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ABSTRACT
Systemic corticosteroids (SCS) areahighlyeffective treatment for acuteexacerbations and long-term
symptom control in asthma. Long-term SCS use is highly prevalent across all asthma severities,
occurring in over 20% of patients with severe or uncontrolled disease globally. It is now well known
that exposure to both long-term and repeated acute courses of SCS is associated with a high risk of
serious adverse effects (AEs), such as osteoporosis, andmetabolic and cardiovascular complications,
especially when prescribed onto a background of other corticosteroids.The aim of this call-to-action
article, endorsed by the World Allergy Organization and the Respiratory Effectiveness Group, is to
review the accumulating evidence on the burden of SCS on patients with asthma and provide an
overview of potential strategies for implementing SCS Stewardship.
Primary prevention of exacerbations and improvement of asthma control is a key first step in
achieving SCS Stewardship, by optimizing maintenance asthma medications and addressing
modifiable risk factors, such as adherence and inhaler technique. Other key elements of SCS
Stewardship include increasing appropriate specialist referrals for multidisciplinary review,
assessment of biomarkers, and consideration of oral corticosteroid-sparing add-on therapies (eg,
biologics). In cases where SCS use is deemed clinically justified, it should be tapered to the lowest
possible dose. In addition, patients receiving long-term SCS or frequent acute courses should be
closely monitored for emergence of SCS-related AEs.
Because of the extensive data available on the costly and burdensome AEs associated with SCS
use, as well as the range of treatment options now available, there is a need for healthcare pro-
viders (HCPs) to carefully evaluate whether the benefits of SCS outweigh the potential harms, to
adopt SCS-sparing and Stewardship strategies, and to consider alternative therapies where
possible. Development of a structured and collaborative SCS Stewardship approach is urgently
required to protect patients from the potential harm of SCS use.
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INTRODUCTION

Asthma is a heterogenous disease, characterized
by chronic airway inflammation, that affects 1–18%
of the population in different countries.1

Approximately 5–10% of the overall asthma
population have severe asthma,2 defined as
uncontrolled asthma despite adherence to
maximal optimized inhaled corticosteroid (ICS)/
long-acting b2-agonist (LABA) treatment and
management of contributory factors.1 Acute
courses of systemic corticosteroids (SCS; see
Supplemental Appendix 1), encompassing both
oral corticosteroids (OCS) and injectable
corticosteroids, remain a key element in the
treatment and management of severe asthma
exacerbations.1 Despite increasing awareness of
SCS-related adverse effects (AEs), globally long-
term SCS therapy (see Supplemental Appendix 1)
continues to be prescribed in patients with asthma
experiencing uncontrolled symptoms and/or
exacerbations despite optimized treatment.3

A wealth of data on the burdensome and costly
AEs associated with SCS use in asthma now ex-
ists.4–7 The data have informed updates to
international/national recommendations on OCS
use and prompted the publication of consensus
statements/position papers highlighting the need
to adopt OCS-sparing strategies.8–11 There are
now growing calls for a collaborative, systematic
effort to implement SCS Stewardship in asthma
management,12,13 similar to the successful
programs that support Antimicrobial Stewardship.9

Effective SCS Stewardship has been achieved in
other therapy areas, such as rheumatoid arthritis,14

and should be considered a realistic target in
asthma. In an Australian database study on patients
with rheumatoid arthritis (N ¼ 3699), a reduction in
corticosteroids (CS) was seen between 2001 and
2015,14 which was attributed to the increased
awareness of CS-related AEs and improved avail-
ability of other disease-modifying therapies.14

This call to action, endorsed by the World Al-
lergy Organization and the Respiratory Effective-
ness Group, aims to highlight the prevalence and
burden associated with inappropriate SCS use
(SCS use that is not clinically justified; see also
Supplemental Appendix 1) and provide a
summary of potential strategies for implementing
SCS Stewardship in asthma.12
Prevalence and patterns of SCS use

Despite the introduction of updated treatment
strategies and novel therapies for asthma, such as
maintenance and reliever therapy and biologics,
respectively, SCS use remains high. In a UK study
examining longitudinal SCS use in patients across
28 conditions from 1990 to 2018, patients with
asthma and chronic obstructive pulmonary dis-
ease accounted for >45% of the total SCS
prescriptions.15

Acute SCS usage for exacerbations varies
across asthma severities, but is highest in those
with the most severe disease.16 A systematic
literature review conducted in 2020 revealed
that 23.2–92.6% of patients with severe or
difficult-to-treat asthma were prescribed acute
SCS for the treatment of an exacerbation.16 Long-
term SCS use was reported to range from 1.2 to
30.9% in patients with any degree of asthma
severity, and from 20 to 60% in patients with se-
vere or uncontrolled asthma worldwide.16

Furthermore, recent population-based studies
demonstrate that many people receiving SCS are
exposed to relatively high doses over a pro-
longed period of time, increasing their risk of
AEs.17–19 During a study in the European Union
from July 2011 to February 2018 (N ¼ 702,685),
14–44% of the patients with asthma were
receiving OCS and 6–9% were "high-OCS users"
with an average dose of 5.5–7.5 mg/day for �2
years.18 Similarly, a study from January 2012 to
December 2017 in the United States (N ¼
435,675) reported that 65% of patients with
asthma were receiving OCS over the 2-year
follow up, and 19% were classed as "high-OCS
users" with an average dose of 5.1–7.1 mg/day
over 3 years.19 Additionally, a US study of
640,936 individuals with severe asthma
demonstrated that 22.5% filled �2 and 12.7%
filled �3 SCS prescriptions annually.20 Variation
in the prevalence of SCS use globally and
regionally may be attributed to multiple factors,
including patient age, sex, disease severity,
socioeconomic status, level of ICS use, and
access to and reimbursement of alternative
therapies.3,16,17,21 Additional challenges are
faced by children with asthma receiving SCS,
who are at an increased risk of AEs compared
with children with asthma not receiving SCS, yet
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the prevalence of SCS use in children with asthma
remains high.22
Routes of administration and cumulative CS
exposure

Overall cumulative CS burden (see
Supplemental Appendix 1) is particularly high in
patients with asthma, as SCS may be prescribed
on top of a background of other potential
chronic low-level CS administered through a vari-
ety of administration routes and dosing schedules,
eg inhaled, nasal, and topical CS (Fig. 1). For
example, in an Australian study (N ¼ 124,011),
one-quarter of patients with asthma receiving ICS
had also been dispensed potentially harmful
amounts of cumulative OCS.23

SCS are typically administered orally, but are
sometimes given as an intramuscular injection.24

There is insufficient evidence on whether the acute
use of injectable CS is more effective at reducing
relapse in patients with asthma attending the
emergency department than OCS, potentially
owing to factors such as adherence and patient
preference.24 In addition, it has been reported that
80% of patients with severe asthma do not exhibit
an improvement in FEV1 when receiving
intramuscular CS.25 The long pharmacological half-
life of injectable CS and better adherence than
OCS (owing to the administration method) result in
Fig. 1 Cumulative exposure to SCS and the associated AEs. AE, adver
therapeutic efficacy but also a high rate of SCS-
related AEs;26 thus, injectable CS are another form
of SCS that should not be used on a long-term basis.

ICS are recommended for maintenance therapy
across all asthma severities, owing to their efficacy in
reducing inflammation, improving symptoms, and
preventing exacerbations, as well as their improved
safety profile compared with SCS owing to reduced
systemic absorption.1,13,27 Nevertheless, some
evidence suggests that the risk of AEs with high-
dose ICS (see Supplemental Appendix 1) could be
similar to that observed with low-dose OCS (Fig.
1),13,28 while high-dose ICS in combination with
other CSmay further increase the risk of AEs, such as
adrenal suppression.29,30 Although these
observations need to be further investigated, the
potential side effects from high-dose ICS suggest
the need to consider these as part of SCS Steward-
ship, especially when associated with other topical
routes of administration.13

Type 2 (T2) comorbidities (such as eczema/atopic
dermatitis and food allergy) are common in patients
with asthma, which adds to the complexity of man-
agement and treatment because of the increased
risk of exacerbations, poorer asthma control, and
polypharmacy.31–34 Analyses of Severe Asthma
Network in Italy (SANI) registry data reported that a
large proportion of patients with severe asthma
also had T2-related comorbidities, such as rhinitis
se effect; CS, corticosteroid(s); SCS, systemic corticosteroid(s).
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(68.2%) and/or chronic rhinitis with nasal polyps
(42.6%), which can occur in combination.31 Use of
additional steroids for treatment of comorbidities
that are administered using alternative methods,
such as topical steroids for sinonasal disease or
intranasal steroids for nasal polyps,35,36 should
also be taken into account when considering total
steroid load as, despite their limited absorption,
these may lead to a further increased risk of
AEs32,35 and healthcare costs.37

Furthermore, asthma symptoms may lead to inac-
tivity1 that can increase the risk of conditions such as
obesity, type 2 diabetes and osteoporosis,38 which
can be further aggravated by SCS use.32,39

BURDEN OF SCS-RELATED AES

AEs associated with long-term SCS use

It is well documented that SCS-related AEs are
highly prevalent in people with severe asthma
following long-termuse (seeSupplementalAppendix
1).16,40,41 The most common SCS-related AEs (see
Supplemental Appendix 2) include osteop-orosis,
cardiovascular disease, and metabolic
complications.6,16,40,41 Metabolic-related complica-
tions including type 2 diabetes and weight gain
(hazard ratio [HR] 1.26 and 1.14, respectively) are
associated with a dose-dependent increase in SCS
compared with no SCS use (from cumulative expo-
sures [calculated as cumulative prednisolone-
equivalent exposure divided by follow-up duration]
of 0.5–1 g to �10 g compared with >0–<0.5 g).6 An
increased risk of osteoporosis and fractures in
patients receiving SCS is also dose dependent
compared with no SCS use.6 In 1 study, the adjusted
risk in the SCS arm (compared with the non-SCS
arm) ranged from 1.14 times greater for weight gain
to 3.11 times greater for new osteoporosis/fracture.6

The association between SCS use and
cardiovascular complications is also well
documented.6 For example, in a prospective study
of two matched cohorts, use of OCS was associated
with greatly enhanced risk of coronary heart disease
(HR 2.59) and heart failure (HR 3.48).42

AEs associated with acute SCS use

The impact of frequent acute SCS prescriptions,
and therefore high levels of cumulative SCS
exposure over time, is often underestimated by
patients and HCPs.43 Importantly, a recent long-
term observational study (N ¼ 24,117) comparing
patients receiving �2 SCS prescriptions with those
receiving no SCS (median follow-up time was 7.4
years in the SCS group and 6.4 years in the non-
SCS group) demonstrated that serious SCS-
related AEs emerge from cumulative threshold
doses of 0.5–1 g, which are equivalent to 2–4 life-
time acute CS courses.6,43 This suggests that even
short-term SCS use is associated with an increased
risk of acute and chronic AEs.43 Data from a
retrospective cohort study indicate that the
number of OCS prescriptions dispensed within a
year is strongly associated with AEs, irrespective
of dose and duration.44 Patients receiving an
annual cumulative dose of �4 OCS prescriptions
(n ¼ 72,063) had 1.29 times the odds of
experiencing a new CS-related AE within the year
compared with those receiving no OCS (n ¼
156,373).44 The risk of experiencing an AE has
been found to rise with increasing OCS use
regardless of asthma severity.45

In addition to the cumulative effects of frequent
SCS courses over time, 2 recent large studies in
Taiwan and the United States conducted over 3
years (N ¼ 2,623,327 and 1,548,945, respectively)
indicated that the risk of acute and severe AEs
including gastrointestinal bleeding, sepsis, venous
thromboembolism, fracture, and heart failure was
increased in patients who received �1 SCS pre-
scription.46,47 However, few data are available
regarding the contribution of acute SCS use
administered on a background of long-term SCS.
A potential future area of research could identify if
reducing either the long-term or acute SCS will
reduce the risk of future AEs.

Association between SCS and mortality

Three recent studies indicate that long-term SCS
use is associated with a higher risk of mortality
compared with no SCS use.48,49 In a nationwide
study in Sweden (N ¼ 217,993), long-term OCS
use was associated with an increased risk of all-
cause mortality (adjusted HR 1.34; 95% confi-
dence interval [CI] 1.24, 1.45; P < 0.001)
compared with periodic and non-use.48 This
observation persisted after adjustment for age
and sex.48 Similar results were also observed in a
Korean population-based study of 466,941 pa-
tients (8334 receiving SCS long term), in which the
HR of mortality associated with long-term SCS use
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compared with no SCS use in asthma was 2.17
(95% CI 2.04, 2.31).49 Associated mortality rates
were dose dependent and were 2.56 and 1.84
times higher in patients receiving high- (�5.5
mg/day) and low-dose SCS (<5.5 mg/day),
respectively, than in patients not receiving SCS.49

Results remained significant after adjustment for
a number of comorbidities (HR 2.10; 95% CI
1.97, 2.23).49 Finally, a recent UK mortality
analysis evaluating the association between SCS
exposure and mortality found that after adjusting
for potential confounders, greater cumulative and
average daily SCS exposure was associated with
increased mortality.50 Patients exposed to a
cumulative dose �10 g of SCS were more than
twice as likely to die as those with cumulative
doses of <0.5 g, and patients exposed to an
average of �7.5 mg/day were w4.6 times more
likely to die as those exposed to <0.5 mg/day.50

The limitations of these studies must be consid-
ered. For example, as these studies were each
completed in a single country (Sweden, Korea, and
Fig. 2 Barriers to SCS Stewardship in asthma. HCP, healthcare provide
theUnitedKingdom), the results are not likely to take
intoaccount variation in clinical characteristicsbased
on country or ethnicity, and themethodologies used
did not adjust for all potential confounders.48–50 In
addition, OCS use was based only on collected
prescription information, which may not fully reflect
patients" actual medication use, and it is unclear
whether the higher associated mortality was due to
SCS exposure or worsening disease.48–50

Nonetheless, these studies clearly suggest that
there is a potential association between SCS use
and mortality and support the need for SCS-
sparing strategies in asthma.

Patient perspective

Although patients may rely on SCS and prefer to
use them because of the impacts they have on
perceived asthma control and well-being (reviewed
in Fig. 2), patient perspectives emphasize the
detrimental impact of SCS-related AEs such as
weight gain, sleep disturbances, gastric and skin
changes, andpsychological effects.21,40Anxiety and
depression were respectively 2 and 3.5 times more
r; SCS, systemic corticosteroid(s).
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likely inpatientswithOCS-dependent asthma than in
patients with severe non–OCS–dependent or mild-
moderate asthma.51 It is therefore not surprising
that SCS are associated with a substantial
deleterious impact on patients’ health-related qual-
ity of life (QOL).52 In adjusted analyses, use of �4
annual SCS prescriptions (N ¼ 624) was associated
with a significant reduction in measures of health-
related QOL compared with no SCS exposure.52

Despite the clear impact on patients’ QOL, the true
burden of SCS use is relatively unknown as it is not
commonly assessed in outcome studies.53 It is of
great importance for patients and HCPs to be
educated on the associated risks and have open
dialogues about their medications and AEs.

Economic and societal burden

There is a substantial societal impact in terms of
healthcare resource utilization (HCRU) and costs due
to inappropriate SCS exposure,7,16,54 with the
annual cost of SCS-related comorbidities
increasingwith asthma severity.5 In a UK study (9413
matched pairs), HCRU and costs increased annually
for patients receiving SCS compared with patients
not receiving SCS.7 The increase in all-cause AE-
associated HCRU and costs was dose dependent,
with SCS exposure of �7.5 mg/day resulting in 2.3–
3.0 times greater HCRU fromAEs compared with no
exposure to SCS.7 Similar findings were also
reported in a US matched-cohort study of patients
with persistent asthma, in which total healthcare
costs and long-termcomplication-relatedcostswere
significantly greater in patients who had �4 SCS
claims ($22,311 and $2,647, respectively) than in
those not receiving SCS.54

Furthermore, an analysis of data from the SANI
registry estimated the total annual healthcare cost of
OCS-related AEs for patients with severe asthma in
Italy at V242.7 million, representing an incremental
expenditureofwV110.6millionandwV75.2million
compared with the non-asthmatic and moderate
asthma populations, respectively.5 Indirect costs, eg
work productivity losses due to SCS-related AEs,
should also be considered.55A US questionnaire (N
¼ 1109) demonstrated that the mean work
impairment (¼ mean hours of work missed þ hours
worked � impairment while working due to
asthma) of employed patients with severe asthma
receiving long-term maintenance SCS was 34%,
which decreased to 17% in patients receiving
biologics, suggesting that there is an economic
reasoning for reducing inappropriate SCS use and
prescribing biologics to eligible patients.55

Implementing SCS-sparing strategies and SCS
Stewardship

Accumulating evidence indicates that SCS Stew-
ardship, defined as a collaborative systematic effort
to protect patients and reduce the harm from inap-
propriate or cumulative SCS use, is urgently
needed.12,56 This can be achieved through a
multidisciplinary effort to 1) adopt SCS-sparing
strategies, ie, "preventative" measures to improve
asthma control and avoid/minimize exacerbations
and the subsequent need for SCS use, and 2)
implement SCS Stewardship through recognition of
the potential benefits of SCS to patients, while also
providing a structured approach to carefully prevent
inappropriate use (eg, tapering, monitoring of
AEs).12,21 Patient-, HCP- (including pharmacists),
and system-related barriers to adoption of SCS
Stewardship, reviewed in Fig. 2, must be addressed
to reduce inappropriate SCS use and minimize its
burden on the patient and society.21,40,57

SCS-sparing strategies

Strategies for SCS tapering and actionable steps
for achieving SCS sparing and Stewardship are
reviewed in Fig. 3.

Optimize maintenance asthma therapies and
address modifiable risk factors

Primary prevention of exacerbations requiring
SCSby optimizingmaintenance asthma therapies, in
line with guideline-recommended care, is the first
crucial step in reducing inappropriate SCS use.1

Real-world evidence from a recent US database
study suggests that OCS are often prescribed
instead of stepping upmaintenance therapy;w25%
of "high-OCSusers"wereprescribedshort-actingb2-
agonists only during the 6-month baseline study
period.19 Patients with milder severities of asthma
can also receive inappropriate doses of SCS, which
may be prevented with earlier assessment and
optimization of therapies.58 Modifiable risk factors
should be assessed as they may contribute to poor
asthma control (Table 1).1 For instance, inadequate
adherence to ICS and/or incorrect inhaler
technique may lead to exacerbations, requiring
avoidable SCS to be prescribed.23 If a patient’s
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asthma remains uncontrolled after modifiable risk
factors are addressed (Table 1), then specialist
referral is required.1

Timely diagnosis and referral for systematic
assessment by a multidisciplinary team

Patients with uncontrolled asthma need to be
identified and systematically assessed to aid differ-
entiation of difficult-to-treat and treatment-resistant
asthma from severe asthma,1,59 in order to identify
those who may benefit from referral to specialist
care for further endotypic evaluation (to identify the
mechanistic cause), treatment optimization, or
innovative targeted therapies.1,2,12,60 In addition,
distinguishing symptoms that can mimic asthma,
such as vocal cord dysfunction and dysfunctional
breathing, is important in ensuring that an accurate
diagnosis and appropriate treatment are received
for conditions that do not require SCS.34,61

Systematic assessment by a dedicated
multidisciplinary team at a severe asthma center
can provide comprehensive evaluation to optimize
treatment of asthma and related comorbidities and
outcomes for patients.62 Experts advocate that
greater collaboration between specialist and
primary care (eg, primary care physicians [PCPs],
pulmonologists, allergists, and pharmacists) is
important to ensure timely referral.36 Studies
indicate that systematic assessment of patients at
dedicated severe asthma centers is associated with
improved QOL and asthma control, reduced
healthcare use, and reduced burden to the
patient.63,64

Ideally, all patients with severe or difficult-to-treat
asthma should be referred to specialist care when-
ever possible; however, many patients with asthma
who could benefit from such a referral remain in
primary care, which may lead to further inappro-
priate SCS use.65 Delayed referrals may occur as a
result of a lack of coordination within the
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healthcare system or restrictive referral criteria (eg,
only those who meet specific severity criteria will
qualify).65 Timely and appropriate referral of
patients with asthma to specialist care provides
access to add-on therapies (including conven-
tional therapies and biologics; Table 1), decreases
long-term SCS use, improves asthma control, and
may reduce morbidity and mortality.63 However,
access to treatment options like biologics is
limited in some areas globally, especially in lower-
income countries,57 and a recent review of severe
asthma biologic prescription criteria across 28
countries revealed that there is substantial
variation in criteria for use, including factors such
as a patient requirement for long-term OCS use.66

The literature supports >2 courses of OCS in the
previous year or a cumulative SCS dose of 0.5–1 g/
year (equivalent to 2–4 courses/year) as a trigger
for referral of a patient for specialist evaluation
and care because of the increased risk of AEs.6,67

However, of the 8% of patients with severe asthma
in a UK database study (16,409 of 207,557), 72%
had not been reviewed or referred to a specialist
in the last year and 56% had no record of ever
being referred.65 In countries such as Belgium,
referral alerts are embedded in primary care
software to allow PCPs to identify patients who
meet certain SCS-related criteria (eg, medium-to-
high-dose ICS-LABA with �1 OCS prescription)
and should thus be referred for specialist assess-
ment.36 Such alerts should incorporate pharmacy
data with patient files to ensure that complete use
of SCS is captured.36 Integration of referral alerts
into primary care and pharmacy software may
Alternative therapies to SCS

� Add-on therapies (if not already attempted)
‒ LTRA
‒ Tiotropium/triple therapy
‒ Azithromycin
‒ Biologics

� Sublingual immunotherapy

Table 1. Alternative therapies and modifiable risk factors. AE, adverse effe
systemic corticosteroid(s). aTreatment includes allergen-specific immunotherapy,
improve the communication between PCPs and
specialist care and accelerate identification of
patients who may benefit from specialist
referral.36,67 While global recommendations
suggest that some clinical situations warrant
referral to specialist care for assessment/
treatment, referral is not always possible owing to
the variation in asthma care, policy, and health
systems in different countries.1

Assess biomarkers and implement a personalized
treatment approach

Severe asthma comprises multiple phenotypes
that underlie the need for a personalized treatment
approach through specialist care.68 A personalized
approach to asthma management ensures that
treatment is tailored to suit individual patient
needs.68,69 Global recommendations for asthma
management suggest that treatment decisions
should take into account patients" disease
characteristics and phenotypes to predict their
response to treatment.1 A coordinated effort to
improve phenotyping and biomarker-driven ap-
proaches to severe asthma therapy is needed.2

Although there may be some overlap, T2 bio-
markers (fractional exhaled nitric oxide [FeNO],
blood eosinophils, and IL-6) play a central role in
successful SCSStewardship in asthmaas theycanaid
in determining treatment responsiveness toSCS and
SCS-sparingadd-on therapies.1,69,70 In patientswith
T2 inflammation (despite high-dose ICS), SCS use
may be efficacious and clinically justified as they
primarily suppress T2 inflammation,71 whereas in
Modifiable risk factors

� Smoking
� Comorbidities
� Incorrect diagnosis
� Major psychological problems
� Major socioeconomic problems
� Food allergy
� Allergen exposure if sensitizeda and inhaled
pollutants

� Incorrect inhaler technique
� Suboptimal treatment adherence
� Medication-related AEs
� Regular use or overuse of SABA

ct; LTRA, leukotriene receptor agonist; SABA, short-acting b2-agonist(s); SCS,
where appropriate.
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patients with non-T2 endotypes, escalating doses of
SCS can contribute to the SCS burden with little/no
therapeutic effect.1,16 If other treatment options are
not viable, the Global Initiative for Asthma (GINA)
report 2022 suggests that biomarkers for T2
inflammation (FeNO, blood eosinophils, and
sputum [if available in the clinical setting]) are
assessed prior to OCS treatment as OCS can
suppress these biomarkers.1 For example, blood
eosinophils are used as a marker in risk prediction
tools for exacerbations and have also been linked
to a response to biologics.72,73 Furthermore,
evolving advances in our understanding of the
microbiome suggest that it may have a role as a
biomarker for T2 asthma and in the future this may
lead to the identification of new biomarkers to
facilitate treatment choices.70 Thus, the initial
assessment of biomarkers for T2 inflammation prior
to SCS initiation (or at the lowest possible dose)1

may determine the likelihood of clinical
response,74 and help reduce additional
unnecessary exposure.1 In addition, 50.3–83.8% of
patients with severe asthma are most likely to have
an eosinophilic phenotype, which if identified (eg,
through an evidence-based eosinophil algorithm
that utilizes variables accessible to both primary and
secondary care) may help to reduce severity and
HCRU owing to earlier introduction of appropriate
therapies.75,76 Easily measured, available
biomarkers should be assessed early in patient
care, and strategies to guide treatment plans
based on patient response to therapies should be
part of primary care interventions and included in
specialist software.1,16,73,77
Utilize SCS-sparing therapies

SCS-sparing therapies can be utilized to elimi-
nate inappropriate SCS use.36,78 In patients with
uncontrolled asthma despite high-dose ICS/LABA
and no evidence of T2 inflammation, additional
non-biologic add-on treatments should be
considered by a specialist, eg additional controller
therapy with a long-acting muscarinic antagonist
(LAMA; triple therapy) and low-dose azithromycin
(adults).1 For example, tiotropium as an add-on to
ICS and LABA has been shown to reduce the risk
of asthma exacerbations and provide modest
sustained bronchodilation,79,80 and triple
therapies (LAMA, ICS, and LABA) have been
shown to improve lung function.81
In patients with T2 inflammation, add-on biologic
T2-targeted therapies should be considered prior to
the use of long-term SCS (Table 1).1 As well as
reducing exacerbations, therapy with several
targeted biologics, such as with omalizumab,82

mepolizumab,83 benralizumab,84 and dupilumab,85

has been shown to reduce or eliminate SCS use in
severe asthma, emphasizing the importance of
considering add-on therapies to minimize SCS
use.16,83–85 In addition, some patients with asthma
develop airflow limitation due to airway
remodeling,1 which may be preventable with earlier
administration of alternative treatments, thus
preserving lung function. This is demonstrated by
improvement in lung function while maintaining
acute bronchodilator responsiveness with targeted
biologic therapies.85,86

According to national and international registry
data, OCS sparing should be considered as the
primary outcome in managing severe asthma
owing to the impact that OCS exposure has on the
patient’s QOL (eg absence from work or
decreased productivity) and reduction in AE-
associated costs.55,78
SCS STEWARDSHIP

Only use SCS when clinically justified

A treatment aim is to achieve remission. A pro-
posed criterion for asthma remission is no need for
SCS;87 therefore, prevention of inappropriate short-
and long-term SCS use is important, where
possible.88 In aDelphi consensus relating toOCSuse
and tapering, asthma experts concluded that long-
term OCS use is not appropriate when other treat-
ments are available; however, if no alternative treat-
ments are suitable, the lowest steroid dose should be
utilized (�5 mg/day).89 GINA suggests that OCS are
effective treatments for acute exacerbations1 as their
early use has been shown to reduce hospitalizations
and relapses to additional care.1,90,91 However,
consideration has to be made to the emerging
evidence describing the risks associated with
repeated acute courses of OCS,6,44,47,89 which has
recently been acknowledged in the GINA 2021
update slide deck10 and Italian asthma
recommendations.11 Unfortunately, there is a lack of
alternative options for targeted treatment of acute
exacerbations, but these may be reduced through
frequent monitoring of symptom control and risk
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factors, optimization of standardized treatments to
prevent exacerbations, and targeted biologics to
reduce exacerbations and OCS use.1,78,89 Global
recommendations suggest that monitoring of
symptom control should occur regularly, using tools
such as asthma questionnaires, not just when
patients present with worsening asthma control.1 It
is of utmost importance to assess the patient’s
asthma after an exacerbation in a timely manner to
identify the cause and triggering factors (eg,
influenza), and to regularly monitor asthma control
to guide necessary changes in the patient’s
treatment (eg, smoking cessation and improved
adherence to treatments), thus reducing the
likelihood of further exacerbations.1,92 Asthma
action plans should be provided and reviewed with
patients regularly to reduce the risk of further
exacerbations and ensure that inappropriate SCS
use is not incorporated into a patient’s treatment.1,93

When using SCS long term, use the lowest
possible dose, and taper as soon as possible

Tapering involves slowly reducing the dosage of a
medicine to the lowest possible dose, often followed
by continuous monitoring.1,94 Despite experts
agreeing that OCS tapering is important to avoid
burden to the patient, a standardized approach is
lacking.89 OCS tapering regimens using biologics
such as mepolizumab83 have been proposed in
some trials. The PONENTE trial (the largest OCS-
sparing trial to date in severe asthma) investigated
the safety and effectiveness of a rapid, individualized,
steroid-reduction algorithm, including adrenal insuf-
ficiency (AI) monitoring, after benralizumab initia-
tion.95 The primary endpoints of the trial included
whether patients achieve 100% reduction in daily
OCS use and/or achieve OCS dosage of �5 mg/day
if AI prevented further reduction (both sustained
over �4 weeks without worsening of asthma).95 The
trial used an algorithm to taper OCS when
prednisolone dosage is �5 mg/day, and included a
longer maintenance phase (w24–32 weeks) to allow
assessment of asthma control following completion
of tapering.95 In the trial, 81.94% of adults with
asthma receiving prednisolone for �3 months (n ¼
598) eliminated OCS use, or their daily use was
reduced to �5 mg/day if AI prevented further
reduction, with benralizumab.29 In a Delphi
consensus on OCS tapering, asthma experts
reached consensus on an OCS tapering
algorithm.89 Tapering should be attempted in all
patients with asthma receiving OCS long term,
especially if other treatments are available (Fig. 3).89

Tapering should be personalized to each patient as
certain factors will influence the speed and rhythm
of tapering to CS cessation, or reaching the lowest
possible dose during long-term therapy.89

Standardized tapering schemes (eg, from the
PONENTE trial) should be utilized and
individualized based on the patient and be made
available for use internationally.

Identify and manage adrenal insufficiency

One challenge that can impede successful
tapering of SCS is that withdrawal of long-term CS
can result in suppression of the hypothalamic-
pituitary-adrenal (HPA) axis, leading to AI, which
becomes evident after SCS withdrawal.95,96 AI
cannot be accurately predicted by CS dose or
duration of treatment.94 Patients receiving OCS are
at greatest risk of AI compared with those receiving
nasal and topical CS, and ICS, but consideration
should be given to their cumulative effect.96 As AI
can have serious consequences for the patient,
tapering of OCS must be done carefully and slowly
(Fig. 3),21,94,96 and with guidance from an
endocrinologist, when appropriate and feasible.56

However, the risk of AI becomes more apparent at
doses of OCS �7.5 mg, which correspond to
physiological levels.29 The PONENTE trial suggests
an OCS tapering protocol that includes an HPA axis
integrity evaluation to identify AI after 4 weeks in
patients who have reduced their OCS dosages to 5
mg/day, or 4 weeks after the first dose of
benralizumab before OCS reduction in those with 5
mg/day OCS at baseline.95 Adrenocorticotropic
hormone stimulation tests are also suggested
within 1 week after the HPA evaluation if partial AI
has been found.95

Monitor use and AEs closely

Although SCS use has not historically been
closely monitored in the past, geographic map-
ping of severe uncontrolled asthma across the USA
has been recently completed in order to assess CS
usage to guide therapies and improve outcomes
in patients with severe asthma.20 After adjusting
for variables such as cities with the greatest
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disease burden, some counties (smaller regions
within states) were found to have higher rates of
SCS prescriptions and rates of asthma-related
mortality than others, highlighting the need for
monitoring of SCS prescriptions so that SCS
Stewardship strategies and education can be
implemented in the areas with the highest need.20

It was concluded in a Delphi consensus that
when SCS use is deemed appropriate, patients
should be closely monitored for glycemic control,
bone density, and blood pressure.89 Techniques
such as a glucocorticoid toxicity index are being
developed to facilitate monitoring of patients
while tapering.97 Identification of use of recurrent
courses of SCS is important; this can be achieved
through alerts at the pharmacy or primary care
level and should be built into primary care
software as a safeguard.21
Shared decision making between patients and
healthcare providers

The Patient Charter for severe asthma was
created to empower patients through mobilizing
stakeholders in asthma healthcare to address the
unmet need and burden in severe asthma.60 The
charter consists of 6 core principles, one of which
states: "I deserve not to be reliant on oral
corticosteroids",60 highlighting the need for
patients to be empowered to discuss alternative
treatment options with their HCP. The OCS
Stewardship statement (2018), endorsed by
multiple asthma organizations, highlights the
need to educate patients about the risks
associated with OCS and available treatment
options.12 More than half of patients surveyed by
the Asthma and Allergy Foundation of America
were not aware of other innovative treatment
options for their severe asthma.12

Shared decision making between patients and
HCPs should be encouraged to ensure that care
focuses on reducing the impact of AEs and
symptoms on patients" daily lives.60 Risk
prediction formulas have been developed that
estimate the risk of an AE (eg, osteoporosis)
occurring after OCS exposure; this may help
patients to understand their individualized level
of risk and guide shared decision making
between patients and HCPs.98 Shared decision
making has been strongly supported by asthma
experts, especially during the SCS tapering
process,89 and has also been shown to benefit
other aspects of care, such as adherence to
medication and health-related QOL.99

CONCLUSIONS

It is of utmost importance for HCPs to take
ownership of increasing awareness of the risks
associated with inappropriate long- and short-term
SCS use by implementing SCS Stewardship and by
following the strategies outlined in this review to
prevent and reduce the harm to patients. SCS use
should be reduced to the lowest possible dose
and managed through tapering and sparing stra-
tegies. Close monitoring of SCS use is crucial, as
well as frequent reassessment of treatments,
asthma control, exacerbation occurrence, and
modifiable risk factors. Although the focus remains
on OCS, other CS (inhaled, topical, and injectable
CS) contribute to systemic steroid load and should
be considered as part of SCS Stewardship.

Future directions include additional research to
develop alternative treatments to SCS for poten-
tially life-threatening exacerbations and develop-
ment of standardized guidelines to aid HCPs in
adopting efficient tapering schemas that are indi-
vidualized for each patient and the severity of their
asthma. Increasing access and affordability of
asthma therapies, including SCS alternatives, is of
great importance. There is also a need for global
and local guideline reform to ensure adoption of
structured SCS Stewardship programs in clinical
practice to enable a robust, joined-up approach.
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