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Continuous inhaled corticosteroid treatment is highly effective in children and adults with
mild persistent asthma, although some therapeutic benefits are not lost if treatment is
delayed. Many patients do not adhere to continuous treatment with inhaled corticosteroids,
but rather take them intermittently, usually at the time of increased symptoms. Based on
these observations it has been proposed that for patients with mild persistent asthma inhaled
corticosteroids should be used on-demand when symptoms are troublesome, rather than on
a continuous basis. The article reviews the pharmacological properties of inhaled
corticosteroids used in clinical trials of on-demand treatment, as well as the evidence for the
efficacy and safety of on-demand compared with continuous inhaled corticosteroid treatment
of mild persistent asthma in adults and children. The place of on-demand treatment with
inhaled corticosteroids in the management of asthma is discussed, as well as future directions

for different management strategies for this group.
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Asthma is a chronic inflammatory disease of
the airways that affects 300 million people
worldwide, with over half this population
having mild intermittent or persistent
asthma [1]. Both national and international
guidelines recommend that daily inhaled
corticosteroid is the preferred treatment
option for children and adults with mild
persistent asthma [201, 202] as inhaled cortico-
steroids improve asthma control and lung
function as well as reduce exacerbation
rates (23]. However, surveys of patient atti-
tudes to asthma treatment and analysis of
pharmacy indicate that many
patients do not adhere to regular treatment
with inhaled corticosteroids, but instead take

records

them intermittently, usually at the time of
increased symptoms [45]. Interestingly, a
5-year follow-up of the Inhaled Steroid
Treatment as Regular Therapy in Early
Asthma (START) trial reported that delaying
treatment with inhaled corticosteroids for
3 years in patients with recent onset asthma
resulted in the same clinical benefits as those
who commenced treatment at an earlier
stage [6]. Thus, the absence of continuous

inhaled corticosteroid treatment may not result
in impaired lung function over time in patients
with mild asthma, although this observation
may not apply to those with more severe dis-
ease. Based on these observations it has been
proposed that the administration of inhaled
corticosteroids on-demand when asthma symp-
toms are troublesome rather than on a continu-
ous basis may be an effective treatment strategy
for mild persistent asthma (7). This article
reviews the pharmacological properties of the
inhaled corticosteroids used in clinical trials of
on-demand regimens as well as evaluating the
evidence for the efficacy and safety of on-
demand, compared with continuous inhaled
corticosteroid treatment of mild persistent
asthma in adults and children with asthma.
The place of on-demand treatment with
inhaled corticosteroids in the management of
asthma is discussed as well as future directions
for treatment of mild persistent asthma.

Mode of action of inhaled
corticosteroids

Corticosteroids are the most effective treat-
ment for asthma through their inhibitory
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Table 1. Pharmacokinetic properties of an ideal
inhaled corticosteroid.

High pulmonary deposition Low oral bioavailability

Small particle size High plasma protein binding
High pulmonary bioavailability Rapid systemic clearance

High corticosteroid receptor
binding affinity

Low oropharyngeal deposition

On-site activation in the
oropharynx

High on-site activation
in the lung

Prolonged lung residual time
Data taken from [19,20].

actions on inflammatory cells and pathways involved in the
pathogenesis of the disease [8). Corticosteroids reduce inflamma-
tion through activation of glucocorticoid receptors in the cyto-
plasm of target cells. The activated glucocorticoid receptor—
corticosteroid complex binds to glucocorticoid-responsive ele-
ments (GREs) in the promoter region of corticosteroid-responsive
genes within the nucleus to suppress (transrepression) or induce
(transactivation) glucocorticoid target genes. Transrepression is
believed to be responsible for the majority of the ant-
inflammatory activity of corticosteroids through the reduced syn-
thesis of pro-inflammatory transcription factors and by preventing
their stimulation of inflammatory genes. The molecular mecha-
nisms for the anti-inflammatory effects of corticosteroids are com-
plex and not fully elucidated [9.10]. However, a key mechanism is
thought to involve the reversal of histone acetylation of activated
inflammatory genes through ligand-bound glucocorticoid recep-
tors binding to co-activator molecules and subsequent recruitment
of histone deacetylase (HDAC)-2 to the activated inflammatory
gene transcription complex [8]. Recent studies suggest that the pro-
duction of anti-inflammatory proteins may have a more important
role in resolution of inflammation than previously considered [9,10).
Corticosteroids induce histone acetylation of ant-inflammatory
genes  (transactivation), including mitogen-activated protein
(MAP) kinase phosphatase 1 (MKP-1) and glucocorticoid-
inducible leucine zipper 1 (GILZ-1) as well as potentiating the
effects of B,-agonists, in part through increased expression of [3,-
adrenergic receptors on cell surfaces (8]. The adverse effects of cor-
ticosteroids are thought to be due to transactivation of genes
involved in glucose, lipid and muscle metabolism as well as by
interacting with negative GRE:s to inhibit the production of osteo-
calcin, which is involved in bone synthesis [s]. Corticosteroids may
also exert anti-inflammatory effects through a non-genomic mech-
anism, which has a rapid onset within minutes, is of short dura-
tion and is dose-dependent [11). The mechanism is thought to
be due to non-specific interactions of corticosteroids with the
cell membrane. The combination of inhaled corticosteroids
with short-acting and/or long-acting 3,-agonists may also enhance
the molecular actions of corticosteroids in reducing inflamma-
tion [1213] and airway remodelling [14] by several possible

mechanisms, including increased translocation of the glucocorti-
coid receptor—corticosteroid complex from the cytoplasm to the
nucleus [15] and by increased HDAC activity [13).

Pharmacokinetics & pharmacodynamics properties of
inhaled corticosteroids

A favorable therapeutic index for an inhaled corticosteroid
depends on a balance between efficacy outcomes and systemic
adverse effects, which are both influenced by the pharmaco-
kinetics and pharmacodynamics of the compound. These
properties have been reviewed in detail previously [16-20].
Pharmacokinetic factors that improve efficacy include good
pulmonary deposition, small particle size, high pulmonary bioa-
vailability, good corticosteroid receptor binding affinity as well
as high on-site of activation in the lung and prolonged lung
residence time, whereas systemic adverse effects are reduced by
low oral bioavailability, high plasma protein binding and rapid
systemic clearance of the inhaled corticosteroid (Taste 1). Phar-
macokinetic factors that improve efficacy such as high pulmo-
nary bioavailability and high receptor binding affinity can have
an unfavorable impact on systemic adverse effects of inhaled
corticosteroids. The pharmacokinetics and pharmacodynamics
of inhaled corticosteroids used to date in clinical trials of con-
tinuous versus on-demand dosing strategies are summarized
below, namely budesonide and beclomethasone.

Budesonide

The dry powder formulation of budesonide (Turbuhaler®,
AstraZenica), inhaled in an active form, has a particle size of
3 um and lung deposition of 22%, predominanty in the cen-
tral airways (Tasie 2) [21]. The dose of budesonide inhalation sus-
pension (Pulmicort® Respules® 0.5 mg) administered to a
patient depends on the nebulizer equipment used as well as

flow rate, volume of nebulizer, fill volume and air-flow rate.

Beclomethasone

Beclomethasone dipropionate (BDP) is a pro-drug with weak
glucocorticoid receptor binding affinity, which is converted by
esterase enzymes to the active metabolite beclomethasone-
17-monopropionate (BMP). Chlorofluorocarbon (CFC) was
the propellant previously used to deliver BDP until replaced by
hydrofluoroalkane (HFA). Two formulations of BDP with a
HFA propellant are marketed in different countries as pressured
metered-dose inhalers, namely, HFA-BDP Qvar®, TEVA and
HFA-BDP Clenil® Modulite®, Chiesi (Tasie 2). Both formula-
tions are in solution, which favors greater lung deposition than
inhaled corticosteroids formulated in suspension [1822]. HFA-
BDP Qvar compared with HFA-BDP Clenil Modulite has
a smaller particle size (mass median aerodynamic diameter
(MMAD) 1.1 vs 2.6 um) and achieves greater lung deposition
(55-60 vs 36%) and because of these differences the equivalent
dose of HFA-BDP Qvar is considered to be half that of
HFA-BDP Clenil Modulite. For comparison, the MMAD and
lung deposition of previously marketed CFC-BDP from a pres-
sured metered-dose inhaler was 3.5 wm and 8%, respectively.
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Table 2. Pharmacokinetic properties of selected inhaled corticosteroids.

Formulation Solution Solution Dry powder Suspension
Pulmonary deposition (%) 55-60 36 22 16

Particle size (MMAD, um) 1.1 2.6 3 2.6-2.8
Receptor-binding affinity (relative 1345 (BMP) 1345 (BMP) 935 1800

to dexamethasone = 100)

Oral bioavailability (%) 26 26 11-14 <1

Protein binding (%) 94-96 (BMP) 87 85-90 90
Clearance (I/h) 120 (BMP) 120 (BMP) 84 69
Elimination half-life (h) 2.8 (BMP) 2.7 (BMP) 2-3 14.4

BDP: Beclomethasone (beclometasone); BMP: Beclomethasone 17-monopropionate; HFA: Hydrofluoroalkane; MMAD: Mass median aerodynamic diameter; pMDI: Pressur-

ized metered-dose inhaler.
Data taken from [17,18,19,21,45,54,85].

Both formulations of HFA-BDP containing pressured metered-
dose inhalers have improved total and peripheral lung distribu-
tion compared with inhaled dry powder budesonide and
inhaled HFA-fluticasone proprionate (Tasie2) [23].

Small airway deposition of HFA-beclomethasone

Airway inflammation and remodeling in asthma involves both the
large and small airways in mild, as well as severe asthma [24-26).
The development of inhaled corticosteroids with extrafine-
particle size and improved peripheral airway deposition has con-
tributed to a reawakened interest in the role of small airway
dysfunction in asthma and as a target for inhaled corticosteroid
treatment [27]. Dysfunction of small airways (defined as diame-
ter <2 mm) may contribute to poor asthma control in adults
and children with asthma including patients with mild dis-
ease [26-31]. Recent studies have investigated whether treating
the small airways with extrafine-particle inhaled corticosteroids
improves clinical outcomes of asthma control to a greater extent
than with large-particle inhaled corticosteroids [27-32]. Small par-
ticle size pressured metered-dose inhalers may potentially impact
favorably on the safety and efficacy of inhaled corticosteroids
through improved total lung deposition, resulting in asthma
control at lower daily doses than the large-particle inhaled corti-
costeroid perhaps by treating small airway inflammation [19.20].
Observational studies in the UK and USA suggest that extrafine
particle HFA-BDP Qvar may achieve better control at lower
prescribed doses than large particle inhaled corticosteroids [33-
36, but to date it has not been clearly demonstrated that equi-
potent doses of small-particle inhaled corticosteroids compared
with large-particle inhaled corticosteroids either improve efficacy
or reduce systemic adverse effects [19,27,37].

Dose-response to inhaled corticosteroids
Systematic reviews of dose—response clinical trials of inhaled
corticosteroids in adults and children with asthma have

demonstrated that most of the therapeutic benefit is achieved
with low to medium doses [38-44]. Therefore, for most patients
with mild persistent asthma an effective dose in children is
200 g daily and in adults 400 pg daily, although higher doses
may be required in those with severe disease [183940]. The
dose-response curve for efficacy outcomes is moved to the left
with HFA-BDP Qvar [45] due to the small particle size and
greater lung deposition of this formulation. In contrast to the
dose-response relationship for efficacy outcomes, inhaled corti-
costeroids exhibit a more linear relationship for systemic
adverse effects with no plateau in response [384¢]. High doses of
inhaled corticosteroids have the potential for systemic adverse
effects such as adrenal suppression [1839.4346-48], reduced growth
velocity in children [4449,50) and reduction in bone mineral den-
sity as well as increased likelihood of fractures and osteoporo-
sis [1751]. Inhaled HFA-BDP Qvar administered at doses of
200, 400 or 800 pg daily to adults with corticosteroid-naive
asthma produces a non-significant 12.2% reduction in 24-h
urinary-free cortisol at the 200 g daily dose [4552]. In children
with asthma, inhaled HFA-BDP Clenil administered at doses
of 400 pg daily does not suppress adrenal function (s3] and in
adults the effects are similar to CFC-BDP [54]. The safety pro-
file of extrafine-particle inhaled corticosteroids on growth
velocity in children and on the HPA axis appears to be simi-
lar to that of large particle inhaled corticosteroids and some
studies suggest that there may be higher systemic bioavailabil-
ity with smaller particles inhalers [19]. Local adverse effects
such as oral candidiasis and hoarseness occur more frequently
for some inhaled corticosteroids at high doses, such as flutica-
sone proprionate [43], but are uncommon at low-to-moderate
doses [44]. The smaller particle size of BDP-HFA Qvar®
results in reduced oropharyngeal deposition (35%) compared
with a large-particle inhaler such as HFA—fluticasone—salme-
terol combination (77%) [22). Taken together, these findings
suggest that low to medium doses of continuous inhaled
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Table 3. Potential factors influencing an individual’s

therapeutic response to inhaled corticosteroids in
asthma.

Genetic

e Glucocorticoid receptor polymorphisms

e TBX21 polymorphisms

e CRHR1 polymorphisms
Environmental

e Cigarette smoking

e Allergen exposure

e Infection
Asthma-related factors

e Adherence

e |nhaler technique

e Duration and severity of asthma

e Airway inflammatory cell phenotype

e Corticosteroid-resistant asthma

e Concomitant disease and misdiagnosis
Demographic factors

e Age, gender and race

e Body mass index

CRHR1: Corticotrophin-releasing hormone receptor 1.
Data taken from [55].

corticosteroids used in on-demand versus continuous dosing
strategies are safe and effective in children and adults with
mild persistent asthma.

Additional factors that influence the therapeutic
response to inhaled corticosteroids

There is a variable therapeutic response to inhaled corticoste-
roids in asthma due to factors other than the pharmacological
properties of the drug (Tase 3) (55]. Non-adherence with inhaled
corticosteroid therapy is one of the most important factors
accounting for poor asthma control (4. While the extent of dep-
osition within the lungs is influenced by the delivery device
used, the adequacy of the patient’s inhaler technique and inspir-
atory flow [185657], in patients with a poor inhaler technique a
larger dose of extrafine-particle size HFA-BDP from a metered-
dose inhaler is deposited in the lung (>37%) compared with
larger-particle size CFC-BDP from a metered-dose inhaler (4—
7%) [58). Other factors include an eosinophilic airway pheno-
type, which is associated with an improved response to inhaled
corticosteroids [59] and cigarette smoking [60], high basal meta-
bolic index (BMI) (61] and some genetic factors [62] as well as
severe disease [63] which are associated with reduced sensitivity
to inhaled corticosteroids. The particle size of HFA-BDP is
increased in the presence of tobacco smoke and based on this
finding it has been postulated that cigarette smoking could pre-
vent the dispersion of corticosteroid into the small airways of
the lung and hence inhaler efficacy [64].

Clinical trials of on-demand compared with continuous

use of inhaled corticosteroids

Currently licensed inhaled corticosteroids are effective when
administered twice daily in asthma. There is also evidence that
in some patients with mild persistent asthma, once-daily

administration is sufficient to achieve control [65]. There are a
number of long-acting inhaled corticosteroids under development
that should allow once-daily administration for more severe
groups of patients [66]. Several clinical trials have assessed the effi-
cacy and safety of employing currently available corticosteroids in
an on-demand versus daily basis in persistent asthma in children
and adults in clinical trials lasting up to 1 year (Tame 4).
A systematic review of six clinical trials including 1211 partici-
pants with mild persistent asthma has been recently reported [67);
two studies were in adults [68,69] and four studies in children, two
studies in pre-school children [7071] and two studies in school-
aged children (7273 The meta-analysis concluded that on-
demand and conventional daily inhaled corticosteroid strategies
were similarly effective in the requirement for rescue courses of
oral corticosteroids (relative risk (RR) 1.07; 95% confidence
interval (CI): 0.87-1.32) (Ficure 1) and the rate of severe adverse
health events (RR 0.82; 95% CI: 0.33-2.03) (Ficure 2). The
improvements in peak expiratory flow (PEF) (2.56%, 95% CI: -
4.49 to -0.63%), asthma control days (-9%, 95% CI: -14 to -
4%) and use of rescue P,-agonists (0.12 puffs/day, 95% CI: 0—
0.23) were less with the on-demand strategy compared with con-
tinuous treatment. In children, on-demand inhaled corticosteroid
treatment compared with continuous treatment was associated
with greater growth (0.41 cm, 95% CI: 0.13-0.69). However,
the strength of evidence overall was considered low and the
authors concluded that equivalence between the two strategies
had not been established. A further systematic review of seven
clinical trials including 1367 participants with asthma has been
published recently [74]. The meta-analysis included a clinical trial
in which the primary aim of the study was a comparison of
physician-, biomarker- and symptom-based strategies for adjust-
ment of inhaled corticosteroid therapy of patients with mild to
moderate asthma receiving low-dose inhaled corticosteroids [75)
(this study was excluded from the earlier review [67]). The meta-
analysis found no significant difference in the rate of asthma
exacerbations between continuous treatment compared with the
on-demand strategy (0.96; 95% CI: 0.86-1.06) [74]. The contin-
uous treatment group had a significant increase in asthma-free
days and non-significant decreases in use of rescue B,-agonists
and exhaled nitric oxide measurement compared with the on-
demand strategy [74l. The conclusions from both systematic
reviews and meta-analysis are similar. Overall, the improvement
in efficacy outcomes including some measures of lung function,
airway inflammation, asthma control and reliever use were greater
with daily inhaled corticosteroid treatment compared with on-
demand treatment, whereas in children modest growth suppres-
sion was associated with daily inhaled beclomethasone and bude-
sonide (67. The study design and main clinical outcomes of the
clinical trials included in the systematic reviews [67.74] are included
in Tase 4 and are discussed below. Detailed analyses of the indi-
vidual studies are available in the two systematic reviews [67,74).

Adults with asthma
The Improving Asthma Control Trial IMPACT) was the first

clinical study to compare on-demand versus continuous inhaled

690

Expert Rev. Respir. Med. 7(6), (2013)



Inhaled corticosteroids for asthma: on-demand or continuous use

Table 4. Summary of clinical trials assessing the efficacy and safety of on-demand vs daily inhaled

corticosteroids in children and adults with persistent asthma.

IMPACT trial

BEST trial

BASALT trial

225 corticosteroid-naive adults with mild 52 weeks
persistent asthma

Randomized to on-demand inhaled budesonide,

continuous inhaled budesonide (Turbuhaler®,

200 pg twice daily) or leukotriene-receptor

antagonist (zafirlukast 20 mg twice daily)

During exacerbations, all groups received

budesonide 800 pg twice daily for 2 weeks

Primary efficacy outcome: PEF

466 adults with mild persistent asthma 24 weeks
(70% corticosteroid naive)

Randomized to on-demand CFC-beclomethasone
(250 ng) and albuterol in a single metered-dose
inhaler, continuous inhaled beclomethasone
(250 pug twice daily) plus albuterol as needed,
100 pug of albuterol as needed or continuous
beclomethasone (250 ug) and albuterol in a
single inhaler (twice daily) plus albuterol as
needed

During exacerbations, on-demand group
received beclomethasone 250 pg and

albuterol 100 pg in a single inhaler

are required; continuous group

received beclomethasone 250 ug

twice daily + ‘as-needed’ albuterol

100 pg

Primary efficacy outcome: morning PEF

342 adults with mild to moderate asthma 36 weeks
controlled

by low-dose inhaled corticosteroid therapy
Randomized to three groups: assigned to
physician assessment—based adjustment ,
biomarker-based (exhaled nitric oxide) and to
symptom-based adjustment of inhaled
corticosteroid dose

All groups received beclomethasone
(BDP-HFA Qvar®, 80 ug daily before
randomization and the dose was

adjusted every 6 weeks according to the
adjustment strategy

Primary outcome was time to treatment
failure

Morning PEF and time to the first [68]
exacerbation were similar in the on-demand
and continuous inhaled budesonide treatment
groups

Continuous budesonide compared with

other treatment strategies produced

greater improvements in asthma

control score, symptom-free days pre-
bronchodilator FEV,, bronchial

hyperreactivity, sputum eosinophils and
exhaled nitric oxide

Clinical outcomes did not differ between
on-demand inhaled budesonide and daily
zafirlukast

Morning PEF and number of exacerbations [69]
were similar in the on-demand and

continuous inhaled beclomethasone

treatment groups, including with the
continuous beclomethasone plus albuterol

in a single inhaler group

Clinical outcome were better in the on-demand
inhaled beclomethasone plus albuterol group
compared with the albuterol as-needed group
Cumulative dose of inhaled beclomethasone
was lower in the on-demand beclomethasone
plus albuterol group (18.4 + 25.2 mg) than in
the group(s) receiving regular beclomethasone
(76.9 + 17.3 mg)

There were no significant differences in time to (75]
treatment failure. The 9-month Kaplan—-Meier

failure rates were 22% (97.5% Cl: 14-33%;

24 events) for physician assessment-based

adjustment, 20% (97.5% Cl: 13-30%; 21

events) for biomarker-based adjustment, and

15% (97.5% Cl: 9-25%; 16 events) for
symptom-based adjustment

BEST: Beclomethasone and salbutamol treatment; CFC: Chlorofluorocarbon; IMPACT: Improving Asthma Control Trial; MIST: Maintenance and Intermittent Inhaled Corti-
costeroids in Wheezing Toddlers; PEF: Peak expiratory flow; SD: Standard deviation; TREXA: Treating Children to Prevent Exacerbations of Asthma.
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Table 4. Summary of clinical trials assessing the efficacy and safety of on-demand vs daily inhaled

corticosteroids in children and adults with persistent asthma (cont.).

Helsinki Early
Intervention trial

TREXA trial

BEST for
children trial

MIST trial

176 children aged 5-10 years with newly 18 months
detected mild asthma

Randomized to continuous inhaled budesonide
Turbuhaler, (400 mg twice daily for 1 month,
200 mg twice daily for months 2-6, 100 mg
twice daily for months 7-18), identical treatment
to group 1 during months 1-6, then on-demand
budesonide for exacerbations as needed for
months 7-18, or disodium cromoglycate 10 mg
three times daily for months 1-18.

During exacerbations, budesonide 400 mg twice
daily for 2 weeks

Primary efficacy outcome: PEF

843 children and adolescents with mild persistent 44 weeks
asthma aged 5-18 years

Randomized to four groups: on-demand
beclomethasone (BDP-HFA Qvar, 100 pg) with
albuterol; continuous beclomethasone (100 pg
daily) with beclomethasone plus albuterol as
rescue; continuous beclomethasone (100 pg daily)
with albuterol as rescue; albuterol as required
During exacerbations: beclomethasone 100 ug for
each two puffs of albuterol (200 pg)

Primary outcome: time to first exacerbation that
required oral corticosteroids

276 symptomatic children with frequent wheeze, 12 weeks
aged 1-4 years

Randomized to three groups: i) continuous
beclomethasone nebulizer solution 400 ug daily
plus 2500 pg albuterol as required, ii) on-
demand beclomethasone 800 ug plus 1600 ug
albuterol combination as required, iii) albuterol
2500 pg as required

During exacerbations: treated as per GINA
guidelines

Primary efficacy outcome: percentage of
symptom-free days

278 children aged 12 and 53 months with 52 weeks
recurrent wheezing episodes, and at least one

exacerbation in the previous year

Randomized to two groups: on-demand

budesonide inhalation suspension, 1 mg twice

daily for 7 days, starting early during a predefined

respiratory tract illness or continuous budesonide

inhalation suspension, 0.5 mg nightly

Primary efficacy outcome: frequency of

exacerbations requiring oral glucocorticoid therapy

During months 7-18, continuous budesonide
treatment compared with on-demand
treatment resulted in fewer exacerbations
(mean 0.97 vs 1.69), but similar PEF and
number of asthma-free days

Growth velocity was normalized during
continuous low-dose budesonide and on-
demand budesonide therapy and latter strategy
was associated with catch-up growth
Continuous budesonide treatment slowed
down the increase in bone mineral density of
the lumbar vertebrae, which was not seen in
the on-demand group after the initial regular
budesonide treatment

Continuous inhaled budesonide compared with
regular disodium cromoglycate in months 1-6
resulted in a improvement in lung function, fewer
exacerbations and a small decline in growth velocity

[72.76]

On-demand strategy and continuous strategies
were better than placebo (49%, 95% Cl: 37—
61) for frequency of exacerbations (28%, 18-
40 and 35%, 24-47, respectively) and
frequency of treatment failure

Linear growth was less in the continuous
groups (1.1 cm (SD 0.3)) but not in the on-
demand group compared with placebo

(73]

Compared with albuterol as required (61.0%,
SD 24.8), the percentage of symptom-free days
was higher with regular beclomethasone
(69.6%, SD 20.8) but not significantly different
from the on-demand group (64.9%, SD 24.7)

[70]

Frequency of exacerbations was similar
between the two groups (rate per patient-year
for continuous treatment 0.97 (95% Cl: 0.76—
1.22) vs on-demand strategy 0.95 (95% Cl:
0.75-1.20)

Mean exposure to budesonide was 104 mg
less with the on-demand regimen than with
the continuous regimen.

[71]

BEST: Beclomethasone and salbutamol treatment; CFC: Chlorofluorocarbon; IMPACT: Improving Asthma Control Trial; MIST: Maintenance and Intermittent Inhaled Corti-
costeroids in Wheezing Toddlers; PEF: Peak expiratory flow; SD: Standard deviation; TREXA: Treating Children to Prevent Exacerbations of Asthma.
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adults with mild persistent
asthma (Tasie 4) (68]. The primary outcome was change in PEF

corticosteroid  treatment in
in the intermittent strategy group compared with either inhaled
budesonide (200 ug daily) or a leukotriene-receptor antagonist.
There were no significant differences among the groups in
morning PEF or the time to the first exacerbation of asthma.
In the BEclomethasone and Salbutamol Treatment (BEST)
study, adults with mild persistent asthma were randomized to
either rescue use of beclomethasone (250 mg per puff) and
albuterol in a single inhaler only when they had symptoms of
asthma or to regular inhaled beclomethasone (250 mg per
puff) daily (69]. The mean morning PEF was similar in the on-
demand and regular treatment groups at the end of the study.
The cumulative dose of inhaled beclomethasone was lower in
the on-demand beclomethasone plus albuterol group than in
the groups receiving regular beclomethasone. The Best Adjust-
ment Strategy for Asthma in the Long Term (BASALT) trial
found that among adults with mild to moderate persistent
asthma controlled with low-dose inhaled corticosteroid treat-
ment that the use of either biomarker-based or symptom-based
adjustment of inhaled corticosteroids was similar to physician
assessment-based adjustment [75).

Children with asthma

School-age children with asthma

In the Helsinki Early Intervention trial, school-age children
with mild persistent asthma were randomized to three treat-
ment strategies: on-demand inhaled budesonide, continuous
inhaled budesonide 200 Lg daily or regular disodium cromo-
glycate [72). Regular use of budesonide resulted in better asthma
control, whereas children treated with periodical inhaled bude-
sonide did not show any slow-down in the increase in bone
mineral density and standing height (76]. The long-term clinical
relevance of this latter observation on the risk of fractures is
uncertain. The Treating Children to Prevent Exacerbations of
Asthma (TREXA) trial, also undertaken in school-age children
with asthma, compared BDP-HFA Qvar 100 in treatment
strategy groups with placebo over 44 weeks and found that the
on-demand and continuous treatment with inhaled beclome-
thasone were more effective in reducing time to first exacerba-
that
placebo (73]. Continuous treatment was associated with a signif-

tion required oral corticosteroids compared with
icant slow-down in growth, which was not found in the on-
demand group. The authors suggested that the on-demand
strategy may be an effective step-down strategy for children

with well-controlled mild asthma.

Pre-school children with asthma

The BEST for children trial compared beclomethasone nebu-
lizer solution administered in as dose of 400 pg daily with
intermittent administration in a dose of 800 ug plus 1600 pg
albuterol or albuterol 2500 pg as required [70]. Compared with
albuterol as required, the percentage of symptom-free days was
higher with regular beclomethasone, but not significandy differ-
ent from the on-demand group. Overall, the continuous

strategy was the most effective treatment for frequent wheezing
in pre-school children. The Maintenance and Intermittent
Inhaled Corticosteroids in Wheezing Toddlers (MIST) trial
undertaken in infants with asthma found that clinical efficacy
outcomes with daily nebulized budesonide were similar to on-
demand nebulized budesonide, but the continuous regime
resulted in greater corticosteroid exposure at 1 year (71].

Commentary on clinical trials

While in the main the currently available data are reassuring,
the choice of lung function as the primary outcome measure in
several clinical trials in patients with mild persistent asthma
may not be appropriate as this group of patients usually have
normal lung function. Severe exacerbations occur in inhaled
corticosteroid-naive adult patients with mild persistent asthma
at a rate of 0.77 per patient per year [2] but may be a more
appropriate primary outcome to assess the safety and equiva-
lence of on-demand versus continuous treatment regimens.
Considerable expense will result from this choice due to clinical
trials lasting for 2 years or longer being required. Many
patients do not adhere to regular treatment with inhaled corti-
costeroids [45] and so the degree of non-adherence to continu-
ous inhaled corticosteroid treatment is likely to remain an
important issue and needs to be addressed. In addition, clinical
trials in adults have excluded current smokers and the elderly
and therefore the currently available results may not be relevant
to a ‘real-life’ population of patents with mild persistent
asthma and so future trials need to address these groups to
ensure generalizability to ‘real-life’ clinical practice [60).

Place in management

Patients with mild asthma make up the majority of patients
with asthma [1]. The goals of management in this group are to
achieve excellent asthma control and to reduce the risks of
exacerbations and long-term loss of lung function. The step-
wise pharmacological approach to treatment of asthma is cur-
rently integrated into a management plan that includes non-
pharmacological management approaches where appropriate, as
well as regular assessment of current symptom control, risk of
future exacerbations and adherence as well as inhaler techni-
que [201202]. These assessments are undertaken prior to a step-up
or step-down in treatment. Continuous inhaled corticosteroid
treatment is recommended at step 2 in both national and interna-
tional guidelines for patients with mild persistent asthma [201,202].
However, guidelines do not currently provide recommendations
on the intermittent use of inhaled corticosteroids.

Expert commentary

Clinical trials to date comparing on-demand with continuous
inhaled corticosteroid in adults and children with asthma sug-
gest that the efficacy of the on-demand strategy is similar in
some clinical trials or less in other studies than continuous
treatment whereas adverse effects in children may be greater
with continuous treatment. Although it is uncertain whether
issues around safety are relevant in mild persistent asthma
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Intermittent ICS Daily ICS

Risk ratio
M-H, fixed, 95% CI

Risk ratio

Study or subgroup  Events Total Events Total Weight M-H, fixed, 95% CI
1.1.1 Pre-emptive 4-fold step-up ICS dose during exacerbations in both groups
Boushey 2005 8 76 10 73 9.5%

Turpeinen 2008 3 58 1 57  0.9%

Subtotal (95% ClI) 134 130 10.5%

Total events 11 11
Heterogeneity: Chi2 = 1.22, df =1 (p =0.27); 12 = 18%
Test for overall effect: Z =0.09 (P = 0.93)

1.1.2 Pre-emptive 4-fold step-up ICS dose during exacerbations in intermittent group only

Zeiger 2011 64 139 62 139 58.0%
Subtotal (95% ClI) 139 139 58.0%
Total events 64 62

Heterogeneity: Not applicable
Test for overall effect: Z=0.24 (P = 0.81)

1.1.3 'As needed' ICS+p,-agonist use during exacerbations in both groups

Martinez 2011a 13 36 22 71 13.9%
Subtotal (95% ClI) 36 71 13.9%
Total events 13 22

Heterogeneity: Not applicable
Test for overall effect: Z =0.54 (P = 0.59)

1.1.4 'As needed' ICS+p2-agonist use during exacerbations in intermittent group only

Martinez 2011b 12 35 20 72 12.2%
Papi 2007 0 122 3 106 3.5%
Papi 2009 6 110 2 110 1.9%
Subtotal (95% ClI) 267 288 17.6%
Total events 18 25

Heterogeneity: Chi® = 3.57, df =2 (p = 0.17); I = 44%

Test for overall effect: Z = 0.68 (P = 0.50)

Total (95% Cl) 576 628 100.0%

Total events 106 120

Heterogeneity: Chi? = 5.42, df =6 (p = 0.49); I> = 0%

Test for overall effect: Z=0.66 (P = 0.51)

Test for subgroup differences: Chi? = 0.41, df =3 (P = 0.94), I = 0%

0.77[0.32, 1.84] ——
2.95[0.32, 27.51] —
0.96 [0.44, 2.13] o

1.03 [0.80, 1.34]
1.03 [0.80, 1.34]

1.17 [ 0.67, 2.03]
1.17 [ 0.67, 2.03]

1.23[0.68, 2.23]
0.12[0.01, 2.38]
3.00 [0.62, 14.54]
1.20 [0.71, 2.04]

1.07 [0.87, 13.2]

| | | |

I T T T 1
0.005 0.1 1 10 200

Favours intermittent ICS Favours daily ICS

Figure 1. On-demand inhaled corticosteroid compared with continuous inhaled corticosteroid in patients with one or more

exacerbations requiring oral corticosteroids (Forest plot).
ICS: Inhaled corticosteroids.
Reprinted with permission from [67].

where the total dose of inhaled corticosteroid administered are
usually low. It should be noted that clinical trials to date have
not assessed efficacy or safety on lung growth and lung func-
tion decline of the two strategies beyond 1 year. The on-
demand strategy may be an effective step-down strategy for
children and adults with well-controlled mild asthma on con-
tinuous treatment with inhaled corticosteroids however this still
requires definitive examination in an appropriately designed
clinical trial.

The inhaled corticosteroids used to date in clinical trials of
continuous versus intermittent dosing strategies are budesonide
and beclomethasone. Budesonide is deposited mainly in the
large airways whereas HFA-BDP Qvar has greater lung deposi-
tion including the small airways. Small airway dysfunction,
although more often associated with moderate to severe asthma,

can occur in mild disease and is associated with worse

control [26-3177). It has been suggested that patients with mild
persistent asthma in whom forced expiratory volume in 1 s is
normal, but who exhibit small airways dysfunction on lung
function testing may be suitable candidates for extrafine-particle
HFA formulations of inhaled corticosteroid either alone or in
combination with long-acting P,-agonist (78], although this
hypothesis is still to be tested. However, in this group it may
be preferable to use a continuous higher-dose regimen to maxi-
mize treatment with inhaled corticosteroids to the small air-
ways [2778]. To date, clinical trials have not been undertaken to
establish the effectiveness of this strategy.

Leukotriene antagonists are another treatment option in
patients with mild persistent asthma although less effective than
continuous low-dose inhaled corticosteroids [201]. In a prag-
matic ‘real-life’ trial in primary care in the UK, at 2 months a
leukotriene receptor antagonist was as effective as an inhaled
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Intermittent ICS
Events

Daily ICS
Study or subgroup

Total Events Total Weight M-H, fixed, 95% CI

Risk ratio
M-H, fixed, 95% CI

Risk ratio

1.5.1 Pre-emptive 4-fold step-up ICS dose during exacerbations in both groups
0.33[0.04, 3.06]
0.33 [0.04, 3.06]

Turpeinen 2008 1 58 3 57 29.9%
Subtotal (95% CI) 58 57 29.9%
Total events 1 3

Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)

1.5.2 Pre-emptive 4-fold step-up ICS dose during exacerbations in intermittent group only

Zeiger 2011 5 139 4 139 39.6%
Subtotal (95% CI) 139 139 39.6%
Total events 5 4

Heterogeneity: Not applicable
Test for overall effect: Z = 0.34 (P = 0.74)

1.5.3 'As needed' ICS+f,-agonist use during exacerbations in both groups

Martinez 2011a 0 36 1 71 10.0%
Subtotal (95% CI) 36 71 10.1%
Total events 0 1

Heterogeneity: Not applicable
Test for overall effect: Z=0.27 (P = 0.79)

1.5.4 'As needed' ICS+p2-agonist use during exacerbations in intermittent group only

Martinez 2011b 0 35 1 72 9.8%
Papi 2007 1 122 1 106 10.6%
Papi 2009 0 110 0 110
Subtotal (95% Cl) 267 288 20.4%
Total events 1 2

Heterogeneity: Chi? = 0.01, df =1 (p =0.91); 12 = 0%

Test for overall effect: Z = 0.24 (P = 0.81)

Total (95% CI) 500 555 100.0%

Total events 7 10

Heterogeneity: Chi? = 1.09, df =4 (p = 0.90); I = 0%

Test for overall effect: Z = 0.44 (P = 0.66)

Test for subgroup differences: Chi = 1.08, df = 3 (P = 0.78), 1> = 0%

.

-

1.25[0.34, 4.56]
1.25 [0.34, 4.56]

-

0.65[0.03, 15.53]

0.65 [0.03, 15.53] ————
0.68 [0.03, 16.18]
0.87 [0.06, 13.72] —
Not estimable
0.78[ 0.10, 6.22] —l—
0.82 [0.33, 2.03] <o
L | | |
I I I 1
0.002 0.1 1 10 500

Favours intermittent ICS Favours daily ICS

Figure 2. On-demand inhaled corticosteroid compared with continuous inhaled corticosteroid in patients with serious

adverse events (Forest plot).
ICS: Inhaled corticosteroids.
Reprinted with permission from [67].

corticosteroid at Step 2 [79], possibly due to the recruitment of
patients such as the elderly, the obese or cigarette smokers (0],
who are often excluded from clinical trials and may gain greater
benefit. A randomized, parallel-group 6-month study that eval-
uated the efficacy of oral montelukast, fluticasone propionate
and placebo in 1019 patients with chronic asthma who smoke,
reported that both interventions produced similar, but small,
improvements in the percentage of asthma-control days [81].
Patients with a light smoking history showed more benefit with
inhaled fluticasone, whereas those with a heavy smoking history
showed more benefit with montelukast [81]. Although further
studies are required to confirm these findings, they highlight
the importance of recruiting ‘real-life’ participants to clinical
trials in asthma. In the IMPACT trial, clinical outcomes did
not differ between on-demand inhaled budesonide and daily
zafirlukast [e8]. It is currently unclear if the effectiveness of on-

demand inhaled corticosteroids is equivalent to treatment with
leukotriene receptor antagonist therapy in a ‘real-life’ asthmatic
population.

Patient preference is an important factor in deciding the
most appropriate treatment options. Some patients may pre-
fer the on-demand inhaled corticosteroid strategy and to
step-up treatment at the time of increased symptoms. The
effectiveness of maintenance and relief strategies at Step
3 with either the SMART (Single inhaler Maintenance
And Reliever Therapy) regimen [s2], which involves using
both budesonide and formoterol in a single inhaler, or the
MART (Maintenance And Relief Therapy) regimen (s3],
which involves using inhaled extrafine-particle size beclome-
tasone and formoterol in single inhaler demonstrates the
ability of patients to auto-titrate symptoms to drug use.
These trials support the concept of patients using inhaled
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corticosteroids on an as-required basis in milder disease.
Clinicians need to discuss with patients the potential risks
and benefits of each inhaled corticosteroid treatment strat-
egy. Regular follow-up of patients with mild asthma is
important to ensure that whichever strategy is chosen results
in well-controlled asthma.

Five-year view

There is a need for large long-term studies in adults with
asthma and school-age and pre-school age children with asthma
that compare on-demand and continuous inhaled corticosteroid
strategies, to establish whether each option is equivalent in effi-
cacy and safety. For example, it will be important to determine
that the on-demand strategy does not result in loss of lung
function over time or that the continuous strategy does not
result in impaired growth in children.

Several once-daily inhaled corticosteroids used alone or
in combination with inhaled ultra long-acting PB,-agonists
are under development, but are not yet licensed for use.
Adherence may be improved by once-daily administration
of these products. Non-steroidal selective glucocorticoid
receptor modulators are also in development with the aim
of improving the therapeutic ratio of corticosteroids by
dissociating transactivation, which is associated with the
adverse effects of corticosteroids, from the beneficial effect
of transrepression [9.84]. It will be important to establish
the effectiveness of these drugs in comparison with on-

demand inhaled corticosteroid treatment in mild persistent
asthma.

With the development of a personalized approach to the
treatment of asthma will it be possible in the future to iden-
tify subgroups of patients using physiological, inflammatory
and/or genetic biomarkers that can predict those patients
who are suited for continuous or the on-demand treatment
option? For example, if a patient with asthma is at increased
risk of accelerated loss of lung function or has small airway
dysfunction then continuous treatment may be a more
appropriate option.
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Key issues

e Based on the observations that the benefits of regular inhaled corticosteroids on lung function are not lost if treatment is delayed and
that many patients do not adhere to continuous treatment with inhaled corticosteroids, but rather take them intermittently, it has been
proposed that inhaled corticosteroids should be used on-demand, when asthma symptoms are troublesome, rather than on a

continuous basis.

e The inhaled corticosteroids used to date in clinical trials of continuous versus intermittent dosing strategies are budesonide and
beclomethasone. Budesonide is deposited mainly in the large airways whereas extrafine-particle inhaled beclomethasone have
greater lung deposition including the small airways. It has not been clearly demonstrated that equipotent doses of small-particle

inhaled corticosteroids compared with
adverse effects.

large-particle inhaled corticosteroids either improve efficacy or reduce systemic

e Clinical trials to date comparing on-demand with continuous inhaled corticosteroid in adults and children with asthma suggest that the

efficacy of the on-demand strategy is similar or less than continuous treatment whereas adverse effects in children may be greater with

continuous treatment although it is uncertain whether this is relevant in mild persistent asthma where the total dose of inhaled cortico-

steroid administered are usually low.

e Patient preference is an important factor in deciding the most appropriate treatment options. Many patients do not adhere to regular

treatment with inhaled corticosteroids and may prefer the on-demand inhaled corticosteroid strategy and to step-up treatment at the

time of increased symptoms.

e There is a need for large long-term studies in adults with asthma and in school-age and pre-school age children with asthma that
compare the on-demand and continuous inhaled corticosteroid strategies to establish whether the options are equivalent in efficacy

and safety.

e With the development of a personalized approach to the treatment of asthma, future research will need to determine whether
subgroups of patients can be identified by physiological, inflammatory and or genetic biomarkers that can predict those patients who

are suited for continuous therapy or the on-demand option.

696

Expert Rev. Respir. Med. 7(6), (2013)



Inhaled corticosteroids for asthma: on-demand or continuous use

References

Papers of special note have been highlighted as:

e of interest

e of considerable interest

1

Raherison C, Janson C, Jarvis D ez al.
Evolution of Asthma Severity in a Cohort
of Young Adults: Is There Any Gender
Difference? PLoS ONE 4(9), ¢7146 (2009).

O’Byrne P, Barnes P, Rodriquez-Roisin R
et al. Low dose inhaled budesonide and
formoterol in mild persistent asthma the
OPTIMA randomized trial. Am. J. Respir.
Crit. Care Med. 164(8), 1392-1397 (2001).

Pauwels R, Pedersen S, Busse W et al. Early
intervention with budesonide in mild
persistent asthma: a randomised,
double-blind trial. Lancer 361, 1071-1076
(2003).

Williams LK, Peterson EL, Wells K ez al.
Quantifying the proportion of severe asthma
exacerbations attributable to inhaled

corticosteroid nonadherence. /. Allergy Clin.
Immunol. 128(6), 1185-1191 (2011).

Partridge M, van der Molen T,

Myrseth S-E, Busse W. Attitudes and
actions of asthma patients on regular
maintenance therapy: the INSPIRE study.
BMC Pulm. Med. 6(1), 13 (20006).

Busse WW, Pedersen S, Pauwels RA,

Tan WC, Chen Y-Z, Lamm C]J, e al. The
Inhaled Steroid Treatment As Regular
Therapy in Early Asthma (START) study
5-year follow-up: effectiveness of early
intervention with budesonide in mild
persistent asthma. J. Allergy Clin. Immunol.
121(5), 11671174 (2008).

Fabbri LM. Does mild persistent asthma
require regular treatment? N. Engl J. Med.
352(15), 1589-1591 (2005).

Barnes PJ. Glucocorticosteroids: current and
future directions. Br. J. Pharmol. 163(1),
29-43 (2011).

Comprehensive review of the mode of
action of corticosteroids in asthma and
chronic obstructive pulmonary disease.

Clark AR, Belvisi MG. Maps and legends:
The quest for dissociated ligands of the
glucocorticoid receptor. Pharmacol. Ther.

134(1), 54-67 (2012).

Vandevyver S, Dejager L, Tuckermann J,
Libert C. New insights into the
anti-inflammatory mechanisms of
glucocorticoids: an emerging role for
glucocorticoid-receptor-mediated
transactivation. Endocrinology 154(3), 993~
1007 (2013).

Rodrigo GJ. Rapid effects of inhaled

corticosteroids in acute asthma: An

12

16

17

19

20

21

22

evidence-based evaluation. Chest 130(5),
1301-1311 (2006).

Profita M, Gagliardo R, Di Giorgi R ez al.
Biochemical interaction between effects of
beclomethasone dipropionate and
salbutamol or formoterol in sputum cells
from mild to moderate asthmatics. Allergy
60(3), 323-329 (2005).

Nie M, Knox AJ, Pang L. 32-Adrenoceptor
Agonists, Like Glucocorticoids, Repress
Eotaxin Gene Transcription by Selective
Inhibition of Histone H4 Acetylation. /.
Immunol. 175(1), 478486 (2005).

Descalzi D, Folli C, Nicolini G ez al.
Anti-proliferative and anti-remodelling effect
of beclomethasone dipropionate, formoterol
and salbutamol alone or in combination in
primary human bronchial fibroblasts. Allergy
63(4), 432437 (2008).

Usmani OS, Ito K, Maneechotesuwan K
et al. Glucocorticoid receptor nuclear
translocation in airway cells after inhaled
combination therapy. Am. J. Respir. Crit.
Care Med. 172(6), 704-712 (2005).

Raissy HH, Kelly HW, Harkins M,
Szefler SJ. Inhaled corticosteroids in lung
diseases. Am. J. Respir. Crit. Care Med.
187(8), 798-803 (2013).

Rossi GA, Cerasoli F, Cazzola M. Safety of
inhaled corticosteroids: Room for
improvement. Pulm. Pharmacol. Ther.
20(1), 23-35 (2007).

Gulliver T, Morton R, Eid N. Inhaled
corticosteroids in children with asthma:
pharmacologic determinants of safety and

efficacy and other clinical considerations.
Paediatr. Drugs 9(3), 185-194 (2007).

Gentile DA, Skoner DP. New asthma
drugs: small molecule inhaled
corticosteroids. Curr. Opin. Pharmacol.
10(3), 260-265 (2010).

Derendorf H, Nave R, Drollmann A,
Cerasoli F, Wurst W. Relevance of
pharmacokinetics and pharmacodynamics of

inhaled corticosteroids to asthma. Fur.
Respir. ]. 28(5), 104210-50 (2006).

Hirst PH, Bacon RE, Pitcairn GR,
Silvasti M, Newman SP. A comparison of
the lung deposition of budesonide from
Easyhaler®, Turbuhaler® and pMDI plus
spacer in asthmatic patients. Respir. Med.
95(9), 720-727 (2001).

Leach CL, Kuehl PJ, Chand R, Ketai L,
Norenberg JP, McDonald JD.
Characterization of respiratory deposition of
fluticasone-salmeterol hydrofluoroalkane-
134a and hydrofluoroalkane-134a

beclomethasone in asthmatic patients. Anzn.

23

24

25

26

27

28

29

30

31

32

33

Allergy Asthma Immunol. 108(3), 195-200
2012).

Leach C, Colice GL, Luskin A. Particle size
of inhaled corticosteroids, Does it matter?
J. Allergy Clin. Immunol. 124(6 Suppl. 1),
$88-593 (2009).

Carroll N, Cooke C, James A. The
distribution of eosinophils and lymphocytes
in the large and small airways of asthmatics.

Eur. Respir. J. 10, 292-300 (1997).

Bergeron C, Hauber HP, Gotfried M ez al.
Evidence of remodeling in peripheral
airways of patients with mild to moderate
asthma: Effect of
hydrofluoroalkane-flunisolide. /. Allergy
Clin. Immunol. 116(5), 983-989 (2005).

van den Berge M, ten Hacken NHT,
Cohen J, Douma WR, Postma DS. Small
airway disease in asthma and COPD:
clinical implications. Chest 139(2), 412-23
2011).

van den Berge M, ten Hacken NHT,

van der Wiel E, Postma DS. Treatment of
the bronchial tree from beginning to end:
targeting small airway inflammation in
asthma. Allergy 68(1), 16-26 (2013).

Review of the clinical relevance of small
airway disease and the implications for the
treatment of asthma.

Lipworth B. Targeting the small airways
asthma phenotype: if we can reach it
should we treat it? Ann. Allergy Asthma
Immunol. 110(4), 233-239 (2013).

Farah CS, King GG, Brown NJ, Peters M],
Berend N, Salome CM. Ventilation
heterogeneity predicts asthma control in
adults following inhaled corticosteroid dose
titration. /. Allergy Clin. Immunol. 130(1),
61-68 (2012).

van der Wiel E, ten Hacken NHT,

Postma DS, van den Berge M.
Small-airways dysfunction associates with
respiratory symptoms and clinical features of
asthma: A systematic review. J. Allergy Clin.
Immunol. 131(3), 646-657 (2013).

Scichilone N, Battaglia S, Taormina S,
Modica V, Pozzecco E, Bellia V. Alveolar
nitric oxide and asthma control in mild
untreated asthma. J. Allergy Clin. Immunol.
131(6), 1513-1517 (2013).

Usmani OS, Barnes PJ. Assessing and
treating small airways disease in asthma and
chronic obstructive pulmonary disease. Ann.

Med. 44(2), 146-156 (2012).
Colice G, Martin RJ, Israel E e al. Asthma
outcomes and costs of therapy with extrafine

beclomethasone and fluticasone. /. Allergy

Clin. Immunol. 132(1), 45-54 (2013).

www.expert-reviews.com

697



Thomson & Spears

34 Anderson WJ, Zajda E, Lipworth BJ. Are 46 Lipworth B]. Systemic adverse effects of 58 Leach C, Davidson P, Hasselquist B,
we overlooking persistent small airways inhaled corticosteroid therapy: a systematic Boudreau R. Influence of particle size and
dysfunction in community-managed review and meta-analysis. Arch. Intern. Med. patient dosing technique on lung deposition
asthma? Ann. Allergy Asthma Immunol. 159(9), 941-955 (1999). of HFA-beclomethasone from a metered
109(3), 185-189.¢2 (2012). 47 Masoli M, Weatherall M, Holt S, dose inhaler. /. Aerosol. Med. 18(4), 379—

35 Price D, Martin RJ, Barnes N ez a/. Shirtcliffe P, Beasley R. Inhaled fluticasone 385 (2005).

Prescribing practices and asthma control propionate and adrenal effects in adult 59 Pavord ID. Complex airway discase:

with hydrofluoroalkane-beclomethasone and asthma: systematic review and meta-analysis. an approach to assessment and

fluticasone: A real-world observational Eur. Respir. J. 28(5), 960-967 (20006). management. Lancet Respir. Med. 1(1), 84—
study. J. Allergy Clin. Immunol. 126(3), 48 Lapi F, Kezouh A, Suissa S, Ernst P. The 90 (2013).

511-518.¢10 (2010). use of inhaled corticosteroids and the risk of 60 Thomson NC, Spears M. Asthma guidelines

36 Price D, Thomas M, Haughney ] ez al. adrenal insufficiency. Eur. Respir. J. 42(1), and smokers. Chest 141(2), 286-288
Real-life comparison of beclometasone 79-86 (2013). (2012).
dipropionate as an extrafine- or 49  Sharek P, Bergman D, Ducharme F. 61 Sutherland ER, Goleva E, Strand M,
larger-particle formulation for asthma. Beclomethasone for asthma in children: Beuther DA, Leung DYM. Body mass and
Respir. Med. (0) 2013. effects on linear growth. Cochrane Database glucocorticoid response in asthma. Am. J.

37 Lasserson T, Cates C, Lasserson E, White J. Syst. Rev.(3), CD001282 (1999). Respir. Crit. Care Med. 178(7), 682687
Fluticasone versus ‘extrafine’ 50 Kelly HW, Sternberg AL, Lescher R et al. (2008).

HFA-beclomethasone dipropionate for Effect of inhaled glucocorticoids in 62 Tantisira KG, Damask A, Szefler SJ et al.
chronic asthma in adults and children. childhood on adult height. V. Engl J. Med. Genome-wide association identifies the T
Cochrane Database Syst. Rev. (2), CD005309 367(10), 904-912 (2012). gene as a novel asthma pharmacogenetic
(2006). 51 Weatherall M, James K, Clay J ez al. Dose— locus. Am. ]. Respir. Crit. Care Med.

38  Masoli M, Holt S, Weatherall M, Beasley R. response relationship for risk of 185(12), 1286-1291 (2012).

Dose-response relationship of inhaled non-vertebral fracture with inhaled 63 Barnes PJ. Corticosteroid resistance in
budesonide in adult asthma: a meta-analysis. corticosteroids. Clin. Exp. Allergy 38(9), patients with asthma and chronic
Eur. Repir. ]. 23(4), 552-558 (2004). 1451-148 (2008). obstructive pulmonary disease. /. Allergy

39 Adams N, Bestall ], ]ones P. Inhaled 52  Harrison LL COliCﬁ GL, Donnell D, Soria I, C[zn Immunol. 131(3), 636—645 (2013)
budesonide ac different doses for chronic Dockhorn R. adrenal effects and 64 Invernizzi G, Ruprecht A, De Marco C,
asthma. Cochrane Database Syst. Rev. (2), pharmacokinetics of CFC-free Mazza R, Nicolini G, Boffi R. Inhaled
CD003271 (2000). beclomethasone dipropionate: a 14-day dose- steroid/tobacco smoke particle interactions:

40  Masoli M, Weatherall M, Holt S, Beasley R. response study. /. Pharm. Pharmacol. 51(3), a new light on steroid resistance. Resp. Res.
Clinical dose-response relationship of 263-269 (1999). 10(1), 48 (2009).
fluticasone propionate in adults with asthma. 53 \Wolthers OD, Sergio F. Systemic activity of 65 Selroos O, Edsbicker S, Hultquist C.
Thorax 59(1), 16-20 (2004). inhaled beclomethasone dipropionate: Once-daily inhaled budesonide for the

41 Adams N, Bestall J, Jones P. Inhaled a double-blind comparison of volume treatment of asthma: clinical evidence and
beclomethasone at different doses for spacers. Acta Paediatr. 101(2), 159-163 pharmacokinetic explanation. /. Asthma
chronic asthma. Cochrane Database Syst. (2012). 41(8), 771-790 (2004).

Rev. (4), CD002879 (1999). 54 Acerbi D, Brambilla G, Kottakis I. 66 Adcock IM, Caramori G, Kirkham PA.

42 Powell H, Gibson PG. Initial starting dose Advances in asthma and COPD Strategies for improving the efficacy and
of inhaled corticosteroids in adults with management: Delivering CFC-free inhaled therapeutic ratio of glucocorticoids. Curr.
asthma: a systematic review. Thorax 59(12), therapy using Modulite® technology. Pulm. Opin. Pharmacol. 12(3), 246-251 (2012).
1041—1045 (2004). Pharmacol. Ther. 20(3), 290-303 (2007). 67 Chauhan BF, Chartrand C, Ducharme FM.

43 Adams N, Bestall ], Jones P. Inhaled 55 Spears M, Thomson NC. Factors Intermittent versus daily inhaled
fluticasone at different doses for chronic influencing individual variability to the corticosteroids for persistent asthma in
asthma. Cochrane Database Syst. Rev. (4), therapeutic response to corticosteroids. Curr. children and adults. Cochrane Database Syst.
CD003534 (2008). Resp. Med. Rev. 2, 197-209 (20006). Rev. (2), CD009611 (2013).

44  Zhang L, Axelsson I, Chung M, Lau ]J. e Review of factors that can cause ee  Recent systematic review of clinical trials of
Dose response of inhaled corticosteroids in corticosteroid insensitivity in asthma. continuous versus on-demand inhaled
children with persistent asthma: a systematic 56 Sloan CD, Gebretsadik T, Wu P, corticosteroids in children and adults with
review. Pediatrics 127(1), 129-138 (2011). Mitchel EF, Hartert TV. Reactive versus asthma.

*  Recent systematic review of dose response proactive patterns of inhaled corticosteroid 68 Boushey HA, Sorkness CA, King TS et .
of inhaled corticosteroids (benefit and use. Ann. Am. Thor. Soc. 10(2), 131-134 Daily versus as-needed corticosteroids for
harm) in children with persistent asthma. (2013). mild persistent asthma. N. Engl . Med.

45 Derom E, Pauwels R. Pharmacokinetic and 57 Sawicki G, Allen JL. Claim-based analyses 352(15), 1519-1528 (2005).
pharmacodynamic properties of inhaled of inhaled corticosteroid refill rates for 69 Papi A, Canonica GW, Maestrelli P et al.
beclometasone dipropionate delivered via asthma: who’s kidding whom? Ann. Am. Rescue use of beclomethasone and albuterol
hydrofluoroalkane-containing devices. Clin. Thor. Soc. 10(2), 149-150 (2013). in a single inhaler for mild asthma. N. Engl
Pharmacokinet. 44(8), 815-836 (2005). J. Med. 356(20), 2040-2052 (2007).

698 Expert Rev. Respir. Med. 7(6), (2013)



Inhaled corticosteroids for asthma: on-demand or continuous use

70

71

72

73

74

Papi A, Nicolini G, Baraldi E ez al. Regular
vs prn nebulized treatment in wheeze
preschool children. Allergy 64(10), 1463~
1471 (2009).

Zeiger RS, Mauger D, Bacharier LB ez 4l.
Daily or intermittent budesonide in
preschool children with recurrent wheezing.
N. Engl J. Med. 365(21), 1990-2001
(2011).

Turpeinen M, Nikander K, Pelkonen AS

et al. Daily versus as-needed inhaled
corticosteroid for mild persistent asthma
(The Helsinki early intervention childhood
asthma study). Arch. Dis. Child. 93(8), 654—
659 (2008).

Martinez FD, Chinchilli VM, Morgan WJ
et al. Use of beclomethasone dipropionate as
rescue treatment for children with mild
persistent asthma (TREXA): a randomised,
double-blind, placebo-controlled trial. Lancer
377(9766), 650-657 (2011).

Rodrigo GJ, Castro-Rodriguez JA. Daily vs.
intermittent inhaled corticosteroids for
recurrent wheezing and mild persistent
asthma: a systematic review with
meta-analysis. Respir. Med. 107(8), 1133~
1340 (2013).

Recent systematic review of clinical trials of
continuous versus on-demand inhaled
corticosteroids in children and adults with
asthma.

77

78

79

80

81

Calhoun W, Ameredes BT, Icitovic N et al.
Comparison of physician-, biomarker-, and
symptom-based strategies for adjustment of
inhaled corticosteroid therapy in adults with
asthma: the basalt randomized controlled
trial. JAMA 308(10), 987-997 (2012).

Turpeinen M, Pelkonen AS, Nikander K

et al. Bone mineral density in children
treated with daily or periodical inhaled
budesonide: the helsinki early intervention
childhood asthma study. Pediatr. Res. 68(2),
169-73 (2010).

Usmani OS, Barnes PJ. Assessing and
treating small airways disease in asthma and
chronic obstructive pulmonary disease. Ann.
Med. 0(0), 1-11 (2011).

Lipworth BJ, Basu K, Donald HP ez 4l.
Tailored second-line therapy in asthmatic
children with the Argl6 genotype. Clin. Sci.
124(8), 521-528 (2013).

Price D, Musgrave SD, Shepstone L ez 4l.
Leukotriene antagonists as first-line or
add-on asthma-controller therapy. N. Engl J.
Med. 364(18), 1695-1707 (2011).
Thomson N, Chaudhuri R. Asthma in
smokers: challenges and opportunities. Curr.
Opin. Pulm. Med. 15, 39-45 (2009).

Price D, Popov TA, Bjermer L ez al. Effect
of montelukast for treatment of asthma in

cigarette smokers. J. Allergy Clin. Immunol.
131(3), 763-771 (2013).

82

83

84

85

Cates C, Lasserson T. Combination
formoterol and inhaled steroid versus
beta2-agonist as relief medication for
chronic asthma in adults and children.
Cochrane Database Syst. Rev. (1), CD007085
(2009).

Papi A, Corradi M, Pigeon-Francisco C et al.
Beclometasone-formoterol as maintenance and
reliever treatment in patients with asthma:

a double-blind, randomised controlled trial.
Lancet Respir. Med. 1(1), 23-31 (2013).

De Bosscher K, Haegeman G, Elewaut D.
Targeting inflammation using selective
glucocorticoid receptor modulators. Curr.
Opin. Pharmacol. 10(4), 497-504 (2010).
Woodcock A, Acerbi D, Poli G. Modulite®
technology: pharmacodynamic and

pharmacokinetic implications. Respir. Med.
96, $9-S15 (2002).

Websites
201 GINA Report, Global Strategy for Asthma

Management and Prevention. (2012).
www.ginasthma.com

202 British guideline on the management of

asthma. A national clinical guideline.
Thorax 1-144 (2012).

www.sign.ac.uk

www.expert-reviews.com

699


http://www.ginasthma.com
http://www.sign.ac.uk

Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.



