping up treatment in symptomatic patients
[10].

Asthma pharmacotherapies can be classified
as reliever (rescue) and controller (mainte-
nance) medications [8]. Reliever medications
provide relief from acute respiratory symptoms
during asthma attacks (e.g., short-acting p,-ag-
onists [SABAs], short-acting muscarinic antago-
nists [SAMAs], and long-acting B,-agonist
[LABA]{formoterol}/inhaled corticosteroid [ICS]
combinations) [8]. Controller medications pro-
vide long-term symptom control, and reduce
airway inflammation and the risk of lung
function decline and future exacerbations. Such
medications include ICSs, SABAs (in combina-
tion with an ICS), LABAs (in combination with
an ICS), and add-on therapies such as long-act-
ing muscarinic antagonists (LAMAs), leuko-
triene receptor antagonists (LTRAs), and
immunomodulators/biologics (anti-im-
munoglobulin E [IgE] and anti-interleukin-5/
interleukin-5 receptor and anti-interleukin-4
receptor therapies) [8]. However, despite the
availability of a wide range of treatment
options, approximately 12.4 million (46.9%)
patients in the USA—09.1 million (44.9%) adults
and 3.3 million (53.7%) children across all
asthma severities—continue to experience
exacerbations as reported by the 2016 National
Health Interview Survey [1]. This finding high-
lights the need for effective add-on treatments
that can improve lung function across the
spectrum of asthma patients. Although LABA
added to low-dose ICS is more effective in
attaining asthma control than increasing the
dose of ICS [11], LABA/ICS can achieve well-
controlled asthma in only approximately 70%
of patients [12].
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Tiotropium Respimat® (Spiriva® Respimat®
inhalation spray; Boehringer Ingelheim, Ridge-
field, CT, USA) is a LAMA approved for long-
term, once-daily, maintenance treatment of
asthma in patients aged at least 6 years (2.5 pg
[two puffs of 1.25 ng once-daily] in the USA and
S5ug [two puffs of 2.5pug once-daily] in the
European Union [EU] and other countries)
[13, 14]. Approvals were based on the results of
several phase 3 trials of tiotropium—delivered
via HandiHaler®, a dry powder inhaler, or via
Respimat®, a slow-mist inhaler (in phase 3 trials
and submitted globally to regulatory authori-
ties)—as add-on treatment to ICS with or with-
out other controller medications in patients
with uncontrolled or symptomatic asthma
[15-22]. Results from these studies demon-
strated that add-on treatment with tiotropium
Respimat® improved lung function and reduced
the risk of severe exacerbations and asthma
worsening [15, 20, 22, 23]. Moreover, the effi-
cacy of tiotropium was demonstrated across all
age groups (children, adolescents, and adults)
and asthma severities (mild, moderate, and
severe) [15, 16, 18-22, 24].

Considering that tiotropium HandiHaler®
for asthma has been discontinued in the USA,
we conducted a systematic review to investigate
the efficacy and safety of once-daily 2.5 pg tio-
tropium Respimat®, the US Food and Drug
Administration (FDA)-approved dosage, across
all age groups and asthma severities.

METHODS

Search Strategy

This systematic review was conducted in
accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) statement [25]. We searched PubMed
from inception until October 3, 2018, using the
following search terms: asthma*[title] AND
tiotropium*[title] AND (study OR trial) NOT
review. Literature search results were limited to
articles published in English. Reference lists of
articles that met the inclusion and exclusion
criteria, as well as articles from the authors’
personal files, were reviewed to identify any

other relevant citations. The protocol was not
prospectively registered on any registry.

Trial Selection

Articles captured during the PubMed search
were imported into an EndNote library. Titles
and abstracts of all articles were screened by
Saurabh Gagangras (S.G.) and Maribeth Bogush
(M.B.), and independently verified by Lyndon
Mansfield (L.M.), Sy Duong-Quy (S5.D.), and
Timothy Craig (T.C.).

Articles were included if they met the fol-
lowing criteria: (i) prospective phase 2 or 3
randomized controlled trial (RCT), (ii) delivery
of tiotropium via Respimat®, (iii) evaluation of
the 2.5 pg tiotropium dose, and (iv) efficacy
endpoints related to lung function.

Articles were excluded if they met the fol-
lowing criteria: (i) pooled datasets from multi-
ple trials or in vitro/preclinical evaluations, (ii)
narrative reviews, systematic reviews + meta-
analyses, case studies, opinion editorials, and
errata (unless pertaining to a relevant study),
and (iii) trials with a focus on adherence, asth-
ma-chronic obstructive pulmonary disease
overlap, clinical characteristics, comorbidities,
epidemiology, health care costs, hospitaliza-
tions, monitoring, and quality of life.

After application of the inclusion and
exclusion criteria, full texts of the remaining
articles (and corresponding reference lists) were
reviewed by S.G. and M.B. to identify articles for
analysis. The process of categorization of arti-
cles meeting the inclusion or exclusion criteria
was reviewed by L.M., S.D., and T.C., who also
scanned personal files for relevant articles. Any
disagreements were resolved by consensus-
based discussions. Adjusted mean differences
for lung function data [peak and trough forced
expiratory volume in 1s (FEV,), peak and
trough forced vital capacity (FVC), morning/
evening/peak/trough peak expiratory flow
(PEF)] and patient-reported outcomes [PROs; as
assessed by the Asthma Control Questionnaire
(ACQ)-7 or the Interviewer-Administered Ver-
sion of the ACQ (ACQ-IA)], and adverse events
(AEs) from relevant articles were extracted by
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S.G. and M.B., and independently reviewed by
LM., $.D., and T.C.

Quality Assessment

The Cochrane risk of bias tool was used to assess
the risk of bias in estimating the outcomes from
each trial [26]. Each trial was assessed for the
following: (i) random sequence generation, (ii)
allocation concealment, (iii) blinding of partic-
ipants and personnel, (iv) blinding of outcome
assessment, (v) incomplete outcome data, (vi)
selective reporting, and (vii) other biases. Each
domain was graded as low, high, or unclear for
the potential risk of bias. In cases where data or
information was missing from the publication,
we contacted the corresponding authors by
e-mail to request the full original data.

Statistical Analysis

Relevant data from the selected publications
were extracted and forest plots for key end-
points (peak and trough FEV,, peak and trough
FVC, morning/evening/peak/trough PEF, and
ACQ/ACQ-IA scores) from the included trials
were constructed to represent the data
graphically.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Trial Selection

The PubMed search yielded 54 relevant articles,
11 of which were included in the analysis
(Fig. 1). After review of the titles and abstracts of
all articles, 44 were excluded from the analysis
(the output of the search string, along with the
reason(s) for inclusion or exclusion for each
study are provided in a supplementary work-
sheet); the majority (68.2%; n = 30) of articles
were excluded as they did not meet the inclu-
sion criteria. One article was added following
review of the resultant 10 full-text articles,

including corresponding reference lists and
authors’ personal files.

Trial and Patient Characteristics

Characteristics of the RCTs and baseline patient
characteristics are summarized in Table 1 and
Table S1 in the electronic supplementary mate-
rial, respectively. In brief, three phase 2 dose-
ranging studies and eight phase 3 trials were
included in the analysis [15-21, 24, 27-29]. In
total, 3244 patients (2.5 pg tiotropium Respi-
mat®, n = 1642; placebo, n = 1602) were inclu-
ded in the analysis. Overall, the duration of
treatment ranged from 4 to 52 weeks; mean
patient age, from 3.1 to 47.8 years; and mean
duration of asthma, from 1.4 to 22.1 years. In all
trials, tiotropium Respimat® was added to con-
comitant ICS therapy with or without other
controller medications; the mean dose (stan-
dard deviation) of ICS ranged from 228.0
(111.0) to 736.6 (347.9) pg of budesonide or
equivalent dose.

Quality Assessment

All trials included in the analysis had a low risk
of bias based on the seven domains of bias that
were assessed. See Fig. S2 in the electronic sup-
plementary material for details. Seven of the 11
studies had a low risk of bias for all the domains,
whereas four studies showed an unclear risk of
bias for the selective reporting domains and one
trial showed an unclear risk of bias for the
blinding of outcome assessment, based on the
available information.

Key Outcomes

Peak FEV;

The effect of tiotropium Respimat® on peak
FEV, was evaluated in nine of the 11 trials
(Fig. 2) [15-18, 20, 21, 27-29]. In seven trials
[16-18, 20, 21, 27, 29], statistically significant
improvements in peak FEV; were observed with
2.5 ug tiotropium Respimat® compared with
placebo. The greatest improvement was
observed in a trial in adults with moderate
asthma reported by Kerstjens et al.; after

A\ Adis



Adv Ther (2019) 36:2587-2599

2591

Literature search

Database: PubMed

Limit: English language articles only
(n=54)

Articles screened based on titles
and abstracts (n=54)

Did not meetinclusion criteria

(n=30 articles)*

¢ Trialwasnot a phase 2/3RCT (n=9)

e 2.5 pgtiotropiumnotevaluated
(n=13)

o Tiotropiumnotdeliveredvia
Respimat®(n=10)

. Lun7g-functionfindingsnotreported
(n=7)

Full-text articles assessed for

eligibility (n=10)
Article added
from authors’
personalfiles
(n=1)
Articlesincluded in the analysis
(n=11**)
(n=7)

Fig. 1 Flowchart for included studies. *Numbers for
excluded articles do not tally since multiple factors for
not meeting the inclusion criteria may apply.*Kerstjens

24 weeks of treatment, the adjusted mean dif-
ference in peak FEV; was 223 mL (95% confi-
dence interval [CI] 185, 262), favoring
treatment with 2.5 pg tiotropium Respimat®
(p < 0.0001) [20].

Trough FEV,

Trough FEV,; was assessed as a primary or sec-
ondary endpoint in 10 of the 11 trials (Fig. 2)
[15-21, 27-29]. Since Vrijlandt et al. assessed
the efficacy and safety of tiotropium Respimat®
in preschool children (aged 1-5 years), spiro-
metric evaluation was possibly excluded for
practical reasons [24]. In five trials, statistically
significant improvements in trough FEV; were
reported with 2.5pg tiotropium Respimat®
compared with placebo [18, 20, 21, 27, 29]. In
line with the results on peak FEV;, the greatest
magnitude of change was reported by Kerstjens
et al. in adults with moderate asthma; the
adjusted mean difference in trough FEV; was
180 mL (95% CI [138, 221]), favoring treatment

>| Excluded for otherreasons

(n=14 articles)

¢ Case study (n=1)

Erratum (n=1)

Opinion editorial (n=1)

HEOR (n=2)

Reviews (narrative/sy stematic/
meta-analyses; n=4)

¢ Invitro/preclinical evaluation (n=5)

et al. publication included two replicate trials. HEOR
health economics and outcomes research, RCT random-
ized controlled trial

with 2.5 ug tiotropium Respimat® versus pla-
cebo (p < 0.0001) [20].

Peak and Trough FVC

Overall, peak and trough FVC were assessed as
secondary or additional endpoints in six and
seven trials, respectively (Fig.2) [15-17,
19-21, 29]. Significant improvements in peak
and trough FVC were observed with 2.5 pg tio-
tropium Respimat® in three trials in adults and
school-aged children (6-11 years) with moder-
ate asthma [20, 21, 29].

Peak Expiratory Flow

Overall, nine studies investigated PEF (either
morning/evening PEF or peak/trough PEF;
Fig. 3) [15, 16, 18-21, 27-29]. Among the six
studies showing significant improvements in
PEF with 2.5 pg tiotropium Respimat® com-
pared with placebo, the greatest improvements
were achieved in school-aged children
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Table 1 Trials included in the analysis

Trial  Age Asthma severity Treatment 2.5 ng TioR  Placebo,
phase  (years) duration (weeks) add-on, » n
Vogelberg [27] (NCT01383499) 2 6-11 Mild-moderate 12 74" 76"
Vogelberg [28] (NCT01122680) 2 12-17  Moderate 12 75% 75%
Bech [29] (NCT01233284) 2 18-75  Moderate 4° 147° 144*
Vrijlandt [24] (NCTO01634113)  2/3 1-5  Mild-moderate 12 36" 34
Szefler [15] (NCT01634152) 3 6-11  Severe 12 136" 134"
Hamelmann [16] 3 12-17  Severe 12 127% 135*
(NCT01277523)
Hamelmann [17] 3 12-17  Moderate 48 125° 138*
(NCT01257230)
Paggiaro [18] (NCT01316380) 3 18-75 Mild-moderate 12 154" 155"
Ohta [19] (NCT01340209) 3 18-75 Moderate—severe 52 114* 57°
Kerstjens [20] (NCT01172808 3 18-75 Moderate 24 519° 523°
and NCT01172821)
Vogelberg [21] (NCT01634139) 3 6-11 Moderate 48° 135* 131*

ICS inhaled corticosteroid, T7oR tiotropium Rcspimat®
* To at least ICS (e.g, ICS 4+ > 1 controller)

b . . ..
A four-way cross-over study in which each treatment was administered for 4 weeks

¢ Data reported for week 24

(6-11 years) and adults with mild-to-moderate
and moderate asthma, respectively [18, 20, 21].

Asthma Questionnaire Scores

Assessment of asthma control using the ACQ-7
or ACQ-IA was reported for six and two studies,
respectively (Fig.4) [15-18, 20, 21, 27, 29].
Although ACQ-7/ACQ-IA scores were numeri-
cally lower with 2.5 pg tiotropium Respimat®
compared with placebo in most of the studies,
statistically significant differences were only
observed in two studies in adults with moderate
asthma [20, 29].

Adverse Events

Asthma, reduction in PEF rate, nasopharyngitis,
and respiratory tract infections were among the
most commonly reported AEs in the studies
included in this analysis (Table 2).

DISCUSSION

In this first systematic review of RCTs assessing
the USA-approved dose of tiotropium Respi-
mat® in patients with asthma, once-daily 2.5 pg
tiotropium Respimat® significantly improved a
number of lung function parameters (peak and
trough FEV; and FVC, and PEF) and PRO mea-
sures (ACQ-7 and ACQ-IA scores) compared
with placebo and was generally well tolerated.
The studies analyzed patients with inadequately
controlled asthma at GINA step 2 (low-dose ICS
and no other controller medication) [18, 24],
step 3 (low-dose ICS plus a LABA or medium-/
high-dose ICS) [17, 19-21, 27-29], or step 4
(medium-/high-dose ICS plus LABA with/with-
out LTRA) [15, 16]. Improvements in peak and
trough FEV,; were observed with 2.5pg tio-
tropium Respimat® compared with placebo in
the majority of studies [16-18, 20, 21, 27, 29].
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25pg | Placebo, [Adjusted mean difference

Study TioR, n n (95%Cl), mL Pvalue
Peak FEV,
Vrijlandt 20182 D D MD v
sefler 20175 135 130 35(-28,99) 027
Hamelmann 2017 | 127 135 111(2,220) 0046
Hamelmann 20167 | 120 137 134 (34, 234) <001
Paggiaro 2016 151 154 159 (88, 230) <0.001
Ohta 2015 D MD MD mD
Kerstjens 20152 492 D 223 (185, 262) <0.0001
Vogelberg 2018% 131 126 170 (108, 231) <0.001
Vogelberg 20157 7 76 104 <0.0001
Vogelberg 2014 7 7 57 0.1484
Beeh 2014% 144 14 128 <0.001
Trough FEV,

Vrijlandt 2018 MD D MD mD
Sefler 2017:% 135 130 18(-48,85) 059
Hamelmann 2017% | 127 135 115(0,232) 0051
Hamelmann 20167 | 119 137 84(-25,194) 013
Paggiaro 2016 151 154 110 (38, 182) 0003
Ohta 2015 14 56 12(-82, 106) 07971
Kerstjens 2015% 492 MD 180 (138, 221) <0.0001
Vogelberg 2018% 131 126 116 (46, 186) 0001
Vogelberg 20157 74 76 105 <0.0001
Vogelberg 20142 7 7 62 0.0975
Beeh 2014 144 144 132 <0.001

2.5ug | Placebo, Adjusted mean difference|
Study TioR, n n (95% C), mL Pvalue
Favoring placebo Favoring tiotropium Favoring placebo Favoring tiotropium —
Vrijlandt 2018% [ mMD ™MD mMD
Heo— ——1 Szefler 2017 135 130 -43(-113,27) 0.23
—e— | Py 4 Hamell 20178 126 132 91(-26,207) 0126
——e— I — Hamelmann 2016*” 120 137 88 (~24, 200) 0.12
—— Paggiaro 2016 MD ™MD MD ™MD
Ohta 2015* MD MD mMD MD
o —e— Kerstjens 20152 492 mMD 141 (98, 183) <0.0001
—e— —— Vogelberg 2018% 131 126 11036, 184) 0,004
° Vogelberg 20152 MD MD ™MD mMD
° Vogelberg 2014% [ MO ™MD mMD
° L] Beeh 2014 144 144 7n <001
I 1 I 1
=270 0 270 =220 220
Favoring placebo  Favoring tiotropium Favoring placebo Favoring tiotropium
Trough FVC
mD mMD mD D
—o— —e— Szefler 2017:5 135 130 -48 (-121, 26) 0.20
: . 2 : 126 132 103 (-19, 226) 0.098
H—e— I i Hamelmann 20167 | 119 137 63(-55,181) 029
—e— Paggiaro 20161 [ mMD ™MD mMD
—j— e Ohta 2015% MD MD -37(-141, 68) 04944
—— e Kerstjens 20152 492 MD 107 (62, 152) <0.0001
—— ——e— Vogelberg 20182 131 126 92(13,171) 0.023
° Vogelberg 20152 MD mMD mMD mMD
° Vogelberg 2014% [ mMD ™MD mMD
° [ ] Beeh 2014 144 144 7 <005
U 1 I 1
=240 240 =250 250

Fig. 2 The effect of once-daily 2.5 pug TioR on peak and trough FEV; and peak and trough FVC. CT confidence interval,
FEV; forced expiratory volume in 1's, FV'C forced vital capacity, MD missing data, T70R tiotropium Respimat®

25pg | Placebo, [Adjusted mean difference

Study TioR, n n (95%C1), L/min Pvalue
Mormning PEF
Vrijlandt 20182 D D MD v
sefler 20175 MD MD MD mD
Hamelmann 2017 | 124 131 10.49 (-1.86, 22.83) 0096
Hamelmann 20167 [ MO D MD v
Paggiaro 2016 150 152 263(15.7,36.9) <0.001
Ohta 2015 D MD MD mD
Kerstjens 20152 85 D 25.4(19.0,317) <0.0001
Vogelberg 2018% MD MD MD mD
Vogelberg 20157 7 76 130 00215
Vogelberg 2014 7 7 159 <005
Beeh 2014% MO Mo 17.895 <0.0001
Evening PEF

Vrijlandt 2018 MD D MD mD
Sefler 2017:% 136 127 057 (-8.87,10.00) 091
Hamelmann 2017% | 124 131 11,06 (-1.07, 23.19) 0074
Hamelmann 20167 [ MD MD MD mD
Paggiaro 2016 149 153 22.4(12.0,32.8) <0.001
Ohta 20151 MO Mo mD mD
Kerstjens 2015% 483 MD 22.1(15.8,28.4) <0.0001
Vogelberg 2018% D D MD mD
Vogelberg 20157 MD MD MD MO
Vogelberg 20142 7 7 195 0.0009
Beeh 2014 144 144 14577 <0.0001

Fig. 3 The effect

Favoring placebo

Favoring tiotropium

Favoring placebo

Favoring tiotropium

—e——
—e—i
——
——
.
.
.
r 1 r 1
-40 0 40 -40 40

Favoring placebo

Favoring tiotropium

Favoring placebo

Favoring tiotropium

40

I
-40

missing data, PEF peak expiratory flow, TioR tiotropium Respimat®

40

25pg | Placebo, [Adjusted mean difference
Study TioR, n n (5% C1), L/min Pvalue
peak PEF
Vrijlandt 2018 MD MD mMD D
Stefler 20175 MD MD mMD MD
Hamelmann 20176 [ MD MD mMD MD
Hamelmann 20167 [ MD MD D D
paggiaro 20161 Mo mD MD MD
Ohta 20151 MD MD mMD MD
Kerstjens 2015% MD MD D D
Vogelberg 20181 131 126 28.54(18.54,3855) | <0.001
Vogelberg 20157 MD MD mMD MD
Vogelberg 20142 MD MD mMD MD
Beeh 2014 M M mMD MD
Trough PEF

Vrijlandt 2018% MD MD mMD MD
Stefler 20175 MD MD 9.5 (-0.67, 19.76) 0.07
Hamelmann 20176 [ MD M ™D MD
Hamelmann 20167 [ MD MD mMD MD
Paggiaro 20162 MD MD mMD MD
Ohta 2015% M MD 0498(-23.63,24.63) | 09677
Kerstjens 2015% MD MD mMD MD
Vogelberg 2018% 131 126 2053 (9.28,31.78) <0.001
Vogelberg 20157 MD M D D
Vogelberg 20142 MD MD mMD MD
Beeh 2014 MD MD mMD D

of once-daily 2.5 ug TioR on morning, evening, peak, and trough PEF. CI confidence interval, MD
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2.5pg | Placebo, |Adjusted mean difference;
Study TioR, n n (95%Cl) Pvalue
Favoring tiotropium Favoring placebo
ACQ-7 scores < >
Vrijlandt 20182 ™MD MD ™MD MD
szefler 2017 136 130 0.02(-0.13,0.17)** 0.80 —]—
Hamelmann 201716 ™MD MD -0.058 (~0.102, 0.219) 0.802 o
Hamelmann 2016 125 138 -0.160 (~0.330, 0.010) 0.08 ———
Paggiaro 20161 149 154 0.061 (-0.071, 0.194) 0.36 ———
Ohta 2015 ™MD MD ™MD MD
Kerstjens 2015% 515 518 -0.16 (0.04)" 0.0002
Vogelberg 2018 131 126 -0.120 (-0.262, 0.022)** 0.10 | e e |
Vogelberg 2015 ™MD MD -0.120 MD
Vogelberg 20142 ™MD MD ™MD MD
Beeh 20142 144 144 -0.158 (-0.265, -0.050) | 0.0043 ——
I 1
-0.4 0 0.4

*Data presented as adjusted mean difference (SD).
**Data presented for ACQ-IA.

ACQ-7 = Asthma Control Questionnaire 7, ACQ-IA = Interviewer-Administered Version of the ACQ; Cl = confidence interval; MD = missing data; SD = standard deviation; TioR = tiotropium

Respimat®.

Fig. 4 The effect of once-daily 2.5 ug TioR on ACQ-7
scores. *Data presented as adjusted mean difference (SD).
*Data presented for ACQ-IA. ACQ-7 Asthma Control

Although the minimal clinically important dif-
terence for FEV; responses in patients with
asthma is not well defined, the observed effect
sizes in this analysis were comparable to those
observed with the addition of LABA to ICS
therapy [20, 30-32]. Our findings show that
2.5 g tiotropium Respimat® improved FVC in
patients with moderate asthma (adults and
children aged 6-11 years), providing a good
measure of potential effects of tiotropium on
small-airway dysfunction [33].

PEF monitoring is an important tool for
measuring changes in airway function, particu-
larly in patients who may not accurately per-
ceive symptom worsening [34]. Indeed, PEF,
which is reported as a weekly average of values
recorded on a daily basis, may prove a more
reliable marker for lung function than FEV;,
which is often reported as a single value recor-
ded on a given day in a clinic, outside of the
patient’s real-life setting [27]. According to our
findings, improvements in PEF (morning and
evening measurements) were observed with
2.5 ug tiotropium Respimat® compared with
placebo in some studies. Taken together, these
findings demonstrate that 2.5 pg tiotropium

Questionnaire 7, 4CQ-I4 Interviewer-Administered Ver-
sion of the ACQ, CI confidence interval, MD missing
data, D standard deviation, 770R tiotropium Respimat®

Respimat® consistently improved lung function
across different age groups and asthma
severities.

In terms of PROs, the ACQ is a standardized
tool that has been observed to be responsive to
changes in asthma control in adults with
asthma. Although significant differences
between 2.5 pg tiotropium Respimat® and pla-
cebo were only observed in two studies, overall
ACQ scores improved (decreased) and were
numerically better with 2.5ug tiotropium
Respimat® in the majority of studies
[16, 17, 20, 29]. However, it is important to note
that a substantial “placebo effect” could be a
confounding factor when interpreting the
results of asthma clinical trials, particularly
when assessing PROs such as ACQ scores [18].
Participation in a clinical trial likely improved
compliance with background treatment (e.g.,
ICS), which in turn may have improved asthma
control regardless of the treatment group. Some
studies referred to in this review were 12 weeks
long and studies of a longer duration might
reveal further differences in clinical outcomes
and PROs that may exist in patients with milder
disease. Importantly, a minimal clinically
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Table 2 Overall summary of AEs

Study Patients with any AE  Patients with any Most commonly reported AEs
severe AE
25 g Placebo 2.5 pg Placebo 2.5 pg TioR Placebo
TioR TioR
Vrijlandt [24] 20 (56.0) 25 (74.0) MD MD Nasopharyngitis: 7 (19)  Asthma: 10 (29)
Asthma: 5 (14) Pyrexia: 6 (18)
Nasopharyngitis: 5 (15)
Szefler [15] 59 (43.4) 66 (49.3) MD MD Asthma: 20 (14.7) Asthma: 30 (22.4)
Decreased PEF rate: 15 Decreased PEF rate: 20
(11) (14.9)
Hamelmann 42 (33.1) 48 (35.6) 0 0 Asthma: 14 (11) Asthma: 14 (10.4)
[16] Decreased PEF rate: 9 Decreased PEF rate: 13
(7.1) (9.6)
Hamelmann 79 (63.2) 82 (59.4) 2 (1.6) 3(22) Asthma: 27 (21.6) Asthma: 32 (23.2)
[17] Nasopharyngitis: 13 Nasopharyngitis: 17 (12.3)
(10.4)
Paggiaro [18] 48 (312) 45 (29.0) 1(0.6)  2(13) MD MD
Ohta [19] 99 (86.8) 51(89.5) 1(0.9) 3 (5.3) Nasopharyngitis: 51 Nasopharyngitis: 24 (42.1)
(44.7) Asthma worsening: 22
Asthma worsening: 34 (38.6)
(29.8)
Kerstjens [20] 302 (58.0) 309 (59.0) MD MD Asthma: 82 (16) Asthma: 115 (22)
Decreased PEF rate: 49 Decreased PEF rate: 79
©) (15)
Nasopharyngitis: 49 (9)
Vogelberg [21] 86 (63.7) 89 (67.9) MD MD Asthma: 49 (36.3) Asthma: 57 (43.5)
Decreased PEF rate: 31 ~ Decreased PEF rate: 27
(23) (20.6)
Vogelberg [27] 7 (9.5) 8 (10.5) MD MD Asthma: 2 (2.7) Nasopharyngitis: 2 (2.6)
Rhinitis: 2 (2.7) Cough: 2 (2.6)
Vogelberg [28] 10 (13.3) 10 (13.3) MD MD Nasopharyngitis: 3 (4.0)  Asthma: 3 (4.0)

Bronchitis: 2 (2.7)

Viral infection: 2 (2.7)
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Table 2 continued

Study Patients with any AE  Patients with any Most commonly reported AEs
severe AE
25 g Placebo 2.5 pg Placebo 2.5 pg TioR Placebo
TioR TioR
Beeh [29] 20 (13.6) 21 (146) 0O 0 Asthma exacerbation: 3 Asthma: 5 (3.5)

(2.0)
Dyspnea: 3 (2.0)

Nasopharyngitis: 2 (1.4)
Oral candidiasis: 2 (1.4)

Data presented as 7 (%)

AE adverse event, MD missing data, PEF peak expiratory flow, T7oR tiotropium Respimat®

important difference of 0.5 has been well
established for changes in an individual patient
[35]; however, its utility in the measurement of
intergroup differences has been questioned [36].

Of note, the National Heart, Lung, and Blood
Institute (NHLBI) guidelines have not been
updated since 2007 and, therefore, do not cap-
ture the current disease landscape or recent
therapeutic options [37]. Per GINA guidelines,
tiotropium is the recommended treatment
option at step 4 (as an add-on to medium-/high-
dose ICS and LABA) and at step 5 (as an add-on)
[8]. Hence, clinicians should consider results
from recent clinical trials and adhere to GINA
recommendations [8], which are updated on a
yearly basis, when considering treatment
options. Interestingly, results from a post hoc
analysis of four phase 3 trials, in which the
influence of patients’ T2 phenotype on treat-
ment effect was modeled using serum IgE levels
and blood eosinophil counts, showed that tio-
tropium Respimat® improved peak and trough
FEV, in adults with moderate and severe
asthma, regardless of T2 phenotype [38].
Although exploratory in nature, these findings
suggest that tiotropium can be used without
prior phenotyping and therefore can be con-
sidered in patients with moderate-to-severe
asthma before initiating biologic treatment. If
patients continue to have poorly controlled
asthma despite tiotropium add-on treatment, or
have a diagnosis of atopy, they should be
referred to specialists for further investigation
and a potential switch to biologics upon
appropriate phenotyping.

The safety and tolerability of tiotropium in
asthma are well documented. In an expert
opinion reviewing 13 published clinical trials
comparing tiotropium with placebo or an active
control in patients with asthma, the safety of
tiotropium was comparable with that of placebo
and alternative therapeutic options, including
higher doses of ICSs and LABAs [39]. After
reviewing the results of long-term trials, Tan
et al. concluded that various doses of tio-
tropium Respimat® were generally well toler-
ated in patients with asthma, with low rates of
discontinuation and extremely rare fatal events
[40]. In agreement with previously published
evidence, our analysis found that the nature
and frequency of AEs and the overall safety
profile of 2.5ug tiotropium Respimat® were
comparable to those of placebo [41].

Our systematic review has strengths and
limitations that should be considered when
interpreting results. Positively, this systematic
review was the first to discuss the efficacy and
safety of 2.5pg tiotropium Respimat® in
patients with asthma. In addition, most inclu-
ded studies were large phase 3 studies that were
pivotal for US FDA approval. Finally, we pre-
sented data in this systematic review only for
descriptive purposes because heterogeneity in
patient population with respect to age group
and asthma severity precluded the possibility of
performing a statistical analysis (i.e., meta-
analysis) of efficacy and safety data.

On the basis of the evidence accumulated
from the trials discussed herein, tiotropium is
recommended in patients aged at least 6 years
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in the GINA pocket guide for “Diagnosis and
management of difficult-to-treat and severe
asthma” [42].

CONCLUSION

With a wealth of evidence on the efficacy and
safety of 2.5ug tiotropium Respimat®, tio-
tropium once-daily is an effective add-on treat-
ment to ICS therapy in patients with moderate
to severe asthma.
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