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Abstract

Bronchiectasis, which is characterized by irreversibly damaged and dilated bronchi,
causes significant symptoms, poor quality of life, and increased economic burden
and mortality rates. Despite its increasing prevalence and clinical significance, bron-
chiectasis was previously regarded as an orphan disease, and ideal treatment of this
disease has been poorly understood. The European Respiratory Society and British
Thoracic Society have recently published guidelines to assist physicians in the clinical
field. Guidelines and reports suggest comprehensive management that includes both
non-pharmacological and pharmacological treatment. Physiotherapy and pulmonary
rehabilitation are two of the most important non-pharmacologic therapies in bronchiec-
tasis patients; long-term inhaled antibiotics and macrolide therapy have gained signifi-
cant evidence in reducing exacerbation risk in frequent exacerbators. In this review, we
summarize recent updates on bronchiectasis treatment to prevent exacerbation and
manage clinical deterioration.
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Introduction

Bronchiectasis is a chronic respiratory disease that
is characterized by irreversibly damaged and dilated
bronchi, and is mainly associated with recurrent airway
infection and inflammation™?. It was previously regard-
ed as an orphan disease with prevalence of less than
50 per 100,000 individuals®; however, recent studies
have shown that the prevalence of bronchiectasis has
increased to (200 to 600) per 100,000 worldwide®”. It
was also shown The presence of bronchiectasis was
also shown to be associated with increased econom-
ic burden, hospital admission, and mortality rate®'".
In particular, the exacerbation of bronchiectasis is a
hazardous condition, and causes poor quality of life
and increased mortality’*"’. Those who have frequent
exacerbation history are at risk of future exacerbation,
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and those frequent exacerbators show poorer quality
of life, and higher rates of hospitalization and mortali-
ty'®. Although awareness of this disease is increasing,
a consensus on ideal management has not yet been
reached. This review summarizes recent updates of
bronchiectasis with a focus on exacerbation prevention
and management (Figure 1).

Non-Pharmacologic Treatment

1. Airway clearance technique

Airway clearance technique (ACT) is a technique that
aims to remove mucus secretion with effective expec-
toration, and to control the impact of cough on the
quality of life'®"°. It consists of postural drainage, effec-
tive breathing techniques, such as the active cycle of
breathing technique (ACBT) and autogenic drainage,
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Figure 1. Management of bronchiectasis. ACT: airway clearance technique; ACBT: the active cycle of breathing tech-
nique; PD: pulmonary disease; OPEP: oscillating positive expiratory pressure; QOL: quality of life; NAC: N-acetylcysteine;
FEV,: forced expiratory volume in 1 second; BCOS: bronchiectasis and COPD overlap syndrome; ICS: inhaled corticoste-

roid; PDE4: phosphodiesterase 4.
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and devices that facilitate the expiratory process or
produce chest wall oscillation may be used'. Good
performance of ACT has been believed to improve
sputum clearance and elevate the quality of life in
bronchiectasis patients; however, there is a paucity
of randomized controlled studies that investigate the
effect of ACT on bronchiectasis patients'®*°. Among
various ACTs, ACBT is the most commonly used in
bronchiectasis patients®'. It has been shown to be as
effective as oscillating positive expiratory pressure
(OPEP) in sputum weight, quality of life, and lung func-
tion in bronchiectasis patients***. OPEP devices, such
as Flutter and Acapella devices, have been shown to
be effective in sputum expectoration and quality of life
in a systemic review that included seven studies (n=146
patients)**. However, there were no significant differ-
ences in sputum expectoration, lung function, gas ex-
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change, or symptoms change, compared to other ACTs.
Munoz et al.**'s randomized controlled study studied
the promising effect of slow expiration with the glot-
tis opened in the lateral posture (ELTGOL) technique
in bronchiectasis patients. After 1 year of twice-daily
performance of the ELTGOL technique, bronchiectasis
patients showed facilitated sputum removal, decreased
exacerbation frequency, improved quality of life, and
decreased cough score.

Huang et al.”” used data from a multicenter bronchi-
ectasis cohort in Taiwan to evaluate the comorbidities
and effect of ACT performance on mortality rates in
bronchiectasis with severe exacerbation history. In the
study, patients with multi-morbidities (bronchiectasis
aetiology comorbidity index =6) showed higher 1 year
mortality rate, compared to those with lesser comorbid-
ities (p<0.01)*". In both comorbidity groups, those who
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performed ACT showed decreased 1 year mortality. In
addition, multivariate analysis presented that the per-
formance of ACT was associated with lower mortality
risk in overall patients (hazard ratio [HR], 0.50; p=0.010).

Also, bronchoscopic-ACT (B-ACT), which refers to
bronchial toileting and bronchoalveolar lavage with
bronchoscopy, has shown promising outcome in bron-
chiectasis patients with acute exacerbation®. Liu et
al.”® reported the result of a randomized controlled
study aimed to evaluate the efficacy and safety of B-
ACT in those with moderate-to-severe exacerbation
of bronchiectasis. The B-ACT group showed delayed
time to first exacerbation (HR, 0.57; p=0.024) compared
to control group; those with frequent exacerbation and
greater symptoms showed more prominent results.
There were no adverse events of concern in the B-ACT
group. However, the data has the limitation of being a
preliminary study, and further larger studies are need-
ed.

2. Pulmonary rehabilitation

In the 2019 British Thoracic Society (BTS) guideline,
pulmonary rehabilitation (PR) was recommended in
those with functional limitation caused by breathless-
ness (modified Medical Research Council [MMRC]
>1). They recommended the use of inspiratory muscle
training, in addition to conventional PR'®. Recently, two
meta-analyses were published that aimed to evaluate
the efficacy of PR in bronchiectasis patients. Ora et al.”
analyzed the effectiveness of PR on pulmonary func-
tion and exercise tolerance in non-cystic bronchiecta-
sis patients. There was no significant improvement in
forced expiratory volume in 1 second (FEV,) in the PR
group, compared to control group. However, exercise
tolerance was improved in the PR group, as assessed
by the incremental shuttle walk test (ISWT) (mean
difference=68.85 m; p<0.001), and 6-minute walk test
(mean difference=37.7 m; p<0.001). While Yang et
al.*’s meta-analysis showed similar result on exercise
tolerance in comparison between the PR and non-PR
group, FEV, was higher in the PR group compared to
the non-PR group (median difference=0.08 L; p<0.001).
St. George's Respiratory Questionnaire (SGRQ) and
Leicester Cough Questionnaire score were not im-
proved by PR. These two meta-analyses insist that
PR in bronchiectasis patients plays a clear role in the
improvement in exercise tolerance, and has a potential
role in lung function improvements.

Recently, a single center randomized controlled
study investigated the effect of home-based PR on
bronchiectasis patients, compared to those with gen-
eral advice on physical activity and education®'. After
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8 weeks, the home-based PR group showed improved
exercise capacity, dyspnea scale, and physical activity,
compared to control group.

To elucidate those who have more effective out-
comes in PR performance, Candemir et al.** reported
a retrospective study to identify factors that are asso-
ciated with improvement in bronchiectasis patients
who received a multidisciplinary PR program. In the
study, mMMRC score, SGRQ, ISWT, endurance shuttle
walk test, and Hospital Anxiety and Depression scores
were improved after undergoing the PR program, re-
gardless of sex, etiology, smoking status, or number of
hospitalizations. The younger age group showed more
improvement in quality of life, but no associations with
exercise capacity, or anxiety and depression, were ob-
served. Those with low baseline exercise capacity were
more likely to show improvement in exercise capacity.
Improvement of quality of life was more prominent in
those with young age, less baseline symptoms, better
quality of life, and higher baseline FEV,. Chalmers et
al.** studied the effect of PR following the exacerbation
of bronchiectasis. Unlike chronic obstructive pulmo-
nary disease (COPD), there were no beneficial effect
of PR in terms of exercise capacity, time to the next ex-
acerbation, quality of life, lung function, and cough im-
pact, compared to the standard care group®. These re-
sults suggest that PR may be more beneficial in those
without recent exacerbation, although a relatively small
number of patients were included in the study. Finding
appropriate candidates who would benefit from PR
is important in the era of personalized medicine, and
more studies are needed in the future.

In a recent prospective observational study, the as-
sociation between level of physical activity and clinical
outcomes was evaluated in bronchiectasis patients®.
Those who walk <6,290 steps or spend =7.8 hours per
day of sedentary behavior showed increased risk of
hospitalization in the following year. In particular, >7.8
hours per day of sedentary behavior was independent-
ly associated with a 5.9-fold increased risk of hospi-
talization during 1-year follow-up. These data indicate
that not only are patients’ education and rehabilitation
important, but also their actual physical activity in life
makes remarkable outcomes in bronchiectasis pa-
tients.

3. Surgery

The role of surgery is limited in bronchiectasis patients.
Indications include patients with severe localized le-
sion who failed with all medical treatments, or those
with severe complications, such as life-threatening he-
moptysis or recurrent pneumonia®*®. Recently, Selman
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et al.*® published a report that shows 5-year experienc-

es of surgically treated bronchiectasis in Central Eu-
rope. The main indications of surgical resection were
failure of best medical therapy (26%), and massive he-
moptysis (12%). Of all, 67% of patients showed excel-
lent satisfaction, 30% reported good satisfaction, and
only 3% reported no benefit from the surgery. Despite
the favorable outcome in surgery, clinicians should be
aware of possible complications of surgery; 15% of pa-
tients showed atelectasis, 21% presented persistent air
leak >7 days, 3% showed empyema, 21% showed pleu-
ral effusion, and 3% were deceased. Careful selection
of patients to undergo surgical resection is crucial.

Pharmacologic Treatments

1. Mucoactive drugs

Mucoactive drugs are medications that directly impact
the mucus in the bronchus. They are roughly cate-
gorized as expectorants, mucolytics, mucokinetics,
and mucoregulators by their mechanism of actions,
although some agents function with multiple mecha-
nisms'®. Research has focused on mucolytics (DNAse),
expectorants (humidification or isotonic saline), hyper-
tonic saline, and mannitol. In the European Respiratory
Society and BTS guidelines, the authors recommended
not to use recombinant human DNase, as it was report-
ed to increase exacerbation risk, and worsen lung func-
tion in the previous data'®'**’. There were some small
studies that showed potential benefit of humidification
and isotonic saline on sputum clearance, and hyper-
tonic saline on quality of life and sputum clearance in
bronchiectasis patients; yet further large studies are
needed'®. A phase 3 randomized study has shown that
inhaled dry powder mannitol improved 24 hours spu-
tum weight and decreased antibiotics usage compared
to placebo group, in bronchiectasis patients®®. Another
phase 3 randomized study on bronchiectasis was per-
formed to evaluate the benefits in exacerbation risk be-
tween inhaled mannitol 400 mg and low-dose mannitol
usage group®. Although the exacerbation rate, which
was the primary endpoint, did not meet statistically sig-
nificance, time to first exacerbation was delayed in the
mannitol group (HR, 0.79; p=0.22), while SGRQ score
was improved (-2.4 units, p=0.046). Recently, post hoc
analysis of this study was performed, and exacerba-
tion rate evaluated according to baseline symptom
burden using SGRQ score®. In this study, those with
high symptom burden showed delayed time to first
exacerbation in the mannitol treatment group (relative
risk [RR], 0.56; p<0.01), but no significant differences
were shown in the low symptom burden group. These
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results indicate that the mannitol inhalation may only
show benefit in the highly symptomatic bronchiectasis
group. Several side effects, including cough, dyspnea,
sore throat, nasopharyngitis, and headache, may be
possible, and when using inhalant drugs, clinicians
should be cautious®*".

In COPD patients, mucoregulators, including N-ace-
tylcysteine (NAC) and erdosteine, were recommended
by the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guideline, as these drugs have shown
promising outcome in reducing exacerbation risk (evi-
dence B). However, there have been only small and in-
conclusive data regarding the benefits of mucoregula-
tors in bronchiectasis patients. Recently, a randomized
controlled study (The Effect of NAC on Exacerbations
of Bronchiectasis [BENE]) has presented that the NAC
group showed decreased incidence of exacerbation in
12-month follow-up compared to the on-demand group
(1.31 vs. 1.98) per patient-year (RR, 0.41; p=0.001)".
Sputum volume was also remarkably decreased, and
quality of life was enhanced in the NAC group, com-
pared to the on-demand group. Further multicenter
randomized controlled study and meta-analysis are
ongoing to reveal the effect of NAC in bronchiectasis
patients™***.

2. Anti-inflammatory drugs
The pathogenesis of bronchiectasis has been de-
scribed as a vicious cycle of airway dysfunction that
disrupts normal host defense, causing vulnerability to
chronic infection, leading to provocation of host inflam-
matory response, resulting in airway injury/remodeling
that aggravates the structural disease of bronchiecta-
sis*®. Although bronchiectasis is a heterogeneous dis-
ease, neutrophilic inflammation has been considered
the key factor of the vicious cycle of lung injury®.
Recent molecular studies have reinforced the impor-
tance of neutrophilic inflammation in the clinical out-
comes of bronchiectasis patients. Neutrophil elastase
(NE) is a protease that is accumulated in azurophilic
granules and released during degranulation, neutro-
phil extracellular trap (NET) formation, or cell death.
In a single center prospective cohort study, sputum
NE has been shown to be associated with elevated
exacerbation frequency (p<0.0001), FEV, decline rate
(B coefficient=-0.139, p=0.001), and presented to be a
good discriminator for time to next exacerbation, hospi-
talization, and all-cause mortality (p<0.0001, p<0.0001,
p<0.0001, respectively) in 3-year follow-up period®’. In
addition, NET formation is a dynamic process in which
neutrophils actively release a network of extracellu-
lar fibers made up of chromatic DNA, histones, and
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bactericidal proteins to trap and neutralize pathogens.
Recent multicohort observational study has identified
that sputum NETs were associated with bronchiectasis
severity index, quality of life, risk of hospitalization, and
mortality in bronchiectasis patients. Also, a decrease in
NETs was observed in patients who showed a favorable
treatment response to systemic antibiotics and macro-
lides during acute exacerbation.

Multiple studies have been performed to evaluate the
benefits of various anti-inflammatory drugs, accord-
ing to the hypothesis that neutrophilic inflammation is
attenuated with anti-inflammatory drugs, which result
in improved clinical outcomes in bronchiectasis. Bren-
socatib is an oral reversible inhibitor of dipeptiyl pepti-
dase 1, which is an enzyme that is associated with the
activation of neutrophil serine protease, which enables
the packaging of active enzymes into granules before
neutrophil is released into circulation*®. Chalmers et
al.”® reported a phase 2 randomized, double-blind,
placebo-controlled trial that investigated the potential
benefits of brensocatib in bronchiectasis patients with
>2 exacerbation per year, and who had chronic puru-
lent sputum. After 24 weeks of treatment, the brenso-
catib group showed delayed time to first exacerbation
(10 mg vs. placebo, p=0.03; 25 mg vs. placebo, p=0.03)
and decreased exacerbation risk (10 mg vs. placebo:
HR, 0.58; 95% confidence interval [CI], 0.35 to 0.95) (25
mg vs. placebo: HR, 0.62; 95% CI, 0.38 to 0.99), com-
pared to the placebo group. However, there were some
issues that periodontal disease and skin hyperkeratosis
was more frequent in the brensocatib group. Further
phase 3 trial is ongoing, and estimated to be completed
in March, 2024 (NCT04594369).

Inhaled corticosteroids (ICSs) may reduce sputum
volume, but increased systemic adverse effect should
be considered. Hakansson et al.*’ recently analyzed all-
cause mortality associated with ICS use in bronchiec-
tatic patients. High-dose ICS use was associated with
increased mortality after adjustment for age, sex, FEV,,
and concomitant asthma or COPD (HR, 4.93; p=0.003).
Also, patients who used ICS showed more pseudomo-
nas colonization and previous severe exacerbations,
compared to those who did not.

Although bronchiectasis was believed to be associat-
ed with neutrophilic inflammation, a European multico-
hort study has identified that 22.6% of bronchiectasis
patients were eosinophilic (blood eosinophil counts
>300 ceIIs/pL)s". High eosinophil count (=300 cells/uL)
was associated with shorter time to next exacerbation,
compared to low eosinophil count (<100 cells/ulL) in
bronchiectasis patients (HR, 3.99; p<0.0001). Recent
studies have investigated the potential benefits of ICS
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in eosinophilic bronchiectasis®"**. In a pooled post hoc

analysis of two randomized clinical studies, the number
of exacerbations and hospitalizations were reduced in
the use of ICS for those with eosinophilia, compared
to those without (exacerbations: 1 [0-2] vs. 0 [0-1],
p=0.029; hospitalization: 0 [0-1] vs. 0 [0-0], p=0.039).
Also, a research letter has reported that 6-month treat-
ment with ICS has shown significant improvement in
quality of life in bronchiectasis with peripheral eosino-
philia (23%)°". Further studies are needed for the pre-
cise indication for ICS use in bronchiectasis.

For eosinophilic bronchiectasis, there has been an in-
teresting case series that showed the potential benefit
of anti-interleukin 5 (IL5) and anti-IL6Ra.**. Rademacher et
al.” recruited 21 bronchiectasis patients with frequent
exacerbation, chronic airflow limitation, decreased
quality of life, and persistent peripheral eosinophilia
(=300 cells/uL), despite optimal therapy. Twelve pa-
tients were treated with mepolizumab, and nine were
on benralizumab. After 6 months of therapy, the treat-
ment group showed increased FEV,, and decreased
exacerbation rates and dyspnea score. Also, peripheral
eosinophil count was decreased, while 24 hours spu-
tum volume was decreased. All patients (n=14) who
were on long-term oral corticosteroids (OCS) showed
OCS-sparing effect.

Phosphodiesterase 4 (PDE4) inhibitor is a potent
anti-inflammatory drug that significantly reduces exac-
erbation risk in severe COPD with chronic bronchitis
phenotype and frequent exacerbators®. Juthong and
Panyarath® recently published a double-blinded, ran-
domized, placebo-controlled trial that evaluated the ef-
ficacy of PDE4 inhibitor in bronchiectasis patients with
frequent exacerbation. Although there were limitations
of a small study population (n=30), it was the first trial
that evaluated the efficacy of PDE4 inhibitor on exacer-
bation risk or lung function in bronchiectasis patients.
There were no statistical differences in exacerbation
rate or lung function between the user group and pla-
cebo group, while there were some concerns about
the increased adverse effects related to PDE4 inhibitor
use (mainly gastrointestinal side effects). Still, there is a
lack of evidence to routinely use PDE4 inhibitor in bron-
chiectasis patients, and further studies are ongoing
(NCT04322929).

3. Bronchodilators

COPD and bronchiectasis frequently co-exist in pa-
tients, so that 54.3% of COPD patients have reported to
have bronchiectatic features®. Among bronchiectasis
patients, the prevalence of COPD ranged (27% to 69%)
in previous studies”*®®’. These bronchiectasis and
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COPD overlap syndrome (BCOS) patients have shown
to have poorer outcomes, including frequent exacerba-
tion, lower lung function, increased mucus production,
and increased mortality’"'*°°, There have been recent
interests on this phenotype, and efforts to assess their
clinical features and optimal treatments are ongoing.

In the BTS guideline, bronchodilators in bronchiec-
tasis were only recommended in those with co-exist-
ing COPD or asthma®®. Also, the guideline suggested
that a long-acting bronchodilator may be beneficial in
those with severe breathlessness, although there was
limited evidence. Previous studies have shown that
the use of bronchodilator in bronchiectasis patients
with airflow limitation leads to the improvement of
lung function®®*®°, Jayaram et al.*® recently published a
randomized, double-blind, two-period crossover study
that aimed to assess the efficacy of using tiotropium in
bronchiectasis with airflow limitation. Using tiotropium
had no benefits on exacerbation risk, exercise capacity,
quality of life, or symptoms. However, the tiotropium
group showed increased FEV, (58 mL, p=0.002) and
forced vital capacity (78 mL, p=0.005) compared to the
placebo group, in 6 months of follow-up. Using bron-
chodilators in selected bronchiectasis patients may be
beneficial, and further studies are needed to determine
which patients to use, with regard to patient-tailored
therapy.

4. Inhaled antibiotics

The pathogenesis of bronchiectasis was described
by Flume et al.** as interconnection and vicious cycle
of infection, inflammatory response, airway dysfunc-
tion, and structural change. Chronic airway infection
is a treatable trait of bronchiectasis that if properly
managed, has the potential to have a positive effect on
clinical outcomes®'. In particular, for those with chronic
pseudomonas colonization, it is associated with poor
quality of life and lung function, and increased exacer-
bations, hospitalizations, and mortality®***. Those with
longer duration of bronchiectasis and proton pump
inhibitor usage were shown to be associated with a
higher risk of pseudomonas colonization®. Long-term
use of antibiotics for those with chronic pseudomonas
colonized patients has been studied for decades, espe-
cially via inhaled or nebulized route, as it may directly
affect the airway, with limited systemic side effects® "2,
The main goals of these studies were to decrease
bacterial burden, enhance the health-related quality of
life, and lower exacerbation and hospitalization risk. A
meta-analysis performed by Laska et al.”® reported that
inhaled antibiotics is associated with the reduction of
bacterial load (-2.32 log unit, p<0.0001), increased bac-
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terial eradication (odds ratio [OR], 3.36; p=0.0010), re-
duction of exacerbation frequency (RR, 0.81; p=0.020),
and prolonged time to first exacerbation (HR, 0.83;
p=0.028).

In the BTS guideline, nebulized colistin was primarily
recommended in bronchiectasis patients who suffer
from exacerbation three or more times per year and
have pseudomonas colonization'®. It was supported by
a randomized controlled study by Haworth et al.®” that
showed delayed time to first exacerbation in adherent
group with inhaled colistin, compared to control group
(168 days vs. 103 days, p=0.038). Also, pseudomonas
bacterial density and SGRQ score were improved in
the inhaled colistin group. Inhaled gentamicin was ad-
vocated in the guideline as a second line alternative to
colistin in frequent exacerbators'®. The baseline study
was a randomized controlled trial by Murray et al.*® that
showed the long-term use of nebulized gentamicin sig-
nificantly lowered bacterial load and sputum purulence,
and improved exercise capacity and health-related
quality of life. Furthermore, the nebulized gentamicin
group showed decreased exacerbation risk (p<0.0001)
and delayed time to first exacerbation (p=0.02).

Other inhaled antibiotics, including ciprofloxacin,
tobramycin, aztreonam, and ceftazidime, have been
studied in chronic pseudomonas colonized bronchi-
ectasis patients with frequent exacerbations®®*"#"*7’,
Two randomized controlled studies (RESPIRE 1 and 2)
were published to evaluate the benefit of ciprofloxacin
dry powder for inhalation (DPI) in non-cystic fibrosis
bronchiectasis patients with two or more exacerbation
per year and having positive sputum culture for one or
more pre-specified pathogens, including Pseudomo-
nas aeruginosa, Haemophilus influenzae, Moraxella
catarrhalis, Staphylococcus aureus, Streptococcus
pneumoniae, Stenotrophomonas maltophilia, and Burk-
holderia cepacia®®®°. Patients were randomly assigned
as 2:1 to twice-daily ciprofloxacin DPI 32.56 mg or pla-
cebo group, and treatment regimens consisted of on/
off treatment cycle of (14 and 28 days) for 48 weeks. In
RESPIRE 1, treatment with ciprofloxacin DPI 14 days
on/off regimen showed significant delay in time to first
exacerbation, compared to the pooled placebo (medi-
an time >336 days vs. 186 days: HR, 0.53; p=0.0005),
and decreased exacerbation frequency compared to
the matching placebo (incidence rate ratio [IRR], 0.61;
p=0.0061). However, ciprofloxacin DPI 28 days on/
off regimen failed to show statistical significance in
clinical outcomes, compared to placebo®. However,
in RESPIRE 2, neither treatment regimen showed im-
provement in clinical outcomes, including time to first
exacerbation and exacerbation frequency, although
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the treatment group tended to have a lower risk of ex-
acerbations. The safety profile of ciprofloxacin DPI was
acceptable in both studies®®.

The use of inhaled liposomal ciprofloxacin via nebu-
lizer in bronchiectasis with two or more exacerbations
and chronic pseudomonas colonization was evaluated
in two phase Il randomized controlled studies (ORBIT-3
and ORBIT-4)"°. This was the advance study of the
phase Il trial (ORBIT-2 study) by Serisier et al.”®, which
showed reduction of bacterial density and delayed
time to first exacerbation with favorable safety profile
in the treatment group, compared to placebo group.
In ORBIT-3 and ORBIT-4, patients were 2:1 allocated to
inhaled liposomal ciprofloxacin and placebo treatment,
which were given 28 days on/off cycle for 48 weeks. In
ORBIT-3 trial, time to first exacerbation (214 days vs.
136 days, p=0.97) and exacerbation frequency (RR, 0.73;
p=0.26) between the two groups were not statistically
significant. However, the ORBIT-4 trial showed signifi-
cant differences in both time to first exacerbation (230
days vs. 158 days, p=0.032) and exacerbation frequency
(RR, 0.63; p=0006). In pooled analysis, time to first ex-
acerbation was not significant (222 days vs. 157 days,
p=0.074), but exacerbation frequency was lower in the
treatment group (RR, 9.73; p=0.0011). Sputum bacterial
density was decreased in the 28 days “on” period, and
increased in the “off” period. The following post hoc
analysis showed that respiratory symptoms improved
in the on-treatment periods, while the treatment effect
diminished in the off treatment periods™.

Although a meta-analysis clearly demonstrated the
efficacy of inhaled antibiotics in bronchiectasis’,
individual randomized trials showed conflicting re-
sults®*’®’®, There may be multiple explanations for this
inconsistency’®. First, baseline bacterial load may have
impacted the results; those with high bacterial load
may have more benefits from the treatment®. Second,
drug administration schedule, whether it was cyclical
or continuous, may have been the important aspect.
Previous trials have reported more inconsistent results
in using cyclical treatment, compared to continuous
treatments®*®”"*’®, Third, in using time to first exacer-
bation as the primary outcome, previous exacerbation
history may have been a confounding factor, which is
one of the most important predictors for future exac-
erbation®®”%"”. Fourth, short duration of the drug ad-
ministration may have shown negative results in some
studies’®. Finally, there may have been some patient
factors, including recall bias, and cultural/geographical
factors (e.g., tolerance of symptoms, prevalent comor-
bidities)”.

Tobramycin is an antipseudomonal aminoglycoside;
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its inhalation has been studied for beneficial effect on
non-cystic fibrosis bronchiectasis patients with chron-
ic pseudomonas infection. A meta-analysis, which
analyzed five studies with 211 participants included,
showed transitory decrease of pseudomonas density
in the inhaled tobramycin group, compared to control .
Furthermore, the inhaled tobramycin group lowered
hospitalization rate, but failed to show reduction of ex-
acerbation frequency. There were some limitations of
small sample size and lack of proper control. To over-
come these limitations, Guan et al.?" recently published
a double-blind randomized placebo-controlled phase IlI
trial of tobramycin inhalation solution (TIS) in patients
with bronchiectasis with chronic pseudomonas infec-
tion. A total of 339 patients (167 TIS group, and 172 pla-
cebo group) were enrolled, and two cycles of 28 days
on and off treatments were administered via vibrat-
ing-mesh nebulizer. The TIS group showed significant
reduction in bacterial density, 24 hours sputum volume,
and purulence score, compared to control group. The
Quality-of-Life Bronchiectasis Respiratory Symptoms
score was improved in the TIS group (adjusted mean
difference, 7.91; p<0.001), and more patients showed
negative conversion of P, aeruginosa in sputum culture
(29.3% vs. 10.6%). The safety profiles were comparable
between the two groups. A dry powder formulation de-
vice, tobramycin inhalation powder (TIP) TOBI Podhaler
(Novartis AG, Basel, Switzerland), was approved for
cystic fibrosis patients with chronic P. aeruginosa col-
onization’®. Recently, a phase |l double-blind, random-
ized study were performed to evaluate the efficacy and
safety of the TOBI Podhaler in patients with bronchiec-
tasis patients with chronic pseudomonas infection. The
TIP group, in both continuous and cyclical treatment,
showed greater reduction of P. aeruginosa sputum
density compared to placebo in a dose-dependent
manner, without any safety issues. Other antibiotics, in-
cluding aztreonam or ceftazidime, have been studied,
and more evidence needs to be collected”"”""%,

5. Long-term macrolides

The current guidelines recommend the long-term use
of macrolide in bronchiectasis patients with three or
more exacerbations per year, primarily in those with-
out pseudomonas colonization'®'. For those with
pseudomonas colonization, inhaled antibiotics are
recommended primarily, and macrolide alternatively.
The beneficial effects of macrolides in bronchiectasis
are not only associated with the reduction of bacterial
burden, but also with immunomodulatory effects that
alleviate neutrophilic inflammation and facilitate ciliary
movement to enhance mucociliary clearance®. Chalm-
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ers et al.*” recently published an individual participant

data meta-analysis to evaluate long-term macrolide
use in those with adult bronchiectasis. From three ran-
domized controlled studies®*®, the clinical data of 341
patients were analyzed. Macrolide use was associated
with decreased exacerbation frequency (adjusted IRR,
0.49; p<0.0001), extended time to first exacerbation
(adjusted HR, 0.46; p<0.0001), and improved SGRQ
score (mean 2.93 points, p=0.048). A notable finding is
that the reduction of exacerbation frequency was sig-
nificant in all pre-specified subgroups, including those
with P, aeruginosa infection (IRR, 0.36; p=0.0044). The
beneficial effect on those with P. aeruginosa infection
may be associated with the immunomodulatory effect
of macrolide®. In addition, the effect of macrolides on
bacterial virulence factor, such as quorum sensing,
may be a key factor of the therapeutic effect®. Quorum
sensing is a process by which bacteria communicate
with each other, and coordinate their behavior through
small signal molecules called autoinducers, which is
important for the formation of bacterial biofilm. Mac-
rolides have been shown to interfere with quorum
sensing, thereby reducing the formation of biofilms,
which may result in the prevention of exacerbations.
Considering the relatively lower RR in the use of long-
term macrolide compared to inhaled antibiotics in the
aforementioned meta-analysis, the use of long-term
macrolides in pseudomonas colonized bronchiectasis
patients should be considered as the first line thera-
py *#?. Further head-to-head studies are needed.

Long-term use of macrolides is not only recommend-
ed in bronchiectasis patients, but in COPD patients
with frequent exacerbation®’. In GOLD 2023 guideline,
azithromycin is indicated in former smoker with fre-
quent exacerbations despite the use of triple therapy
or dual bronchodilator (blood eosinophil <100 cells/
uL). A single center study reported the effect of azith-
romycin on COPD patients according to the presence
of bronchiectasis®®. After the 12-month follow-up,
those with bronchiectasis showed significantly lower
incidence of =2 moderate or =1 severe exacerbation
(46.5% vs. 87.5%, p=0.005), and more likely to be symp-
tomatic responder (=2 points decrement from the initial
COPD Assessment Test [CAT] score) (68.2% vs. 16.7%,
p=0.004), compared to those without bronchiectasis.
Despite the relatively small number of patients enrolled
in this study (n=59), the use of azithromycin in COPD
can be considered in those who have concomitant
bronchiectasis.

Although there are prominent benefits in the use
of long-term macrolides in bronchiectasis patients,
several adverse effects should be accounted for; gas-
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trointestinal symptoms (diarrhea or abdominal discom-
fort), increased antibiotic resistance, hearing loss, and
QT prolongation have been reported as possible side
effects of the long-term use of the antibiotics®. Fur-
thermore, recent studies reported the possible asso-
ciation of long-term macrolide therapy and increased
incidence of non-tuberculous mycobacteria pulmonary
disease (NTM-PD). In a 10-year national cohort study
in Korea, the use of macrolide was associated with the
increased risk of NTM-PD for OR of 6.82 (p<0.001) in
multivariate analysis®’. Regarding the potential harm of
macrolides in NTM-PD, it may be important to obtain
sputum acid-fast bacillus (AFB) test results before the
commencement of long-term macrolide therapy to
prevent macrolide-resistant NTM-PD, which is a diffi-
cult-to-treat infection'®. However, in analysis of the Unit-
ed States Bronchiectasis and NTM Research Registry
(BRR), the macrolide group showed lesser positivity of
mycobacterial culture, compared to the non-macrolide
group, which suggests the prophylactic or protective
effect of macrolide against NTM-PD®°. Further analysis
of large and more well-designed studies is needed to
conclude the beneficial or harmful effect of long-term
macrolide therapy in the incidence of NTM-PD.

Management of Exacerbations

In 2017, the expert panel has established a consensus
definition of bronchiectasis exacerbation for clinical
research using the Delphi method”'. The exacerbation
was defined by an event with a deterioration in three
or more of the following key symptoms for at least 48
hours: cough, sputum volume and/or consistency;
sputum purulence, breathlessness and/or exercise tol-
erance, fatigue and/or malaise, and hemoptysis. Also,
clinician decision of modification in the bronchiectasis
treatment plan was necessary. However, while this defi-
nition was based on patients in Europe, North America,
Australia and South Africa, there was no representation
of the Asian population; further validation is needed.
For those with an exacerbation of bronchiectasis,
courses of 14 to 21 days of systemic antibiotics are
recommended in previous guidelines, although the ev-
idence of this duration is poor'®'?. Shorter duration of
treatment (e.g., 7 days) may be sufficient in those with
mild bronchiectasis, mild exacerbation, those related
to antibiotics-sensitive pathogens, or those who rapidly
recover to their baseline state'®. Recently, there was a
proof-of-concept randomized controlled trial investi-
gating the feasibility of shorter duration of antibiotics
therapy based on bacterial load®*. Patients were ran-
domized either to a group prescribed with 14 days of
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intravenous antibiotics, or to a bacterial load-guided
group (BLGG). In BLGG, antibiotics were discontinued
when the bacterial load was less than 10° colony-form-
ing unit (CFU)/mL on either day 7 or day 10. There
were no significant differences in clinical improvement
between the two groups at day 21; however, exacerba-
tion risk was paradoxically higher in the 14-day group,
compared to the BLGG group (HR, 1.80; p=0.009).
The current guideline also suggests that intravenous
antibiotics should be considered for patients who are
severely ill, who have resistant pathogens, or who have
not responded to prior oral antibiotics'®.

ACTs, including manual technique, intermittent
positive pressure breathing, and non-invasive ventila-
tion, were also recommended in the BTS guideline™®.
However, further randomized controlled studies are
required to investigate the benefit of ACT in the exacer-
bation of bronchiectasis.

Future Perspectives

Although this narrative review presented various treat-
ments that have shown benefits in bronchiectasis
patients, there are still unmet needs for treatments for
bronchiectasis, and to identify the patient group that
will be most responsive to each treatment. The current
development of novel therapies is mainly focused on
three components of the vicious cycle of bronchiecta-
sis, which cycle consists of bacterial infection, neutro-
philic inflammation, and impaired mucociliary clear-
ance®’.

The inhaled antibiotics that have been mostly used
are off-label, or currently under investigation®*. Overall,
inhaled antibiotics have shown benefits, especially in
sputum volume, bacterial load, quality of life, and exac-
erbation rates; however, inconsistent results have also
been reported between each randomized controlled
study’®. Further research should focus on optimizing
antimicrobial therapy in bronchiectasis patients. Fol-
lowing the promising outcomes observed with brenso-
catib as a potential treatment for bronchiectasis, other
drugs targeting neutrophiliic inflammation are under
investigation (NCT03218917, NCT04322929), while the
result of phase 3 trial of brensocatib is also upcoming
(NCT04594369). To enhance mucociliary clearance,
ACT and mucoactive drugs have been used in the clin-
ical field; however, they were supported by little data.
Large randomized open label trial (CLEAR) is ongoing
in the UK for hypertonic saline and carbocysteine over
52 weeks in bronchiectasis (NCT04140214). Cystic fi-
brosis transmembrane conductance regulator (CFTR)
modifier may play some role in non-cystic fibrosis bron-
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chiectasis, which has shown remarkable outcome in
cystic fibrosis. Theoretically, CFTR modifier could be
efficacious if CFTR dysfunction were present at the
epithelial level without genetic mutation in bronchiec-
tasis®'. Bronchiectasis is a heterogenetic disease, and
future research should move toward endophenotypic
assessment and personalized medicine.

Summary

Bronchiectasis is a common chronic pulmonary dis-
ease that entails substantial respiratory symptoms
and frequent exacerbations. Bronchiectasis has not
received much attention, but clinical outcomes and
treatments of bronchiectasis have been recently wide-
ly studied. Among non-pharmacological treatments,
physiotherapy, including ACT, is one of the most im-
portant therapies. Well-performed ACT is associated
with improved sputum clearance, enhanced quality of
life, and decreased mortality. Increasing evidence of
the role of PR in bronchiectasis has shown that it may
improve exercise tolerance and lung function. The role
of surgery is limited in bronchiectasis. Those with se-
vere localized lesion who are not responsive to all med-
ical treatments, or those with severe complications,
may be potential candidates for surgery. However,
there may be complication resulting from surgery, and
careful patient selection is needed.

Many studies have sought to identify the optimal
pharmacological treatment for bronchiectasis patients.
Mucoactive drugs have shown potential to reduce
exacerbation risk in bronchiectasis patients with fre-
quent exacerbations; however, further well-designed
studies are needed. Anti-inflammatory drug targeting
neutrophilic inflammation (i.e., brensocatib) has shown
promising outcomes, especially in reducing exacerba-
tion risk, and further phase 3 trials are ongoing. For eo-
sinophilic bronchiectasis, the use of ICS was shown to
be effective in reducing exacerbation; however, further
larger studies are needed. Bronchodilators are present-
ed to increase lung functions in bronchiectasis patients
in BCOS patients. Inhaled antibiotics and macrolides
are recommended in bronchiectasis patients with three
or more exacerbations per the previous year, the for-
mer in those with chronic pseudomonas infection, and
the latter without. However, recent evidence suggests
that macrolide may have more protective effect against
exacerbation than inhaled antibiotics in those with
chronic pseudomonas infection; yet further studies are
needed to conclude the ideal and patient-tailored ther-
apy for bronchiectasis patients.
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