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Rostrum
Budesonide/Formoterol or Budesonide/Albuterol as
Anti-Inflammatory Reliever Therapy for Asthma
Brian Lipworth, MD, Chris RuiWen Kuo, MBChB, MD, Kirsten Stewart, MBChB, and Rory Chan, MBChB, PhD Dundee,

United Kingdom
Overuse of reliever as short-acting beta-agonist and associated
underuse of controller as inhaled corticosteroid (ICS)
administered via separate inhalers results in worse asthma
outcomes. Such discordance can be obviated by combining both
controller and reliever in the same inhaler. So-called anti-
inflammatory reliever (AIR) therapy comprises the use of a single
inhaler containing an ICS such as budesonide (BUD) in
conjunction with a reliever as either albuterol (ALB) or
formoterol (FORM), to be used on demand, with variable dosing
driven by asthma symptoms in a flexible patient-centered
regimen. Global guidelines now support the use of BUD-ALB as
AIR therapy to reduce exacerbations, either on its own in mild
asthma or in conjunction with fixed-dose maintenance ICS-long-
acting beta-agonist in moderate to severe asthma. Using BUD-
FORM on its own allows patients to seamlessly move in an
intuitive flexible fashion between AIR and maintenance and
reliever therapy, by stepping up and down the dosing escalator
across a spectrum of asthma severities. Head-to-head clinical
studies are indicated to compare BUD-FORM versus BUD-ALB
as AIR in mild asthma, and also BUD-FORM as maintenance
and reliever therapy versus BUD-ALB as AIR plus maintenance
ICS-long-acting beta-agonist in moderate to severe asthma.
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Patients should be encouraged to make an informed decision in
conjunction with their health care professional regarding the
best therapeutic option tailored to their individual needs, which
in turn is likely to result in long-term compliance and associated
optimal asthma control. � 2024 The Authors. Published by
Elsevier Inc. on behalf of the American Academy of Allergy,
Asthma & Immunology. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/). (J Allergy Clin Immunol Pract 2024;12:889-93)

Key words: Anti-inflammatory reliever; Asthma; Type 2 (T2)
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RELATIONSHIP BETWEEN CONTROLLER AND
RELIEVER THERAPY

The tenets of persistent asthma comprise type 2 (T2)
inflammation, airway hyperresponsiveness (AHR), and revers-
ibility of airflow obstruction. The inflammatory cascade in
asthma is characterized by activation of T2 cytokines including
IL-4, IL-5, and IL-13, predominantly involving influx of
eosinophils and twitchy airway smooth muscle (ASM).1 Thus,
from first principles, the treatment of asthma should be to
dampen down T2 inflammation, which in turn will result in
attenuated ASM lability and associated AHR improvement.

Conventionally, pharmacotherapy for mild persistent asthma
involves using short-acting beta-agonists (SABAs) such as albu-
terol (ALB) on demand as a fast- onset reliever acting on ASM
along with a disease-modifying controller as low-dose inhaled
corticosteroid (ICS) to suppress T2 inflammation.2 Using SABA
alone on demand without ICS is therefore no longer considered
appropriate for mild persistent asthma. It is unrealistic for pa-
tients to remember to use their ICS every time they require
rescue with SABA as concomitant separate inhalers, even though
this is currently advocated as an option by global and US
guidelines in mild asthma.

For patients with moderate to severe persistent asthma, the
preferred option is usually maintenance fixed-dose combination
inhaler therapy containing ICS with long-acting beta-agonist
(ICS-LABA), which affords better control than ICS due to the
stabilizing effect of ASM and attendant attenuation of AHR
conferred by LABA.2,3 Although there is a dose-response effect
for reducing exacerbations and AHR with ICS,4 the LABA
moiety confers additional further reductions, albeit the greatest
impact is due to the former.5 Indeed, by acting on ASM, the
LABA moiety will have a proportionately greater effect on
symptoms and lung function than on exacerbations. A marginal
further reduction in exacerbations may be conferred by adding in
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Abbreviations used

AHR- a
irway hyperresponsiveness

AIR- a
nti-inflammatory reliever

ALB- a
lbuterol

ASM- a
irway smooth muscle

BUD- b
udesonide

FDA- F
ood and Drug Administration
FORM- fo
rmoterol

ICS- in
haled corticosteroid
LABA- lo
ng-acting beta-agonist

MART-m
aintenance and reliever therapy

pMDI- p
ressurized metered dose inhaler

SABA- s
hort-acting beta-agonist
T2- ty
pe 2
long-acting muscarinic antagonist, although the evidence for
such additivity in patients taking high-dose ICS-LABA is
unconvincing.6

In reality, patients often overuse their SABA and become
overreliant as they perceive the symptomatic benefit of its rapid
onset by improvements in airway caliber, in contrast to often
underusing their ICS-containing medication. This in turn results
in relative discordance between use of ICS-containing inhalers
and SABA reliever, which can lead to poor control with associ-
ated exacerbations and even death.7-10

PRINCIPLES UNDERLYING AIR THERAPY
To ensure perfect concordance between ICS and reliever,

therapeutic strategies have been developed whereby both drug
components are contained in the same inhaler, also known as
anti-inflammatory reliever (AIR) therapy.11 Such AIR may
contain low-dose ICS as budesonide (BUD) along with a fast-
onset LABA as formoterol (FORM) or with SABA as ALB.
Using an AIR regimen means that every time the patient requires
their reliever, they receive an enforced dose of controller ICS,
thereby suppressing the underlying T2 inflammation. The
premise here is that patients will effectively self-adjust their ICS
dose against symptoms, thereby improving control and pre-
venting breakthrough asthma flare ups. When using BUD-
FORM as a reliever, patients may seamlessly step up and down
the dose escalator between AIR and maintenance and reliever
therapy (MART) using the same inhaler over a range of asthma
severity (Figure 1).11 One study in mild asthma found that use of
beclomethasone dipropionate 250 mg with ALB 100 mg as a
single reliever inhaler was as effective as maintenance beclome-
thasone dipropionate 250 mg twice daily with separate rescue
ALB, along with lower ICS exposure.12

The Food and Drug Administration (FDA) has approved
BUD-FORM (160/4.5 mg) pressurized metered dose inhaler
(pMDI) only for regular fixed-dose maintenance use but not as
AIR or MART in the United States, although it is approved for
this indication in many other countries via dry powder inhaler
for those 12 years and older at up to 12 puffs daily. Having said
that, the most recent US guidelines advocate for the use of low-
dose BUD-FM as MART at steps 3/4 for moderate asthma.13

The FDA indication statement for BUD-ALB 80/90 mg pMDI
is rather vague for the as-needed treatment or prevention of
bronchoconstriction and to reduce the risk of exacerbations in
patients with asthma aged 18 years and older. This might be
interpreted as meaning that BUD-ALB may be used as reliever
therapy across a range of asthma severity, but only in persistent
asthma where maintenance therapy is also needed. Global and
US guidelines advocate for ICS and ALB to be used concomi-
tantly as separate inhalers as needed in step 2 for mild inter-
mittent or persistent asthma. Strictly speaking, because
BUD-ALB is not FDA approved for maintenance use, it
should not be used on its own for mild persistent asthma at step
2 in United States, although from a pragmatic perspective it may
not be possible to clearly distinguish between intermittent and
persistent mild asthma per se. The BUD-ALB 80/90 mg pMDI
formulation is taken as 2 actuations as reliever used up to a
maximum of 12 puffs in 24 hours. Taking this literally, for
example, in a patient with mild asthma who takes on average
between 6 and 12 puffs daily of BUD-ALB as their sole inhaler,
using AIR would therefore effectively equate to it being used as
MART. One potential issue is that patients may be prescribed 2
different devices, for example, a dry powder inhaler for ICS-
LABA plus BUD-ALB via pMDI, which could lead to compli-
cating issues with inhaler technique, even though this would be
no different to ALB via pMDI as rescue therapy. Ideally, one
might advocate for the controller and reliever to be used via the
same device, both being delivered via pMDI plus spacer to
optimize lung deposition and obviate issues with coordination
and local ICS dose-related adverse effects.

We would suggest that patients with moderate to severe
persistent asthma taking maintenance ICS combination therapy
but also requiring on a regular basis 4 or more puffs daily of
additional BUD-ALB reliever, along with poor control as an
asthma control questionnaire score of 1.5 or more and a severe
exacerbation, should be promptly referred on to specialist care.
Such evaluation might include optimizing the dose of mainte-
nance ICS controller, checking controller adherence and inhaler
technique, performing spirometry, measuring T2 biomarkers and
relevant autoantibodies, identifying trigger factors such as aller-
gens and occupational chemicals, looking for comorbidities such
as nasal polyps, bronchiectasis, eosinophilic granulomatosis with
polyangiitis, or esophageal reflux, as well as considering per-
forming high-resolution computed tomography of chest and
sinuses.

From a pharmacological perspective, there is clinically relevant
synergy between the moieties in terms of the rapid reversal by
BUD on airway beta-2 receptor downregulation and sub-
sensitivity induced by FORM.14 Moreover, in patients taking
regular fixed-dose ICS-LABA, cross-tolerance may develop in
terms of blunting of ALB response when used as reliever therapy
in the presence of acute bronchoconstriction as might occur in
the setting of acute asthma.15-17 It is unclear whether this phe-
nomenon might be obviated by using BUD-ALB in terms of a
facilitatory effect of BUD on airway beta-2 receptors.18 Reas-
suringly, it is also worth noting that a bolus of systemic corti-
costeroid rapidly reverses beta-2 receptor downregulation and
restores airway bronchodilator responsiveness in patients with
asthma taking regular ICS-FORM.19
BUDESONIDE-FORMOTEROL RELIEVER
The phase 3 trial evidence with BUD-FORM (160/4.5 mg) as

AIR for mild asthma is compelling in terms of clear superiority of
control compared with SABA alone.11 Moreover, using BUD-
FORM AIR versus regular fixed low-dose BUD plus SABA on
demand in mild asthma shows noninferiority for disease control



FIGURE 1. Schematic illustration of simplified global guidelines incorporating AIR therapy as needed (pro re nata [prn]) with BUD-FORM
(160/4.5 mg per actuation) for mild asthma (step 1/2), stepping up and down as MART between 2 and 12 actuations daily for moderate to
severe asthma (step 3/4/5). BUD-ALB (80/90 mg per actuation) as AIR (prn) between 2 and 12 actuations daily either alone (step 1/2) in
mild asthma or in conjunction with fixed-dose maintenance therapy comprising low-medium-high-dose ICS-LABA as single-inhaler dual or
triple therapy with long-acting muscarinic antagonist (ICS-LABA-LAMA), for moderate to severe asthma (step 3/4/5). *BUD-ALB is not
presently approved outside of the United States. BUD-ALB is not approved in the United States by FDA as maintenance therapy including
for mild persistent asthma at step 2. Alternatively, separate ICS and ALB inhalers are approved for concomitant on-demand use by US and
global guidelines at step 2. BUD-FORM is not approved in the United States by FDA for either AIR or MART but is approved as such in
other countries.
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along with lower overall ICS exposure.11 BUD-FORM when
used as MART in moderate to severe asthma also produces better
control and an associated lower ICS burden compared with
fixed-dose maintenance ICS-LABA plus SABA.20 At present,
beclomethasone dipropionate/formoterol 100/6 mg combination
as pMDI or dry powder inhaler only has an indication for
MART in persistent asthma as 2 to 8 actuations daily in those
aged 18 years and above, albeit in real-life, patients often intui-
tively step down to AIR of their own volition.

Although AIR therapy with BUD-FORM is only indicated for
mild asthma, in reality, this distinction is somewhat artificial
because mild to moderate asthma is a continual spectrum of
disease determined by prevailing extrinsic trigger factors. For
example, an individual may have moderate asthma in response to
seasonal allergic or viral triggers but for the rest of the year they
have mild asthma. Thus, a more pragmatic approach using AIR
allows patients to always be taking an optimized dose of ICS,
which is matched to the degree of T2 inflammation by escalating
and de-escalating the number of actuations between reliever and
plus or minus maintenance use11 (Figure 1). This is in contrast
to always having to take a fixed dose of ICS or ICS-LABA
whether the patient needs it or not. In other words, BUD-
FORM via AIR-MART is a more patient-centered, intuitive
flexible regimen for controlling persistent asthma with a single
inhaler. This is reflected in current global guidelines whereby
there are 2 possible tracks for mild to moderate asthma: one
suggesting fixed-dose maintenance ICS or ICS-LABA along with
ALB or BUD-ALB reliever as needed, and the other route
whereby BUD-FORM alone is the preferred reliever used along a
continuum with AIR or MART2 (Figure 1). Clearly, this
approach requires detailed input from health care professionals to
educate patients regarding the principles of AIR-MART in
relation to disease control and what to do during an exacerbation.
In our asthma clinic, we approach this by telling patients with
persistent asthma the simple axiom when using BUD/FORM
160/4.5 mg as AIR-MART “use more puffs when you need it and
less when you don’t,” with the caveat of not exceeding the
maximum permitted number of actuations amounting to 12 per
day.21 This in turn begs the pertinent question as to whether
BUD-FORM can be used as AIR-MART to reduce the
ICS burden in the presence of biologic therapy to target
eosinophil-driven exacerbations. In the SHAMAL study, in se-
vere eosinophilic asthma in patients who were identified as being
benralizumab superresponders, the use of BUD-FORM as AIR-
MART compared with maintenance therapy was associated with
successful tapering of ICS dose with the variable-dosing regimen,
although it was associated with a small degree of worsening of
lung function and fractional exhaled nitric oxide escape, in the
absence of increased exacerbations.22

BUD-ALB reliever
The key phase 3 trial supporting BUD-ALB (80/90 mg per

actuation) as reliever therapy was from the MANDALA trial
where, for the primary end point, there was a 26% relative
reduction in the risk of first severe exacerbation compared with
ALB (90 mg per actuation) alone, both used for a minimum of 24
weeks as 2 puffs of reliever therapy in patients with uncontrolled
moderate to severe asthma receiving a range of maintenance ICS-
LABA combination doses.23 To put this into context comparing
BUD-ALB versus ALB with regard to absolute exacerbations, the
number needed to treat was 12.5 to prevent an exacerbation, and
it would take on average 6.7 years to prevent an exacerbation in a
given individual. The use of BUD-ALB was also accompanied by
lower systemic corticosteroid exposure. A clinically meaningful
reduction in asthma control questionnaire score (>0.5) occurred
in 6.7% more cases for BUD-ALB versus ALB and the mean
dose of BUD-ALB used was 2.6 inhalations daily and 2.8 with
ALB. Hence, it appears that patients were effectively taking a
higher maintenance dose of ICS with additional use of BUD-
ALB, which led to better outcomes. Notably, only 27% of the
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patients were receiving high-dose ICS-LABA at baseline, while
the presence of a mean FEV1 of 64% predicted and reversibility
of 28% indicates that there was likely to be considerable room
for improvement. This begs the pertinent question as to whether
BUD-ALB reliever would have been as effective in patients
whose maintenance ICS-LABA dose had been sufficiently
adapted during the initial run-in period, perhaps with the use of
fractional exhaled nitric oxide or blood eosinophils to guide
optimal suppression of T2 inflammation.24 Furthermore, there
was no check on adherence to the background ICS-LABA
therapy such that it is conceivable BUD-ALB might have been
relatively more effective in individuals who were noncompliant
on maintenance ICS-LABA. One could cogently argue that for
patients who have discordance between controller and reliever
medications, using BUD-ALB would provide a safety net if they
become overreliant on their reliever.

The DENALI study in patients with poorly controlled mild to
moderate asthma was FDA mandated to demonstrate the relative
efficacy of both components with regular BUD-ALB. There were
5 randomized treatment arms each comprising 2 actuations 4
times daily over 12 weeks with BUD 80 mg, BUD-ALB 40/90
mg, 80/90 mg, ALB 90 mg, or placebo. There were significant
improvements with BUD-ALB 80/90 mg compared with ALB 90
mg for the coprimary end points of peak and trough FEV1 along
with significantly greater reductions in asthma control ques-
tionnaire score and fewer exacerbations.25 Adherence to trial
inhalers was 94%, which would not be in keeping with real-life
use, while the regular 4-times daily regimen does not reflect the
indication as reliever therapy. The FEV1 time profile response on
day 1 would be more akin to reliever use and showed no clini-
cally relevant difference between 2 puffs of BUD-ALB 80/90 mg
and ALB 90 mg. Pointedly, only 47% of patients were taking ICS
at baseline such that patients were not being optimally treated
before enrollment. This study does not support the use of BUD-
ALB compared with ALB when used alone as AIR in mild
asthma, although one might predict it would be superior based
on data comparing beclomethasone dipropionate-ALB versus
ALB alone.12 A study will compare BUD-ALB to ALB in mild
asthma in terms of acute reliever use after mannitol-induced
bronchoconstriction (NCT05555290). Another trial
(NCT05505734) will compare BUD-ALB to ALB in mild
asthma used as AIR powered on time to first severe exacerbation.
There are no data that have compared head-to-head BUD/ALB
versus BUD-FORM as sole reliever therapy in mild asthma.
From first principles, a cogent case could be made for superiority
with BUD/FM versus BUD/ALB due to better stabilization of
FM versus ALB on ASM, which would lead to fewer exacerba-
tions. Also, we would be interested to see a trial in moderate to
severe asthma comparing BUD-ALB as reliever plus maintenance
ICS-LABA against BUD-FORM as MART.
THE WAY FORWARD
If both formulations of BUD-ALB and BUD-FORM were

approved as AIR, aside from cost issues, presumably pre-
scribers might opt for the latter given the known superiority of
the LABA moiety in terms of improving disease control as well
as the convenience of the longer duration of response.
Pointedly, BUD-FORM also offers the possibility of seam-
lessly moving in a flexible fashion between AIR and MART
regimens across a range of asthma severity (Figure 1). It is
important to acknowledge that the BUD-ALB is considerably
more expensive than ALB such that patients and payers alike
may be deterred from using it, despite better outcomes with
the former. The availability of generic formulations of BUD-
FORM might also reduce the cost for this particular combi-
nation inhaler. For patients with uncontrolled persistent
asthma, clinicians may wish to address the simple things first.
This might include checking inhaler technique and device
preference, address relevant triggers, in addition to optimizing
the dose of ICS-containing maintenance therapy using T2
biomarkers.26 Ultimately, patients should be able to make an
informed decision along with their health care professional
regarding the best option tailored to their individual needs,
because that is likely to result in optimal long-term compli-
ance and associated asthma control.
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