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Abstract
Due to their potent anti-inflammatory capacity (particularly in predominantly eosinophilic inflammation) and immunosup-
pressive properties, inhaled corticosteroids (ICSs) are widely used in asthmatic patients and also in individuals with chronic 
obstructive pulmonary disease (COPD) who suffer multiple exacerbations or have peripheral eosinophilia. However, there 
is little evidence for their use in non-cystic fibrosis bronchiectasis (hereafter, bronchiectasis). According to data extracted 
from large databases of bronchiectasis in adults, ICSs are used in more than 50% of patients without any scientific evidence 
to justify their efficacy and contrary to the recommendations of international guidelines on bronchiectasis that generally 
advise against their use. Indeed, bronchiectasis is a disease with predominantly neutrophilic inflammation and a high likeli-
hood of chronic bacterial bronchial infection. Furthermore, it is known that due to their immunosuppressive properties, ICSs 
can induce an increase in bacterial infections. This manuscript aims to review the basic properties of ICSs, how they impact 
bronchiectasis in adults, the current position of international guidelines on this treatment, and the current indications and 
future challenges related to ICS use in bronchiectasis.
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Key Points 

Inhaled corticosteroids (ICSs) have potent anti-inflam-
matory and immunosuppressant properties. Their use 
in treating asthma and some forms of COPD patients 
is well established; however, there is little evidence for 
their use in bronchiectasis.

More than 50% of patients with bronchiectasis not due 
to asthma, COPD, or eosinophilic diseases take ICSs, 
although the current international guidelines on bronchi-
ectasis discourage this practice.

Due to the paucity of information on the effect of ICSs 
in bronchiectasis without COPD or asthma, no definitive 
conclusions can be drawn either for or against the use of 
ICSs in bronchiectasis.

1 Introduction

A recent global consensus defined bronchiectasis as a radio-
logical finding consisting of dilation of the bronchial lumen 
accompanied by related symptoms, especially persistent 
productive cough, and a variable number of exacerbations 
throughout its natural history [1].

Bronchiectasis due to non-cystic fibrosis (hereafter, bron-
chiectasis) can be produced by multiple pulmonary and 
extrapulmonary causes [2, 3]. Although there is often no 
specific pathogenetic link between these different causes, 

inflammation of the bronchial wall is the common and nec-
essary pathophysiological basis for the genesis of bronchi-
ectasis [4]. In most cases, this inflammation occurs due to 
a previous bronchial infection and usually has a manifest 
neutrophilic component [5]. However, eosinophils can also 
play an important role in the genesis of bronchiectasis and 

http://orcid.org/0000-0003-2194-1478
http://orcid.org/0000-0002-2121-7554
http://orcid.org/0000-0002-5113-9235
http://orcid.org/0000-0001-7801-5040
http://orcid.org/0000-0003-4895-9707
http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-022-01785-1&domain=pdf


1454 M. Á. Martínez-García et al.

may even characterize a specific phenotype of patients with 
bronchiectasis (Fig. 1) [6–8].

Both proinflammatory molecules (mainly elastases and 
proteases) from inflammatory cells and the microorganisms 
causing the bronchial infection can irreversibly degrade the 
bronchial wall, producing its thickening and then inducing 
the enlargement of the airway lumen that leads to the char-
acteristic symptoms of patients with bronchiectasis [5, 9]. 
The disruption of the local defense system existing in the 
bronchial mucosa against infection closes a vicious circle 
characterized by infection, inflammation, and airway remod-
eling (commonly called Cole's pathogenic vicious circle) 
[10], which allows for the negative evolution of the disease, 
the presence of systemic inflammation [11, 12], and an 
increase in the number of exacerbations [13].

Between 20 and 45% of cases of bronchiectasis have an 
unknown origin and are also called 'idiopathic bronchiecta-
sis' [2, 3]. Moreover, bronchiectasis is often associated with 
the simultaneous presence of other chronic inflammatory 
airway diseases, such as chronic obstructive pulmonary dis-
ease (COPD) [14] and asthma [15], especially in advanced 
stages. This association increases bronchial inflammation 
and negatively impacts the severity and prognosis of these 
underlying diseases. Consequently, from a therapeutic point 
of view, treating infection and bronchial inflammation is 
crucial, and the international guidelines on bronchiectasis 
emphasize this necessity [16–18].

The introduction of inhaled corticosteroids (ICSs) sig-
nificantly improved the treatment of asthma. ICSs are cur-
rently the pharmacological treatment of choice for this dis-
ease. From a pathophysiological point of view, this is due to 
their substantial efficacy against eosinophilic inflammation 
[19–21]. In the case of COPD, which is usually character-
ized by neutrophilic inflammation, the results have been 
more controversial. After numerous changes in recent years 
as a consequence of new information being progressively 
published [22–26], it is now accepted that ICSs in COPD 
patients should be prescribed combined with a long-acting 
β2-agonist (LABA) in patients with an overlap with asthma 
and, considering the blood eosinophil count that predicts the 
magnitude of the effect of ICS in reducing the risk of further 
exacerbations, in exacerbators with moderate to very severe 
COPD when they are not controlled by proper treatment with 
long-acting bronchodilators [27–29].

In bronchiectasis, there is little evidence of a positive 
effect of ICSs, probably due to bronchial bacterial infections 
and neutrophilic inflammation [5, 10]. The limited benefit of 
ICSs in the presence of predominantly neutrophilic inflam-
mation and the possible risk that they may generate more 
infections, even serious ones, due to their immunosuppres-
sive properties have been the reason why their indication in 
patients with bronchiectasis is not recommended, except in 
a few particular cases, despite their excessive use [16–18].

In this review, we attempt to update information on the 
pathophysiological basis related to the efficacy and risks 
of ICS in adults with bronchiectasis, the current position 

Fig. 1  Boxplot graphic for the comparison of the number and severity 
of exacerbations in patients exposed to inhaled corticosteroids, with 
and without peripheral eosinophilia. The blue and green boxes refer 

to 6-month pre- and post-randomization values, respectively. Repro-
duced from Martinez-Garcia et al. [6] (free access)
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of international guidelines on this treatment, and the cur-
rent indications and future challenges related to ICS use in 
bronchiectasis.

2  Bronchiectasis is a Chronic Inflammatory 
Airway Disease

As already mentioned, the essential condition for the genesis 
of bronchiectasis is the presence in the bronchi of chronic 
inflammation possibly accompanied by a bacterial infec-
tion [5]. The chronicity of this inflammation results from an 
imbalance in favor of proinflammatory molecules secreted 
by the inflammatory cells and the infecting bacteria over 
anti-inflammatory molecules capable of controlling inflam-
mation. This imbalance is perpetuated and even accentuated 
in exacerbations despite antibiotic and anti-inflammatory 
treatments and the activation of immune defense mecha-
nisms [4].

Both inflammatory cells and proinflammatory mediators 
have been observed in different respiratory samples (sputum, 
bronchoalveolar lavage, or biopsy samples) from individuals 
with bronchiectasis [30–32]. As in COPD, the neutrophil is 
the typical inflammatory cell found in most patients regard-
less of the etiology of bronchiectasis [5]. The neutrophil 
chemoattraction and activation are mainly due to the secre-
tion of different mediators, especially interleukin (IL)-8, 
IL-1β, IL-17, leukotriene (LB) 4, and tumor necrosis factor 
(TNF)-α by different proinflammatory cells, and especially 
by bacterial products such as lipopolysaccharide (LPS), or 
other chemoattractants (platelet-activating factor and C5a) 
[33]. In addition, the secretion of elastases, peroxidases, and 
metalloproteases, among other molecules, by neutrophils is 
greater than that of antiproteases. This leads to the destruc-
tion of the bronchial wall and the disruption of local defense 
mechanisms against infection [34].

However, the neutrophil is not the only cell involved in 
inflammation in bronchiectasis. Macrophages play an impor-
tant role in the infection control and the phagocytosis of 
microorganisms [5]. Little is known about the role of lym-
phocytes, of which  CD4+ lymphocytes are the most preva-
lent in bronchiectasis [30], or epithelial cells also capable 
of generating different types of proinflammatory substances 
[5].

In recent years, it has been suggested that eosinophils 
may play a role that is more significant than expected in 
bronchiectasis inflammation. In fact, they are increased in 
both respiratory samples (> 3%) and peripheral blood (300 
cells/µL) of about 20% of patients despite the absence of a 
history of asthma or other eosinophilic diseases such as aller-
gic bronchopulmonary aspergillosis [7, 35]. Eosinophils can 
produce proteases and other proinflammatory molecules in 
response to infections induced by common microorganisms 

in patients with bronchiectasis, such as Haemophilus influ-
enzae, Streptococcus pneumoniae, Staphylococcus aureus, 
and even Pseudomonas aeruginosa [36].

3  Infective Component of Bronchiectasis

The microbiology of bronchiectasis is complex and changes 
as the disease progresses [37]. Bronchial infection induced 
by bacteria, fungi, viruses, or mycobacteria that are all 
potentially pathogenic microorganisms (PPMs), plays a 
fundamental role in the genesis and progression of bronchi-
ectasis. It causes an increase in both acute (exacerbations) 
and chronic (chronic bronchial infection) inflammation [5, 
13]. Bronchial infection can be present in other airway dis-
eases such as COPD [38], which, as mentioned, may occur 
simultaneously with bronchiectasis.

The bacterial load observed in the airways of bronchiec-
tasis patients is related to a concurrent rise in local inflam-
mation and its clinical and prognostic effects [39]. Antibiotic 
therapy, whether short- or long-term, is therefore necessary 
for some circumstances under this scenario [16–18, 40].

Several studies have shown that the lung microbiome is 
altered in patients with bronchiectasis, especially towards a 
decrease in its diversity [41, 42]. H. influenzae, S. pneumo-
niae, S. aureus, and enterobacteria are the most frequently 
isolated PPMs. However, infection by P. aeruginosa (espe-
cially chronic bronchial infection) is undoubtedly the one 
that has been shown to have a closer relationship with 
greater severity, more antibiotic resistance, and a worse 
prognosis of the disease [43, 44]. P. aeruginosa can appear 
in 15–50% of patients with bronchiectasis throughout its 
natural history, especially in the most severe forms of the 
disease, and with a geographical diversity characterized by 
a higher prevalence in Southern Europe, Asia, and Latin 
America [45–48]. Therefore, it is not surprising that it is 
the microorganism receiving the most attention and whose 
infection is being treated most aggressively, particularly in 
patients who exhibit the greatest symptoms.

It is important not to forget the growing importance of 
non-tuberculous mycobacteria, which are sometimes chal-
lenging to treat, and whose prevalence is also greatly influ-
enced by the geographical area, being very frequent in the 
US [49].

4  Anti‑inflammatory Properties of Inhaled 
Corticosteroids (ICSs)

Since there is an inflammatory bronchial response even 
when the patient is not in the acute phase of bronchiectasis 
[5], reducing inflammation may be a positive effect induced 
by corticosteroid treatment [50]. The mechanism of action 
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of corticosteroids in lung diseases with a high inflammatory 
burden is still poorly understood, but their efficacy is reason-
ably linked to their anti-inflammatory properties [51]. The 
physiological actions of corticosteroids are carried out by a 
genomic and non-genomic mechanism [52].

The genomic anti-inflammatory actions of corticosteroids 
are achieved by synthesizing anti-inflammatory proteins and 
inhibiting proinflammatory proteins [51–53]. Transactiva-
tion and transrepression mechanisms make up the mecha-
nism of corticosteroid activity. Pro-inflammatory cytokines 
are expressed less when there is so-called transrepression, 
whereas there is enhanced production of anti-inflammatory 
proteins when transactivation occurs [53].

The bulk of the corticosteroids' advantageous anti-inflam-
matory effects is thought to be caused by transrepression 
[52]. The clinical effectiveness of synthetic exogenous cor-
ticosteroids as anti-inflammatory drugs is mostly related to 
their capacity to inhibit the expression of pro-inflammatory 
genes through activating the glucocorticoid receptor (GR), 
and, concurrently, they decrease the activity of pro-inflam-
matory transcription factors such nuclear factor kappa B 
(NF-kB) and activator protein-1 (AP-1) [54]. This process 
is known as transrepression. In contrast, transactivation, 
an increase in gene expression mediated by direct binding 
of GR homodimers to glucocorticoid response elements 
(GREs) and recruitment of coactivators, is thought to be 
more involved in the negative adverse effects of corticoster-
oids [51, 52]. A few hundred genes from each cell type are 
assumed to be directly induced by corticosteroids to express 
themselves [55].

Corticosteroids can also induce non-genomic effects that 
occur immediately after GR ligation [56]. They are triggered 
by proteins released from the multiprotein complex after 
binding of corticosteroids to the cytosolic GR, interactions 
with membrane-bound receptors, and non-specific effects 
resulting from the interaction of corticosteroids with cell 
membranes [56].

Most elements of airway inflammation, including inflam-
matory cells, chemical mediators, and tissue reactions, 
appear to be affected by corticosteroids. In bronchiectasis, 
inflammation in the bronchial wall involves predominantly 
lymphocytes and macrophages, whereas polymorphonuclear 
leukocytes are predominant in the bronchial lumen [34]. 
Corticosteroids have inhibitory effects on many inflamma-
tory and structural cells activated in bronchiectasis. They 
prevent the recruitment of inflammatory cells into the air-
ways. Therefore, they diminish the number of eosinophils, 
T-lymphocytes, mast cells, and dendritic cells [51]. Resi-
dent structural cells are also suppressed by corticosteroids, 
which lower mediator release and expression on epithelial 
and endothelial cells, microvascular leak from blood ves-
sels, angiogenesis, the number of mucus glands, and mucus 
secretion from these glands. They may also restore a more 

normal epithelium and airway architecture, allowing for a 
more typical airway response to infection [57].

The capacity to limit mucus glycoprotein production from 
airway submucosal glands directly as well as indirectly by 
downregulation of inflammatory stimuli that drive mucus 
secretion [51, 58] is another important effect of corticos-
teroids in bronchiectasis. It improves airway clearance and 
reduces bacterial nutrient availability. This might lead to a 
lower bacterial burden in the airways and lower sensitivity 
to respiratory infections [59].

5  Immunosuppressant Properties of ICSs

Corticosteroids can alter the diverse humoral and cellular 
components of the innate immunity networks functioning 
in the lungs, which have an inherent ability to keep the 
human organism mainly free of severe pulmonary infec-
tion [57]. Furthermore, they have a significant impact on 
lymphocyte immunological responses [60]. These effects 
are a crucial aspect of the immunosuppressive properties 
of corticosteroids.

Corticosteroids might imbalance innate and adaptive 
immune responses by altering macrophage gene expression, 
decreasing interferon (IFN)-γ expression, and upregulating 
chemokine production [61]. In addition, using ICSs also 
increases macrophage efferocytosis, which lowers mac-
rophagic bactericidal capabilities [62].

Unfortunately, ICSs can alter the host-microbe interac-
tion, resulting in alterations in the airway microbiota [63]. 
Actually, the ability of corticosteroids to suppress inflam-
matory reactions, preventing the migration of inflammatory 
cells from the circulation to the areas of disease, suppressing 
the synthesis of chemokines and cytokines, and inhibiting 
the immune responses of T cells, causes dysregulation of 
cellular immunity [57]. This in turn inhibits immune reac-
tions and activates a direct stimulatory effect on the lung 
microbiome, which results in a prolonged presence of 
viruses and bacteria at infection sites as well as increased 
vulnerability to opportunistic infections. Furthermore, cor-
ticosteroids suppress antimicrobial compounds, inhibit mac-
rophage phagocytosis, and blunt IFN responses, all of which 
impair the immunological response [63]. These factors may 
combine to cause the ‘flowering’ of select microorganisms in 
the lung microbiome, thus lowering diversity and increasing 
infection risk [59]. In this context, ICSs may be counterpro-
ductive in bronchiectasis, as a persistent bronchial infection 
has been found in 64% of patients [64].

Nevertheless, it has been suggested that the possibility 
the ICS-induced immunosuppression causes the develop-
ment of local damage is very low in some individuals and 
much higher than what is known in others because of the 
genetic background that differently affects the effectiveness 
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of the epithelial barrier and multiple aspects of the immune 
response following harmful stimuli and infections [57]. Fur-
thermore, the lack of response to ICS treatment in terms 
of exacerbation frequency implies that exacerbation occur-
rence depends more on other factors, such as infection, than 
inflammation [65].

6  Differences Between Different ICSs

Several ICSs have been licensed for the treatment of chronic 
airway diseases. Beclomethasone dipropionate, budeson-
ide, ciclesonide, flunisolide, fluticasone furoate, fluticasone 
propionate, mometasone furoate, and triamcinolone acetate 
are among these ICSs. The pharmacokinetic (PK) and phar-
macodynamic (PD) characteristics of ICSs, as well as their 
interplay, may have an impact on their effectiveness and 
safety profiles [66, 67]

The GR binding affinity, generally reported compared 
with the reference compound dexamethasone affinity of 100 
[68], is the sole PD parameter that changes among ICSs. All 
ICSs have a greater binding affinity than dexamethasone. It 
is usually considered that the more the ICS affinity with the 
GR, the greater the ICS effectiveness. Fluticasone furoate 
has the most considerable affinity for the GR, with a rela-
tive binding affinity of 2989, followed by mometasone furo-
ate at 2100, fluticasone propionate at 1775, budesonide at 
935, triamcinolone acetonide at 233, and flunisolide at 190 
[66]. The GR binding affinity of beclomethasone dipropion-
ate is modest (relative receptor affinity = 53); however, this 
low affinity is a consequence of the limited hydrolysis of 
beclomethasone dipropionate to its active form, beclometh-
asone-17-monopropionate, which occurs during receptor 
binding studies, whereas beclomethasone-17-monopropi-
onate binds to the GR with high affinity (relative receptor 
affinity = 1345) [69]. Desisobutyryl-ciclesonide has a 100-
fold greater GR binding affinity than ciclesonide (relative 
receptor binding affinities of 1212 vs. 12) [70].

Affinity is a popular method for estimating the relative 
potencies of ICSs. Although relative ICS binding affinities 
should not be interpreted as absolute differences in potency 
because there are compounds with high binding affinity and 
no efficacy due to other PD and PK factors [71], it is widely 
accepted that the higher the ICS affinity to the GR, the more 
potent the ICSs [70]

Highly potent ICSs have potent anti-inflammatory prop-
erties, translating into better efficacy and lower frequency 
of systemic adverse effects [68]. Fluticasone furoate > 
mometasone > fluticasone propionate > beclomethasone > 
ciclesonide > budesonide > triamcinolone > flunisolide has 
been shown to have the highest relative potency (from high 
to low) [72].

Unfortunately, a high affinity for GRs in the lung would 
also imply a high affinity for systemic receptors, which has 
been related to an increased risk of unwanted adverse effects 
[67].

ICS particles deposited in the lungs must be dissolved 
in the pulmonary lining fluid to penetrate cells, bind to 
intracellular receptors, and be absorbed into the systemic/
pulmonary circulation [73]. The physicochemical features 
of ICSs influence their PK at the tissue and cellular levels. 
Several characteristics of the ICSs, such as their formulation 
and how it relates to the inhaled drug's surface area, their 
lipophilicity and/or solubility in airway lining fluids, and 
the amount and composition of these fluids, impact their 
dissolution in the lungs [74]. For example, flunisolide dis-
solves the fastest (2 min), followed by budesonide (6 min). 
In contrast, beclomethasone dipropionate (> 5 h) and fluti-
casone propionate (> 8 h) dissolve exceedingly slowly due 
to their low water solubility [75]. However, beclomethasone 
dipropionate delivered by hydrofluoroalkane-134a (HFA)-
propelled inhalers dissolves quickly (2–3 min) [76].

Lipophilicity, or a compound’s degree of lipid solubility, 
is the most important physicochemical quality that influ-
ences the PKs of ICSs [75]. Lipophilicity is often nega-
tively related to solubility in pulmonary luminal fluid, yet 
also improves pulmonary absorption. Lipophilic ICSs bind 
to GRs with greater affinity and have a bigger distribution 
volume and longer half-life than other ICSs [67]. Lipophi-
licity impacts ICS lung retention time and can result in a 
prolonged duration of action [77]. Fluticasone furoate >> 
mometasone furoate > fluticasone propionate > triamci-
nolone acetate >> budesonide desisobutyryl-ciclesonide 
> flunisolide beclomethasone-17-monopropionate [66] 
are the lipophilicity-ordered lung retention times. On the 
other hand, lipophilicity may modify the distribution of the 
ICS after systemic absorption, allowing the medication to 
accumulate with subsequent doses in various body tissues, 
thereby increasing the risk of systemic adverse effects [68].

The concentration of unbound medication is critical 
because only the unbound portion of the ICS can interact 
with the GR, while the protein-bound fraction is pharma-
cologically inert [68]. Current ICS protein binding varies 
from 61.2% (flunisolide) to 99.7% (fluticasone furoate) of 
the circulating quantity [66]. There is no association between 
unbound ICS amounts in plasma and ICS concentrations in 
the lung [78] because only minimal protein binding occurs 
within the lung [70]. Some ICSs (budesonide and desisobu-
tyryl-ciclesonide) undergo fatty acid esterification, which 
has been shown in animal and in vitro studies to result in 
longer lung retention [79, 80], but this does not result in 
a longer half-life, a longer duration of action, or a higher 
therapeutic index than non-esterified drugs [71].

The clearance values of ICSs, which express how quickly 
they leave the body, range from 37 L/h−1 (triamcinolone 
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acetonide) to 84 L/h−1 (budesonide) [66]. The figures for 
beclomethasone dipropionate (120 L/h−1) and ciclesonide 
(228 L/h−1) are greater because they include extrahepatic 
metabolism [66]. One characteristic contributing to the 
low potential for systemic effects is rapid clearance of the 
absorbed dosage [66].

A longer elimination half-life after inhalation than after 
intravenous administration implies a prolonged pulmonary 
residence period [66]. Fluticasone furoate, fluticasone pro-
pionate, and desisobutyryl-ciclesonide have significantly 
longer inhalation half-lives, with a significant difference 
between fluticasone furoate and fluticasone propionate, 
whereas beclomethasone-17-monopropionate and budeso-
nide have inhalation half-lives that are comparable with their 
intravenous half-lives [81, 82].

7  Pseudomonas Aeruginosa and ICSs

Pseudomonas aeruginosa is probably the most virulent 
pathogenic microorganism in patients with bronchiectasis 
[16–18]. Several studies demonstrate that ICSs may alter 
microbiome modifications by favoring the persistence of 
some bacteria while opposing the persistence of others [63]. 
For example, in a mouse model of allergic airway disease, 
there is experimental evidence that budesonide can enhance 
P. aeruginosa invasion of epithelial cells [83]. On the other 
hand, fluticasone propionate reduced P. aeruginosa cellular 
adherence in other animal models and cell lines [84].

Available data on the correlation between ICS use and 
sputum positivity to P. aeruginosa in bronchiectasis patients 
are somewhat conflicting. Aggregate data from two studies 
[85, 86] did not indicate an increased risk of P. aeruginosa 
colonization with ICS therapy [87]. Nonetheless, in another 
study, the microbial density (CFU/mL) of P. aeruginosa in 
sputum was not statistically different between the ICS and 
placebo groups after 4 weeks of therapy, although the value 
in the placebo group was lower and, compared with baseline, 
the density of total commensal bacteria in sputum increased 
[88]. A more recent study using a cohort of 264 patients with 
bronchiectasis managed at the respiratory outpatient clinics 
of two Danish university hospitals found that Pseudomonas-
positive sputum cultures were more common in ICS-treated 
patients (6.5 vs. 20%, p = 0.010) [89].

It must be mentioned that an analysis of the US Bron-
chiectasis and NTM Research Registry showed that P. aer-
uginosa isolation was significantly associated with ICS use 
[90]. This finding was confirmed by a study that used US 
Medicare administrative data, which found that a history of 
P. aeruginosa increased the likelihood of extended use of 
ICSs in bronchiectasis patients [91].

Conversely, an old, small study suggested that ICS treat-
ment benefits patients with bronchiectasis, particularly those 

with P. aeruginosa infection [65]. Furthermore, an obser-
vational investigation found that treatment with the inhaled 
salmeterol/fluticasone combination was beneficial and well 
tolerated in bronchiectasis patients, particularly those with 
low lung function or isolated P. aeruginosa [92].

8  Literature Review on the Use of ICSs 
in Bronchiectasis in Randomized 
Controlled Trials

A search of the PubMed, EMBASE, and Web of Science 
databases was conducted using the following terms: inhaled 
steroids OR inhaled corticosteroids OR beclomethasone 
OR ciclesonide OR budesonide OR fluticasone [title] AND 
bronchiectasis OR suppurative lung disease [title/abstract]. 
The research was restricted to randomized controlled tri-
als (RCTs; with or without a placebo group) in adults with 
non-cystic fibrosis bronchiectasis. According to this search, 
there are currently eight RCTs (two on the effect of ICSs 
as monotherapy in the treatment group on inflammatory 
parameters in bronchiectasis, four on the clinical effect and 
safety of ICSs as monotherapy in the treatment group; and 
two comparing ICSs with other inhaled medication). The 
citations of each article identified and of the review articles 
were also examined.

8.1  ICS Effects on Inflammatory Parameters 
in Bronchiectasis

A 4-week course of high-dose (1000 µg/day) inhaled fluti-
casone propionate was shown to reduce specific proinflam-
matory molecules (IL-1β, IL-8, and LTB4) in sputum when 
compared with placebo in a small RCT of 24 patients with 
established steady-state bronchiectasis [88]. However, the 
difference between fluticasone and placebo was only sta-
tistically significant for IL-1β, and there were no signifi-
cant changes in the clinical or microbiological profile. In 
37 patients with bronchiectasis, Loukides et al. found no 
differences in exhaled hydrogen peroxide levels between 
groups, regardless of whether they were taking an ICS [93]. 
In 60 stable non-smoking bronchiectasis patients receiving 
1000 µg/day of inhaled fluticasone for 1 year, Tsang et al. 
did not observe a decline in exhaled nitric oxide (eNO) [94]. 
However, P. aeruginosa infection was linked to noticeably 
reduced eNO levels. In a 6-month prospective, double-blind, 
parallel, placebo-controlled study, 77 patients with bronchi-
ectasis were randomly allocated to receive either 400 µg 
budesonide twice daily or placebo [95]. Only the number 
of eosinophils in the sputum decreased significantly in the 
budesonide group compared with the placebo group. In 
contrast, no significant changes were found in the remain-
ing inflammatory cell types (neutrophils, lymphocytes, 
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macrophages). The serum levels of IL-8 in the budesonide 
group also decreased, although not significantly compared 
with the placebo group. Finally, a recent post hoc analysis 
of two RCTs found that taking ICS (fluticasone or budeson-
ide) for 6 months had no influence on the overall number of 
peripheral eosinophils [96].

In summary, the few data available in the literature 
indicate that the effect of ICSs on various aspects of neu-
trophilic inflammation in patients with bronchiectasis is 
extremely modest, even when they are administered at high 
doses.

8.2  Clinical Effects of ICSs in Bronchiectasis

In 2009, based on the findings of three published RCTs, 
it was proposed that ICSs may be useful in the long-term 
management of bronchiectasis [97]. Unfortunately, there 
are currently only five RCTs in the literature on the clinical 
effect and safety of ICSs as monotherapy in bronchiectasis 
lasting 4 weeks to 12 months [65, 95, 98–100]. Four of 
these RCTs were placebo-controlled and used medium- or 
high-dose ICSs (beclomethasone 800–1500 µg/day [98]; 
beclomethasone 800 µg/day [100], fluticasone 1000 µg/
day [86]; and budesonide 800 µg/day [95]), while the fifth 
study compared high-dose fluticasone (1000 µg/day) with 
a more moderate dose (500 µg/day) [88]. The sample size 
was not calculated in any of the studies except one. Asth-
matic subjects were excluded in four studies [65, 95, 99, 
100] and those with COPD were excluded in one trial [96]. 
In all studies, the outcomes analyzed were focused on the 
impact on symptoms and/or lung function. Sputum produc-
tion was analyzed in two trials [65, 99]. Furthermore, the 
microbiological profile and quality of life were investigated 
in two studies [95, 99]. Only one trial reported adverse 
events [99].

The main results obtained are summarized in Table 1. 
Only one of the studies showed a significant improve-
ment in forced expiratory volume at 1 s  (FEV1) after 
6 weeks of treatment with 1600 µg/day beclomethasone 
[99]; however, a significant reduction was observed in 
the two studies in which daily sputum volume was meas-
ured [65, 99]. The study by Martinez-Garcia et al. [99], 
in which high and medium doses of f luticasone were 
compared, showed the most remarkable improvement 
in clinical parameters and quality of life; however, this 
was a non placebo controlled study. Reports on adverse 
events provided by the studies are scarce. Nevertheless, 
it is noteworthy that high doses of fluticasone induced 
significantly more local adverse events than medium 
doses of the same ICS [99].

8.3  Comparison Between ICSs and Other Inhaled 
Drugs in Bronchiectasis

A small, double-blind, parallel-group clinical study was con-
ducted to assess whether the addition of formoterol (18 µg/
day), a LABA, to medium–high doses of budesonide (640 
µg/day) for 12 months could improve the safety profile and 
efficacy compared with high-dose budesonide (1600 µg/
day) [101]. The study included 40 patients with bronchiec-
tasis diagnosed by a high-resolution computed tomography 
(HRCT) scan of the chest. The combination group signifi-
cantly improved dyspnea and quality of life, increased the 
percentage of cough-free days, and reduced the number of 
rescue β2-agonist inhalations. No changes in lung function, 
microbiological profile, or number of exacerbations were 
observed.  Moreover, there was a significant reduction in 
the number of adverse effects in the LABA/ICS group that 
used medium doses of budesonide compared with the group 
treated with high doses of budesonide, with statistically sig-
nificant differences in the reduction of pharyngeal irritation, 
dry mouth, and dysphonia.

8.4  Potential Risks Associated with the Use of ICSs 
in Bronchiectasis

In addition to the increase in local adverse effects observed 
in the aforementioned clinical studies, the use of ICSs was 
generally associated with an increased likelihood of acquir-
ing an infection with P. aeruginosa or non-tuberculous 
mycobacteria and developing pneumonia, at least in certain 
subgroups of COPD patients, especially those with lower 
eosinophil counts [102–104].

In a group of 264 patients with HRCT-verification of 
bronchiectasis, Håkansson et al. found that the 122 subjects 
using ICS at enrolment had worse lung function (median 
 FEV1 65.2 vs. 80.9% predicted; p < 0.001), higher symptom 
burden in terms of cough (p = 0. 028), sputum production 
(p < 0.001) and dyspnea (p < 0.001), more exacerbations 
(41 vs. 21%; p < 0.001), and more frequent isolation of P. 
aeruginosa in sputum (6.5 vs. 20%; p = 0.010) [89]. After 
controlling for age, sex, smoking status, baseline  FEV1, and 
concurrent asthma/COPD, high-dose ICS therapy was sub-
stantially linked with all-cause death, with a hazard ratio 
(HR) of 4.93 (p = 0.003). However, low-to-moderate doses 
of ICS were not associated with all-cause mortality.

In a study of 192 patients with bronchiectasis, Lee et al. 
observed that ICSs increased the risk of clinically relevant 
hemoptysis (odds ratio [OR] 2.34), especially when com-
bined with LABAs, compared with the use of LABAs alone 
[105]. The explanation for this phenomenon should be that 
while ICS monotherapy may have a transient vasocon-
strictive effect on the vessels of the bronchial mucosa, its 
combination with a LABA may potentiate the vasodilatory 
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effect of this bronchodilator, thus favoring the development 
of hemoptysis.

Moreover, in 50 patients with bronchiectasis, Holme et al. 
demonstrated that subjects receiving ICS (33 patients) had 
a significantly higher percentage of adrenal suppression 
(48.5 vs. 23.5%), which was associated with worse quality 
of life than subjects not receiving ICS [106]. The authors 
hypothesized that some of the symptoms related to adre-
nal suppression might even contribute to poorer control of 
bronchiectasis.

Thus, although ICSs exhibit significant anti-inflammatory 
action, their apparent limited clinical effectiveness and the 
risk for serious adverse effects have prompted the long-term 
use of macrolides as the anti-inflammatory therapy of choice 
in patients with bronchiectasis. Indeed, macrolides are cur-
rently the class of drugs with the strongest evidence of being 
able to reduce the number of exacerbations in bronchiectasis 
patients [107]. Unfortunately, macrolides are not without 
adverse effects.

The only study that directly addressed the safety of 
ICSs and macrolides in patients with bronchiectasis was 
conducted by Henkle et al., who retrospectively used the 
2006–2014 US Medicare Part A (hospital), B (outpatient) 
and D (prescription drug coverage) datasets [108]. This 
study retrospectively included 285,043 patients with a pul-
monary-associated bronchiectasis claim, of whom 83,589 
(29.3%) were new users of chronic ICS and 6500 (2.3%) 
were new users of macrolides (erythromycin or azithromy-
cin) as monotherapy. New users were defined as the first pre-
scription ≥ 28 days for either drug group after a 12-month 
clean period. Comparing new users of ICS with macrolide 
users, the propensity score-adjusted HRs were 1.39 for hos-
pitalized respiratory infection, 1.56 for acute exacerbation, 
and 1.09 for death (Fig. 2). The ICS group was less likely to 
have a previous diagnosis of Pseudomonas infection (6.1 vs. 
12.5% in the macrolide cohort) and non-tuberculous myco-
bacteria infection (3.8 vs. 20.1%) but more likely to have 

COPD/emphysema (84.4 vs. 77.7%). The results favored 
macrolides when analyzing the subgroup of patients with 
COPD/bronchiectasis overlap but not when analyzing the 
subgroup of patients with asthma/bronchiectasis in whom 
treatment with ICSs had advantages over treatment with 
macrolides in terms of reducing the number of exacerba-
tions. Finally, no differences in mortality risk were observed 
when comparing the two treatments (OR 1.09). Compared 
with ICSs, chronic macrolide use was related to a lower 
incidence of arrhythmia but not to a statistically signifi-
cant higher risk of myocardial infarction [109]. Moreover, 
chronic macrolide monotherapy was linked with a statisti-
cally significant, modestly elevated risk of hearing loss. In 
any case, it is important to emphasize as limitations of the 
study the fact that it was retrospective, that the diagnosis of 
bronchiectasis was made using the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM), and that all patients included were at least 65 
years of age.

9  What do the Guidelines Say About Using 
Inhaled Corticosteroids in Bronchiectasis?

International guidelines agree on the lack of indication of 
ICSs as a routine treatment in patients with bronchiectasis, 
considering the information previously presented in this 
review; however, the guidelines recognize that the existing 
scientific evidence supporting this recommendation is lim-
ited (Table 2) [16–18, 110, 111].

Nonetheless, depending on the guideline considered, 
there are some exceptions for which ICSs must be pre-
scribed, may be used, or at least must not be withdrawn 
(Table 3).

1. Asthma/bronchiectasis overlap This is probably the most 
well-established indication. Studies have observed that 

Fig. 2  Forest plot of unad-
justed (blue) and adjusted 
(red) HRs (95% CIs) of key 
outcomes comparing new use 
of ICS therapy with macrolide 
monotherapy for bronchiectasis. 
Adjusted hazard ratios included 
propensity score decile, oral 
corticosteroid dose category, 
and non-tuberculous myco-
bacteria history. Reproduced 
from Hencke et al. [108] (free 
access). HRs hazard ratios, 
CIs confidence intervals, ICS 
inhaled corticosteroid
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up to 25% of patients with severe forms of asthma may 
develop bronchiectasis [112, 113]. In this condition, 
ICSs should still be prescribed because they are the 
treatment of choice in patients with asthma [19, 20]. 
However, it is essential to consider de-escalation of ICS 
therapy following international asthma guidelines when 
the clinical status allows it due to the potential risk of 
infectious complications [19, 20]. Unfortunately, the rate 
of chronic bronchial infection due to PPMs in patients 
with asthma/bronchiectasis overlap is unknown, but it is 
expected to be lower than in other associated diseases, 
such as COPD.

2. COPD/bronchiectasis overlap The prevalence of bron-
chiectasis in patients with severe COPD is even higher 
than in severe asthma, reaching 50% [114]. In most of 
these overlapping patients, a bronchial infection with 
PPMs, including P. aeruginosa, is also present and is 
sometimes chronic. Studies show that ICSs in COPD 
patients increase the risk of pneumonia, atypical myco-
bacteriosis, and bronchial infection with P. aeruginosa 
[102–104]. ICS users had suppressed IFN expression 
with increased exacerbation severity through greater 
viral loads and mucus hypersecretion. Mucus hyperse-
cretion was associated with a more remarkable acute 
fall in lung function than observed in ICS non-users in 
a cohort of patients with COPD presenting with virus-
associated exacerbation (Fig. 3) [115]. In theory, ICSs 
could increase de novo pneumonic episodes by stimu-
lating the proliferation of bacteria within the current 
lung microbiota or aiding in acquiring additional bacte-
ria from the environment. There is evidence that ICSs 

impair bacterial lung control by suppressing the epithe-
lial synthesis of the antibacterial peptide cathelicidin 
because they amplify the protease cathepsin D [116]. 
This steroid-inducible gene may cleave and inactivate 
cathelicidin. COPD causes an increase in the expression 
of cathepsin D in the airways [117]. Consequently, ICSs 
are discouraged or should be limited to the lowest possi-
ble dose while optimizing bronchodilation. Nonetheless, 
ICSs are indicated in COPD patients when there is an 
overlap with asthma or frequent exacerbations with high 
blood eosinophil count values [118]. However, the blood 
eosinophil count above which using an ICS can be ben-
eficial has not yet been established [118]. Furthermore, 
the impact of eosinophilia on the effect of ICSs in COPD 
with bronchiectasis when a chronic bronchial infection 
is present is still unknown [119].

3. Allergic bronchopulmonary aspergillosis (ABPA) ABPA 
is a recognized etiology of bronchiectasis that mainly 
causes eosinophilic inflammation. Some guidelines rec-

Table 2  International bronchiectasis guidelines: recommendations on the use of ICSs in bronchiectasis

ABPA allergic bronchopulmonary aspergillosis, BE bronchiectasis, COPD chronic obstructive pulmonary disease, ICSs inhaled corticosteroids, 
PPMs potentially pathogenic microorganisms

Guidelines Inhaled corticosteroid recommendations

European BE guidelines (EMBARC) [16] Do not offer treatment with ICSs to adults with bronchiectasis (conditional recommendation, low 
quality of evidence)

The diagnosis of bronchiectasis should not affect the use of inhaled corticosteroids in patients with 
comorbid asthma or COPD (best practice advice, indirect evidence)

British Thoracic Society BE guidelines [18] Do not routinely offer ICSs to patients with bronchiectasis without other indications (such as 
ABPA, chronic asthma, COPD, and inflammatory bowel disease)

Spanish BE guidelines [17] Routine use is not recommended except in patients with bronchial hyperresponsiveness, asthma, 
or significant bronchorrhea that cannot be controlled with other treatments. Strong recommenda-
tion. Low-quality evidence

Care should be taken with inhaled corticosteroid treatment in patients with chronic bronchial infec-
tion caused by PPMs, as these drugs can increase susceptibility to infection

Saudi Thoracic Society BE guidelines [110] A therapeutic trial may be justified in adults with difficult-to-control symptoms and in the subset of 
patients who show evidence of airway hypersensitivity, asthma, COPD, or ABPA

No recommendation can be made for the use of ICSs in adults during an acute exacerbation or in 
stable bronchiectasis unless they have evidence of reversible airway disease

Thoracic Society of Australia and New 
Zealand BE guidelines [111]

Should not be prescribed routinely unless there is an established diagnosis of co-existing asthma or 
COPD

GRADE; strong; evidence: moderate

Table 3  Potential scenarios of the positive effect of ICSs in bronchi-
ectasis

ABPA allergic bronchopulmonary aspergillosis, COPD chronic 
obstructive pulmonary disease, ICSs inhaled corticosteroids

High peripheral eosinophilic counts in bronchiectasis
Asthma
Severe COPD
ABPA
Increasing uncontrolled mucus secretion
Eosinophilic bronchial inflammation
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ommend using ICSs even in the presence of bronchiec-
tasis, a common radiological finding of this disease [18, 
110].

4. Bronchiectasis with bronchial or peripheral eosinophilic 
component Up to 20% of patients with bronchiectasis 
have a local or systemic eosinophilic component (> 3% 
eosinophils in sputum or > 300 peripheral eosinophils/
µL) without an underlying known eosinophilic disease 
[7]. Some studies have suggested that these patients may 
respond positively to ICSs (and some biological treat-
ments) with a reduction in the number of exacerbations 
[6, 98, 120]; however, the type and dose of ICS may be 
important variables in influencing the response [121].

5. Uncontrollable bronchorrhea Based on the results 
obtained in some clinical studies, some authors suggest 
that a test with ICSs might be justified in patients with 
a significant excess of bronchial secretion that cannot 
be controlled with other pharmacological or non-phar-
macological interventions [17, 111]; however, clinical 
outcomes must be carefully evaluated.

10  Why are ICSs Used so Frequently 
in Bronchiectasis Without a Specific 
Indication?

Table 4 shows that all available registries indicate that using 
ICSs in patients with bronchiectasis is excessive. The per-
centage of patients treated with ICSs sometimes exceeds 
65% and is much higher than that of subjects with asthma, 
COPD, or ABPA [3, 47, 49, 122–124].

The possible causes of this overuse of ICSs in individuals 
with bronchiectasis have not been investigated sufficiently, 

even though all international guidelines on bronchiectasis 
state that they should be used with caution. However, some 
hypotheses can be formulated:

1. There is common diagnostic confusion between COPD 
and bronchiectasis. For example, O'Brien et al. observed 
that almost one-third of patients sent to a specialist with 
a COPD diagnosis did not have airflow obstruction but 
bronchiectasis in the tomographic study, which could 
explain their symptoms [125]. Despite this, treatment 
with ICSs was not discontinued in most cases.

2. COPD and asthma are the best-known chronic inflam-
matory airway diseases. It cannot therefore be ruled out 
that in the absence of scientific evidence, and also due 
to the lack of knowledge of the recommendations of the 
bronchiectasis guidelines on the use of ICSs, patients 
with bronchiectasis are treated by extrapolation simi-
larly to those with COPD and asthma.

3. Although scientific evidence on long-acting bronchodi-
lators in bronchiectasis is lacking, these agents are often 
prescribed to patients with symptomatic bronchiectasis 
or airflow obstruction [126]. Moreover, in a significant 
proportion of inhaler devices on the market, bronchodi-
lators are combined with ICSs [127–129], which could 
lead to misuse of ICSs.

4. Knowing the importance of bronchial inflammation in 
bronchiectasis, physicians may consider ICSs indicated 
in this disease because of their potent anti-inflammatory 
activity.

5. As the clinical studies conducted on the effect of ICSs 
in bronchiectasis without COPD or asthma have been 
few and always small, no definitive conclusions can be 

Fig. 3  Long-term impact of 
inhaled corticosteroid use in 
COPD/bronchiectasis overlap: 
review of mechanisms that 
underlie risks. Reproduced from 
Singanayagam and Johnston 
[116] (free access). COPD 
chronic obstructive pulmonary 
disease, IFN interferon
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drawn either for or against the use of ICSs in bronchiec-
tasis.

11  Future Challenges and Unmet 
Knowledge

The limited scientific evidence on the efficacy and safety 
of ICSs in bronchiectasis makes it urgent and mandatory to 
perform well designed and powered RCTs in bronchiectasis 
patients who are naïve to ICS therapy. In addition, it will be 
worthwhile to verify through a dedicated, pragmatic study 
involving bronchiectasis subjects treated with ICS without 
a clear history of asthma or COPD whether discontinuation 
of ICS is associated with a significant worsening of bron-
chiectasis. As shown in Table 5, numerous features of ICSs 
in bronchiectasis must be defined and studied thoroughly.
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Table 4  Data on the use of ICSs from national and international bronchiectasis registries

BE bronchiectasis, ICSs inhaled corticosteroids, LABA long-acting β2-agonist
a In 56.6% of patients, this treatment was a fixed combination of an ICS with a LABA. This finding might be in part driven by the availability of 
ICSs in India and their relatively low cost in a healthcare system where patients are required to pay for their medications themselves
b Data from EMBARC etiology were extracted from Lee et al. [123]

Author Registry n Age, years COPD (%) Asthma (%) ICSs (%)

Dhar et al. [47]a Indian Registry 2195 56 (41–66] 5.3 2.5 63.2
Martínez-García et al. [3] Spanish BE Research Registry 

(RIBRON)
1912 67.6 (±15) 10.9 7.8 66.7

Aksamit et al. [49] US BE Research Registry 1826 64 (±14) 20 25 39
Visser et al. [122] Australian BE Registry 589 71 (64–77) 3.4 3.7 –
Lee et al. [123] KMBARC 598 66 (60–72) 37.8 22.4 –
Polverino et al.b [124] EMBARC 18,927 16.6b 8.7b 53.1

Table 5  Future challenges of research on ICS therapy in bronchiectasis

COPD chronic obstructive pulmonary disease, ICS inhaled corticosteroids

To irrefutably establish the efficacy and safety of ICSs in bronchiectasis
To verify the consequences of discontinuing ICSs in bronchiectasis
To analyze COPD/bronchiectasis and asthma/bronchiectasis overlaps
To assess the possible benefits of combined therapy with macrolides and ICSs in severe patients
To identify the bronchiectasis phenotypes most susceptible to ICS treatment
To determine which is the best ICS, if any, and its best posology (in monotherapy or in combination with bronchodilators) in the treatment of 

bronchiectasis
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original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by- nc/4. 0/.
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