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ABSTRACT Options to achieve oral corticosteroid (OCS)-sparing have been triggering increasing
interest since the 1970s because of the side-effects of OCSs, and this has now become achievable with
biologics. The Société de Pneumologie de Langue Frangaise workshop on OCSs aimed to conduct a
comprehensive review of the basics for OCS use in asthma and issue key research questions. Pharmacology
and definition of regular use were reviewed by the first working group (WGI1). WG2 examined whether
regular OCS use is associated with T2 endotype. WG3 reported on the specificities of the paediatric area.
Key “research statement proposals” were suggested by WG4. It was found that the benefits of regular OCS
use in asthma outside episodes of exacerbations are poorly supported by the existing evidence. However,
complete OCS elimination couldn’t be achieved in any available studies for all patients and the panel felt
that it was too early to conclude that regular OCS use could be declared criminal. Repeated or prolonged
need for OCS beyond 1 g-year " should indicate the need for referral to secondary/tertiary care. A strategic
sequential plan aiming at reducing overall exposure to OCS in severe asthma was then held as a conclusion
of the workshop.
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Introduction

Since the first synthesis of corticosteroids in 1944, these drugs have largely dominated the treatment of
severe asthma [1, 2]. Inhaled corticosteroids (ICSs) have been recognised as the cornerstone of asthma
treatment in the context of accumulating evidence that asthma is an inflammatory disease [3-5]. The
representations of both asthma and corticosteroids are highly associated in the general population, patient
communities and in a broader view throughout the medical world. Oral tablets of corticosteroids (OCSs)
decidedly revolutionised the management of asthma. In the late 1960s, a mere 20 years after their initial
release, OCS sparing was recognised as a primary outcome in studies testing ICSs [3]. At that time, it was
already emphasised that the benefit from ICSs was sometimes insufficient when a complete OCS
withdrawal could not be achieved [6].

The new revolution provided by biologics now allows for challenging systemic corticosteroid use in asthma
as the OCS-sparing effect is a main outcome in severe asthma management. Type 2 airway inflammation
is now viewed as a key inflammatory process underlying asthma pathogenesis in a majority of patients,
and this understanding was provided mostly through the identification of corticosteroid targets [7-9].
Dissection of these mechanisms led to the development of monoclonal antibodies directed against key
biological processes gathered under the T2 pathway. These drugs impact on exacerbation rates and lung
function in some, but not all, subjects with more severe asthma. In addition, pivotal OCS-sparing trials
with these biologics were successful enough to change guidelines, where these drugs are now cited as
‘preferred options’ [5]. Nonetheless, surveys reveal that OCSs are still widely used as controllers in about
20% of patients with severe asthma and, most frequently, as rescue medications through repeated bursts
using doses suspected to be as toxic as regular use of lower doses, and also in children with severe and
nonsevere asthma [10-13]. Very few prospective and long-term longitudinal studies are available, but it
was suggested that this strategy exposed patients to an increased risk of death [14-18]. Side-effects of
OCSs are well known to the pulmonologist and involve virtually all organs. Interestingly, OCS-sparing
strategies are developed in nearly all areas where OCSs are regularly used, not only for improving
outcomes but also to address safety concerns [19-21].

Accordingly, the bold statement that “regular use of OCSs in asthma should be declared criminal” was
provocatively repeated on different occasions by multiple expert clinicians experienced in the management
of both adults and children with severe asthma.

Methods

As a consequence, the Asthma and Allergy Group of the Société de Pneumologie de Langue Francaise
arranged a workshop to address this urgent question. The workshop was held in Paris, France and took
place on 6 and 7 September 2018. Because a high-quality systematic review was recently released [22], it
was considered futile to perform an additional systematic review, and the panel decided to concentrate its
efforts on selecting key findings only. It was also decided to establish a list of key research questions and
proposals ranked by the participants and weighted by the level of evidence available. The panel was
comprised of experts in managing severe asthma and who were involved in OCS tapering trials with
biologics, and experts in understanding pharmacology and physiology of corticosteroids and of the adrenal
gland. Our working group expanded a list of statements on OCS use based on the clinical experience and
expertise of the panel, current literature and the state-of-the-art presentations given by the scientists. A list
of statements was first made available to all participants and those that were ranked the highest during a
subsequent joint session were retained. For each statement, participants were further asked whether
available evidence was of sufficient quality and were also asked to score their level of conviction/support.
Evidence was graded according to the Oxford levels of evidence document [23].

History of OCS in severe asthma

The burden of OCS is the key to all definitions of severe asthma

Whereas multiple definitions of severe asthma have been proposed in adults and children, none of them is
considered to be self-sufficient for the development of new drugs [5, 24-27]. It actually seems that the only
convergence between academic definitions and inclusion criteria in randomised controlled trials is the
burden of treatment assessed through levels of exposure to B-2 agonists and, most importantly, to ICSs and
systemic corticosteroids. Beyond uncontrolled symptoms and variable airflow obstruction, the use of
systemic or OCSs for >50% of the year is the given threshold for severity in most academic definitions.
Repeated OCS burst or daily OCSs despite high-dose treatment, including ICSs, are the main criteria for
defining severe asthma in children. Epidemiological data showed that a significant increase in the risk of
severe side-effects could appear at levels as low as 0.5 g-year ' and became highly significant at levels
>1 gyear™' [15, 28-31]. Most randomised controlled trials used much lower thresholds, usually set at two
episodes per year requiring OCS use for >2 days. In OCS-sparing trials, continuous use of OCSs at a daily
dose of at least 5 mg for >6 months was considered [32-34]. Interestingly, these trials were designed very
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similarly and were based on primary outcomes nearly identical to those developed for registration studies
with ICSs in the 1970s [3]. Surprisingly, in France as in other countries, OCS use is still increasing [12, 17].
Chronic airway diseases are by far the most common reason for using OCSs in the short, middle and long
term [35].

Building on these shared views, a simple clinical workflow has been developed and promoted as a guidance
for managing difficult-to-treat patients [5, 36]. Although unspecific and encompassing many different
situations, the word “difficult” mostly refers to frequent use of OCSs [37]. Ruling out alternative diagnoses
and interfering comorbidities represent the two main pillars of this workflow. The third pillar, poor
adherence, still challenges both patients and physicians. As poor adherence to ICSs is known to increase the
risk for more frequent bursts of OCSs, it is highly likely that the burden in terms of side-effects in this
population would be at least the same. In children, mechanisms of resistance to ICSs may be different
according to age, with a large part of preschool severe asthma not related to allergy and/or eosinophilia
[38-40]. Furthermore, severity may be related to lung function alteration, with a fixed airway obstruction or
a progressive decline in forced expiratory volume in 1 s (FEV}), despite ICS daily treatment [41].

Poor corticosteroid response

The heterogeneity of asthma is inherent to its definition which is based first on airway
hyperresponsiveness and secondly on an undefined chronic inflammation. Building a step-by-step
classification of severity based on ICS requirements to achieve control implies that the disease is
steroid-sensitive in a dose-dependent manner and becomes severe when ICSs alone fail to obtain control
despite being used at their highest dosage. Whether this should be referred to as a “resistant”,
“insensitive”, “poorly sensitive” or a “refractory” disease is a literal debate potentially misleading for
non-native speakers of English. Resistant or refractory means that the disease will not benefit from
corticosteroids irrespective of dose or route of administration, which is extremely paradoxical considering
the OCS-based definitions of severe asthma. The ICS step-up strategy proposed through the Global
Initiative for Asthma steps 2-5 in its former versions is supported by large trials such as GOAL (Gaining
Optimal Asthma Control) [42], where the incremental benefit of the highest doses appeared limited. Now
the Global Initiative for Asthma step-up plan (which is mostly based on existing evidence) proposes an
approach based on the targeting of multiple pathways (long-acting B-agonists, long-acting muscarinic
receptor antagonists, leukotriene receptor antagonists and specific immunotherapy, for example) rather
than fostering the increasing dose of ICSs [43]. Maintenance and reliever therapies based on
ICS-long-acting B-agonists as needed were shown to be superior to regular therapies with short-acting
B-agonists on demand in reducing exacerbation rates, and this is also suggestive of a certain level of ICS
dose-dependency of the underlying airway inflammation. ICSs were developed as OCS-sparing agents [3]
and it is likely that some of these effects are driven by their systemic passage, given their ability to induce
hypothalamic-pituitary—adrenal (HPA) axis slowing and other systemic related adverse events, such as
skin bruising for instance [44].

Intuitively, the efficacy of OCSs in situations where ICSs have failed can relate to several situations: 1) ICSs
are unable to reach their target because of inappropriate handling and/or an unreachable target (e.g. distal
inflammation including the bone marrow and/or mucus plugging, and upper airway inflammation such as
chronic rhinosinusitis with nasal polyps; 2) the target is reached but insufficiently silenced by ICSs due to
molecular interferences; 3) the systemic part of the disease is playing a greater role than expected (e.g. when
OCS-dependent asthma is the apparent feature of otherwise occult eosinophilic granulomatosis with
polyangiitis (EGPA)); 4) patients have an inflammatory drive that is intrinsically relatively corticosteroid
unresponsive; 5) the patients have a lesser response to ICSs than the average subject; and 6) subjects
benefit from nonrespiratory effects (e.g. central nervous system effects such as pain relief or excitation) of
OCSs [45, 46]. The OCS-sparing effects of anti-interleukin (IL)-5, anti-IL-5R and anti-IL-4R do not
always enable complete weaning. Aside from supplementation of a potential adrenal insufficiency, the
positive benefits of OCSs over ICSs may go beyond T2 suppression via additional mechanisms
(e.g. nongenomic effects) in these patients. Accordingly, a more accurate understanding of the biological
effects of corticosteroids is required.

Pharmacological evidence: mechanism of action and side-effects

Biological evidence and mechanism of action

The mechanism of action of steroids is actually not perfectly known [47, 48]. This is quite surprising in
view of their frequent use in the general population along with a relative perception of efficacy and safety.

Glucocorticoids (GCs) bind to the glucocorticoid receptor (GR) and the complex GC-GR will be
translocated into the cell nucleus with the help of one member of the importin family [49]. The GC-GR
complex will then bind to specific DNA structures and induce or repress target gene expression.
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Nongenomic effects of corticosteroids are related to direct interaction with other proteins, including
transcription factors [7].

Based on the clinical response to a burst of corticosteroids (usually defined as the ability to improve FEV; by
10-15%) [50-52], multiple in vitro and/or ex vivo assays deciphered several biological scenarios, underlying
impaired corticosteroid sensitivity, such as reduced or impaired GR expression or binding, maladapted
importin7-GR interaction that can lead to decreased nuclear translocation and, more classically, reduced
glucocorticoid responsive element accessibility as a consequence of histone acetyltransferases/histone
deacetylases imbalance [53-56]. Among histone deacetylases down-regulators, cigarette smoking, obesity
and microbial pathogens look highly relevant in the context of poor steroid sensitivity.

Other factors, such as poor absorption affecting prednisone bioavailability [57] or poor treatment
adherence, may also be investigated in the context of poor steroid efficiency.

Appropriate understanding of steroid responsiveness fundamentally requires clear objective criteria,
reflecting responses to these agents. This would allow for a more accurate assessment of the underlying
biological processes involved. However, it is unlikely that the biological mechanisms associated with
changes in lung function after a burst of systemic steroids would be exactly similar to those involved in the
prevention of recurrence of exacerbations.

Finally, various models and different samples from humans showed that T2 inflammation and steroid
responsiveness grossly go along each other [9, 58, 59]. IL-4 and IL-5 seem to be major steroid targets. In
contrast, inflammatory pathways considered to be outside the borders of T2 mechanisms (e.g. T-helper cell
(Ty)1 and Tyl7 [60], and their associated pathways of Toll-like receptor, NOD, phosphatase and tensin
homolog and phosphoinositide 3-kinases) have been associated with poor steroid response [61-67]. Bronchial
smooth muscle cells are also poorly sensitive to corticosteroids, but this is not specific to severe asthma.
Indeed, although the expressions of both C-EBPa. and GR were reduced in the bronchial smooth muscle of
both severe and nonsevere asthmatics, there is an impaired nuclear translocation of the GR following
dexamethasone, only in severe asthmatic patients [68-72]. Similarly, fibrocytes obtained from patients with
severe asthmatic appear insensitive to dexamethasone compared to those obtained from nonsevere patients
with asthma or healthy controls [73, 74]. In a study of childhood difficult asthma, only 11% of 102 patients
were shown to be completely corticosteroid unresponsive to a single intramuscular injection of triamcinolone,
indicating that 89% of the patients had some degree of corticosteroid responsiveness [75].

In the U-BIOPRED cohort, some patients treated with systemic steroids did not have a high expression of
the GR signature. It was also shown that infection-induced impairment of GR translocation to the nucleus
was mostly driven by the JAK-STAT pathway [65].

Alarmins such as IL-33, thymic stromal lymphopoietin and IL-25 [76-80] are poorly steroid sensitive and
targeting monoclonal antibodies is currently under development in the field of severe asthma. Whether
they will modulate most of the pathways targeted by corticosteroids is also an extremely relevant question
to anticipate in ICS-sensitive mild-to-moderate asthma. The alarmins pathway may be particularly relevant
in children, especially in those with severe asthma prone to frequent exacerbations mainly triggered by
viruses (rhinoviruses), which induce alarmins secretion by bronchial epithelial cells [81, 82].

Clinical and physiological evidence

A Dburst of steroids induces numerous changes in symptoms, exacerbation rate, pre- and
post-bronchodilator FEV; values, methacholine provocative dose causing a 20% fall in FEV;, sputum and
blood eosinophil counts and exhaled nitric oxide fraction (F.no) [83]. The best responders in terms of
lung function can be identified on the basis of bronchodilator reversibility, blood and sputum eosinophil
counts and high F.yo levels [75, 84]. Features of airway remodelling, such as basement membrane
thickening, which can be reverted by ICSs, were nonetheless shown as a limiting factor [85]. Bronchial
vessels and airway smooth muscle layers were also shown to be reachable by corticosteroids [86, 87].

0CS use among endotypes and phenotypes

OCSs are specific to T2 airway inflammation

OCSs are mostly effective on T2 inflammation and changes in FEV, are often used to measure their effects,
assuming the link between T2 inflammation and airway hyperresponsiveness. Conversely, long-term or
regular OCS bursts are now becoming a T2 surrogate marker. Potentially, a low level of remaining
eosinophilic inflammation might be considered in OCS-treated patients as predicting the benefit of a
T2-targeted drug; a threshold of 150 cells-mm™ in the blood has been often proposed [32, 33]. Incidentally,
this supports the assumption that eosinophils are driving the disease in such cases. Since 2009, it has been
known that having a T2 signature at the epithelial level is associated with a steroid-induced FEV,
improvement. Actually, not all T2 cytokines share similar steroid sensitivity. In addition, the microbiome,
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when oriented towards Actinobacteria [51], is likely able to decrease steroid sensitivity. Recently, the
simplistic view that T2 profile and OCS sensitivity are superimposed was challenged when alarmins such as
IL-33 and thymic stromal lymphopoietin, thought to belong to the T2 axis, were shown to have poor
steroid sensitivity. Finally, some patients have mixed steroid sensitive/insensitive signatures (e.g. combining
T2 and Ty17 profiles).

Paediatric aspects

Use of daily OCSs in children seems unevenly distributed among a cohort of severe school and
preschool-aged children with asthma among different countries, ranging from 0% to ~25% [88-90].
Follow-up in an expert centre may explain the highest frequencies, as well as recruitment before the
availability of biologics. Daily doses are extremely poorly reported but tend to be similar to those seen in
adults with a median of 10 mg.

Bursts of OCSs in children are likely to be more frequent than in adults. In an analysis of health plan
computerised claims data, 2-5% of children with asthma received three or more bursts per year, with more
in the youngest (aged 1-8 years) than in the oldest children [91]. The frequent repeated prescription of
OCS bursts in preschool-aged children with asthma (<4years of age) was also shown in a Dutch study [92].
In the school-aged children with severe asthma from the U-BIOPRED cohort, the median was 3 severe
exacerbations requiring OCSs in the previous year [90]. In a French cohort of 104 children with severe
allergic asthma treated with omalizumab, 68% had more than two bursts of OCSs for severe exacerbations
in the year before the initiation of treatment [88]. Finally, in a study comparing the efficacy of daily home
spirometry to a conventional strategy, conducted during 1 year in 50 French children with severe asthma
and a history of frequent severe exacerbations, a median of three severe exacerbations (interquartile range
(IQR) 1-4) and a median duration of treatment with systemic corticosteroids per patient for 12 days (IQR
4.0-22.0) were observed in the conventional arm.

Expressed as number of days on OCSs, it seems that adrenal insufficiency risk begins at around 20 days per
year [38, 88-90, 93, 94]. Side-effects are nonspecific but probably more carefully assessed especially the
slowing of the HPA axis in the visible way that it impairs and/or delays growth. Decreased bone density or
associated surrogate marker and impaired glucose tolerance are also evident in children overexposed to OCSs,
not necessarily exactly parallel to reported excessive weight gain [95-101].

Accordingly, OCS-sparing or, more appropriately, OCS-preventing strategies are extremely critical in children
with severe asthma. New treatment strategies with biologics reduce daily systemic corticosteroids and OCS
bursts, close to zero. This has been reported in real-life omalizumab studies in a large number of children
with severe allergic asthma [93, 102]. However, these expensive drugs are not available all over the world and
also not to preschool children [103]. Because low FEV] is associated with OCS use in adults, trajectories of
FEV, are extremely meaningful for early identification of at-risk patients. Unfortunately, determinants of
low FEV, during development and childhood are poorly identified (probably similar to what is known in
COPD) [104]. In a cohort of children with mild-to-moderate asthma, asthma beginning in early life, frequent
exacerbations, multiple allergic sensitisations, poor environment, and high bronchial hyperresponsiveness
have been associated with airway growth impairment [104]. The impact of fetal exposure to tobacco and
early-life viral infections, especially lower respiratory tract infections of respiratory syncytial virus on lung
function has been highlighted. Furthermore, the efficacy of ICSs and also OCSs in preschool children with
asthma is lower than in older children, because of different asthma pheno-/endotypes, indicating that other
early and efficient interventions are an extremely urgent unmet need [105]. Moreover, the results of the
ongoing trial with omalizumab, started 2 years ago, even in mild asthmatics with a positive modified Asthma
Prediction Index are eagerly awaited, as well as strategies targeting viruses (vaccines, antiviral drugs) [106].
Similarly to what is currently claimed in adults, the usefulness of referral to expert centres is demonstrated
but needs better implementation for routine procedures, especially in rural areas [107-109]. Flagging the
yearly consumption of OCSs should be tested as a trigger for referral. Assessing surrogate markers of asthma
drivers with the aim of initiating an OCS-sparing drug also looks obvious at this age.

Side-effects

Steroid side-effects are well known. They can appear with early-life exposures and last for the patient’s
entire life. Oral steroids are used in asthma at very high doses compared to most other inflammatory
conditions, such as rheumatoid arthritis. The different modes of administration (e.g. inhaled, systemic,
transcutaneous, nebulised, intranasal) probably exert cumulative effects because even local routes are
associated with some level of systemic exposure, which is rarely, if ever, taken into account. Additional
effects of high-dose ICSs should be better known. Recurrent bursts may have effects differing from those
of long-term daily exposure, but this remains to be further explored in real-life studies. Individual
susceptibility to steroid side-effects is extremely heterogeneous [110], which supports the need for
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additional tests. These could be based on epigenetic modifications and/or pharmacogenetic findings. Costs
associated with the prevention and management of steroid side-effects should be considered, while
discussing the cost-effectiveness of corticosteroid-sparing strategies.

Common corticosteroid side-effects

Cardiovascular

Recognition of an increased cardiovascular risk associated with corticosteroid exposure is relatively new
and, so far, this risk has not been well assessed, although given the odds ratios found in different studies,
this should be considered as a primary concern [18, 28-31]. Surprisingly, in the cardiology world it is still
not cited in the list of cardiovascular risk factors. It is not known whether cardiovascular effects of
corticosteroids are direct or indirect (due to weight gain, diabetes and hypertension, for example) [111].
Of note, confounding factors can blur the signal in the context of systemic inflammation, myocardial
eosinophilic infiltration [112-115] and combined or precipitating effects of bronchodilators (and
macrolides whenever applicable [116]). Long-term follow-up of OCS-treated patients with severe asthma
reported that excess mortality was mostly attributable to cardiovascular events [14, 16, 117]. Increased
thickness of arterial intima/media and the left ventricle wall has been reported in asthmatics. How to
achieve optimal screening for and prevention of cardiovascular complications in patients with asthma is
unknown but we plea for the implementation of specific guidelines as proposed rheumatoid arthritis [118].

Infection

Pneumococcal vaccines are now recommended in patients with asthma, especially those receiving
corticosteroids [119, 120]. It is difficult to distinguish between infections related to the course of the
disease and infectious adverse events attributable to corticosteroids, directly or through the occurrence of
hypogammaglobulinemia or diabetes [121, 122]. Interesting debates aimed to establish whether some
chronic infection with, for example, Mycoplasma, Chlamydia spp. or Pneumocystis carinii, could play a
role in perpetuating asthma [123].

Osteoporosis

Corticosteroid-induced osteoporosis still merits attention in asthma as in other steroid-treated diseases [124].
In addition, ICSs have also been shown to decrease bone density and this probably represents an additional
risk on top of OCSs. Odds ratios of ~1.5 were found to be associated with regular OCS use in registries and
insurance claim databases [18, 30]. Screening mostly relies on biphotonic bone absorptiometry but when it
might be optimally performed remains unclear in the context of asthma. Treatment-effect modifiers may
include cumulative dose (a significant increased risk was identified above 0.5 g-year™', and was highly
convincing above 1 g-year'), duration, age, sex and other risk factors. Risk heterogeneity among subjects
suggests the need to build and validate global predictive scores [110]. In children, rather than daily ICS
treatment, repeated OCS bursts have been associated with osteoporosis risk, especially in boys [100, 125].
Adequate intake of calcium and vitamin D could prevent or blunt the effects on bone mineral accretion.
Recently, a large case-control study reported a relationship between risk of bone fracture and bursts of
systemic corticosteroids but not with ICSs in patients with asthma [126].

Metabolic syndrome and weight gain

A vicious circle probably links poorly controlled asthma, high corticosteroid exposure and obesity, even in
children [101]. Interestingly, heterogeneities exist among countries and continents. A metabolic phenotype
driven by IL-6 has been identified in the Severe Asthma Research Program cohort [127]. Weight gain,
diabetes and dyslipidaemia are extremely hard to control in patients receiving high doses and/or frequent
bursts of OCSs [128]. Because the burden of each burst is clearly higher in patients who are obese and
diabetic, the need for such bursts should be included among criteria to assess asthma severity and guide
earlier therapeutic changes.

Ocular

A cataract is a well-known side-effect of corticosteroids with prevalence ranging from 1-3% [18]. The
central serous chorioretinopathy supposedly complicating systemic or topic treatments with corticosteroids
is a less well-known route. This can be extremely serious, as a permanent loss of vision may result from
subretinal fibrin-fibrosis with scarring of the macula. It can be improved by spironolactone. The link with
corticosteroids remains very weakly evidenced as it is a rare event [129-131].

Cushing syndrome and adrenal insufficiency

Many unmet needs persist around adrenal insufficiency [132, 133]. Adrenal glands are called “the gland of
stress”. They are made of two distinct tissues: 1) the central medulla derives from the neuro-ectoderm and
produces catecholamines; 2) the cortex derives from the intermediate mesoderm and is characterised by its
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activity of steroidogenesis [134]. Progenitor cells are found within the mesenchymal capsule and are
embedded in the outermost cortical zone. The cortex is divided into three distinct zones. The outer zona
glomerulosa produces mineralocorticoids (aldosterone), the zona fasciculata produces GCs (cortisol) and
the zona reticularis produces adrenal androgens (dihydroepiandrosterone). GC production is stimulated by
adrenocorticotropic hormone (ACTH) within a well-known negative feedback loop orchestrated by the
pituitary gland, in response to hypothalamic corticotropin-releasing hormone release. Both ACTH and GC
releases are cyclic, with a zenith in the morning and nadir in the middle of the night.

Synthetic GCs face problematic side-effects, especially at high doses and in the long term [135]. In these
situations, they lead to iatrogenic Cushing syndrome. In a manner reminiscent of primary Cushing
syndrome, resulting from hyperactivity of the zona fasciculata of the adrenal cortex, iatrogenic Cushing
syndrome is associated with osteoporosis, skin atrophy, diabetes, hypertension, abdominal obesity, acne,
increased susceptibility to infections, stunting and high blood pressure. The deleterious psychiatric effects
and bone fragility associated with Cushing syndrome can persist after normalisation of GC levels. Beyond
iatrogenic Cushing syndrome [136], suppression of the HPA axis associated with chronic treatment with
synthetic GCs leads to more or less pronounced adrenal insufficiency at the end of treatment. The depth
of adrenal involvement depends on the dose, method of administration and duration of treatment. It may
persist for >12 months after discontinuation of therapy. The clinical presentation of adrenal deficiency is
often insidious and includes nonspecific symptoms such as fatigue, nausea, vomiting and diarrhoea,
muscle weakness, weight loss and potentially hypoglycaemia. The secretion of renin-controlled aldosterone
is maintained, and the onset of hyperpigmentation characteristic of Addison disease is not observed, as
ACTH secretion is blunted in response to synthetic GCs. Adrenal insufficiency can lead to a potentially
lethal adrenal crisis in the absence of treatment.

If inhibition of ACTH secretion can account for adrenal atrophy during the course of treatment, the
persistence of insufficiency several months after its termination is difficult to explain. This may result from
a failure to regain the pulsatile secretion of ACTH or a difficulty of the adrenal gland to compensate for
the atrophy induced by long-term treatment. Data in a mouse model of chronic dexamethasone treatment
for 14 days show that adrenals initially undergo apoptosis but have the capacity to fully regenerate over
2 weeks, by mobilising SHH" and GLI1" progenitor cells in a WNT/B-catenin dependent manner [137].
However, whether longer term treatment with GCs would result in complete inhibition of the adrenal
regeneration machinery is still unclear. Interestingly though, recent data have shown that protein kinase A
signalling responsiveness and zF differentiation are programmed by the epigenetic regulator EZH2 through
deposition of the H3K27me3 histone mark [138]. It is therefore tempting to speculate that prolonged GC
exposure may alter EZH2 activity, which could result in aberrant epigenetic reprogramming of protein
kinase A signalling within the adrenal and durable zF activity suppression.

Another puzzling aspect of adrenal insufficiency in patients receiving chronic corticosteroid therapy is the
heterogeneity of response. A recent genome-wide association study has demonstrated that single
nucleotide polymorphism in the platelet-dervied growth factor D locus were associated with an increased
susceptibility to AI in children with asthma and adults with COPD [139]. Interestingly, deletion of both
PDGF receptors o and B in steroidogenic tissues results in abnormal development of the adrenal
steroidogenic compartment [140]. This suggests that variants in PDGFD may have an impact on adrenal
development/differentiation, which would account for variations in insufficiency in response to prolonged
GC exposure. Negative impact of systemic corticosteroid on growth is clearly known [95, 141]. In contrast,
the potential but small adverse effect of ICSs must be weighed against the large established benefit of these
drugs to control persistent asthma [142]. It is linked to the daily dose when ICSs are prescribed at
low-to-medium doses, according to the guidelines. Impact of repeated OCS bursts and daily systemic
corticosteroids is far higher.

Under-appreciated side-effects

Many facets of severe asthma burden can relate directly or indirectly to GC exposure [143]. Sleep
disturbance, anxiety and depression and other psychiatric/mood disorders, skin bruising, sore mouth,
dental problems and weight gain; its consequence are highlighted by patients [144] and are frequently
underestimated by physicians. These effects strongly impact quality of life. Fear of side-effects may induce
a vicious circle related to poor adherence and poor control as well as medical nomadism [23]. In children,
adverse behavioural effects of OCS bursts prescribed in asthma exacerbations have also been shown [145].

A strategic step-by-step plan for globally reducing OCS exposure: a French statement

Statements approved by the panel members of the Asthma and Allergy Group are provided in table I.
These statements were mostly driven from the strategic sequential plan held by the members of the
workshop, which aimed at globally reducing and whenever possible eliminating OCSs (figure 1).
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TABLE 1 Statements assessed by the expert panel members

Estimated quality Level of
Proposition of evidence® conviction [Refs]
All OCS treated asthma patients should be referred to an expert centre Moderate Very high [5, 85-87, 105-107, 143]
able to propose multidisciplinary assessment and access to innovations
We recommend computing the frequency of steroid bursts High High [5, 28, 29, 98, 99, 124,
146, 147]
We recommend systematic supervised OCS tapering using objective Low Moderate [32, 33, 132, 148]
markers' of disease activity
We recommend computing the cumulative annual dose of OCS and Moderate High [28-31, 135]
including ICS
We recommend establishing equivalence between ICS and OCS in children Low High (5]
and adults (systemic distribution of ICS)
We recommend communicating to all the community that a 1 g cumulative None Very high
yearly dose is a red flag threshold for referral
We recommend a minimal checklist for assessing side-effects and Moderate Moderate (44,118, 126, 128, 142]
comorbidities in OCS users, including: growth, weight, BMD and FRAX
risk score; Hb1ac or glycaemia; blood pressure and cardiovascular risk
score (CHADS2)
Adrenal insufficiency should be systematically screened and treated while High High [132]
tapering and/or stopping OCS
We recommend considering a switch of biologic if OCS weaning is not None High
achieved in 12 months (unless indicated for adrenal insufficiency)
Specificities in children and teenagers
We suggest that two OCS bursts or more per year in children is a case High High [89, 91, 97, 99, 102, 125,
for referral 126, 145]
Considering the availability of biologics, we recommend that None High
maintenance treatment with OCS remains an exception for children
and teenagers
We recommend checking for OCS side-effects, furthermore when 0CS High High [89, 91, 97, 99, 102, 125,
bursts are frequent 126, 145]
We support studies evaluating new treatment strategies including early Low Very high [93, 103]

intervention with anti-IgE, other biologics and nonsteroid-based
alternative therapies which may improve clinical and functional
outcomes, and spare OCS use

#. graded according to Oxford evidence-based medicine [149]; T: ideal clinical and biological markers for supervising OCS tapering are
unknown. OCS: oral corticosteroids; ICS: inhaled corticosteroid; BMD: bone marrow density; FRAX: Fracture Risk Assessment Tool; Hb1ac:
glycated haemoglobin; Ig: immunoglobulin.

Identification of patients

OCS consumption is difficult to accurately estimate and considerable discrepancies may exist between
quantities of dispensed versus actually consumed drugs. Additionally, related thresholds or “flags” for
referral are not clearly identified in primary care. The concept of “asthma control” was raised nearly
40 years ago, but unfortunately was poorly integrated by patients and primary care personnel. Given this
context, we felt that an opportunity existed to involve patients and pharmacists in the establishment of
proposed referral thresholds, with an easy-to-recall “yellow flag” at 500 mgyear ' for at-risk patients
(obese, diabetic, osteoporotic or paediatric patients, for example) and a “red flag” at 1 gyear™" for all
patients. Personalising OCS-associated risk levels should then be proposed at this stage, for example via a
specifically designed score [108].

Once identified, these patients should be assessed for a number of issues addressed in secondary care
environments. OCS overuse is frequent and can substantially benefit from a multidisciplinary approach
towards asthma [107]: improved adhesion to prescribed maintenance therapy, removal of a persistent
exposure to known triggers (particularly allergens or pets), improving poor inhalation technique, or the
discovery of untreated comorbidities. Still central and requiring multiple expertise (frequently including a
psychologist/psychiatrist), OCS overuse may also result from misdiagnosis and interpretation of symptoms
not necessarily caused by asthma [145]. The latter may sometimes require a justification of each OCS burst
by an external adviser. For those admitted to the intensive care unit during previous tapering attempts,
and those with features of specific diseases such as EGPA or allergic bronchopulmonary aspergillosis, it
seems reasonable to recommend referring them to dedicated tertiary centres.
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Maintenance with OCS
OR repeated bursts
cumulative dose >1 g-year-!

Assess OCS overuse:
Poor adhesion to predicted
maintenance therapy
Persistent exposure to
triggers (particularly
allergens
Poor inhalation technique
Untreated comorbidities
Misdiagnosis and
interpretation of symptoms
not necessarily caused by
asthma/consider
justification of each burst
by an external adviser
Insufficient patient
education
Assess OCS-related side-
effects and OCS worsened
comorbidities
Screen for EGPA, ABPA, or
other OCS-sensitive
cormorbid diseases

Initiate OCS-tapering

Optimise inhaled therapies:
Therapeutic education
Optimise ICS dose
Consider intranasal CS
Consider adding a LAMA
Consider SMART strategy

Psychological support

Screen for adrenal
insufficiency

Assess eligibility for biologic
repeatedly
T2 biomarkers every other

WELLS
Nasal polyps

Initiate OCS-sparing therapy

OCS-sparing biologicals

(prefer drugs with evidence):

IL-5 targeting drugs
IL-4Ra-targeting drugs
Consider anti-IgE on a

case-by-case basis
Establish anticipated

stopping/switching rules

If not eligible, consider:

macrolides, thermoplasty,
RCT

Assess the response

If OCS weaning is not
achieved:
Consider adrenal
insufficiency
Consider switching of
OCS-sparing therapy
Consider a directly
observed weaning

Screen again for EGPA,

ABPA, or other OCS-
sensitive cormobid
diseases

FIGURE 1 A strategic step-by-step plan for sparing oral corticosteroids (OCS] in severe asthma. EGPA: eosinophilic granulomatosis with polyangiitis; ABPA: allergic bronchopulmonary
aspergillosis; ICS: inhaled corticosteroid; CS: corticosteroid; LAMA: long-acting muscarinic antagonist; IL: interleukin; Ig: immunoglobulin; RCT: randomised controlled trial.
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Initiate OCS tapering

Once the above-mentioned assessments and optimisations are successfully deployed, optimising
management frequently relies on maximising the ICS dose, even though this concept may appear
challenging in these patients, as discussed in the first part of this review. This may be achieved through
maintenance and reliever therapy strategies. Adding another controller(s) is also recommended. Education
and psychological support are key options for leveraging the chances of successful OCS weaning within a
shared decision-making process. Eligibility for currently available therapeutic options can be conducted in
parallel and repeated at each step of the tapering plan. We recommend systematic supervision of the
OCS-tapering phase. Using objective markers of disease activity would secure the rhythm of tapering and
provide key clues in the eventual reasons implicated in case of failure. Unfortunately, the “ideal” marker(s)
of disease activity during an OCS-tapering phase is unknown. Whether the combination of FEV; value,
symptoms and rescue medication use will be replaced or improved by a relevant biomarker is a key
question to address in the future. Since 2002, there has been evidence that use of sputum eosinophils to
titrate corticosteroid dose results in better outcomes [150], suggesting the poor specificity of symptoms
when considered alone. Symptoms are often due to nonasthma-related factors (i.e. obesity) and might
therefore not be the best method to assess patients during OCS tapering. Beyond biological signatures
associated with adrenal insufficiency, T2-related biomarkers (F.no, blood or sputum eosinophil counts) are
OCS-sensitive in general and the maintenance of their silencing during a tapering phase should be tested.

Initiate OCS-sparing therapy and assess the response

In patients where all the previous mandatory steps could be assessed and optimally addressed, the addition
of an OCS-sparing therapy is expected to not only decrease the daily maintenance dose of OCSs but also
to simultaneously reduce exacerbation rates (which in itself may also further contribute to reducing overall
OCS exposure [31-33]). OCS-sparing therapies may also improve certain comorbidities, frequently treated
by topical or systemic corticosteroids, such as eosinophilic oesophagitis, atopic dermatitis, urticaria, nasal
polyps and EGPA. Now that multiple options are available and most of the associated biomarkers are
overlapping, establishing clear stopping rules at the initiation of such therapy is becoming mandatory. In
light of the burdens associated with OCS use, it was estimated that OCS weaning should take first place
among the goals of biological therapy. Accordingly, we considered that a 50% decrease in OCS dose, while
certainly acknowledgeable, remained an unacceptable outcome, given the risks of any maintenance OCS
dose. Moreover, since multiple therapeutic options are available, we then consensually agreed that
failure-to-wean justifies consideration for switching biological therapies (under the supervision of an
expert as it was shown to be feasible and safe). Adrenal insufficiency and the emergence of OCS-masked
associated diseases during tapering, such as EGPA or allergic bronchopulmonary aspergillosis should
explain most of the clinical failures in eligible patients, except cases of addiction or the development of
antidrug antibodies. The need for continuous, strict screening and management of OCS-related adverse
events in these patients is recalled and emphasised.

Conclusion

At this stage, there is insufficient evidence to universally embrace the statement “Regular OCS use should
be outlawed in severe asthma”; however, there is evidence that this goal is probably easier to achieve in
children than in adults. Improving access to care and identification of hidden at-risk patients will probably
change the landscape and improve the prognosis of severe asthma.
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