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Abstract: Non-cystic fibrosis bronchiectasis is a long-term lung disease characterised by
abnormal dilatation of the bronchi, with patients experiencing chronic productive cough and
recurrent exacerbations. Currently, there are no licensed drugs for use in bronchiectasis

while clinical trials have been conducted to either test new drugs or repurpose existing ones.
These drugs target the underlying pathophysiology of bronchiectasis which is known to include
infection, inflammation, mucus hypersecretion and retention. Most of the drugs used in daily
clinical practice for bronchiectasis are off-label with no randomised trials exploring their safety.
This review aims at exploring the safety profile of drugs frequently used in clinical practice to
manage bronchiectasis, including antibiotics (e.g. macrolides, aminoglycosides, polymyxins,
fluoroquinolones, aztreonam), mucoactive therapy (e.g. hypertonic saline, mannitol, DNase
and carbocisteine), anti-inflammatory therapy (inhaled corticosteroids) and drugs currently in
development for use in bronchiectasis (e.g. brensocatib, benralizumab and itepekimab).
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A review on the safety aspects of drugs currently being used in bronchiectasis

This review aims to detail the safety aspects of drugs that are currently prescribed to

patients with bronchiectasis. These drugs are used in bronchiectasis without some of
the high quality trials seen for other lung conditions. The drugs used have shown clinical
benefits in patients who are suffering from infective exacerbations or worsening of

the disease. The idea behind the use of these drugs is that they target the pathological
processes in bronchiectasis such as inflammation, infection and excess mucus
production. In this review, we have included the results from clinical trials that assessed
the use of antibiotics (both oral and inhaled) during pulmonary infections and long-term
antibiotics to prevent infections. Mucus production is a major symptom of bronchiectasis,
and hence the drugs that target mucus secretion and consistency are used in an attempt
to improve the quality of life and prevent infections. Inflammation is a key component of
bronchiectasis, and we report on the safety of inhaled steroids in bronchiectasis. Some
new drugs are currently being tried in clinical trials worldwide and are discussed. The
occurrence of multiple other medical problems are recognized in people living with
bronchiectasis has been seen to increase symptoms and linked with higher infection
rates and hospitalizations. This means patients are often on lots of different medications
for multiple conditions; we highlight the importance of considering the fact these drugs
in combination can lead to potential issues and side effects linked to polypharmacy.
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Introduction

Non-cystic fibrosis bronchiectasis is an inflamma-
tory lung disease characterised by chronic cough,
sputum production and recurrent infective exac-
erbations resulting in a decreased quality of life
and increased mortality.! The prevalence of bron-
chiectasis has increased worldwide over the past
20 years, partly due to the increased availability of
advanced radio imaging and an increase in the
disease prevalence in the elderly due to longer life
expectancy.?2 However, there is limited data avail-
able to quantify the burden of bronchiectasis
worldwide. A systematic review by Polverino
et al. showed that the prevalence of non-cystic
fibrosis bronchiectasis in the general population
was calculated as 39.9 cases per 100,000.3

Ever since Laennec first described this disease in
1819, physicians have tried to understand the
pathophysiology of bronchiectasis, yet the disease
remains poorly understood. Bronchiectasis is a
disease without a robust evidence base to inform
care and without any specifically licensed drug
therapies.* Multiple clinical trials have been con-
ducted in recent years to either test new drugs or
explore the efficacy and safety of existing drugs to
repurpose for use in bronchiectasis. These drugs
target the underlying pathophysiological mecha-
nisms of the disease to prevent/suppress acute
and chronic bronchial infection, improving muco-
ciliary clearance and reducing the impact of struc-
tural lung disease.> A systematic review is required
on the safety profile of these drugs as they are
used off-label and have issues with cost and
tolerability.

Novel drug therapies are being developed due to
a better understanding of the disease pathophysi-
ology. Although there are multiple aetiologies for
bronchiectasis, most of them lead to airway
inflammation, remodelling and dilation with
infection to varying degrees. Impaired mucocili-
ary clearance and mucus retention result in an
imbalance of host defences making the airways
vulnerable to infection and inflammation.
Repeated episodes of infection and inflammation
result in permanent airway dilatation and remod-
elling, leading to worsening clinical features and
quality of life. Novel drugs such as brensocatib
(DPP-1 inhibitor), itepekimab (IL-33 monoclo-
nal antibody) and benralizumab (IL-5 receptor
monoclonal antibody) are being studied to target
these pathophysiological mechanisms.®

A major challenge associated with novel drugs, as
well as those used off-label, is identifying their
safety profile and mitigating any adverse effects to
ensure patient safety. Clinicians must focus on
possible adverse effects of both novel and existing
drug therapies especially in patients with coexist-
ing heart, kidney or liver disease. In addition, as
bronchiectasis often requires long-term therapy,
the focus needs to be on reducing any possible
long-term drug-related complications.

Another challenge whilst targeting the pathophys-
iological mechanisms of bronchiectasis includes
avoiding polypharmacy and its associated compli-
cations. Bronchiectasis has a higher prevalence in
the older population and with increased global
life expectancies, a major increase in the burden
of bronchiectasis is expected to be seen.”® The
impact of multimorbidity (i.e. multiple long-term
conditions (MLTC)) on bronchiectasis disease
severity and prognosis is poorly understood.
McDonnell et al. constructed the Bronchiectasis
Aetiology Comorbidity Index demonstrating the
significant impact of MLTC.® Marsland et al.
conducted a systematic scoping review to sum-
marise the existing literature and identify any
deficits in MLTC. Data from 40 eligible studies
showed that chronic obstructive pulmonary
disease (COPD) and hypertension (pooled
mean 35% and 34%, respectively) were the most
prevalent multimorbidities followed by asthma
(pooled mean prevalence 30%) in bronchiectasis
patients.!? There is scant literature on polyphar-
macy in bronchiectasis. Due to a multi-faceted
treatment approach and high rates of MLTCs,
this patient population is likely to be affected by
polypharmacy.®

Aim
This review aims to explore the safety profile of
novel and existing drugs used in bronchiectasis.

Methods

We present a narrative review of the safety profile
of drugs currently used in non-cystic fibrosis
bronchiectasis. An extensive literature search was
conducted on MEDLINE (PubMed), Google
Scholar and Cochrane to identify clinical trials
conducted in non-cystic fibrosis bronchiectasis to
date. The following Medical Subject Headings
(MeSH) terms and their synonyms were used:
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Table 1. RCTs studying long-term macrolide therapy in bronchiectasis.

EMBRACE RCT (n=141)

BLESS RCT (n=117)

BAT RCT (n=83)

26 weeks 52weeks 52weeks

Azithromycin Placebo Erythromycin  Placebo Azithromycin  Placebo

(n=71) (n=70) (n=59) (n=58) (n=43) (n=40)
Gl 19 (27%) 9 (13%) 0 3(5.1%]) 23 (27.7%) 8 (20%)

symptoms?

RCT, randomised control trial.

aGastrointestinal symptoms included nausea, vomiting, diarrhoea, epigastric discomfort and constipation.

‘anti-inflammatory  therapy’, ‘clinical trial’,
‘mucoactive therapy’ OR ‘mucolytics’, ‘multi-
morbidity’, ‘nebulised antibiotics’, ‘non-cystic
fibrosis bronchiectasis’, ‘oral macrolide’, ‘phase II
clinical trial’ OR ‘phase III clinical trial’, ‘polyp-
harmacy’ and ‘safety profile’ OR ‘adverse effects’
OR c‘adverse events of special interest’. Clinical
trials were categorised according to the drug class
and initial screening was done by Henil Upadhyay
(HU) and Anthony De Soyza (ADS) to assess the
suitability of the articles for inclusion in the
review. All phase II and phase III clinical trials
involving human subjects were included in the
review, while animal studies were excluded. Each
selected study was read in-depth to understand
the study setup, the patient population, primary
and secondary endpoints and the key findings
from the trial by HU and ADS. Data were
extracted from these trials and presented in a con-
cise format. Authors Stefano Aliberti, Katy
Hester, James D Chalmers and Andy Husband
contributed to reviewing the initial draft, suggest-
ing further references, making necessary revisions
and approving the final draft of the manuscript.

Systemic oral antibiotics

Permanently dilated and damaged airways with
impaired mucociliary clearance encourage the
growth of pathogenic microorganisms in the air-
way, particularly Haemophilus influenzae and
Pseudomonas aeruginosa.? Other organisms include
Moraxella catarrhalis, Staphylococcus aureus and
Enterobacteriaceae sp. Persistent infection of the res-
piratory tract by these pathogens results in increased
frequency and severity of pulmonary exacerbations,
decreased quality of life, increased hospitalisations
and increased healthcare costs.!! Long-term mac-
rolide therapy (more than 3 months) aims to reduce
these pulmonary exacerbations and is recom-
mended in guidelines for patients who have three or
more exacerbations in a year.1%13

Bacterial colonisation and neutrophil-mediated
inflammation in the airways result in structural
damage and further impairment of mucociliary
clearance which leads to increased bacterial load.
According to this hypothesis, if bacteria are the
primary drivers of inflammation in bronchiecta-
sis, then the use of long-term antibiotics as a sup-
pressive therapy can decrease airwayinflammation,
enabling airway healing and improving long-term
morbidity. A study by Chalmers et al. established
a direct relationship between airway bacterial
load and airway and systemic inflammation, exac-
erbations and health-related quality of life in sta-
ble patients with non-cystic fibrosis bronchiectasis.
Hence, suppressive antibiotic therapy is an impor-
tant aspect of bronchiectasis management to
reduce airway inflammation and improve the
quality of life.14

Azithromycin and erythromycin ethyl succinate
are the macrolide therapies studied within robust
randomised control trials (RCT; Table 1):

In the EMBRACE multi-centre clinical trial, 141
subjects were randomised to either the azithro-
mycin (500mg three times per week; n=71) or
the placebo group (z=70). The most frequent
adverse events included gastrointestinal (GI)
symptoms (diarrhoea, nausea/vomiting, epigas-
tric discomfort and constipation). These events
were reported more frequently in the azithromy-
cin group (=19, 27%) than in the placebo
group (=9, 13%). Only two subjects in each
study group discontinued the study drug because
of GI adverse events. No symptomatic hearing
impairment was reported in this study, although
the investigators did not perform any audiome-
try. The development of GI adverse effects in the
placebo group should be taken into consideration
by clinicians while discontinuing azithromycin
therapy due to fear of GI adverse effects. GI
symptoms appeared in this patient population
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de novo without previous macrolide treatment.
Also, there is no mention of whether the partici-
pants were counselled to take the drug with food
as this simple change is known to substantially
reduce GI irritation.!>

The BAT multi-centre trial studied the efficacy
and safety of daily azithromycin therapy (250 mg/
day) for 52weeks in bronchiectasis patients. In
all, 83 subjects were randomised into treatment
(n=43) and placebo (z=40) groups. The most
frequent adverse effect noted in this trial was nau-
sea in both azithromycin (=6, 14%) and pla-
cebo group (=6, 15%), followed by rash (=38,
19% treatment group and n=4, 10% placebo
group). Diarrhoea was noted more frequently in
the azithromycin group (=9, 21%) compared to
placebo group (=1, 3%). Self-reported transient
hearing loss/tinnitus was noted in 5 (12%) and 4
(10%) subjects in the azithromycin and placebo
groups, respectively. These adverse effects were
reported to be mild and did not lead to discon-
tinuation from the study.!6

The effect of low-dose, long-term erythromycin
(400mg of erythromycin ethyl succinate twice
daily) was studied in the BLESS trial. In all, 117
subjects were randomised (59 erythromycin and
58 placebo group) in this study. Only 107 patients
in total completed the study. Overall, the rate of
adverse effects was lower than reported in both
BAT and EMBRACE. It is unclear if this reflects
a better tolerability profile (due to a different for-
mulation) or differences in how adverse events
were captured between the studies. This is note-
worthy given the GI adverse events in the placebo
arms of both BAT and EMBRACE trials.!”

In BLESS, 17 (28.8%) erythromycin and 15
(25.9%) placebo group subjects reported adverse
events. One subject in the erythromycin and pla-
cebo groups each discontinued the study drug due
to QTc prolongation (enrolled despite pre-existing
prolonged QTc¢ at screening) and nausea, respec-
tively. Three subjects reported nausea in the pla-
cebo group compared to none in the erythromycin
group. No subject in the BLESS trial developed a
new cardiac arrhythmia. A QTc interval of
>450ms in men and >470ms in women is a con-
traindication to macrolide therapy. An increased
rate of macrolide resistance was seen in patients
after 12 months of therapy with erythromycin ethyl
succinate. One strategy to reduce antimicrobial
resistance could be to discontinue the drug,

preferably in the summer months when infection
rates are low, and restart it just before winter.!?

This reversal of resistance on cessation was seen
in the ‘azithromycin in severe asthma’ (AZISAST)
RCT which showed a decrease in the percentage
of macrolide-resistant Streptococci (from 73.8%
to 45.9%) in the azithromycin group during the
4-week washout period.!8

Hearing loss is challenging in clinical practice. A
similar trial in COPD compared 250 mg daily of
azithromycin to a placebo. Although an excess of
hearing loss (audiogram confirmed) with long-
term azithromycin versus placebo (n=142, 25%
vs n=110, 20%, p=0.04) was seen, many cases of
hearing loss were temporary in both arms. Not all
participants who developed hearing loss discon-
tinued the drug. During the trial, hearing returned
to baseline in 21 (34%) patients who discontin-
ued azithromycin versus 6 (32%) who did not. In
the placebo group, hearing returned to baseline in
37 (38%) who discontinued versus 2 (25%) who
did not discontinue. Hence, improvement in
hearing was noted on repeat testing irrespective of
discontinuing the drug suggesting that permanent
hearing loss was overestimated. Similar data is
less readily available in bronchiectasis.!®

Results from these RCTs collectively show that
although GI adverse effects such as nausea, vomit-
ing, diarrhoea and epigastric discomfort were more
frequent in the active treatment group, these symp-
toms were commonly reported in the placebo
group as well. In the EMBRACE trial, most GI
adverse effects were mild, and none were serious.
The BAT RCT reported more GI adverse events as
compared to other macrolide maintenance therapy
RCTs, potentially suggesting that daily azithromy-
cin therapy is linked with a higher incidence of GI
events as compared to three times weekly therapy.

Macrolides need to be used with caution in
patients with electrolyte disturbances (predisposes
to QT interval prolongation) and those with eGFR
less than 10 mL/min/1.73 m2. Azithromycin inter-
acts with many drugs including chloroquine/
hydroxychloroquine and selective serotonin reup-
take inhibitors (SSRIs) increasing the risk of seri-
ous cardiovascular adverse effects due to
dose-related QT interval prolongation. These
drug-drug interactions are particularly relevant
due to the association between bronchiectasis and
rheumatoid arthritis (where hydroxychloroquine
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may be used) and the association with bronchiec-
tasis and depression (SSRI).

The British Thoracic Society (BTS) recommends
azithromycin/erythromycin as an alternative to
inhaled antibiotics (if not tolerated) or as an addi-
tive to inhaled antibiotics (if high exacerbation
frequency >3/year as per guideline definitions) in
patients with bronchiectasis and Pseudomonas aer-
uginosa colonisation.!3 Patients need to be coun-
selled regarding the potential adverse effects of
long-term macrolides, that is, GI side effects and
strategies to mitigate them such as taking mac-
rolides with food which can significantly reduce
Gl irritation. In terms of follow-up, patients need
to be followed up 6 months with an assessment of
the efficacy and development of side effects if any.
Although hearing loss is not commonly seen in
practice, patients need to be cautioned regarding
new development/worsening of hearing loss. An
ECG needs to be performed prior to and 1 month
post-therapy to rule out QT¢ prolongation. Since
macrolides can affect liver function, liver function
tests are recommended 1month after starting
therapy and then in 6 months time.!2

Other oral antibiotics

There are fewer data available on the use of
long-term  co-trimoxazole  (sulfamethoxazole/
trimethoprim), doxycycline and amoxicillin in
bronchiectasis. Regimens the authors have used
include long-term co-trimoxazole 960mg three
times weekly and short-term doxycycline 100mg
daily. There are prior reports of amoxicillin 3g
sachets X 3days every 3months, but this is not
common practice in the author’s experience. A
double-blind randomised study by Currie et al.
showed reduced frequency of exacerbations,
reduction in purulent sputum volume and reduced
morbidity with the use of oral amoxicillin 3 g twice
daily for 32 weeks.20 Stockley et al. reported a sta-
tistically significant reduction in sputum purulence
and volume with the use of nebulised amoxicillin
500mg (twice a day) for 4 months in bronchiecta-
sis patients who had not responded to oral amoxi-
cillin (3 g twice a day) and had growth of resistant
bacteria in the sputum.2! These regimens are not
however recommended in prevailing guidelines.

The effective use of co-trimoxazole to treat severe
bronchiectasis is reported in two articles from
Japan.22:23 However, no randomised control trials
show the efficacy and safety of this drug in the

European population. One reason for this could
be the strong evidence of blood dyscrasias with
co-trimoxazole and the development of other
drugs that have a better safety profile.

A trial by Lam et al. in 1989 showed ofloxacin
had higher efficacy and was better tolerated than
amoxicillin in patients with infective exacerbation
of bronchiectasis.?* Although there are no recent
clinical trials available for the use of amoxicillin in
the adult population, the BEST-1 and 2 trials in
children with bronchiectasis show that GI adverse
effects (nausea, vomiting and diarrhoea) were
most frequently seen in the treatment group.
However, it is unclear if this translates to the adult
population.25:26

Long-term systemic antibiotics used as suppres-
sive therapy therefore have the potential for nega-
tive impacts on the patient both directly, such as
GI upset, ototoxicity, and indirectly, with increased
rates of bacterial resistance. The latter is detecta-
ble in studies that have specifically assessed this,
but the long-term consequences such as the risk of
Clostridium difficile colitis or treatment refractory
community-acquired pneumonia are unclear.?’
Clinically relevant and cost-effective strategies for
monitoring the harms of long-term antibiotics
remain unclear with current guidelines being
empirical rather than strongly evidenced based.

An important drug interaction worth highlighting
given the associations between rheumatoid arthri-
tis and bronchiectasis is patients with bronchiec-
tasis—rheumatoid arthritis overlap syndrome are
at significant patient safety risk if taking metho-
trexate. Methotrexate and co-trimoxazole are
classed as major drug interaction risks due to the
occurrence of aplastic anaemia and/or agranulo-
cytosis.?® Additionally, the treatment for bronchi-
ectasis exacerbations is complicated by the
presence of co-morbid conditions such as epi-
lepsy and the interaction between meropenem
and valproate is notable leading to a subtherapeu-
tic concentration of valproate and seizures in
some patients. However, this can be managed
effectively in clinical practice.??

Airway targeted antibiotics

Nebulised antibiotics such as aminoglycosides
(tobramycin, amikacin, gentamicin) and poly-
myxins (colistimethate sodium/colistin) are
potentially a more targeted therapeutic option as
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compared to oral antibiotics as they offer the
advantage of local delivery of the drug into the
airway, with minimal systemic adverse effects.3?
Nebulised antibiotics are often delivered to the
airways at much higher levels than doses used as
breakpoints or minimal inhibitory concentrations
when delivering IV antibiotics. Nebulised antibi-
otics are guideline recommended as individual
studies and meta-analyses demonstrate that they
show reductions in sputum bacterial density,
airway inflammation, frequency and severity of
pulmonary exacerbations with improved health-
related quality of life.3!

Nebulised gentamicin

A single-centre RCT by Murray et al. reported on
the efficacy of nebulised gentamicin (80 mg twice
daily) therapy for 1year in patients with bronchi-
ectasis. A relatively small group of 65 patients
were randomised to either nebulised gentamicin
(n=32, 49%) or saline (n=33, 51%). In all, 57
patients completed the study, with 27 in the gen-
tamicin group and 30 in the saline group.
Bronchospasm was the most common adverse
effect in both the nebulised gentamicin (n=7,
22%) and nebulised saline (n=2, 6%) group
which was treated with nebulised beta-2 agonist.
None of the patients in the gentamicin group
developed nephrotoxicity or ototoxicity.3!

The BTS guidelines recommend inhaled gen-
tamicin as a second-line therapy to colistin in
bronchiectasis patients with chronic Pseudomonas
aeruginosa infection and an alternative to oral
macrolides in non-Pseudomonas aeruginosa colo-
nised patients.!> However, the British National
Formulary does not recommend concurrent gen-
tamicin and colistimethate as they have neuro-
muscular blocking effects with an increased risk
of ototoxicity/nephrotoxicity.

Gentamicin is not developed specifically for neb-
ulisation so requires repurposing of an intrave-
nous preparation and in our experience, this is
commonly in a glass vial with varying levels of
ethanol and/or metabisulphites as preservatives.
It is our single-centre experience that although
very few patients demonstrated an acute bron-
chospasm event when given a test dose, relatively
few remain on nebulised gentamicin by the end of
12months. In all, 148 patients were included in
the analysis out of which only 64 (43%) patients
continued gentamicin at the end of 12months

and these patients had a lower mean age, higher
mean absolute FEV, and lower mean
Bronchiectasis Severity Index (BSI). This sug-
gests that older patients with severe bronchiecta-
sis and worsening lung function are at higher risk
of treatment cessation.3?

This lack of long-term adherence is likely a com-
plex issue of treatment burden (nebulisation takes
some dexterity to reconstitute and 10-15min to
deliver), airway reactivity and variation between
gentamicin preparations. It is our experience that
patients can tolerate one manufacturer’s gen-
tamicin preparation but when supplied with a dif-
ferent brand, bronchospasm can occur soon after
switching (ranging from first dose to within a
week). Hence, lack of long-term adherence may
reflect patient treatment burden, tolerability and
the preparation(s) they have previously used.3?

Administration of antibiotics through nebulisers
is time-consuming, cumbersome and costly.
Other alternatives include pressurised metered
dose inhalers (pMDI) and dry powder inhalers,
although pMDI is not viable since antibiotic ther-
apy requires a large dose of drugs to be delivered
locally as compared to bronchodilators or ster-
oids. Dry powder inhalation (DPI) are more effi-
cient, cost-effective and rapid alternative to Small
Volume Nebulisers (SVN). In terms of drug
delivery to the airway, nebulisers deliver higher
concentrations as compared to DPI. The draw-
back for inhalational systems is poor deposition of
drugs in pulmonary areas with minimal airflow or
maximum focus of inflammation.?3

The BTS recommends inhaled gentamicin as a
second-line alternative to inhaled colistin in bron-
chiectasis patients with chronic Pseudomonas aer-
uginosa infection.!> Inhaled aminoglycosides
should be avoided if the creatinine clearance is
<30mL/min and with concomitant nephrotoxic
medications. Gentamicin should be used with
caution if the patient has significant hearing loss/
balance issues. Since bronchospasm is a known
adverse effect with inhaled antibiotics, inhaled
bronchodilators should be used pre-therapy in
patients who are prone/known to have this adverse
effect.!> Melani et al. have recorded a case of a
paradoxical episode of near-fatal bronchocon-
striction after the use of inhaled gentamicin solu-
tion in a bronchiectasis patient.3* In our clinical
practice, we have observed large variations in the
tolerability of different gentamicin preparations
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and suggest different brands are not interchange-
able. There is a large variation in alcohol and
metabisulphite excipient concentrations, and this
is notable as they may induce bronchospasm.

Nebulised amikacin

In a different study design, nebulised amikacin
twice daily (for 2weeks) was added to the treat-
ment of acute bronchiectasis exacerbations in
patients with Pseudomonas aeruginosa colonisa-
tion. In all, 143 patients were randomised to
either the intervention group (z=72) or the pla-
cebo group (#=69). Both groups showed adverse
events, including bronchospasm. In the interven-
tion group, two patients (4%) experienced bron-
chospasm. In the control group, one patient
(1.4%) developed bronchospasm. None of the
subjects developed ototoxicity or nephrotoxicity.
These data are useful as they do inform the poten-
tial start of nebulised long-term antibiotics during
or soon after an exacerbation.?

Tobramycin inhalation solution/powder

BATTLE, a double-blind RCT reported the
occurrence of bronchial hypersensitivity after the
use of tobramycin inhalation solution (TIS). In
all, 57 subjects were randomised to either TIS
300mg once daily (n=28) or 0.9% saline group
for 52 weeks (7=29). The most common adverse
events leading to study discontinuation in the
treatment arm were dyspnoea (n=3, 27%), severe
cough (=2, 18%) and allergic reaction (=1,
9%). One patient (9%) in the treatment group
developed reversible renal impairment after treat-
ment for 9months. No subject in the TIS group
developed ototoxicity. One patient (9%) in the
placebo group developed ototoxicity with tinnitus
during the treatment period which was not related
to the medication (Table 2).3¢

Three further tobramycin clinical trials showed a
similar pattern of adverse events to those identi-
fied in the BATTLE trial (cough, dyspnoea,
increased sputum and wheezing).37-39

The iBEST RCT was conducted to evaluate the
efficacy, safety and tolerability of different doses
of tobramycin inhalation powder (TIP) in patients
with bronchiectasis and chronic Pseudomonas aer-
uginosa infection. Three dosing regimens (84 mg
daily, 140 mg daily and 224 mg daily) were stud-
ied in this trial, with the treatment duration being

16weeks followed by an 8-week follow-up.
Patients were randomised to one of the three
treatment cohorts (1:1:1) and within each cohort,
patients were randomised in a 2:2:1 ratio to
receive continuous TIP, cyclical TIP/placebo
(28days cycle) or placebo only. The most com-
mon adverse events reported in this trial were
cough (18.7%) and dyspnoea (17.8%; Table 3).40

Five patients (4.7%) experienced ototoxicity and
12 patients (11.2%) experienced haemoptysis.
There was no clinically significant bronchial
hypersensitivity observed post-inhalation of TIP.
Ototoxicity presented as tinnitus and deafness
which was mild, transient, and did not lead to
changes in the study drug administration.

Most patients who developed renal impairment
(raised creatinine/decreased GFR) had multi-
ple pre-existing medical conditions and
polypharmacy.

Treatment-emergent adverse events leading to
study drug discontinuation were higher in the
active treatment cohorts with the greatest number
of cases being in cohort C (224 mg TIP daily).

This study showed that TIP was well tolerated
but with an increase in renal side effects at high
doses.

With regards to drug delivery, TIP is delivered via
capsule-based, breath-actuated DPI designed to
deliver a reliable dose of drug into the airway with
low airflow resistance. Hence, TIP requires slow
deep breaths for the active drug to reach the
peripheral airways. In addition, the drug adminis-
tration time for TIP was faster compared to nebu-
lised TIS (Tobramycin inhalation solution). This
was seen in the EAGER trial where the mean
administration time over three cycles of treatment
was significantly lower with TIP 112mg than
with TIS 300 mg/5 mL.%!

Colistimethate sodium

In the PROMIS-I trial, subjects with bronchiec-
tasis and long-term Pseudomonas aeruginosa infec-
tion were randomised to inhaled colistimethate
sodium (CMS) or placebo group in a 1:1 ratio. A
dose of 1million international units (MIU)/80g
of CMS was administered via an intelligent nebu-
liser (I-neb) that synchronised drug delivery with
patient inhalation used twice daily for 12 months.
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Table 2. Adverse events with nebulised aminoglycosides.

Nebulised gentamicin RCT (n=65)

Gentamicin (n=32)

Saline (n=33)

Bronchospasm
Nephrotoxicity
Ototoxicity

Other; unpleasant taste

7(21.9%) 2 (6%)

0 0

0 0
3(11.1%) 5(16.7%)

BATTLE RCT (N=57)

Tobramycin inhalation solution(n=28)

Placebo(n=29)

Bronchospasm (not reported)
Nephrotoxicity
Ototoxicity (Tinnitus)

Hypersensitivity

1(9%) 0
0 1(9%])
1(9%) 0

TSI open-label study (n=41)

Cough 18 (43.9%)
Dyspnoea 14 (34.1%)
Increased sputum 12 (29.1%)
Wheezing 11 (26.8%)

Barker et al., RCT (N=74)

TSI (n=37) Placebo(n=37)
Cough 15 (41%) 9 (24%)
Dyspnoea 12 (32%) 3 (8%)
Increased sputum 8 (22%) 5 (14%)
Wheezing 6 (16%) 0

RCT, randomised control trial; TSI, tobramycin solution for inhalation.

In all, 176 subjects were randomised to the CMS
group and 197 to placebo. In all, 142 subjects
(80.68%) in the CMS group and 159 subjects
(80.71%) in the placebo group reported any
adverse events (Table 4).42

Ciprofloxacin

Ciprofloxacin, a fluoroquinolone, has bactericidal
activity against multiple organisms affecting the
respiratory tract including Pseudomonas aerugi-
nosa. The airway-targeted dry powder formulation

allows the drug to penetrate the central and lower
airways at lower concentrations as compared to
systemic therapy.43

The RCT by Wilson et al. assessed the safety and
efficacy of ciprofloxacin DPI treatment. Subjects
were randomised to either ciprofloxacin DPI
32.5mg or placebo, both twice daily. During the
study, 41 subjects (68.3%) in the treatment
group and 42 subjects (65.6%) in the placebo
group reported treatment-emergent adverse
events.44

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

H Upadhyay, S Aliberti et al.

Table 3. Treatment-emergent adverse events leading to study drug discontinuation.

Cohort Patients Dyspnoea  Reduced GFR Raised creatinine

Cohort A: 84mg OD
Continuous TIP 14 0 0 0
Cyclical TIP 13 0 0 0
Placebo 7 0 0 0

Cohort B: 140mg 0D
Continuous TIP 15 0 1(6.7%) 0
Cyclical TIP 14 0 1(7.1%) 1(7.1%)
Placebo 7 11(7.1%) 0 0

Cohort C: 224mg OD
Continuous TIP 15 2 (13.3%) 2 (13.3%) 2 (13.3%)
Cyclical TIP 15 0 0 0
Placebo 7 0 0 0

GFR, glomerular filtration rate; OD, once a day; TIP, tobramycin inhalation powder.

Table 4. Adverse events reported in the PROMISE-| trial.

CMS group (n=176)

Placebo group (n=197)

Infective exacerbation of bronchiectasis 67 (38.07%) 110 (55.84%)
Dyspnoea 22 (12.5%) 16 (8.12%)
Cough 21 (11.93%]) 19 (9.64%)
Increased sputum 13(7.39%) 7 (3.55%)
Haemoptysis 9 (5.11%) 19 (9.64%)

CMS, colistimethate sodium.

The RESPIRE I and II trials then studied the
safety and efficacy of 14- and 28-day on/off-cipro-
floxacin DPI. These phase III trials had the same
design but a different analysis plan. Patients were
randomised to twice-daily ciprofloxacin DPI
32.5mg or placebo in two treatment regimens of
14/28 days on/off cycle for 48weeks. Adverse
events of special interest included bronchospasm,
haemoptysis, anaphylaxis and tendon disorder
(Table 5).45

In the RESPIRE-1 trial, only one subject in the
placebo group developed tendonitis, but there

were more reported musculoskeletal events in
the active treatment arms; the causes for this are
unclear but systemic ciprofloxacin is associated
with joint pains and/or tendinopathy. Treatment-
emergent musculoskeletal adverse events were
infrequently reported in the RESPIRE II trial
(Table 5). Tendon disorders were reported by
two patients in each ciprofloxacin DPI treatment
group and zero patients in the placebo groups.
Ciprofloxacin DPI had a good safety profile in
this trial series and was well tolerated with
more than 70% of subjects completing the
treatment.40-47
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Table 5. RESPIRE | and Il trial.
RESPIRE | (n=416) RESPIRE Il (n=519)
Ciprofloxacin DPI (n=277) Pooled Ciprofloxacin DPI [(n=345)  Pooled
placebo placebo

14dayson/  28days (n=137) 14dayson/  28days (n=174)

off on/off off on/off
Dyspnoea 16 (11.8%) 16 (11.3%) 9 (6.6%) 10 (5.7%) 4 (2.3%) 3(1.7%)
Haemoptysis 16 (11.8%) 15 (10.6%) 10 (7.3%) 17 (9.8%) 12 (7.0%) 22 (12.6%)
Cough 13 (9.6%) 15 (10.6%) 9 (6.6%) 7 (4%) 5(2.9%) 11 (6.3%)
Bronchospasm 7 (5.1%) 5 (5%) 10 (7.3%) 7 (4%) 3(1.8%) 9 (5.2%)
Increased sputum 6 (4.4%) 8 (5.7%) 3(2.2%]) Not reported

DPI, dry powder inhalation.

The once-daily respiratory bronchiectasis inhalation
treatment (ORBIT) trials were designed to over-
come the local intolerance adverse effects associated
with inhaled antibiotics and improve the local anti-
microbial action in the airways. The use of liposome-
encapsulated ciprofloxacin and free ciprofloxacin in
one solution provides a high peak concentration
from the free ciprofloxacin component and a slow
release from the liposomal ciprofloxacin.*8

In the ORBIT-2 trial, dual-release ciprofloxacin
for inhalation (DRCFI) was used in patients with
bronchiectasis and Pseudomonas aeruginosa infec-
tion. DRCFI was administered once daily for
24 weeks in the form of three treatment cycles,
with each cycle of 28days ‘on’ inhaled therapy
and then 28days ‘off’ therapy. Twenty subjects
were randomised to active treatment and 22 to
the placebo group.4®

Both ORBIT-3 and 4 were similar in their design
wherein inhaled ciprofloxacin/placebo  was
administered once daily for six 56-day treatment
cycles, for 48weeks. In terms of adverse events,
21 (5%) of 389 versus 7 (4%) of 196 patients
(ciprofloxacin vs placebo) reported any adverse
events. The most common adverse events related
to airway irritation (cough, dyspnoea, wheezing
and oropharyngeal pain) occurred in a similar
pattern in both groups.*®

Fluoroquinolone-associated adverse effects (ten-
donitis, tendon rupture, muscle weakness) were
not frequent in the treatment group.*® This
could be because of the low systemic levels of cip-
rofloxacin that were observed in this study.

Antibiotic resistance especially with Pseudomonas
aeruginosa is an increasingly worrying concern for
clinicians. In this trial, ciprofloxacin Minimum
Inhibitory Concentrations (MICs) among
Pseudomonas isolates were higher after treatment,
but this decreased by the end of the off-ciproflox-
acin cycle.

Aztreonam

AIRBX-1 and 2 were two identical RCTs con-
ducted to assess the efficacy and safety of aztre-
onam for inhalational solution (AZLI) in
bronchiectasis and gram-negative bacterial infec-
tion. AZLI has a primary antipseudomonal action
and improves lung function in cystic fibrosis-
related bronchiectasis.>°

Subjects were randomised to either 4 weeks of
three daily 75mg AZLI or placebo. In both tri-
als, discontinuation due to safety or tolerability
reasons was higher in the AZLI group as com-
pared to the placebo group (20% vs 3% in
AIRBX-1 and 7% vs 4% in AIRBX-2). The
most common adverse effects noted in this trial
were dyspnoea, cough and increased sputum
production, all expected adverse effects with
inhaled antibiotics. Dyspnoea was the most
common adverse effect despite beta-2 agonist
bronchodilation before the administration of the
drug/placebo. AZLI failed to show significant
clinical improvement in both trials in contrast to
positive outcomes seen in AZLI-cystic fibrosis
trials. Arguably, these prior trial designs could
be improved upon to test exacerbation reduction
effects.>®
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In summary, inhaled antibiotics, either in powder
or nebulised formats, consistently show predicta-
ble adverse effects of upper airway irritation, taste
disturbance and bronchospasm (aminoglyco-
sides) to varying degrees. Few studies however
noted significant increased rates of GI distur-
bances. Patient withdrawals from the studies were
noted with aminoglycosides and aztreonam.5!

Anti-inflammatory therapies

Inflammation is a key component of bronchiecta-
sis. Although neutrophils appear predominantly
in most patients, there is a recognition that a pop-
ulation of patients with significant eosinophilia
can now be identified. Targeting airway inflam-
mation is therefore an attractive option with an
increasing awareness that this may have indirect
benefits on mucus retention and even potentially
airway bacterial load.52

Inhaled steroids

Inhaled corticosteroids (ICS) are guidelines rec-
ommended for the treatment of asthma and
COPD. These are common comorbidities in
bronchiectasis and a study in the UK demon-
strated that 30% primary-care COPD popula-
tion had airway abnormalities potentially
classifiable as bronchiectasis.>®> ICS was the most
commonly used treatment in bronchiectasis
patients (z=8700, 51.3% of overall cohort
(n=16963)) in the EMBARC (European
Multicentre Bronchiectasis Audit and Research
Collaboration) cohort. ICS was used by 2595
patients (30.4%) without documented COPD or
asthma and its use was most common in the UK
as compared to other European regions.*

This is despite the bronchiectasis guidelines rec-
ommending avoiding such treatment in the
absence of high-quality evidence. No significant
improvement in lung function or exacerbation
has been identified in long-term studies
(>6months) with ICS.13 The recognised harms
of ICS are best described in asthma and COPD
and include, but are not limited to, systemic
absorption (skin thinning, bruising and increased
rates of osteoporosis) or local immune suppres-
sion (oral candidiasis and pulmonary infection).
Particularly relevant to bronchiectasis are the
additional observations in COPD that ICS treat-
ment increases the risk of pneumonia, particu-
larly in those with poor lung function, prior

history of pneumonia and older age.?* Although
similar data have not yet been described in bron-
chiectasis, the much higher airway bacterial load
in bronchiectasis makes this a significant possibil-
ity. One of the further concerns is that ICS use
has been linked with non-tuberculous mycobac-
terium (NTM) infection.>>

A recent database study from Taiwan on the
effectiveness and safety of fixed-dose combina-
tion ICS/long-acting 2-agonists (ICS/LABA) in
bronchiectasis as compared to long-acting anti-
muscarinic antagonist (LAMA) only in 1281 and
455 patients, respectively. The authors found no
concerning safety signals with comparable out-
comes to LAMA, after propensity matching, with
hazard ratios of 1.22 (95% CI 0.81-1.83) for hos-
pitalised respiratory infection, 1.06 (95% CI
0.84-1.33) for acute exacerbation and 1.06 (95%
CI 0.66-1.02) for all-cause hospitalisation. The
authors also studied whether different ICS prepa-
rations may have been associated with different
outcomes. Their data suggested beclomethasone/
formoterol or budesonide/formoterol led to a
lower risk of acute exacerbation compared to flu-
ticasone/salmeterol and that beclomethasone/for-
moterol resulted in lower risks of hospitalised
respiratory infection and all-cause hospitalisation
(HR 0.55, 95% 0.37-0.80) compared to flutica-
sone/salmeterol. These data are intriguing, and
the authors suggest a potential difference in
potency and higher airway immunosuppression
associated with fluticasone/salmeterol. There is a
potential for bias by indication in the differential
use of these inhaled therapies and observational
studies do not provide causality; future ran-
domised trials are needed.>®

It is plausible that ICS use could drive an
increased susceptibility to NTM through sup-
pression of local immunity, but it is possible that
bias by indication may play a role in this with
injudicious use of ICS in a patient with previ-
ously undiagnosed NTM infection. A meta-anal-
ysis across chronic airway diseases, however,
suggests that ICS use is associated with increased
NTM risk.57

Brensocatib

Brensocatib is a novel drug therapy being investi-
gated for use in bronchiectasis. It is a reversible
inhibitor of dipeptidyl peptidase 1 (DPP-1) which
is involved in activating neutrophil serine proteases
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(amongst other host-derived proteases) during
inflammation in bronchiectasis. Neutrophil
elastase has been strongly linked with increased
disease severity and risk of exacerbations.

The WILLOW trial examined the incidence of
bronchiectasis exacerbations in patients on two
dosage regimens of brensocatib (10 or 25mg once
daily) over 24 weeks in 256 patients. Periodontitis
and skin hyperkeratosis were the adverse effects of
special interest in this trial as the genetic absence
of DPP-1 presents as Papillon-Lefevre syndrome
(diffuse palmoplantar keratoma and periodonti-
tis). The incidence of skin hyperkeratosis was
higher in the 25 mg brensocatib group, while peri-
odontitis was higher in the 10mg group.58

In terms of efficacy, both 10 and 25 mg brenso-
catib prolonged the time to first exacerbation.>® A
phase III trial of 52weeks of treatment to assess
the efficacy and safety of brensocatib in bronchi-
ectasis (ASPEN trial) is underway at this point.
The trial has completed recruitment, but safety
and efficacy data are not yet available.>®

A risk—benefit assessment of brensocatib based on
the WILLOW trial suggests a negative number
needed to harm and a potential positive risk-ben-
efit profile of brensocatib. These results indicate
that brensocatib could be safely used for treating
bronchiectasis patients.%0

A double-blind trial was conducted to determine
the efficacy of short-term (28days) brensocatib
25mg in patients with COVID-19 infections.
Safety analysis from this study shows that none of
the subjects developed adverse effects of special
interest except for one subject developing dental
complications.®!

Itepekimab

Airway epithelial damage signals such as alarmins
may contribute to the pathophysiology of bron-
chiectasis. Interleukin-33 is one such epithelial
alarmin. Itepekimab is an II.-33 signal inhibitor
monoclonal antibody that inhibits airway inflam-
mation and tissue remodelling. The efficacy and
safety of itepekimab have been previously studied
in asthma and COPD (AERIFY-I and II).52 The
most common adverse effects noted in the phase
II trial for itepekimab (=73 in itepekimab
group) in asthma were nasopharyngitis (=13,
18%), allergic rhinitis (z=3, 4%), nausea (n=4,

5%) and back pain (n=4, 5%).%2 This is similar to
the results seen in a phase II COPD trial with ite-
pekimab where the most common adverse events
in the active group were nasopharyngitis (n=28,
16%), bronchitis (®=18, 10%), headaches
(n=14, 8%) and upper respiratory tract infection
(n=13, 8%).%3

Benralizumab

Benralizumab is a monoclonal antibody that
binds to the eosinophilic and basophilic IL-5
receptor and elicits antibody-dependent cell-
mediated cytotoxicity.®* The use of benralizumab
has been extensively studied in asthma. The most
common adverse effects associated with benrali-
zumab in asthma RCTs included nasopharyngi-
tis, worsening of asthma and bronchitis.®> Since
benralizumab is administered subcutaneously,
injection-site-related reactions (urticaria) were
seen in 2% of patients in the CALIMA RCT.%¢
Two Cochrane reviews studying anti-IL-5 ther-
apy in asthma and COPD, each showed no excess
serious adverse events with benralizumab.67-68
Bronchiectasis has recently been noted to have a
sub-population of patients where eosinophils may
contribute to disease pathogenesis.®® An RCT
studying the efficacy and safety of benralizumab
in bronchiectasis (MAHALE RCT) is currently
underway.”?

Mucoactive therapy

Mucociliary clearance in bronchiectasis is
impaired by excessive mucus production and vis-
cosity, airway dehydration and structural lung
changes. This stagnant mucus becomes chroni-
cally colonised with bacteria resulting in a neutro-
philic response. Mucoactive medications such as
hypertonic saline, mannitol and DNase have a
direct impact on mucus clearance from the
airways.>12

Hypertonic saline

Hypertonic saline (HS) hydrates the airways,
reduces mucus viscosity and may improve chest
clearance in bronchiectasis. Both isotonic saline
(IS) and HS have been used in bronchiectasis
aiming to improve mucus clearance and quality of
life. A systematic review of HS in bronchiectasis
shows that in most of the RCTs, patients with
hypersensitivity to HS were excluded and hence
the number of adverse effects caused by HS could
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be lower than that in the wider patient group
where HS may be applied.”?

A Cochrane review on inhaled hyperosmolar
agents in bronchiectasis comparing HS versus IS
noted conflicting results and it was not possible to
draw robust conclusions.”? There was no signifi-
cant difference between the adverse effects seen
in either group. Local adverse events such as
bronchospasm are common with inhaled hyper-
osmolar agents and hence patients should
undergo a challenge test under supervision before
commencing on IS/HS. Those with clinical fea-
tures of bronchospasm are frequently excluded or
pre-treated with inhaled bronchodilators. This is
in line with the BTS bronchiectasis guidelines,
which recommend pre-treatment with broncho-
dilators in high-risk patients (asthma, bronchial
hyperreactivity and severe airflow obstruction-
FEV,<11).1»72 The CLEAR trial comparing
hypertonic saline 6% to carbocisteine, to both
treatments combined and to standard care has
completed recruitment but has not yet been
reported. Rates of short-term and long-term
intolerance will be reported alongside efficacy.”

Inhaled mannitol

A 52-week 400mg versus 50mg (deemed taste-
matched non-active placebo) inhaled mannitol
RCT was conducted to determine the impact of
mannitol on bronchiectasis. 20.2% versus 16.7%
of patients (mannitol vs placebo) developed
adverse events related to the study medication.
Cough (12.9% vs 9.6% in active vs placebo) and
dyspnoea (8.6% and 7% active vs placebo) were
two of the most common adverse events reported
in this trial. Mannitol therapy was safe and well-
tolerated over 12 months; however, there was no
significant reduction in the exacerbation rate in
patients with mild to moderate bronchiectasis.
Hence, the efficacy of mannitol versus the adverse
effects/cost burden should be balanced when
making clinical decisions.”*

DNase

Airway secretions have been found to contain large
amounts of extracellular DNA likely from neutro-
phil extracellular traps and dead bacteria. This
DNA mesh may limit mucus flow and nebulised
DNase I has been successfully trialled in cystic
fibrosis-related bronchiectasis. The FEuropean

Respiratory Society guidelines, however, do not
recommend recombinant human DNase in bron-
chiectasis. Notably one early trial of DNase I in
bronchiectasis where 349 patients were ran-
domised to placebo (176) versus treated (173)
over 24 weeks was associated with more frequent
pulmonary exacerbations and greater FEV, decline
in patients who received rh-DNase. The potential
reasons for an increased signal of harm in this pop-
ulation are unclear given its role in treating cystic
fibrosis-related bronchiectasis.”

Carbocisteine

The BTS guidelines for bronchiectasis recom-
mend a 6-month trial of carbocisteine followed
by long-term therapy if clinical benefits are
noted. The evidence base for this is limited.
Larger-scale trials in COPD have shown that this
medication is generally well tolerated with GI
disturbances (nausea, dyspepsia and/or peptic
ulceration) and skin adverse effects (pruritis/
rash) amongst the most commonly reported.’® As
noted above, the CLEAR trial should provide
more safety and efficacy data on this within bron-
chiectasis. Notably, cardiac co-morbidities are
common in bronchiectasis and the risk of peptic
ulceration with anti-platelet agents on top of
mucolytics needs to be factored into risk—benefit
discussions with patients.

Multimorbidity and polypharmacy in
bronchiectasis

Bronchiectasis was historically considered an
orphan disease but with an increasing prevalence
in the UK and an ageing population, clinicians
need to focus on the impact of multimorbidity
and polypharmacy. The most common co-mor-
bid conditions associated with bronchiectasis
include COPD, cardiovascular disease, hyperten-
sion, asthma and diabetes.!® The concurrence of
bronchiectasis with other lung pathologies
(asthma/COPD) further complicates the manage-
ment pathway for these patients due to different
pathophysiology. Multimorbidity is also associ-
ated with higher rates of exacerbations and hospi-
talisations, thereby increasing the pressure on an
already overstretched health system.

Bronchiectasis—COPD overlap syndrome requires
to be studied in detail as COPD is the most com-
mon co-morbid condition. In addition, asthma
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(n=5267,31%) and COPD (n=4324,n=25.5%)
were frequently reported as the cause of bronchi-
ectasis in the EMBARC cohort (#=16,963),
reflecting the overlap syndromes that have been
associated with worse outcomes.*

In terms of mortality, with an increase in co-mor-
bidities, the mortality rate also increases particu-
larly with COPD, Gastroesophageal Reflux
Disease (GORD) and rheumatoid arthritis.® With
these conditions, a common theme is there is a
higher risk of polypharmacy and its complications
with increasing co-morbidities in bronchiectasis.
Polypharmacy is associated with higher mortality,
falls, emergency readmissions, adverse effects,
drug interactions, lower quality of life and
increased medication errors.%10:77

Conclusion

Patients with bronchiectasis suffer from a lack of
evidence-based therapies arising from large-scale
clinical trials with robust safety data. Many drugs
recommended in current guidelines are repur-
posed and have limited efficacy data and scantier
safety data specific to this population. Certain
scenarios within bronchiectasis are associated
with an increased risk of adverse events including
the potential for drug—drug interactions for thera-
pies targeting the pathophysiology of bronchiec-
tasis and the comorbidities/bronchiectasis
aetiologies. Large database studies that capture
the adverse events/harms that may be common in
co-morbid ‘real-world’ patients with polyphar-
macy regiments are needed to understand the key
safety signals and major drug—drug interactions
that are important in bronchiectasis.

The field of bronchiectasis has had to adapt to
being a somewhat neglected condition and most
drugs used in bronchiectasis lack strong effective-
ness and safety data in bronchiectasis. Many of the
drugs used have been developed and tested for
other conditions (e.g. inhaled therapy for asthma
and COPD) or nebulised antibiotics (e.g. cystic
fibrosis). As new drugs are developed, and larger
national or international registries emerge linking
research to routine care, the clinical care commu-
nity should adopt practicable pharmacovigilance
approaches where possible. This is increasingly
important with gaining populations with multi-
morbidity and polypharmacy that may lead to
drug—drug interactions and new safety challenges.

Declarations

Ethics approval and consent to participate
Not obtained as this study is a review and is based
on existing literature

Consent for publication

Consent for publication is not required as this
study is a review and is based on existing
literature.

Author contributions

Henil Upadhyay: Data curation; Formal analy-
sis; Project administration; Writing — original
draft; Writing — review & editing.

Stefano Aliberti: Data curation; Formal analy-
sis; Methodology; Writing — original draft; Writing
— review & editing.

Andrew Husband: Data curation; Formal anal-
ysis; Methodology; Writing — original draft;
Writing — review & editing.

James D. Chalmers: Data curation; Formal
analysis; Methodology; Writing — original draft;
Writing — review & editing.

Katy Hester: Data curation; Formal analysis;
Methodology; Writing — original draft; Writing —
review & editing.

Anthony De Soyza: Conceptualisation; Data
curation; Formal analysis; Investigation; Method-
ology; Project administration; Supervision;
Validation; Writing — review & editing.

Acknowledgements

Henil Upadhyay’s role was funded by the NTHR
research capacity funding grant administered
through the Newecastle Upon Tyne Hospitals
NHS Foundation Trust. The views expressed are
those of the author(s) and not necessarily those of
the NIHR or the Department of Health and
Social Care.

Funding

The authors received no financial support for the
research, authorship and/or publication of this
article.

Competing interests
The authors declare that there is no conflict of
interest.

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

H Upadhyay, S Aliberti et al.

Availability of data and materials
Not applicable as this is a review article based on
existing literature

ORCID iD
Henil Upadhyay https://orcid.org/0000-0001-
8314-8403
References
1. Aliberti S, Goeminne PC, O’Donnell AE, et al.

10.

Criteria and definitions for the radiological and
clinical diagnosis of bronchiectasis in adults for
use in clinical trials: international consensus
recommendations. Lancet Respir Med 2022; 10:
298-306.

Imam JS and Duarte AG. Non-CF
bronchiectasis: orphan disease no longer. Respir
Med 2020; 166: 105940.

. Polverino E, Cacheris W, Spencer C,

et al. Global burden of non-cystic fibrosis
bronchiectasis: a simple epidemiological analysis.
Eur Respir §2012; 40: P3983.

Chalmers JD, Polverino E, Crichton ML,

et al. Bronchiectasis in Europe: data on disease
characteristics from the European Bronchiectasis
Registry (EMBARC). Lancet Respir Med 2023;
11: 637-649.

. Polverino E, Goeminne PC, McDonnell M]J,

et al. European Respiratory Society guidelines
for the management of adult bronchiectasis. Eur
Respir $2017; 50: 1700629.

Flume PA, Chalmers JD and Olivier KN.
Advances in bronchiectasis: endotyping, genetics,
microbiome, and disease heterogeneity. Lancet
2018; 392: 880-890.

Chandrasekaran R, Mac Aogain M, Chalmers
JD, et al. Geographic variation in the aetiology,
epidemiology and microbiology of bronchiectasis.
BMC Pulm Med 2018; 18: 83.

. Bellelli G, Chalmers J, Sotgiu G, et al.

Characterization of bronchiectasis in the elderly.
Pneumologie 20165 70: A46.

. McDonnell M], Aliberti S, Goeminne PC,

et al. Comorbidities and the risk of mortality in
patients with bronchiectasis: an international
multicentre cohort study. Lancet Respir Med
2016; 4: 969-979.

Marsland I, Sobala R, De Soyza A, et al.
Multimorbidity in bronchiectasis: a systematic
scoping review. ER¥ Open Res 2023; 9: 00296~
02022.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Woo TE, Lim R, Heirali AA, et al. A longitudinal
characterization of the non-cystic fibrosis
bronchiectasis airway microbiome. Sci Rep 2019;
9: 6871.

Smith D, Du Rand IA, Addy C, et al. British
Thoracic Society guideline for the use of long-
term macrolides in adults with respiratory
disease. BM¥ Open Respir Res 2020; 7: e000489.

Hill AT, Sullivan AL, Chalmers JD, et al. British
Thoracic Society guideline for bronchiectasis in
adults. Thorax 2019; 74: 1-69.

Chalmers JD, Smith MP, McHugh B]J, et al.
Short- and long-term antibiotic treatment reduces
airway and systemic inflammation in non—cystic
fibrosis bronchiectasis. Am ¥ Respir Crit Care Med
2012; 186: 657-665.

Wong C, Jayaram L, Karalus N, et al.
Azithromycin for prevention of exacerbations in
non-cystic fibrosis bronchiectasis (EMBRACE):
a randomised, double-blind, placebo-controlled
trial. Lancer 2012; 380: 660-667.

Altenburg J, de Graaff CS, Stienstra Y, et al.
Effect of azithromycin maintenance treatment
on infectious exacerbations among patients with
non—cystic fibrosis bronchiectasis: the BAT
randomized controlled trial. ¥AMA 2013; 309:
1251-1259.

Serisier DJ, Martin ML, McGuckin MA, et al.
Effect of long-term, low-dose erythromycin on
pulmonary exacerbations among patients with
non—cystic fibrosis bronchiectasis: the BLESS

randomized controlled trial. ¥AMA 2013; 309:
1260-1267.

Brusselle GG, VanderStichele C, Jordens P, et al.
Azithromycin for prevention of exacerbations

in severe asthma (AZISAST): a multicentre
randomised double-blind placebo-controlled trial.
Thorax 2013; 68: 322-329.

Albert RK, Connett J, Bailey WC, et al.
Azithromycin for prevention of exacerbations of
COPD. N Engl ¥ Med 2011; 365: 689—-698.

Currie DC, Garbett ND, Chan KL, et al. Double
blind randomized study of prolonged higher-dose
oral amoxycillin in purulent bronchiectasis. Q ¥
Med 1990; 76: 799-816.

Stockley RA, Hill SL and Burnett D. Nebulized
amoxicillin in chronic purulent bronchiectasis.
Chin Ther 1985; 7: 593-599.

Kadowaki T, Hamada H, Yano S, et al.
Successful treatment of severe bronchiectasis in
the elderly using trimethoprim/sulfamethoxazole.
Geriatr Gerontol Int 2013; 13: 507-5009.

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://orcid.org/0000-0001-8314-8403
https://orcid.org/0000-0001-8314-8403

THERAPEUTIC ADVANCES in

Volume 15

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Honda T, Hayasaka M, Hachiya T, et al. Two
cases of severe bronchiectasis successfully
treated with a prolonged course of trimethoprim/
sulfamethoxazole. Intern Med 1996; 35: 979-983.

Lam WK, Chau PY, So SY, et al. Ofloxacin
compared with amoxycillin in treating infective
exacerbations in bronchiectasis. Respir Med 1989;
83: 299-303.

Goyal V, Grimwood K, Ware RS, et al. Efficacy
of oral amoxicillin—clavulanate or azithromycin
for non-severe respiratory exacerbations

in children with bronchiectasis (best-1): a
multicentre, three-arm, double-blind, randomised
placebo-controlled trial. Lancet Respir Med 2019;
7:791-801.

Goyal V, Grimwood K, Byrnes CA, et al.
Amoxicillin—clavulanate versus azithromycin
for respiratory exacerbations in children with
bronchiectasis (best-2): A Multicentre, double-
blind, non-inferiority, randomised controlled
trial. Lancer 2018; 392: 1197-1206.

Kelly C, Chalmers JD, Crossingham I, et al.
Macrolide antibiotics for bronchiectasis. Cochrane
Database Syst Rev 2018; 3: CD012406.

Al-Quteimat OM and Al-Badaineh

MA. Methotrexate and trimethoprim-
sulphamethoxazole: extremely serious and
life-threatening combination. ¥ Clin Pharm Ther
2013; 38: 203-205.

Al-Quteimat O and Laila A. Valproate interaction
with carbapenems: review and recommendations.
Hosp Pharm 2020; 55: 181-187.

Laska IF, Crichton ML, Shoemark A, et al. The
efficacy and safety of inhaled antibiotics for the
treatment of bronchiectasis in adults: a systematic
review and meta-analysis. Lancet Respir Med
2019; 7: 855-869.

Murray MP, Govan JR, Doherty C]J, et al.
A randomized controlled trial of nebulized
gentamicin in non—cystic fibrosis bronchiectasis.
Am F Respir Crit Care Med 2011; 183: 491-499.

Brooks K, Sobala R, Shrestha S, et al. P115
nebulised gentamicin in bronchiectasis; treatment
continuation in a large cohort. ‘It’s not easy being
green’ — Suppurative lung diseases. Thorax 2023;
78: A1752023.

Crowther Labiris NR, Holbrook AM, Chrystyn
H, et al. Dry powder versus intravenous and
nebulized gentamicin in cystic fibrosis and
bronchiectasis. Am ¥ Respir Crit Care Med 1999,
160: 1711-1716.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Melani AS and Di Gregorio A. Acute respiratory
failure due to gentamicin aerosolization. Monaldi
Arch Chest Dis. 1998; 53(3): 274-276.

Ailiyaer Y, Wang X, Zhang Y, et al. A prospective
trial of nebulized amikacin in the treatment of
bronchiectasis exacerbation. Respirarion 2018; 95:
327-333.

Terpstra LC, van der Geest D, Bronsveld I,

et al. Treatment with inhaled antibiotics in
bronchiectasis, side effects, and evaluation of
the tolerance test; analysis from the BATTLE
randomized controlled trial. Clin Respir § 2023;
17: 748-753.

Barker AF, Couch L, Fiel SB, et al.
Tobramycin solution for inhalation reduces
sputum pseudomonas aeruginosa density in
bronchiectasis. Am J Respir Crit Care Med 2000;
162: 481-485.

Drobnic ME, Suiié P, Montoro ]JB, et al. Inhaled
tobramycin in non—cystic fibrosis patients with
bronchiectasis and chronic bronchial infection
with pseudomonas aeruginosa. Ann Pharmacother
2005; 39: 39-44.

Cheinberg P. A pilot study of the safety and
efficacy of tobramycin solution for inhalation in
patients with severe bronchiectasis. Chest 2005;
127: 1420-1426.

Loebinger MR, Polverino E, Chalmers JD,

et al. Efficacy and safety of Tobi Podhaler in
pseudomonas aeruginosa-infected bronchiectasis
patients: IBEST study. Eur Respir ¥ 2021; 57:
2001451.

McKeage K. Tobramycin inhalation powder:

a review of its use in the treatment of chronic
pseudomonas aeruginosa infection in patients
with cystic fibrosis. Drugs 2013; 73: 1815-1827.

Efficacy and safety of inhaled CMS in
bronchiectasis subjects with chronic P.
Aeruginosa infection. (PROMIS-I) (PROMIS-I).
Clinicaltrials.gov. https://clinicaltrials.gov/study/
NCT03093974 (2023, accessed 17 July 2024).

Tiddens HAWM, Bos AC, Mouton JW, et al.
Inhaled antibiotics: dry or wet? Eur Respir § 2014;
44:1308-1318.

Wilson R, Welte T, Polverino E, et al.
Ciprofloxacin dry powder for inhalation in
non-cystic fibrosis bronchiectasis: a phase II
randomised study. Eur Respir ¥ 2013; 41:
1107-1115.

Aksamit T, Bandel T-], Criollo M, et al. The
respire trials: two phase III, randomized,

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://clinicaltrials.gov/study/NCT03093974
https://clinicaltrials.gov/study/NCT03093974

H Upadhyay, S Aliberti et al.

multicentre, placebo-controlled trials of
ciprofloxacin dry powder for inhalation
(ciprofloxacin dpi) in non-cystic fibrosis
bronchiectasis. Contemp Clin Trials 2017; 58:
78-85.

46. De Soyza A, Aksamit T, Bandel T-], et al.
Respire 1: a phase III placebo-controlled
randomised trial of ciprofloxacin dry powder for
inhalation in non-cystic fibrosis bronchiectasis.
Eur Respir ¥ 2018; 51: 1702052.

47. Aksamit T, De Soyza A, Bandel T-], et al.
Respire 2: a phase III placebo-controlled
randomised trial of ciprofloxacin dry powder for
inhalation in non-cystic fibrosis bronchiectasis.
Eur Respir §2018; 51: 1702053.

48. Serisier D], Bilton D, De Soyza A, et al. Inhaled,
dual release liposomal ciprofloxacin in non-cystic
fibrosis bronchiectasis (ORBIT-2): a randomised,
double-blind, placebo-controlled trial. Thorax
2013; 68: 812-817.

49. Haworth CS, Bilton D, Chalmers JD, et al.
Inhaled liposomal ciprofloxacin in patients with
non-cystic fibrosis bronchiectasis and chronic
lung infection with pseudomonas aeruginosa
(ORBIT-3 and ORBIT-4): two phase 3,
randomised controlled trials. Lancet Respir Med
2019; 7: 213-226.

50. Barker AF, O’Donnell AE, Flume P, et al.
Aztreonam for inhalation solution in patients with
non-cystic fibrosis bronchiectasis (air-bx1 and
air-bx2): Two randomised double-blind, placebo-
controlled phase 3 trials. Lancer Respir Med 2014;
2: 738-749.

51. Cordeiro R, Choi H, Haworth CS, et al. The
efficacy and safety of inhaled antibiotics for the
treatment of bronchiectasis in adults: updated
systematic review and meta-analysis. Chest 2024;
166: 61-80.

52. Chalmers JD and Chotirmall SH. Bronchiectasis:
new therapies and new perspectives. Lancet Respir
Med 2018; 6: 715-726.

53. O’Brien C. Physiological and radiological
characterisation of patients diagnosed with
chronic obstructive pulmonary disease in primary
care. Thorax 2000; 55: 635-642.

54. Suissa S, Patenaude V, Lapi F, et al. Inhaled
corticosteroids in COPD and the risk of serious
pneumonia. Thorax 2013; 68: 1029-1036.

55. Liu VX, Winthrop KL, Lu Y, et al. Association
between inhaled corticosteroid use and
pulmonary nontuberculous mycobacterial
infection. Ann Am Thorac Soc 2018; 15: 1169—
1176.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Su VY-F, Ding T-L, Chang Y-L, et al.
Comparative effectiveness and safety of inhaled
corticosteroid plus long-acting 2-agonist fixed-
dose combinations vs. long-acting muscarinic
antagonist in bronchiectasis. Expert Rev Clin
Pharmacol 2024; 17: 157-164.

You Y, Ni Y and Shi G. Inhaled corticosteroids
and mycobacterial infection in patients with
chronic airway diseases: a systematic review and
meta-analysis. Respiration 2022; 101: 970-980.

Chalmers JD, Haworth CS, Metersky ML, et al.
Phase 2 trial of the DPP-1 inhibitor brensocatib
in bronchiectasis. N Engl § Med 2020; 383:
2127-2137.

A study to assess the efficacy, safety, and
tolerability of brensocatib in participants with
non-cystic fibrosis bronchiectasis (ASPEN).
Clinicaltrials.gov https://clinicaltrials.gov/study/
NCT04594369?tab=results (2024, accessed 17
July 2024).

Chalmers JD, Metersky ML, Feliciano J, et al.
Benefit—risk assessment of brensocatib for
treatment of non-cystic fibrosis bronchiectasis.
ERY¥ Open Res 20235 9: 00695-02022.

Keir HR, Long MB, Abo-Leyah H, et al.
Dipeptidyl peptidase-1 inhibition in patients
hospitalised with COVID-19: A multicentre,
double-blind, randomised, parallel-group,
placebo-controlled trial. Lancer Respir Med 2022;
10: 1119-1128.

Wechsler ME, Ruddy MK, Pavord ID, et al.
Efficacy and safety of itepekimab in patients with
moderate-to-severe asthma. N Engl ¥ Med 2021;
385: 1656-1668.

Rabe KF, Celli BR, Wechsler ME, et al. Safety
and efficacy of itepekimab in patients with
moderate-to-severe COPD: a genetic association
study and randomised, double-blind, phase 2A
trial. Lancer Respir Med 2021; 9: 1288—-1298.

Bachert C, Han JK, Desrosiers MY, et al.
Efficacy and safety of benralizumab in chronic
rhinosinusitis with nasal polyps: a randomized,
placebo-controlled trial. ¥ Allergy Clin Immunol
20225 149: 1309-1317.e12.

Nair P, Wenzel S, Rabe KF, et al. Oral
glucocorticoid—sparing effect of benralizumab in
severe asthma. N Engl ¥ Med; 376: 2448-2458.

FitzGerald JM, Bleecker ER, Nair P, et al.

Benralizumab, an anti-interleukin-5 receptor o
monoclonal antibody, as add-on treatment for
patients with severe, uncontrolled, eosinophilic
asthma (Calima): a randomised, double-blind,

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://clinicaltrials.gov/study/NCT04594369?tab=results
https://clinicaltrials.gov/study/NCT04594369?tab=results

THERAPEUTIC ADVANCES in

Volume 15

Visit Sage journals online
journals.sagepub.com/
home/taw

S Sage journals

67.

68.

69.

70.

71.

72.

placebo-controlled phase 3 trial. Lancer 2016;
388: 2128-2141.

Farne HA, Wilson A, Milan S, et al. Anti-IL-5
therapies for asthma. Cochrane Database Syst Rev
2022; 7: CD010834.

Donovan T, Milan S], Wang R, et al. Anti-IL-5
therapies for chronic obstructive pulmonary
disease. Cochrane Database Syst Rev 2020; 12:
CD013432.

Shoemark A, Shteinberg M, De Soyza A, et al.
Characterization of eosinophilic bronchiectasis:
a European multicohort study. Am ¥ Respir Crit
Care Med 2022; 205: 894-902.

Efficacy and safety of benralizumab in
patients with non-cystic fibrosis bronchiectasis
(MAHALE). Clinicaltrials.gov. https://
clinicaltrials.gov/study/NCT05006573 (2024,
accessed 17 July 2024).

Maiz Carro L and Martinez-Garcia MA.
Nebulized hypertonic saline in noncystic fibrosis
bronchiectasis: a comprehensive review. Ther Adv
Respir Dis 2019; 13: 175346661986610.

Hart A, Sugumar K, Milan S]J, et al. Inhaled
hyperosmolar agents for bronchiectasis. Cochrane
Database Syst Rev 20145 2014: CD002996.

73.

74.

75.

76.

Bradley JM, Anand R, O’Neill B, et al. A

2 X 2 factorial, randomised, open-label trial to
determine the clinical and cost-effectiveness of
hypertonic saline (HTS 6%) and carbocisteine for
airway clearance versus usual care over 52 weeks
in adults with bronchiectasis: a protocol for the
clear clinical trial. Trials 2019; 20: 747.

Bilton D, Tino G, Barker AF, et al. Inhaled
mannitol for non-cystic fibrosis bronchiectasis:
a randomised, controlled trial. Thorax 2014; 69:
1073-1079.

O’Donnell AE, Barker AF, Ilowite JS, et al.
Treatment of idiopathic bronchiectasis with
aerosolized recombinant human DNase 1. Chest
1998; 113: 1329-1334.

Rogliani P, Matera MG, Page C, et al. Efficacy
and safety profile of mucolytic/antioxidant
agents in chronic obstructive pulmonary disease:
a comparative analysis across erdosteine,
carbocysteine, and N-acetylcysteine. Respir Res
2019; 20: 104.

. Spargo M, Ryan C, Downey D, et al. The

association between polypharmacy and
medication regimen complexity and antibiotic
use in bronchiectasis. Int J Clin Pharm 2018; 40:
1342-1348.

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw
https://clinicaltrials.gov/study/NCT05006573
https://clinicaltrials.gov/study/NCT05006573
https://journals.sagepub.com/home/taw
https://journals.sagepub.com/home/taw

