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discussed.

Asthma is a common chronic disease characterized by episodic or persistent respiratory symptoms and airflow
limitation. Asthma treatment is based on a stepwise and control-based approach that involves an iterative cycle of
assessment, adjustment of the treatment and review of the response aimed to minimize symptom burden and risk of
exacerbations. Anti-inflammatory treatment is the mainstay of asthma management. In this review we will discuss the
rationale and barriers to the treatment of asthma that may result in poor outcomes. The benefits of currently available
treatments and the possible strategies to overcome the barriers that limit the achievement of asthma control in
real-life conditions and how these led to the GINA 2019 guidelines for asthma treatment and prevention will also be
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Background

Asthma, a major global health problem affecting as many
as 235 million people worldwide [1], is a common, non-
communicable, and variable chronic disease that can
result in episodic or persistent respiratory symptoms
(e.g. shortness of breath, wheezing, chest tightness,
cough) and airflow limitation, the latter being due
to bronchoconstriction, airway wall thickening, and
increased mucus.

The pathophysiology of the disease is complex and
heterogeneous, involving various host-environment
interactions occurring at various scales, from genes to
organ [2].

Asthma is a chronic disease requiring ongoing and
comprehensive treatment aimed to reduce the symptom
burden (i.e. good symptom control while maintaining
normal activity levels), and minimize the risk of adverse
events such as exacerbations, fixed airflow limitation and
treatment side effects [3, 4].
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Asthma treatment is based on a stepwise approach. The
management of the patient is control-based; that is, it
involves an iterative cycle of assessment (e.g. symptoms,
risk factors, etc.), adjustment of treatment (ie.
pharmacological, non-pharmacological and treatment of
modifiable risk factors) and review of the response (e.g.
symptoms, side effects, exacerbations, etc.). Patients’
preferences should be taken into account and effective
asthma management should be the result of a partnership
between the health care provider and the person with
asthma, particularly when considering that patients and
clinicians might aim for different goals [4].

This review will discuss the rationale and barriers to
the treatment of asthma, that may result in poor patient
outcomes. The benefits of currently available treatments
and the possible strategies to overcome the barriers
that limit the achievement of asthma control in real-life
situations will also be discussed.

The treatment of asthma: where are we? Evolution

of a concept

Asthma control medications reduce airway inflammation
and help to prevent asthma symptoms; among these,
inhaled corticosteroids (ICS) are the mainstay in the
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treatment of asthma, whereas quick-relief (reliever)
or rescue medicines quickly ease symptoms that may
arise acutely. Among these, short-acting beta-agonists
(SABAs) rapidly reduce airway bronchoconstriction
(causing relaxation of airway smooth muscles).

National and international  guidelines  have
recommended SABAs as first-line treatment for patients
with mild asthma, since the Global Initiative for Asthma
guidelines (GINA) were first published in 1995, adopting
an approach aimed to control the symptoms rather
than the underlying condition; a SABA has been the
recommended rescue medication for rapid symptom
relief. This approach stems from the dated idea that
asthma symptoms are related to bronchial smooth
muscle contraction (bronchoconstriction) rather than a
condition concomitantly caused by airway inflammation.
In 2019, the GINA guidelines review (GINA 2019) [4]
introduced substantial changes overcoming some of the
limitations and “weaknesses” of the previously proposed
stepwise approach to adjusting asthma treatment for
individual patients. The concept of an anti-inflammatory
reliever has been adopted at all degrees of severity as a
crucial component in the management of the disease,
increasing the efficacy of the treatment while lowering
SABA risks associated with patients’ tendency to rely or
over-rely on the as-needed medication.

Until 2017, the GINA strategy proposed a
pharmacological approach based on a controller
treatment (an anti-inflammatory, the pillar of asthma
treatment), with a SABA as an additional rescue
intervention. The reliever, a short-acting bronc hodilator,
was merely an addendum, a medication to be used in
case the real treatment (the controller) failed to maintain
disease control: SABAs effectively induce rapid symptom
relief but are ineffective on the underlying inflammatory
process. Based on the requirement to achieve control,
the intensity of the controller treatment was related to
the severity of the disease, varying from low-dose ICS
to combination low-dose ICS/long-acting beta-agonist
(LABA), medium-dose ICS/LABA, up to high-dose ICS/
LABA, as preferred controller choice, with a SABA as the
rescue medication. As a result, milder patients were left
without any anti-inflammatory treatment and could only
rely on SABA rescue treatment.

Poor adherence to therapy is a major limitation of a
treatment strategy based on the early introduction of the
regular use of controller therapy [5]. Indeed, a number
of surveys have highlighted a common pattern in the
use of inhaled medication [6], in which treatment is
administered only when asthma symptoms occur; in the
absence of symptoms, treatment is avoided as patients
perceive it as unnecessary. When symptoms worsen,
patients prefer to use reliever therapies, which may result
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in the overuse of SABAs [7]. Indirect evidence suggests
that the overuse of beta-agonists alone is associated with
increased risk of death from asthma [8].

In patients with mild persistent disease, low-dose
ICS decreases the risk of severe exacerbations leading
to hospitalization and improves asthma control [9].
When low-dose ICS are ineffective in controlling the
disease (Step 3 of the stepwise approach), a combination
of low-dose ICS with LABA maintenance was the
recommended first-choice treatment, plus as-needed
SABA [3, 10]. Alternatively, the combination low-
dose ICS/LABA (formoterol) was to be used as single
maintenance and reliever treatment (SMART). The
SMART strategy containing the rapid-acting formoterol
was recommended throughout GINA Steps 3 to 5 based
on solid clinical-data evidence [3].

The addition of a LABA to ICS treatment reduces both
severe and mild asthma exacerbation rates, as shown in
the one-year, randomized, double-blind, parallel-group
FACET study [11]. This study focused on patients with
persistent asthma symptoms despite receiving ICS and
investigated the efficacy of the addition of formoterol
to two dose levels of budesonide (100 and 400 pg bid)
in decreasing the incidence of both severe and mild
asthma exacerbations. Adding formoterol decreased the
incidence of both severe and mild asthma exacerbations,
independent of ICS dose. Severe and mild exacerbation
rates were reduced by 26% and 40%, respectively, with the
addition of formoterol to the lower dose of budesonide;
the corresponding reductions were 63% and 62%,
respectively, when formoterol was added to budesonide
at the higher dose.

The efficacy of the ICS/LABA combination was
confirmed in the post hoc analysis of the FACET study,
in which patients were exposed to a combination of
formoterol and low-dose budesonide [12]. However, such
high levels of asthma control are not achieved in real life
[5]. An explanation for this is that asthma is a variable
condition and this variability might include the exposure
of patients to factors which may cause a transient steroid
insensitivity in the inflammatory process. This, in turn,
may lead to an uncontrolled inflammatory response and
to exacerbations, despite optimal controller treatment.
A typical example of this mechanism is given by
viral infections, the most frequent triggers of asthma
exacerbations. Rhinoviruses, the most common viruses
found in patients with asthma exacerbations, interfere
with the mechanism of action of corticosteroids making
the anti-inflammatory treatment transiently ineffective.
A transient increase in the anti-inflammatory dose
would overcome the trigger-induced anti-inflammatory
resistance, avoiding uncontrolled inflammation leading
to an exacerbation episode [13-15].
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Indeed, symptoms are associated with worsening
inflammation and not only with bronchoconstriction.
Romagnoli et al. showed that inflammation, as evidenced
by sputum eosinophilia and eosinophilic markers, is
associated with symptomatic asthma [16]. A transient
escalation of the ICS dose would prevent loss of control
over inflammation and decrease the risk of progression
toward an acute episode. In real life, when experiencing
a deterioration of asthma control, patients self-treat by
substantially increasing their SABA medication (Fig. 1);
it is only subsequently that they (modestly) increase the
maintenance treatment [17].

As bronchodilators, SABAs do not control the
underlying inflammation associated with increased
symptoms. The “as required” use of SABAs is not
the most effective therapeutic option in controlling a
worsening of inflammation, as signaled by the occurrence
of symptoms; instead, an anti-inflammatory therapy
included in the rescue medication along with a rapid-
acting bronchodilator could provide both rapid symptom
relief and control over the underlying inflammation.
Thus, there is a need for a paradigm shift, a new
therapeutic approach based on the rescue use of an
inhaled rapid-acting beta-agonist combined with an ICS:
an anti-inflammatory reliever strategy [18].

The symptoms of an exacerbation episode, as
reported by Tattersfield and colleagues in their
extension of the FACET study, increase gradually
before the peak of the exacerbation (Fig. 2); and the
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best marker of worsening asthma is the increased use
of rescue beta-agonist treatment that follows exactly
the pattern of worsening symptomatology [19]. When
an ICS is administered with the rescue bronchodilator,
the patient would receive anti-inflammatory therapy
when it is required; that is, when the inflammation is
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uncontrolled, thus increasing the efficiency of the anti-
inflammatory treatment.

Barriers and paradoxes of asthma management

A number of barriers and controversies in the
pharmacological treatment of asthma have prevented
the achievement of effective disease management
[20]. O’'Byrne and colleagues described several such
controversies in a commentary published in 2017,
including: (1) the recommendation in Step 1 of earlier
guidelines for SABA bronchodilator use alone, despite
asthma being a chronic inflammatory condition; and
(2) the autonomy given to patients over perception
of need and disease control at Step 1, as opposed to
the recommendation of a fixed-dose approach with
treatment-step increase, regardless of the level of
symptoms [20]. Other controversies outlined were:
(3) a difficulty for patients in understanding the
recommendation to minimize SABA use at Step 2 and
switch to a fixed-dose ICS regimen, when they perceive
SABA use as more effective; (4) apparent conflicting
safety messages within the guidelines that patient-
administered SABA monotherapy is safe, but patient-
administered LABA monotherapy is not; and (5) a
discrepancy as to patients’ understanding of “controlled
asthma” and their symptom frequency, impact and
severity [20].

Controversies (1) and (2) can both establish an early
over-dependence on SABAs. Indeed, asthma patients
freely use (and possibly overuse) SABAs as rescue
medication. UK registry data have recently suggested
SABA overuse or overreliance may be linked to asthma-
related deaths: among 165 patients on short-acting
relievers at the time of death, 56%, 39%, and 4% had been
prescribed > 6,> 12, and>50 SABA inhalers respectively
in the previous year [21]. Registry studies have shown the
number of SABA canisters used per year to be directly
related to the risk of death in patients with asthma.
Conversely, the number of ICS canisters used per year is
inversely related to the rate of death from asthma, when
compared with non-users of ICS [8, 22]. Furthermore,
low-dose ICS used regularly are associated with a
decreased risk of asthma death, with discontinuation of
these agents possibly detrimental [22].

Other barriers to asthma pharmacotherapy have
included the suggestion that prolonged treatment with
LABAs may mask airway inflammation or promote
tolerance to their effects. Investigating this, Pauwels
and colleagues found that in patients with asthma
symptoms that were persistent despite taking inhaled
glucocorticoids, the addition of regular treatment with
formoterol to budesonide for a 12-month period did
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not decrease asthma control, and improved asthma
symptoms and lung function [11].

Treatment strategies across all levels of asthma severity
Focusing on risk reduction, the 2014 update of the GINA
guidelines recommended as-needed SABA for Step
1 of the stepwise treatment approach, with low-dose
ICS maintenance therapy as an alternative approach
for long-term anti-inflammatory treatment [23]. Such
a strategy was only supported by the evidence from a
post hoc efficacy analysis of the START study in patients
with recently diagnosed mild asthma [24]. The authors
showed that low-dose budesonide reduced the decline
of lung-function over 3 years and consistently reduced
severe exacerbations, regardless of symptom frequency
at baseline, even in subjects with symptoms below the
then-threshold of eligibility for ICS [24]. However, as for
all post hoc analyses, the study by Reddel and colleagues
does not provide conclusive evidence and, even so, their
results could have questionable clinical significance for
the management of patients with early mild asthma. To
be effective, this approach would require patients to be
compliant to regular twice-daily ICS for 10 years to have
the number of exacerbations reduce by one. In real life, it
is highly unlikely that patients with mild asthma would
adhere to such a regular regimen [25].

The 2016 update to the GINA guidelines lowered the
threshold for the use of low-dose ICS (GINA Step 2) to
two episodes of asthma symptoms per month (in the
absence of any supportive evidence for the previous cut-
off). The objective was to effectively increase the asthma
population eligible to receive regular ICS treatment and
reduce the population treated with a SABA only, given
the lack of robust evidence of the latter’s efficacy and
safety and the fact that asthma is a variable condition
characterized by acute exacerbations [26]. Similarly, UK
authorities recommended low-dose ICS treatment in
mild asthma, even for patients with suspected asthma,
rather than treatment with a SABA alone [10]. However,
these patients are unlikely to have good adherence to
the regular use of an ICS. It is well known that poor
adherence to treatment is a major problem in asthma
management, even for patients with severe asthma. In
their prospective study of 2004, Krishnan and colleagues
evaluated the adherence to ICS and oral corticosteroids
(OCS) in a cohort of patients hospitalized for asthma
exacerbations [27]. The trend in the data showed that
adherence to ICS and OCS treatment in patients dropped
rapidly to reach nearly 50% within 7 days of hospital
discharge, with the rate of OCS discontinuation per
day nearly double the rate of ICS discontinuation per
day (—5.2% vs. —2.7%; p<0.0001 respectively, Fig. 3),
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thus showing that even after a severe event, patients’
adherence to treatment is suboptimal [27].

Guidelines set criteria with the aim of achieving
optimal control of asthma; however, the attitude of
patients towards asthma management is suboptimal.
Partridge and colleagues were the first in 2006 to evaluate
the level of asthma control and the attitude of patients
towards asthma management. Patients self-managed
their condition using their medication as and when they
felt the need, and adjusted their treatment by increasing
their intake of SABA, aiming for an immediate relief from
symptoms [17]. The authors concluded that the adoption
of a patient-centered approach in asthma management
could be advantageous to improve asthma control.

The concomitant administration of an as-needed
bronchodilator and ICS would provide rapid relief while
administering anti-inflammatory therapy. This concept
is not new: in the maintenance and reliever approach,
patients are treated with ICS/formoterol (fast-acting,
long-acting bronchodilator) combinations for both
maintenance and reliever therapy. An effective example
of this therapeutic approach is provided in the SMILE
study in which symptomatic patients with moderate to
severe asthma and treated with budesonide/formoterol
as maintenance therapy were exposed to three different
as-needed options: SABA (terbutaline), rapid-onset
LABA (formoterol) and a combination of LABA and ICS
(budesonide/formoterol) [28]. When compared with
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formoterol, budesonide/formoterol as reliever therapy
significantly reduced the risk of severe exacerbations,
indicating the efficacy of ICS as rescue medication
and the importance of the as-needed use of the anti-
inflammatory reliever.

The combination of an ICS and a LABA (budesonide/
formoterol) in one inhaler for both maintenance and
reliever therapy is even more effective than higher doses
of maintenance ICS and LABA, as evidenced by Kuna
and colleagues and Bousquet and colleagues (Fig. 4) [29,
30].

The effects of single maintenance and reliever
therapy versus ICS with or without LABA (controller
therapy) and SABA (reliever therapy) have been
recently addressed in the meta-analysis by Sobieraj
and colleagues, who analysed 16 randomized clinical
trials involving patients with persistent asthma [31].
The systematic review supported the use of single
maintenance and reliever therapy, which reduces the risk
of exacerbations requiring systemic corticosteroids and/
or hospitalization when compared with various strategies
using SABA as rescue medication [31].

This concept was applied to mild asthma by the
BEST study group, who were the first to challenge the
regular use of ICS. A pilot study by Papi and colleagues
evaluated the efficacy of the symptom-driven use of
beclomethasone dipropionate plus albuterol in a single
inhaler versus maintenance with inhaled beclomethasone
and as-needed albuterol. In this six-month, double-
blind, double-dummy, randomized, parallel-group trial,
455 patients with mild asthma were randomized to one
of four treatment groups: an as-needed combination
therapy of placebo bid plus 250 pg of beclomethasone
and 100 pg of albuterol in a single inhaler; an as-needed
albuterol combination therapy consisting of placebo bid
plus 100 pg of albuterol; regular beclomethasone therapy,
comprising beclomethasone 250 pg bid and 100 pg
albuterol as needed); and regular combination therapy
with beclomethasone 250 pg and albuterol 100 pg in a
single inhaler bid plus albuterol 100 pg as needed.

The rescue use of beclomethasone/albuterol in a single
inhaler was as efficacious as the regular use of inhaled
beclomethasone (250 pg bid) and it was associated with a
lower 6-month cumulative dose of the ICS [32].

The time to first exacerbation differed significantly
among groups (p=0.003), with the shortest in the
as-needed albuterol and placebo group (Fig. 5).
Figure 5 also shows equivalence between the as-needed
combination therapy and the regular beclomethasone
therapy. However, these results were not conclusive
since the study was not powered to evaluate the effect
of the treatment on exacerbations. In conclusion, as
suggested by the study findings, mild asthma patients
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Fig. 4 Comparison between the improvements in daily asthma control resulting from the use of budesonide/formoterol maintenance and reliever
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may require the use of an as-needed ICS and an inhaled
bronchodilator rather than a regular treatment with ICS
[32].

Moving forward: a new approach to the management

of asthma patients

Nearly a decade after the publication of the BEST study
in 2007, the use of this alternative therapeutic strategy
was addressed in the SYGMA 1 and SYGMA 2 trials.
These double-blind, randomized, parallel-group, 52-week
phase III trials evaluated the efficacy of as-needed use of
combination formoterol (LABA) and the ICS budesonide
as an anti-inflammatory reliever in patients requiring
GINA Step 2 treatment, with the current reliever therapy
(e.g. as-needed SABA) or with low-dose maintenance
ICS (inhaled budesonide bid) plus as-needed SABA,
administered as regular controller therapy [33, 34].

The SYGMA 1 trial, which enrolled 3849 patients,
aimed to demonstrate the superiority of the as-needed
use of the combination budesonide/formoterol over
as-needed terbutaline, as measured by the electronically-
recorded proportion of weeks with well-controlled
asthma [34]. The more pragmatic SYGMA 2 trial
enrolled 4215 patients with the aim to demonstrate
that the budesonide/formoterol combination is non-
inferior to budesonide plus as-needed terbutaline in
reducing the relative rate of annual severe asthma
exacerbations [33]. Both trials met their primary

efficacy outcomes. In particular, as-needed budesonide/
formoterol was superior to as-needed SABA in
controlling asthma symptoms (34.4% versus 31.1%) and
preventing exacerbations, achieving a 64% reduction
in exacerbations. In both trials, budesonide/formoterol
as-needed was similar to budesonide maintenance bid
at preventing severe exacerbations, with a substantial
reduction of the inhaled steroid load over the study
period (83% in the SYGMA 1 trial and 75% in the
SYGMA 2 trial). The time to first exacerbation did not
differ significantly between the two regimens; however,
budesonide/formoterol was superior to SABA in
prolonging the time to first severe exacerbation [33, 34].

The double-blind, placebo-controlled design of the
SYGMA trials does not fully address the advantages of
anti-inflammatory reliever strategy in patients who often
rely on SABAs for symptom relief, so to what extent the
study findings could apply to real-life practice settings
was unclear.

These limitations were overcome by the results of
the Novel START study, an open-label, randomized,
parallel-group, controlled trial designed to reflect real-
world practice, which demonstrated the effectiveness
in mild asthma of budesonide/formoterol as an anti-
inflammatory reliever therapy [35].

In real-world practice, mild asthma patients are treated
with an as-needed SABA reliever or with daily low-dose
ICS maintenance therapy plus a SABA reliever. In the
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Novel START study, 668 patients with mild asthma were
randomized to receive either as-needed albuterol 100 g,
two inhalations (SABA reliever as a continuation of the
Step 1 treatment according to the 2017 GINA guidelines),
budesonide 200 pg (ICS maintenance treatment) plus
as-needed albuterol (Step 2 therapy of the GINA 2017
guidelines), or 200 pg/6 pg budesonide/formoterol as
anti-inflammatory reliever therapy taken as-needed for a
52-week study period.

In this study, the rate of asthma exacerbations
for budesonide/formoterol was lower compared
with albuterol (51%) and similar to the twice-daily
maintenance budesonide plus albuterol, despite a 52%
reduction in the mean steroid dose with the single
combination inhaler treatment ([35]. In addition,
severe exacerbation rate was lower with budesonide/
formoterol as compared with as-needed albuterol and
regular twice-daily budesonide. These data support the
findings of the SYGMA 1 and 2 trials, highlighting the
need for a critical re-examination of current clinical
practice. Along with the results of the SYGMA trials,

they provide convincing evidence of the advantages of
the anti-inflammatory reliever strategy, particularly in
real-life settings.

The SYGMA 1, SYGMA 2 and the novel START
studies complete the picture of the treatment strategies
for asthma at any degree of severity, including mild
asthma. A growing body of evidence shows that an anti-
inflammatory reliever strategy, when compared with all
other strategies with SABA reliever, consistently reduces
the rate of exacerbations across all levels of asthma
severity (Fig. 6) [28, 29, 34, 36-39].

This evidence set the ground (Fig. 7) for the release of
the 2019 GINA strategy updates. The document provides
a consistent approach towards the management of the
disease and aims to avoid the overreliance and overuse
of SABAs, even in the early course of the disease. The
2019 GINA has introduced key changes in the treatment
of mild asthma: for safety reasons, asthmatic adults and
adolescents should receive ICS-containing controller
treatment instead of the SABA-only treatment, which is
no longer recommended.
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Step 1 — key studies SYGMA
1[34] and SYGMA 2 [33]

reliever therapy

Fig. 7 Timeline of key randomized controlled trials and meta-analyses providing the supporting evidence base leading to the Global Initiative for
Asthma (GINA) 2019 guidelines. GINA global initiative for asthma, MART maintenance and reliever therapy, SMART single inhaler maintenance and

In Step 1 of the stepwise approach to adjusting
asthma treatment, the preferred controller option for
patients with fewer than two symptoms/month and no
exacerbation risk factors is low-dose ICS/formoterol
as needed. This strategy is indirectly supported by the
results of the SYGMA 1 study which evaluated the
efficacy and safety of budesonide/formoterol as needed,
compared with as-needed terbutaline and budesonide
bid plus as-needed terbutaline (see above). In patients

with mild asthma, the use of an ICS/LABA (budesonide/
formoterol) combination as needed provided superior
symptom control to as-needed SABA, resulting in a 64%
lower rate of exacerbations (p=0.07) with a lower steroid
dose (17% of the budesonide maintenance dose) [34]. The
changes extend to the other controller options as well.
In the 2017 GINA guidelines, the preferred treatment
was as-needed SABA with the option to consider
adding a regular low-dose ICS to the reliever. In order to
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overcome the poor adherence with the ICS regimen, and
with the aim to reduce the risk of severe exacerbations,
the 2019 GINA document recommends taking low-dose
ICS whenever SABA is taken, with the daily ICS option
no longer listed.

Previous studies including the TREXA study in
children and adolescents [40], the BASALT study [41]
and research conducted by the BEST study group
[32] have already added to the evidence that a low-
dose ICS with a bronchodilator is an effective strategy
for symptom control in patients with mild asthma. A
recently published study in African-American children
with mild asthma found that the use of as-needed ICS
with SABA provides similar asthma control, exacerbation
rates and lung function measures at 1 year, compared
with daily ICS controller therapy [42], adding support
to TREXA findings that in children with well controlled,
mild asthma, ICS used as rescue medication with SABA
may be an efficacious step-down strategy [40].

In Step 2 of the stepwise approach, there are now two
preferred controller options: (a) a daily low-dose ICS
plus an as-needed SABA; and (b) as-needed low-dose
ICS/formoterol. Recommendation (a) is supported by
a large body of evidence from randomized controlled
trials and observations showing a substantial reduction
of exacerbation, hospitalization, and death with regular
low-dose ICS [7-9, 24, 43], whereas recommendation (b)
stems from evidence on the reduction or non-inferiority
for severe exacerbations when as-needed low-dose ICS/
formoterol is compared with regular ICS [33, 34].

The new GINA document also suggests low-dose ICS
is taken whenever SABA is taken, either as separate
inhalers or in combination. This recommendation is
supported by studies showing reduced exacerbation rates
compared with taking a SABA only [32, 40], or similar
rates compared with regular ICS [32, 40, 41]. Low-dose
theophylline, suggested as an alternative controller in the
2017 GINA guidelines, is no longer recommended.

Airway inflammation is present in the majority of
patients with asthma, and although patients with mild
asthma may have only infrequent symptoms, they face
ongoing chronic inflammation of the lower airways
and risk acute exacerbations. The GINA 2019 strategy
recognizes the importance of reducing the risk of asthma
exacerbations, even in patients with mild asthma (Steps
1 and 2) [4]. In this regard, the new recommendations
note that SABA alone for symptomatic treatment is non-
protective against severe exacerbation and may actually
increase exacerbation risk if used regularly or frequently
[4].

The reluctance by patients to regularly use an ICS
controller means they may instead try and manage their
asthma symptoms by increasing their SABA reliever
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use. This can result in SABA overuse and increased
prescribing, and increased risk of exacerbations.

As part of the global SABINA (SABA use IN Asthma)
observational study programme, a UK study examined
primary care records to describe the pattern of SABA
and ICS use over a 10-year period in 373,256 patients
with mild asthma [44]. Results showed that year-to-year
SABA prescribing was more variable than that of ICS
indicating that, in response to fluctuations in asthma
symptom control, SABA use was increased in preference
to ICS use. Furthermore, more than 33% of patients
were prescribed SABA inhalers at a level equivalent to
around >3 puffs per week which, according to GINA,
suggests inadequate asthma control.

The problem of SABA overuse is further highlighted
by two studies [45, 46], also as part of the SABINA
programme. These analysed data from 365,324 patients
in a Swedish cohort prescribed two medications for
obstructive lung disease in any 12-month period (HERA).

The first study identified SABA overuse (defined as >3
SABA canisters a year) in 30% of patients, irrespective
of their ICS use; 21% of patients were collecting 3-5
canisters annually, 7% were collecting 6—10, and 2% more
than 11 [45]. Those patients who were overusing SABA
had significantly more asthma exacerbations relative to
those using <3 canisters (20.0 versus 12.5 per 100 patient
years; relative risk 1.60, 95% CI 1.57-1.63, p<0.001).
Moreover, patients overusing SABA and whose asthma
was more severe (GINA Steps 3 and 4) had greater
exacerbation risk compared with overusing patients
whose asthma was milder (GINA Steps 1 and 2).

The second study found those patients using three or
more SABA reliever canisters a year had an increased all-
cause mortality risk relative to patients using fewer SABA
canisters: hazard ratios after adjustment were 1.26 (95%
CI 1.14-1.39) for 3—5 canisters annually, 1.67 (1.49-1.87)
for 6-10 canisters, and 2.35 (2.02—-2.72) for > 11 canisters,
relative to patients collecting < 3 canisters annually [46].

The recently published PRACTICAL study lends
further support to as-needed low-dose ICS/formoterol
as an alternative option to daily low-dose ICS plus
as-needed SABA, outlined in Step 2 of the guidelines
[47]. In their one-year, open-label, multicentre,
randomized, superiority trial in 890 patients with mild
to moderate asthma, Hardy and colleagues found that
the rate of severe exacerbations per patient per year (the
primary outcome) was lower in patients who received
as-needed budesonide/formoterol than in patients
who received controller budesonide plus as-needed
terbutaline (relative rate 0.69, 95% CI 0.48-1.00; p <0.05).
Indeed, they suggest that of these two treatment options,
as-needed low-dose ICS/formoterol may be preferred
over controller low-dose ICS plus as-needed SABA for
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the prevention of severe exacerbations in this patient
population.

Step 3 recommendations have been left unchanged
from 2017, whereas Step 4 treatment has changed
from recommending medium/high-dose ICS/LABA
[3] to medium-dose ICS/LABA; the high-dose
recommendation has been escalated to Step 5. Patients
who have asthma that remains uncontrolled after Step 4
treatment should be referred for phenotypic assessment
with or without add-on therapy.

To summarise, the use of ICS medications is of
paramount importance for optimal asthma control.
The onset and increase of symptoms are indicative of a
worsening inflammation leading to severe exacerbations,
the risk of which is reduced by a maintenance plus
as-needed ICS/LABA combination therapy. The inhaled
ICS/bronchodilator combination is as effective as the
regular use of inhaled steroids.

The efficacy of anti-inflammatory reliever therapy
(budesonide/formoterol) versus current standard-of-
care therapies in mild asthma (e.g. reliever therapy with
a SABA as needed and regular maintenance controller
therapy plus a SABA as-needed) has been evaluated in
two randomized, phase III trials which confirmed that,
with respect to as-needed SABA, the anti-inflammatory
reliever as needed is superior in controlling asthma and
reduces exacerbation rates, exposing the patients to a
substantially lower glucocorticoid dose.

Conclusions

A growing body of evidence shows that anti-
inflammatory reliever strategy is more effective than
other strategies with SABA reliever in controlling asthma
and reducing exacerbations across all levels of asthma
severity. A budesonide/formoterol therapy exposes
asthma patients to a substantially lower glucocorticoid
dose while cutting the need for adherence to scheduled
therapy.

Abbreviations

GINA: Global Initiative for Asthma; ICS: Inhaled corticosteroids; LABA: Long-
acting beta-agonists; OCS: Oral corticosteroids; SABA: Short-acting beta-
agonists; SMART: Single inhaler maintenance and reliever treatment.

Acknowledgements

The Authors thank Maurizio Tarzia and Gayle Robins, independent medical
writers who provided editorial assistance on behalf of Springer Healthcare
Communications. The editorial assistance was funded by AstraZeneca.

Authors’ contributions
AP, FB, GWC, LM, LR and AR contributed to writing. All authors read and
approved the final manuscript.

Funding
No funding was received for this study. The editorial assistance was funded by
AstraZeneca.

Page 10 of 11

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

AP reports grants, personal fees, non-financial support and payment for
advisory board membership, consultancy, payment for lectures, grants for
research, and travel expenses reimbursement from Chiesi, AstraZeneca,
GlaxoSmithKline, Boehringer Ingelheim, Mundipharma and Teva, and
personal fees and non-financial support from Menarini, Novartis, Zambon
and Sanofi.FB reports having received in the last three years research grants
as well as lecture or advisory board fees from: Alk-Abellé, AstraZeneca,
Boehringer Ingelheim, Chiesi, Guidotti, Glaxo Smith Kline, Grifols,

Menarini, Novartis, Sanofi, Valeas, Zambon.GWC reports having received in
the last 3 years research grants as well as lecture or advisory board fees from:
A. Menarini, Alk-Abelld, AstraZeneca-Medimmune, Boehringer Ingelheim,
Chiesi Farmaceutici, Genentech, Guidotti-Malesci, Glaxo Smith Kline, Hal
Allergy, Merck Sharp & Dohme, Mundipharma, Novartis, Orion, Sanofi-Aventis,
Sanofi Genzyme/Regeneron, Stallergenes-Greers, UCB Pharma, Uriach
Pharma, Valeas.LR Receipt of grants/research supports: Roche, Boehringer
Ingelheim.Receipt of honoraria or consultation fees: Boehringer Ingelheim,
Roche, Biogen, FibroGen,Sanofi-Aventis, Anthera, Promedior, ImmuneWorks,
Asahi-Kasei, Bayer, Celgene, RespiVant,Nitto, Bristol Myers Squibb, Prometic,
Pliant Therapeutics, Toray, Global Blood Therapeutics,Zambon, Veracyte,
Acceleron, CSL Behring.LM and AR reports no conflicts of interest in the last
3 years.

Author details

! Section of Cardiorespiratory and Internal Medicine, Department

of Morphology, Surgery and Experimental Medicine, University of Ferrara,
Ferrara, Italy. 2 Internal Medicine Department, Respiratory Unit and Adult
Cystic Fibrosis Center, Fondazione IRCCS Ca Granda Ospedale Maggiore
Policlinico, Milan, Italy. > Department of Pathophysiology and Transplantation,
Universita degli Studi di Milano, Milan, Italy. * Personalized Medicine Asthma
& Allergy Clinic, Humanitas University & Istituto Clinico Humanitas, Milan,
Italy. > Universita Cattolica del Sacro Cuore, Fondazione Policlinico A. Gemelli
IRCCS, Rome, Italy. ® Respiratory Section, Department of Medicine, University
of Verona, Verona, Italy. / Respiratory Unit, Emergency Department, University
Hospital S. Anna, Via Aldo Moro 8, 44124 Ferrara, Italy.

Received: 18 March 2020 Accepted: 5 August 2020
Published online: 15 August 2020

References

1. World Health Organization. Asthma. 2017. https://www.who.int/news-
room/fact-sheets/detail/asthma. Accessed 9 April 2019.

2. Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. Lancet.
2018;391(10122):783-800.

3. Global Initiative for Asthma. Global strategy for asthma management and
prevention, 2017. http://www.ginasthma.org. Accessed 1 June 2019.

4. Global Initiative for Asthma. Pocket guide for asthma management and
prevention. 2019, pp. 1-32. www.ginasthma.org. Accessed 1 June 2019.

5. Rabe KF, Vermeire PA, Soriano JB, Maier WC. Clinical management of
asthma in 1999: the Asthma Insights and Reality in Europe (AIRE) study.
Eur Respir J. 2000;16(5):802-7.

6. Price D, Fletcher M, Molen V. Asthma control and management in 8,000
European patients: the REcognise Asthma and LInk to Symptoms and
Experience (REALISE) survey. NPJ Prim Care Respir Med. 2014;24:14009.

7. Suissa S, Ernst P Kezouh A. Regular use of inhaled corticosteroids
and the long term prevention of hospitalisation for asthma. Thorax.
2002;57(10):880-4.

8. SuissaS, Ernst P, Benayoun S, Baltzan M, Cai B. Low-dose inhaled
corticosteroids and the prevention of death from asthma. New Engl J Med.
2000;343(5):332-6.


https://www.who.int/news-room/fact-sheets/detail/asthma
https://www.who.int/news-room/fact-sheets/detail/asthma
http://www.ginasthma.org
http://www.ginasthma.org

Papi et al. Allergy Asthma Clin Immunol

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2020) 16:75

Pauwels RA, Pedersen S, Busse WW, Tan WC, Chen YZ, Ohlsson SV, et al. Early
intervention with budesonide in mild persistent asthma: a randomised,
double-blind trial. Lancet. 2003;361(9363):1071-6.

Healthcare Improvement Scotland and British Thoracic Society. SIGN 153:
British guideline on the management of asthma. 2016. https://www.sign.
ac.uk/sign-153-british-guideline-on-the-management-of-asthma.html.

. Pauwels RA, Lofdahl CG, Postma DS, Tattersfield AE, O'Byrne P, Barnes PJ,

Ullman A. Effect of inhaled formoterol and budesonide on exacerbations of
asthma. N EnglJ Med. 1997;337(20):1405-11.

O'Byrne PM, Naya IP, Kallen A, Postma DS, Barnes PJ. Increasing doses

of inhaled corticosteroids compared to adding long-acting inhaled
{32-agonists in achieving asthma control. Chest. 2008;134(6):1192-9.
Johnston SL, Pattemore PK, Sanderson G, Smith S, Lampe F, Josephs L, et al.
Community study of role of viral infections in exacerbations of asthma in
9-11 year old children. BMJ. 1995;310(6989):1225-9.

Corne JM, Marshall C, Smith S, Schreiber J, Sanderson G, Holgate ST,
Johnston SL. Frequency, severity, and duration of rhinovirus infections

in asthmatic and non-asthmatic individuals: a longitudinal cohort study.
Lancet. 2002;359(9309):831-4.

Papi A, Contoli M, Adcock IM, Bellettato C, Padovani A, Casolari P, et al.
Rhinovirus infection causes steroid resistance in airway epithelium through
nuclear factor kb and c-Jun N-terminal kinase activation. J Allergy Clin
Immunol. 2013;132(5):1075-85.

Romagnoli M, Vachier |, Tarodo de la Fuente P Meziane H, Chavis C,
Bousquet J, et al. Eosinophilic inflammation in sputum of poorly controlled
asthmatics. Eur Respir J. 2002,20(6):1370-7.

Partridge MR, van der Molen T, Myrseth SE, Busse WW. Attitudes and actions
of asthma patients on regular maintenance therapy: the INSPIRE study. BMC
Pulm Med. 2006;6:13.

Papi A, Caramori G, Adcock IM, Barnes PJ. Rescue treatment in asthma. More
than as-needed bronchodilation. Chest. 2009;135(6):1628-33.

Tattersfield AE, Postma DS, Barnes PJ, Svensson K, Bauer CA, Byrne PM, et al.
Exacerbations of asthma: a descriptive study of 425 severe exacerbations
The FACET International Study Group. Am J Respir Crit Care Med.
1999;160(2):594-9.

O'Byrne PM, Jenkins C, Bateman ED. The paradoxes of asthma management:

time for a new approach? Eur Respir J. 2017. https://doi.org/10.1183/13993
003.01103-2017.

Royal College of Physicians. Why asthma still kills: the National Review of
Asthma Deaths (NRAD). Confidential Enquiry report. London: RCP; 2014.
Suissa S, Ernst P, Boivin JF, Horwitz RI, Habbick B, Cockroft D, et al. A cohort
analysis of excess mortality in asthma and the use of inhaled -agonists. Am
J Respir Crit Care Med. 1994;149(3 Pt 1):604-10.

Global Initiative for Asthma. Global strategy for asthma management

and prevention, 2014. https://ginasthma.org/wp-content/uploa
ds/2019/01/2014-GINA pdf.

Reddel HK, Busse WW, Pedersen S, Tan WC, ChenYZ, Jorup C, et al. Should
recommendations about starting inhaled corticosteroid treatment for mild
asthma be based on symptom frequency: a post hoc efficacy analysis of the
START study. Lancet. 2017;389(10065):157-66.

Papi A, Fabbri LM. Management of patients with early mild asthma and
infrequent symptoms. Lancet. 2017;389(10065):129-30.

Global Initiative for Asthma. Global strategy for asthma management and
prevention, 2016. https.//ginasthma.org/wp-content/uploads/2016/04/
GINA-Appendix-2016-final.pdf.

Krishnan JA, Riekert KA, McCoy JV, Stewart DY, Schmidt S, Chanmugam A,
et al. Corticosteroid use after hospital discharge among high-risk adults with
asthma. Am J Respir Crit Care Med. 2004;170(12):1281-5.

Rabe KF, Atienza T, Magyar P, Larsson P, Jorup C, Lalloo UG. Effect of
budesonide in combination with formoterol for reliever therapy in asthma
exacerbations: a randomised controlled, double-blind study. Lancet.
2006;368(9537):744-53.

Kuna P, Peters MJ, Manjra Al, Jorup C, Naya IP, Martinez-Jimenez NE, Buhl

R. Effect of budesonide/formoterol maintenance and reliever therapy on
asthma exacerbations. Int J Clin Pract. 2007;61(5):725-36.

Bousquet J, Boulet LP, Peters MJ, Magnussen H, Quiralte J, Martinez-Aguilar
NE, Carlsheimer A. Budesonide/formoterol for maintenance and relief in
uncontrolled asthma vs. high-dose salmeterol/fluticasone. Respir Med.
2007;101(12):2437-46.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

Page 11 of 11

Sobieraj DM, Weeda ER, Nguyen E, Coleman Cl, White CM, Lazarus SC,

et al. Association of inhaled corticosteroids and long-acting B-agonists

as controller and quick relief therapy with exacerbations and symptom
control in persistent asthma a systematic review and meta-analysis. JAMA.
2018;319(14):1485-96.

Papi A, Canonica GW, Maestrelli P, Paggiaro P, Olivieri D, Pozzi E, BEST Study
Group, et al. Rescue use of beclomethasone and albuterol in a single inhaler
for mild asthma. New Engl J Med. 2007;356(20):2040-52.

Bateman ED, Reddel HK, O'Byrne PM, Barnes PJ, Zhong N, Keen C, et al.
As-needed budesonide—formoterol versus maintenance budesonide in
mild asthma. New Engl J Med. 2018;378(20):1877-87.

O'Byrne PM, FitzGerald JM, Bateman ED, Barnes PJ, Zhong N, Keen C, et al.
Inhaled combined budesonide-formoterol as needed in mild asthma. New
Engl J Med. 2018;378(20):1865-76.

Beasley R, Holliday M, Reddel HK, Braithwaite |, Ebmeier S, Hancox RJ, Novel
START Study Team, et al. Controlled trial of budesonide-formoterol as
needed for mild asthma. New Engl J Med. 2019;380(21):2020-30.

Rabe K, Pizzichini E, Stéllberg B, Romero S, Balanzat AM, Atienza T, et al.
Budesonide/formoterol in a single inhaler for maintenance and relief

in mild-to-moderate asthma: a randomized, double-blind trial. Chest.
2006;129(2):246-56.

Scicchitano R, Aalbers R, Ukena D, Manjra A, Fouquert L, Centanni S, et al.
Efficacy and safety of budesonide/formoterol single inhaler therapy versus
a higher dose of budesonide in moderate to severe asthma. Curr Med Res
Opin. 2004;20(9):1403-18.

O'Byrne PM, Bisgaard H, Godard PP, Pistolesi M, Palmqvist M, Zhu Y, et al.
Budesonide/formoterol combination therapy as both maintenance

and reliever medication in asthma. Am J Respir Crit Care Med.
2005;171(2):129-36.

Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After
asthma: redefining airways diseases. Lancet. 2017;391(10118):350-400.
Martinez FD, Chinchilli VM, Morgan WJ, Boehmer SJ, Lemanske RF Jr, Mauger
DT, et al. Use of beclomethasone dipropionate as rescue treatment for
children with mild persistent asthma (TREXA): a randomised, double-blind,
placebo-controlled trial. Lancet. 2011;377(9766):650-7.

. Calhoun WJ, Ameredes BT, King TS, Icitovic N, Bleecker ER, Castro M, 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. 2012;308(10):987-97.

Sumino K, Bacharier LB, Taylor J, et al. A pragmatic trial of symptom-based
inhaled corticosteroid use in African-American children with mild asthma. J
Allergy Clin Immunol Pract. 2020;8(176-85):2.

Byrne PM, Barnes PJ, Rodriguez-Roisin R, Runnerstrom E, Sandstrom T,
Svensson K, Tattersfield A. Low dose inhaled budesonide and formoterol in
mild persistent asthma: the OPTIMA randomized trial. Am J Respir Crit Care
Med. 2001;164(8):1392-7.

Bloom C, Quint J, Cabrera C. SABA and ICS prescriptions among mild
asthma patients in UK primary care. Poster presented at the European
Respiratory Society International Congress; 2019 Sep 28-Oct 2; Madrid,
Spain.

Janson C, Nwaru B, Hasvold P, Wicklund F, Telg G, Ekstrom M. Use of short-
acting beta-2 agonists (SABA) and exacerbations in a nationwide Swedish
asthma cohort (HERA). Poster presented at the European Respiratory
Society International Congress; 2019 Sep 28-Oct 2; Madrid, Spain.

Janson C, Nwaru B, Hasvold P, Wicklund F, Telg G, Ekstrom M. SABA overuse
and risk of mortality in a nationwide Swedish asthma cohort (HERA). Late
Breaker abstract at the European Respiratory Society International Congress;
2019 Sep 28-Oct 2; Madrid, Spain.

Hardy J, Baggott C, Fingleton J, Reddel HK, Hancox RJ, Harwood M, et al.
Budesonide-formoterol reliever therapy versus maintenance budesonide
plus terbutaline reliever therapy in adults with mild to moderate asthma
(PRACTICAL): a 52-week, open-label, multicentre, superiority, randomised
controlled trial. Lancet. 2019;394(10202):919-28.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.sign.ac.uk/sign-153-british-guideline-on-the-management-of-asthma.html
https://www.sign.ac.uk/sign-153-british-guideline-on-the-management-of-asthma.html
https://doi.org/10.1183/13993003.01103-2017
https://doi.org/10.1183/13993003.01103-2017
https://ginasthma.org/wp-content/uploads/2019/01/2014-GINA.pdf
https://ginasthma.org/wp-content/uploads/2019/01/2014-GINA.pdf
https://ginasthma.org/wp-content/uploads/2016/04/GINA-Appendix-2016-final.pdf
https://ginasthma.org/wp-content/uploads/2016/04/GINA-Appendix-2016-final.pdf

	Treatment strategies for asthma: reshaping the concept of asthma management
	Abstract 
	Background
	The treatment of asthma: where are we? Evolution of a concept
	Barriers and paradoxes of asthma management
	Treatment strategies across all levels of asthma severity
	Moving forward: a new approach to the management of asthma patients

	Conclusions
	Acknowledgements
	References




