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CLINICAL PHARMACOLOGY

ABSTRACT: Tiotropium: a new therapeutic option in
asthma. F. Novelli, F. Costa, M. Latorre, L. Malagrino,
A. Celi, B. Vagaggini, P. Paggiaro.

Although bronchial hyperresponsiveness to cholin-
ergic agents is a main feature of asthma, the role of an-
ticholinergic drugs in chronic asthma management has
been largely underestimated. Several single-dose stud-
ies comparing acute bronchodilation induced by iprat-
ropium bromide with salbutamol have shown that
salbutamol is more effective than ipratropium in treat-
ing asthma.

Recently, tiotropium has been studied in asthma,
when added to low-medium dose inhaled corticosteroids
(ICS) in unselected moderate asthmatics or in patients
with uncontrolled asthma, or with COPD and history of
asthma. Later, studies on patients with Arg/Arg beta2-re-
ceptor polymorphism demonstrated a similar efficacy of
tiotropium in comparison with salmeterol, when both
were added to ICS.

Keywords: Asthma, Bronchodilator, Tiotropium, Therapy.

Introduction

Asthma is a chronic airway inflammatory dis-
ease associated with widespread but variable air-
way obstruction and an exaggerated bronchocon-
strictive response to indirect (e.g. cold air, aller-
gens, dust, exercise) or direct (e.g. inhaled metha-
coline) stimuli. This hyperreactivity is associated
with abnormal autonomic nervous system control
[1], which may explain the occurrence of symp-
toms for different triggers. For this reason, the po-
tential usefulness of anticholinergic drugs in the
treatment of asthma has been considered in the last
40 years, but up to now, no studies have clearly
demonstrated the potential contribution of this
treatment in asthma management.

In the last few years some data have been pro-
duced on the efficacy of tiotropium in special
groups of asthmatic patients (asthma with persistent
bronchoconstriction, asthma with polymorphism of
beta2-receptor, severe uncontrolled asthma) [2-7],
with positive results. More recently, the first large
randomized controlled clinical trial on the use of
tiotropium as add-on therapy in patients with severe
asthma has been published [8], leading to the sub-
mission for the use of tiotropium in asthma.
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More recently, pivotal long-term studies have been
performed on severe asthmatics uncontrolled under
ICS/LABA combination, showing the efficacy of tiotropi-
um in improving lung function and in increasing the time
until the first severe asthma exacerbation. These data sup-
port the use of tiotropium on top of ICS/LABA combina-
tion in moderate-severe asthmatic patients.

New studies are going to be published on the use of
tiotropium in mild and moderate asthmatics, when added
to low or medium dose ICS, in comparison with ICS alone
or with ICS/LABA combination. These data might extend
the indication for using tiotropium in asthma.

Therefore, tiotropium represents now a valid thera-
peutic option, in addition to the current therapy available
for severe asthmatics, and in alternative to LABA in se-
lected asthma populations. The specific asthma phenotype
which may be appropriate for tiotropium treatment
should still be defined.
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In this short review, we wish to summarize the
background of the potential usefulness of anti-
cholinergic drugs in the treatment of asthma, and
the results of the more recent data supporting the
use of tiotropium.

Airway cholinergic system in asthma

It is already well known that the parasympa-
thetic system is implicated in the pathogenesis of
asthma. At the level of the peribronchial ganglia,
the pre-ganglionic parasympathetic fibers of the
vagus nerve form cholinergic synapses with post-
ganglionic neurons, which generate postganglion-
ic fibers that innervate the airways. The parasym-
pathetic activity is mediated by muscarinic recep-
tors, in particular the M1 receptors, located on the
parasympathetic ganglia, which are responsible
for cholinergic transmission, while the M2 recep-
tors, located near the postganglionic endings,
have a negative presynaptic feedback in reducing
a further release of acetylcholine. M3 receptors,
located at the airway smooth muscle and submu-
cosal glands, provide the control of both smooth
muscle tone (and thus airway caliber) and mucus
secretion.
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Cholinergic tone is thought to be increased in
asthma sufferers by several mechanisms: abnormal
muscarinic receptor expression, increased acetyl-
choline from postganglionic fiber endings, de-
creased levels of neuromodulators that attenuate
cholinergic neurotransmission. This abnormal
cholinergic hyper-sensitivity of an asthmatic’s air-
ways is highlighted by the bronchoconstrictive re-
sponse to doses of inhaled cholinergic agents
(acetylcholine and methacholine) that do not affect
normal subjects. Moreover, anticholinergic drugs
such as atropine have demonstrated some protec-
tive effects from bronchoconstriction induced by
different non specific stimuli (histamine, cold air,
ultrasonically nebulized distilled water) [9, 10]
and a partial inhibition of immediate airway re-
sponse to allergen [11]. For all of these reasons,
cholinergic antagonists have been tested as poten-
tial drugs for the treatment of obstructive airway
diseases. Systemic administration of atropine is as-
sociated with an unacceptably high rate of adverse
events, and inhalation route is ineffective due to
the poor water solubility of atropine. The available
anticholinergic drugs for respiratory disease are in-
haled, and combine a potent local anticholinergic
activity with a poor systemic absorption.

Short-acting anticholinergic vs beta2-agonist
drugs in asthma

The first inhaled anticholinergic drug had a
short duration of action, so had to be administered
multiple times per day, and was a nonselective an-
tagonist of M1, M2 and M3 receptors (the antago-
nism of M2 allows further release of presynaptic
acetylcholine and may antagonize the bronchodila-
tor effect of the M3 antagonism). Ipratropium bro-
mide has been widely studied in the treatment of
asthma, both alone in comparison with SABA as
well as in addiction to SABA. However, in almost
all studies, salbutamol determined a greater bron-
chodilation than ipratropium bromide in asthmatic
subjects, whereas in normal subjects or in patients
with COPD, both drugs determined a similar bron-
chodilation [12, 13]. Furthermore, the study com-
paring ipratropium plus SABA to SABA alone did
not find any significant difference in lung function
and symptoms between two treatments [14, 15].
Some data suggested a possible benefit of anti-
cholinergics in a certain subsets of patients, such
as smokers [16], or in the prevention of the morn-
ing dip of peak of expiratory flow (PEF) in noc-
turnal asthma [17], or in obese patients. In conclu-
sion, the short-acting anticholinergic drugs have
not been used in asthma treatment, except for the
management of acute severe asthma attacks.

Tiotropium in asthma: preliminary studies

The second generation of anticholinergic drugs
started with tiotropium, the first long-acting anti-
cholinergic drug. Tiotropium differs from the oth-
er anticholinergics for the more selective antago-
nism for M1 and M3 muscarinic receptor subtypes
and for a prolonged pharmacologic activity due to

the slow dissociation from M1 and M3 receptors.
Tiotropium has largely been studied in COPD,
demonstrating both its efficacy and safety in this
respiratory obstructive disease. However, its role
as a treatment for asthma has only recently been
studied to systematic clinical investigation. The
first trials were conducted on special subgroups of
asthmatic patients (patients with asthma and
COPD, asthma with persistent bronchoconstric-
tion) but more recently some RCTs have been
completed on unselected asthma populations.

Six RCTs and one longitudinal open study in-
cluded about 2500 patients with asthma, and com-
pared at least 4 weeks tiotropium treatment (range:
4-48 weeks) added to inhaled corticosteroids (ICS)
alone or combined with long-acting [2-agonists
(LABA), with placebo or salmeterol. Apart from
the study carried out by Magnussen which took in-
to account patients affected by COPD and asthma
[3], the other studies excluded COPD patients and
evaluated persistent asthmatics requiring daily
therapy. Three studies were conducted on severe
asthmatics with persistent bronchoconstriction,
symptomatic despite therapy with a high-dose ICS
and LABA [2, 4, 6], while other studies were per-
formed on uncontrolled asthmatics [5, 7]. These
studies are summarized in table 1.

The efficacy of tiotropium has been assessed
primarily through impact on lung function evaluat-
ed by spirometry or peak expiratory flow (PEF).
Moreover, other important outcomes, including
exacerbations, symptoms and quality of life, were
taken into account.

In a first pilot randomized crossover study of
Fardon et al [2], 18 non-smoking patients with se-
vere persistent asthma (mean FEV: 51% of pre-
dicted) were treated with HFA-fluticasone propi-
onate 250 mcg BD/salmeterol 50 mcg BD plus
tiotropium bromide 18 mcg OD, or HFA-fluticas-
one propionate 250 mcg BD/salmeterol 50 mcg
BD plus placebo, for 4 weeks after a run-in period
of 4 weeks with HFA-fluticasone 500 mcg BD. Pa-
tients performed spirometry and body plethysmog-
raphy in order to evaluate the effect of halving the
fluticasone dose with the addition of salmeterol
alone or salmeterol plus tiotropium. Both adding
salmeterol alone and salmeterol/tiotropium to half
the dose of fluticasone led to an improvement vs
baseline in morning PEF (+41.5 L/min (p<0.01)
and +55.3 L/min (p<0.01) respectively) and Raw;
moreover salmeterol/tiotropium also improved
FEV; (+0.17 L, p<0.05) and FVC (+0.24 L, p<0.05).
There were no significant changes in symptoms or
quality of life compared to baseline in both treat-
ments, which were not significantly different be-
tween them.

Following this first study, randomized trials
were conducted, both on patients with moderate
asthma as well as on those with severe asthma, and
also on patients with COPD and a history of asthma.

Peters et al conducted a large randomized,
cross-over, placebo-controlled study that com-
pared the addiction of tiotropium bromide to ICS
versus doubling dose ICS versus ICS/LABA com-
bination, for 14 weeks, on 210 asthmatics with
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Table 1. - RCTs on the efficacy of tiotropium on lung function and symptoms in asthmatic patients.

Study Inclusion No.of  Asthma Trial Lung function Clinical
criteria patients  severity design outcome outcome
Fardon Severe 26 Pre-BD Randomised, placebo- Improvement in morning PEF No difference in
2007 [2]  persistent FEV;: controlled, crossover; and RAW in ICS+salmeterol mini-AQLQ score
asthma, 51 %pred. 4 weeks of half dose vs baseline. Improvement
FEV, on full ICS+salmeterol or in morning PEF, RAW, FEV,
<65 %pred., dose ICS  half dose ICS+salmeterol and FVC in ICS+salmeterol+
no history +tiotropium after a run-in tiotropium vs baseline.
of smoking period with ICS alone No difference between
ICS+salmeterol and ICS+
salmeterol+tiotropium
Magnussen COPD 472 Pre-BD Randomised, placebo- Increase in FEV area under Reduction in rescue
2008 [3]  and asthma, FEV;: controlled; 12 weeks the curve (AUC) from 0 to 6 h medication compared
FEV,<80% 53 %pred.  of tiotropium or placebo and in morning pre-dose FEV, to baseline in
of pred. in addition to basal therapy ~  in tiotropium vs placebo tiotropium vs placebo
Park Severe 138 Pre-BD Longitudinal, 8 weeks 33,3% of patients responded
2009 [4]  persistent FEV;: of tiotropium in addition to tiotropium. The presence
asthma, 58 %pred.  to convention therapy, of Argl6Gly in ADRB2
PY<10 to evaluate predictor factors ~ was associated with response
of response (improvement to tiotropium
in FEV215%)
Peters Asthma, 210 Pre-BD Randomised, placebo- Increase in morning and evening Increase in
2010 [S]  FEV>40% FEV;: controlled, crossover; PEF, and pre-BD FEV, in asthma-control
of pred., 71.5 %pred. 14 weeks of tiotropium tiotropium/ICS vs double-dose ICS.  days and reduction
PY<10 or salmeterol + ICS Increase in morning and evening in daily-symptom
vs double-dose ICS PEF in LABA/ICS vs double-dose  score and ACQ
ICS. Increase in pre-BD FEV, in tiotropium
and post-BD FEV/ in tiotropium and salmeterol
vs salmeterol vs double-dose ICS.
No difference between
tiotropium
and salmeterol
Kerstjens ~ Severe, 107 Pre-BD Randomised, placebo- Increase in peak of FEV and No significant
2011 [6]  persistent FEV;: controlled, crossover; FVC, in trough FEV, and FVC differences in the
asthma, 58 %pred. 8 weeks of [CS+LABA+ at the end of the dosing interval, use of rescue
FEV <80% tiotropium 10 meg in FEV; and FVC area under medication,
of pred., or ICS+LABA+tiotropium curve from 0 to 3 h, in weekly in the symptom
PY<10 5 meg or ICS+LABA mean predose morning PEF, scores and in
+placebo in both doses of tiotropium mini-AQLQ
vs placebo score
Bateman  Asthma, 388 Pre-BD Randomised, placebo- Decrease in morning PEF and Significant
2011[7]  Bl6-Arg/ FEV;: controlled, parallel-group morning pre-dose FEV in difference vs
Arg genotype, 75 %opred.  study; 16 weeks of ICS+ ICS+placebo vs ICS+salmeterol placebo in the use
pre-BD salmeterol or [CS+tiotropium  and ICS+tiotropium. of rescue
FEV,<80-90% 5 mcg or [CS+placebo after ~ No difference between medication,
of pred., a run-in period with ICS+ ICS+salmeterol and Symptom score,
PY<10 salmeterol ICS+tiotropium asthma-control
days and mini-
AQLQ only
for salmeterol
Kerstjens ~ Severe, 912 Pre-BD Randomised, placebo- At 24 weeks, greater increase Increase in the
2012[8]  persistent FEV;: controlled, parallel group; in the peak FEV and in trough time to the first
asthma, 54.8 %pred. 48 weeks of [CS+LABA+ FEV] from baseline with severe exacerbation
FEV,<80% tiotropium 5 meg or ICS+ tiotropium than with placebo with tiotropium.
of pred., LABA+placebo Small improvements
in ACQ and AQLQ

with tiotropium

Abbreviations: RCT: Randomised Clinical Trials; ACQ: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life; ICS: inhaled
corticosteroids, LABA: long-acting [32-agonists; FEV: Forced expired volume in 1 s; FVC: Forced Vital Capacity; Pre-BD: value measured
pre-bronchodilator; PEF: Peak Expiratory Flow; Raw: airway Resistance.
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FEV, of more than 40% of the predicted value
(mean pre-bronchodilator FEV: 71.5%) [5]. The
addiction of tiotropium to ICS showed a superior-
ity to the doubling dose ICS for the morning PEF
(mean difference 25.8 L/min, p<0.001), that was
the primary outcome, and for most secondary out-
comes including evening PEF (mean difference
35.3 L/min, p<0.001), pre- and post-bronchodila-
tor FEV; (mean difference 0.10 L, p=0.004 and
0.04 L, p=0.01 respectively), proportion of asth-
ma-control days (with a difference of 0.079,
p=0.01), daily symptoms score, and Asthma Con-
trol Questionnaire (with a difference of -0.18
points, p=0.02). Also the addiction of salmeterol to
ICS, compared with doubling dose ICS, showed an
improvement in these outcomes, except in pre- and
post-bronchodilator FEV; (in particular for the
morning PEF, mean difference was 19.4 L/min,
p<0.001 and for the evening PEF, mean difference
was 24.7 L/min, p<0.001). There were no signifi-
cant differences between tiotropium and salme-
terol treatments with respect to morning PEF
(mean difference in change from baseline for
tiotropium vs salmeterol +6,4 L/min), evening
PEF, number of asthma-control days, daily symp-
toms score and Asthma Control Questionnaire.
The tiotropium treatment was superior to the sal-
meterol treatment with respect to the pre- and post-
bronchodilator FEV| measured in the morning
(mean difference 0.11 L, p=0.003 and 0.07 L,
p<0.001 respectively).

These results were confirmed in the study by
Bateman, performed on a population of asthmatics
with similar functional findings and uncontrolled
with ICS alone, but with the genetic characteristic
of having the B16-Arg/Arg genotype [7]. The
background for conducting the study only in this
asthmatic population came from the previous ob-
servation that the polymorphism in 16 position of
[2-agonist receptor could be associated to a lower
response to the stimulation by 2-agonists, an in-
creased risk of adverse effects by use of 2-ago-
nists, and this might predispose to a higher re-
sponse rate to tiotropium. In the study by Bateman,
388 asthmatics, after a 4-week run-in period with
50 g of twice-daily salmeterol, were randomized
to 16 weeks of treatment with 5 pg Respimat
tiotropium once daily, or 50 pug salmeterol twice
daily, or placebo, always maintaining ICS therapy.
The primary endpoint was the change in weekly
PEF from the last week of the run-in period to the
last week of active treatment. Mean weekly morn-
ing pre-dose PEF was maintained during the treat-
ment period with tiotropium and salmeterol, but
decreased in patients who switched to placebo
(-3.9 L/min for tiotropium, -3.2 L/min for salmeterol
and -24.6 L/min for placebo, p<0.05). Tiotropium
was not inferior to salmeterol (estimate difference
-0.78 L/min) and both tiotropium and salmeterol
were superior to placebo. Similar results were ob-
tained for mean weekly evening PEF, FEV and
FVC (for mean weekly pre-dose FEVy: +0.01 L
for tiotropium, -0.01 L for salmeterol and -0.10 L
for placebo). The aim of this study was to demon-
strate the similar efficacy of tiotropium and salme-

terol in a group of asthmatics considered at in-
creased risk of adverse effects through the use of
2-agonists and possibly better responders to anti-
cholinergics (on the basis of study by Park et al).
Before the publication of this study, extensive
prospective studies have shown the safety of use of
2-agonists in Arg/Arg asthmatics [18, 19], but the
demonstration of a similar efficacy of LABA and
tiotropium is still important from a clinical point of
view. It is important to note, though, that a similar
improvement in pulmonary function was observed
in the Bateman study in comparison with the Pe-
ters study (mean difference in morning PEF: 20.7
L/min vs 25.8 L/min; mean difference in pre-bron-
chodilator FEV: 0.113 L vs 0.100 L). However, in
the Bateman study the results on patient-related
aoutcomes were quite disappointing, with no sig-
nificant improvement in tiotropium vs placebo on
daytime asthma symptoms (change from baseline:
placebo: 0.015, n.s.; salmeterol: -0.221, n.s.;
tiotropium: -0.088, n.s.; significant differences in
placebo vs salmeterol but not in placebo vs
tiotropium), rescue medication use (change from
baseline: placebo: 0.294, n.s.; salmeterol: -0.273,
n.s.; tiotropium: -0.074, n.s.; significant differ-
ences in placebo vs salmeterol but not in placebo
vs tiotropium) and quality of life (evaluated by Mi-
ni-Asthma Quality of Life Questionnaire, change
from baseline: placebo: 0.039, n.s.; salmeterol:
0.280, n.s.; tiotropium: 0.131, n.s.; significant dif-
ferences in placebo vs salmeterol but not in place-
bo vs tiotropium). There was no significant differ-
ences between the two active treatments on these
outcomes.

Similar results were also obtained in patients
with severe asthma when it was added to ICS+LA-
BA. Kerstjens et al performed a randomized, dou-
ble-blind, crossover study on 107 patients with un-
controlled severe asthma (mean pre-bronchodila-
tor FEV of 58%) despite treatment with high-dose
ICS plus LABA and evaluated the efficacy and
safety of the addiction of 2 doses of tiotropium (5
mcg and 10 mcg daily), compared with placebo, to
a treatment regimen of glucocorticoids and
LABAs for 8 weeks [6]. The mean peak FEV| re-
sponse in the first 3 hours after dosing at the end of
the 8-week treatment period (the primary out-
come) was significantly superior to placebo with
both tiotropium doses (5 mcg: difference with
placebo 139 mL, p<0.001, 10 mcg: difference with
placebo 170 mL, p<0.001). Both doses of tiotropi-
um were significantly superior compared with
placebo in all other functional assessments: trough
FEV| (5 mcg: difference from placebo 86 mL,
p<0.001, 10 mcg: difference with placebo 113 mL,
p<0.001), mean peak FVC in the first 3 hours after
dosing, trough FVC and FVC AUC 0-3h, the
weekly mean predose morning and evening PEF
for weeks 4-8 (for morning PEF, difference with
placebo: 7.9 L/min, p=0.02 with 5 mcg, and 15.3
L/min, p<0.001 with 10 mcg). Despite these im-
pressive results in lung function, it did not demon-
strate any significant effects on clinical parame-
ters. In fact there were no significant differences
among the 3 treatments in the rescue medication
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use, the mini-AQLQ score (change over the entire
period treatment: placebo: 0.108, tiotropium 5
mcg: 0.205; tiotropium 10 mcg: 0.206) and in the
symptom scores measured with an electronic asth-
ma diary (for asthma symptoms day, change over
the entire period treatment: placebo: -0.121, for
tiotropium 5 mcg: -0.140; for tiotropium 10 mcg:
-0.152).

An important study is that carried out by Mag-
nussen et al [3], and conducted on a subgroup of
patients with COPD and a history of asthma diag-
nosed before 40 yrs of age. In this randomized,
placebo-controlled study, 472 patients with diag-
nosis of asthma and COPD were treated with
tiotropium or placebo for 12 weeks in addition to
current therapy. Patients were allowed to continue
treatments with ICS (inhaled steroid use was an in-
clusion criteria), LABA, theophylline, leukotriene
inhibitors and/or oral corticosteroids. Tiotropium
led to a significant improvement not only in the
primary endpoint, that was the change in FEV,
area under the curve over from 0 to 6 h (difference
= 18624 mL, p<0.001) after 12 weeks of treat-
ment, but also in all secondary outcomes: morning
pre-dose FEV;, FVC AUC 0-6 h, morning pre-
dose FVC, morning and evening PEF and the use
of rescue medications (the mean weekly number of
daily puffs of salbutamol was reduced by
0.05£0.12 puffs/day in the placebo group and by
0.50£0.12 puffs/day in the tiotropium group at
week 12, p<0.05).

Tiotropium in asthma: pivotal studies

Two replicate randomized, double-blind,
cross-over studies were conducted by Kerstjens et
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al on patients with severe asthma on treatment
with high dose ICS plus LABA [8]. These studies
included patients with uncontrolled asthma (ACQ
score >1.5) and persistent airflow limitations (de-
fined as a post-bronchodilator FEV of 80% or less
of the predicted value, after the inhalation of 4
puffs of 100 ng of salbutamol) despite daily thera-
py with ICS, with at least one exacerbation in the
previous year, nonsmokers or ex smokers with a
smoking history of less than 10 pack-years. These
two studies were conducted on large samples (459
and 453 patients, respectively) and over a long
time period (48 weeks) and had, in addiction to
two lung-function primary endpoints (the peak
FEV| response in the first 3 hours after dosing and
the trough FEV, response at week 24), also a third
important co-primary endpoint: the time to the first
severe asthma exacerbation (defined as a deterio-
ration of asthma necessitating initiation or at least
a doubling of systemic glucocorticoids for >3
days). The patients had a mean baseline FEV, of
62% of predicted value. As in previous studies, the
addiction to tiotropium again confirmed the im-
provement of functional parameters (at week 24,
the mean difference between tiotropium and place-
bo groups in the change in peak FEV, from base-
line in the first 3 hours was 8634 ml in trial 1
(p<0.05) and 154432 ml in trial 2 (p<0.001), and
in the change from baseline in the trough FEV,
was 88+31 ml in trial 1 (p<0.01) and 111£30 ml in
trial 2 (p<0.001), but especially increased the time
to the first severe exacerbation (282 days vs. 226
days, corresponding to a reduction of 21% in risk,
hazard ratio: 0.79, p=0.03) (figure 1). As for the
clinical parameters, once again their improve-
ments (number of symptom-free days, use of res-

I i Tiotropium

No. at Risk
Placebo
Tiotropium

0 25 50 75 100 125 150 175 200 225 250 275 300 325

Days

454 435 412 338 379 367 356 339 332 319 303 290 282 272
453 430 409 401 389 378 363 353 348 339 331 319 308 298

Fig. 1. - Effect of tiotropium on reduction of severe exacerbations in patients with severe asthma. Cumulative number of severe exacerbations in
patients with tiotropium therapy in comparison with placebo, with a risk reduction of 21% (hazard ratio, 0.79; P=0.03) (with permission, from

reference # 8).
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cue medications, ACQ and AQLQ scores) were
small and inconsistent and, for ACQ and AQLQ
scores, did not reach the minimal clinically signif-
icant difference of 0.5. The safety profile was ex-
tremely good, with no difference in the rate of ma-
jor and minor adverse events between tiotropium
and placebo.

Recent subanalyses of this study have been pre-
sented at some major Respiratory International
Meetings, showing that the response to tiotropium is
consistent throughout a large variety of characteris-
tics from asthmatic subjects (atopic vs non atopic,
severe vs non severe airway obstruction, different
asthma durations, different age groups, etc.).

Safety of tiotropium in asthma

Recently, a large debate on the safety of
tiotropium, administered by the Respimat inhaler,
has been developed, with regard to a potential in-
creased risk of cardiovascular events in COPD pa-
tients [21]. Therefore, the safety profile of tiotropi-
um in asthma has been assessed. In the preliminary
studies on the relatively low number of patients, no
significant excess of adverse events were observed
in patients treated with tiotropium in comparison
with placebo or other comparators. In the most ex-
tensive study, carried out on more than 900 pa-
tients [8], half of them treated with tiotropium for
one year, adverse events were reported in 73.5%
from the tiotropium group and in 80.3% from the
placebo group. No major events attributed to
tiotropium were reported; in particular, cardiac ad-
verse events occurred in less than 2% of the pa-
tients and all were well balanced throughout the
study groups. Therefore, the safety of tiotropium
in asthma appears to be good.

General considerations

The various studies of tiotropium in asthma
demonstrate that tiotropium is effective in improv-
ing lung function. In patients with moderate asth-
ma and not adequately controlled with ICS alone,
tiotropium is non-inferior to salmeterol and superi-
or to both placebo and doubling doses of ICS (with
possible steroid-sparing effects) in improving the
lung function. In patients with severe asthma un-
controlled despite high dose ICS plus LABA, the
addiction of tiotropium still provides significant
improvements in lung function. Surprisingly, al-
most all studies show only modest and often in-
significant benefits regarding symptoms and qual-
ity of life.

The regulatory studies also show a significant
reduction in severe exacerbations when tiotropium
is added to ICS plus LABA in severe asthmatics.
Previously, only the studies by Peters and Mag-
nussen had reported data suggesting a possible role
of tiotropium in reducing exacerbation rate (in the
study by Peters an asthma exacerbation occurred
in 7 patients receiving tiotropium, in 13 receiving
double-dose corticosteroids and in 5 receiving sal-
meterol, and in the study by Magnussen, an exac-
erbation of COPD and asthma occurred in 11.5%

of the patients receiving placebo and 6.6% of the

patients receiving tiotropium).

One aspect which deserves to be investigated
in future studies is the link between tiotropium and
airway inflammation. As regards the possible im-
pact on airway inflammation, there are only few
observations in the studies carried out by Fardon
[2] and Peters [5]. In the first paper there was a lit-
tle but significant reduction (2.86 ppb) in exhaled
nitric oxide (FENO) during treatment with flutica-
sone propionate/salmeterol/tiotropium bromide
compared with fluticasone propionate alone, while
in the second study, patients had at baseline a
FENO of 18.8 ppb and a normal sputum
eosinophilia of 0.40 x106 cells, and no treatment
determined a significant change in these biomark-
ers. As for the possible different responsivenesses
to tiotropium of different inflammatory pheno-
types of asthma, Iwamoto et al studied 17 severe
persistent asthmatics and observed a positive cor-
relation between sputum neutrophils and FEV,
improvement after 4 weeks of therapy, and an in-
verse correlation between sputum eosinophils and
improvement in FEV, after 4 weeks of therapy
[20], suggesting that tiotropium may be particular-
ly effective in non-eosinophilic asthma.

In summary, the data produced up until now
regarding the efficacy and safety of tiotropium in
asthma have shown:

a) A significant improvement in lung function,
both when tiotropium was added to ICS alone
in patients with moderate asthma, and when it
was added to ICS+LABA in patients with se-
vere asthma and in patients with concomitant
asthma and COPD. The comparison with sal-
meterol demonstrated similar improvements in
morning PEF and similar or greater improve-
ments in pre-dose FEV .

b) A significant reduction of the risk of asthma
exacerbations when added to ICS+LABA in
patients with severe asthma and persistent air-
flow limitation

¢) A mild improvement in the control of asthma
symptoms and in quality of life, with a reduc-
tion in the use of rescue medications in pa-
tients of asthma and COPD, controversial re-
sults in patient with moderate asthma (im-
provement in proportion of asthma-control
days, daily symptoms score and Asthma Con-
trol Questionnaire in the study of Peters, and
no change in daytime asthma symptoms, use of
rescue medications and quality of life in the
study of Bateman), and inconsistent change in
asthma control and quality of life scores in pa-
tients with severe asthma.

Future perspectives

Asthma management still requires new drugs
and new therapeutic strategies, in order to improve
the level of asthma control in the general practice.
This may be particularly relevant in severe asth-
matics who may be still remain symptomatic de-
spite high doses of ICS and LABA. Therefore, the
demonstration of the efficacy of tiotropium along
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with the currently available treatment represent a
valid option for the management of more severe
asthmatics. Furthermore, the potential for tiotropi-
um to be an alternative to LABA in the addition to
low-medium doses of ICS might be relevant, tak-
ing into account the warning that some regulatory
authorities have issued regarding the risks of using
LABA in asthmatic subjects [22]. Although these
warnings do not seem appropriate according to the
results of the major clinical trials showing the
long-term safety of LABAs when added to ICS in
asthmatics [23], adding tiotropium (instead of
LABA) to ICS may represent a valid alternative.

In more recent years, a program for studying the
efficacy of tiotropium in asthma (TinA project) has
been developed, and in the near future data on the
efficacy of tiotropium in mild and moderate asth-
matics are on hold. In particular, studies have been
completed on the addition of tiotropium to low dose
ICS vs ICS alone in mild asthmatics, either with the
addition of tiotropium or salmeterol to medium dose
ICS vs ICS alone in moderate asthmatics. The re-
sults will be available in the near future.

If these results prove to be positive, it will re-
main to be seen which patients may be appropriate
for treatment with either LABA or tiotropium,
leading to a more customized treatment according
to some specific phenotypes.

Therefore, tiotropium is set to become a fur-
ther yet important resource for the management of
asthmatic patients and improvement in the control
of the disease.
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