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Abstract: Neutrophilic airway inflammation is a key pathogenic driver of bronchiectasis, sustaining a vicious cycle of infection,
mucus obstruction, recurrent exacerbations and progressive airway damage. The growing knowledge on the neutrophilic bronchiectasis
endotype has led to increasing interest in host-directed approaches targeting neutrophilic mediators. Long-term macrolide therapy
currently represents the reference anti-inflammatory treatment for patients with bronchiectasis at high risk of exacerbations and is
supported by randomized controlled trials and extensive clinical experience. However, its use is limited by antimicrobial resistance,
drug—to-drug interactions, safety concerns in selected populations and uncertainty regarding optimal dosing and duration. More
recently, inhibition of Cathepsin C (CatC), an upstream regulator of neutrophil serine protease activation, has emerged as a novel
therapeutic strategy aimed at reducing protease-driven airway injury. This manuscript presents a focused review of the literature that
critically examines and compares long-term macrolides and CatC inhibitors with respect to their mechanisms of action, clinical
evidence, safety profiles and potential roles within future treatment algorithms. We summarize data from Phase II and III trials of CatC
inhibitors, particularly brensocatib, highlighting their effects on exacerbation risk, lung function trajectories and biomarkers of
neutrophilic inflammation. We also discuss the limitations of the current evidence base, including restricted trial populations, limited
long-term data and the lack of validated biomarkers to guide treatment selection in clinical practice. Finally, we discuss future
perspectives for integrating these therapies into individualized, biomarker-informed management of bronchiectasis. Together, these
developments support a shift towards more mechanism-based and personalized anti-inflammatory treatment strategies in bronchiec-
tasis, in which treatment selection is guided by underlying inflammatory pathways. This review aims to translate current clinical
evidence into practical considerations for patient selection and future therapeutic positioning, thereby helping bridge the gap between
research and clinical implementation.
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Introduction
Neutrophilic airway inflammation represents a central pathogenic mechanism across several chronic respiratory diseases,
including bronchiectasis, cystic fibrosis (CF), and chronic obstructive pulmonary disease (COPD).'~ In bronchiectasis,
persistent neutrophilic activation drives a self-perpetuating cycle in which infection, inflammation, and airway damage
continuously reinforce one another.”

Despite the widespread use of inhaled antibiotics, airway clearance techniques, and existing anti-inflammatory
interventions, many patients remain stuck in this vicious cycle and continue to experience high burden of symptoms,

recurrent exacerbations and structural deterioration.
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Over the past decade, growing evidence has shifted the therapeutic focus from a predominantly infection-centered
perspective to a broader view in which inflammation, especially neutrophilic, emerges as a major contributor to disease
progression.” The intense and sustained neutrophilic inflammation characteristic of bronchiectasis leads to to excessive
release of neutrophil serine proteases (NSPs), which exceed the capacity of endogenous antiprotease defenses and remain
biologically active in the airway environment.” As a consequence, protease activity contributes to structural lung injury,
impaired mucociliary clearance, and increased susceptibility to persistent bacterial infection. Importantly, this neutrophil-
driven inflammatory activity is not limited to acute exacerbations but persists over time, representing a stable and
ongoing component of the disease process.””

This paradigm shift has led to increasing interest in pharmacological strategies that can modulate the inflammatory
cascade. Two main therapeutic routes have gained prominence in this context. The first is long-term macrolide therapy,
which has established anti-inflammatory and immunomodulatory properties in addition to its antimicrobial actions, and is
now recommended for patients at high risk of exacerbations.” More recently, a second approach has emerged: the
inhibition of Cathepsin C (CatC - also known as dipeptidyl peptidase 1, DPP-1), an upstream regulator responsible for
the activation of NSPs. By targeting this early step in neutrophil maturation, DPP-1 inhibitors offer a novel, host-directed
strategy aimed at reducing the proteolytic burden that contributes to airway injury.

This review compares these two therapeutic approaches focusing on their mechanisms, clinical evidence, potential
benefits, and limitations. Particular attention is given to the evolving concepts of patient selection, safety considerations,
and practical incorporation into treatment pathways. Extending beyond current evidence, this review specifically
addresses the anticipated post-approval positioning of brensocatib within bronchiectasis management and offers
a structured comparison between CatC inhibition and chronic macrolide therapy, highlighting their potential roles within
future treatment algorithms. This review seeks to clarify how targeted modulation of airway inflammation may translate
into more individualized clinical decision-making and ultimately modify the therapeutic landscape of bronchiectasis in

the coming years.

Long-Term Macrolides

Mechanistic Rationale
After the landmark paper by Kudoh et al in 1998, which first proposed the use of macrolides as anti-inflammatory agents
for treating diffused panbronchiolitis, the molecular rationale of this treatment has been broadly explored® Over the years,
macrolides have proved to be effective in modulating inflammation by disrupting pro-inflammatory signaling pathways
of airway epithelial cells, monocytes, macrophages, and dendritic cells. At the intracellular level, they inhibit key
signaling cascades such as Nuclear Factor kappa B (NF-kB), Extracellular signal-Regulated Kinase (ERK1/2), and c-Jun
N-terminal Kinase (JNK), thereby reducing transcription and release of pro-inflammatory cytokines such as interleukin-1
beta (IL-1pB), interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-a).”® They can also impair
pattern recognition receptor (PRR) signaling by reducing toll-like receptor (TLR) surface expression in dendritic cells
and macrophages and they can hamper inflammasome activation by inhibiting endosome acidification.®** From an
extracellular perspective, macrolides decrease neutrophil chemotaxis and infiltration by inhibiting the production of
chemokines, adhesion molecules, and Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF).'® Timely apop-
tosis of neutrophils is induced, and macrophage differentiation is shifted toward an anti-inflammatory phenotype.’
Azithromycin and erythromycin also proved to interfere with the process of Gram-negative bacteria biofilm formation,
such as in the case of Pseudomonas aeruginosa. At sub-inhibitory concentrations they suppress the transcription of key
quorum sensing genes (lasl, rhll) decreasing the production of Acyl-Homoserine Lactone (AHL), which determines
population density and coordinates bacterial group behaviors including biofilm formation, production of virulence
factors, and antibiotic resistance.'' Finally, by downregulating mucin gene expression (particularly MUC5AC) and
reducing goblet cell hyperplasia, they also decrease mucus viscosity and stagnation.'?

The effects of chronic macrolide therapy go therefore far beyond the simple antimicrobial action and target several
pillars of the vicious cycle of bronchiectasis, resulting in a reduction in exacerbation frequency.'?
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Clinical Evidence
International guidelines from the British Thoracic Society (BTS) and the European Respiratory Society (ERS) recom-

2,14

mend long-term macrolide therapy for patients with bronchiectasis who have a high exacerbation rate™ " or are at high

risk of exacerbations,” regardless of their chronic airway infection state. While earlier guidelines primarily based
g y g p y

macrolide use on exacerbation frequency,'*!?

the 2025 update recognizes that exacerbation count alone is not the only
predictor. A high burden of daily symptoms and additional clinical risk factors are now recognized as contributors to
exacerbation risk.>'®

This indication is based on the evidence coming from three pivotal, small-sized double-blind randomized controlled
trials (RCTs) and subsequent review and meta-analysis. The EMBRACE study, conducted in New Zealand in 2012 by
Wong et al, was the first RCT evaluating the efficacy of azithromycin (AZM) 500 mg three times per week against
placebo in reducing pulmonary exacerbations in six months in people with bronchiectasis. They demonstrated a 62%
reduction in exacerbations compared to placebo and an improvement in the symptom component of the Saint-George
Respiratory Questionnaire (SGRQ).!” In 2013, the BAT study was performed in the Netherlands by Altenburg et al,
comparing the efficacy of AZM 250 mg daily against placebo in reducing exacerbations over the 12 months of study
period'® Results showed a significant reduction in the number of infectious exacerbations in the subgroup treated with
AZM (median 0; IQR 0-1) compared to the placebo group (median 2; IQR 1-3). In addition to clinical outcomes,
C-reactive protein (CRP) and white blood cell count were evaluated as potential biomarkers of treatment response;
however, no significant differences were observed between the AZM and placebo groups. Interestingly, sputum micro-
biology analyses showed a higher prevalence of macrolide-resistant organisms among patients exposed to AZM.'® The
same year, Serisier and his group published data of the BLESS study conducted in Australia.'” They compared the
annualized rate of pulmonary exacerbations in bronchiectasis patients treated with erythromycin 400 mg twice daily to
the rate in the placebo group. Patients receiving the treatment experienced a significant reduction in pulmonary
exacerbations with mean 1.29 [95% CI, 0.93-1.65] exacerbations per patient per year versus 1.97 [95% CI,
1.45-2.48] in the placebo group. A subgroup analysis conducted on P. aeruginosa infected patients demonstrated
a mean of 1.32 (95% CI, 0.19-2.46) reduction in exacerbations/year. Daily sputum production also decreased, and the
lung function decline was attenuated. In this study, CRP was also assessed as a secondary outcome, but similarly to BAT
it did not differ significantly between treatment and placebo groups. Microbiological analyses showed no differences in
the emergence of new pathogens in sputum cultures between groups; however, sputum samples from patients treated with
erythromycin showed a greater tendency toward bacterial eradication, possibly reflecting the dual anti-inflammatory and
antimicrobial role of macrolides.'® Interestingly, the proportion of macrolide resistant oropharyngeal streptococci was
25.5% higher in the treatment arm. '’

A review and individual participant data (IPD) meta-analysis on the topic was published in 2019 by Chalmers et al,'?
confirming that long-term macrolide therapy (6—12 months) significantly reduces the frequency of exacerbations
(adjusted incidence rate ratio 0.49, 95% CI 0.36-0.66), prolongs time to first exacerbation, and improves quality of
life measured with SGRQ. Regarding safety, the analyzed trials reported no major concerns, and antimicrobial resistance
was not deemed a significant issue.” Despite the increase in macrolide resistance reported by the BLESS study,'®
subsequent meta-analysis and multicenter studies have shown that it has not translated into clinically significant adverse
outcomes.'*?%?! Further research is however needed to address long-term safety profiles, define an optimal monitoring
strategy, understand the optimal molecule and dosage and address the issue of safe discontinuation.

Limitations and Safety Concerns
Although macrolides have demonstrated clear efficacy and no major safety concerns were reported in the trials, their
long-term use still warrants careful patient selection and regular monitoring. This is especially important given that many
studies excluded patients with a higher baseline risk of macrolide-associated adverse events.’

One of the biggest concerns is the induction of antimicrobial resistance in the long term. Although not observed in
trials of 6-12 months duration,” macrolide resistance may potentially emerge, not only for respiratory pathogens, but also
within the commensal oropharyngeal and gut microbiota.”’ Concerning anti-microbial resistance, an important risk to
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consider is the interaction between long-term macrolide exposure and non-tuberculous mycobacteria (NTM). Since
macrolides are key drugs for the treatment of many NTM species, prolonged macrolide monotherapy could drive the
emergence of macrolide-resistant strains, compromising future therapeutic options.”? International guidelines advise
systematic NTM screening before starting macrolide treatment and prompt discontinuation if NTM disease is
identified.>'* This is especially important to bear in mind given that bronchiectasis often provides a favorable environ-
ment for NTM infection and pulmonary disease.*

Adverse events may also represent important limitations. Gastrointestinal intolerance, including diarrhea, nausea,
abdominal pain, and dysgeusia, occurs in approximately 15—40% of patients, although not always leading to treatment
discontinuation.*""** Cardiovascular safety is another critical concern. Macrolides can prolong the QT interval and predispose
susceptible individuals to ventricular arrhythmias, particularly in the presence of structural cardiac disease, electrolyte
abnormalities, or concurrent QT-prolonging drugs.?'** Although more recent analyses provide reassurance regarding the
absolute risk, they also emphasize the importance of baseline electrocardiogram (EKG) assessment and periodic monitoring
in high-risk patients.’ Ototoxicity, typically reversible and presenting as sensorineural hearing loss or tinnitus, has also been
reported with long-term macrolide use and appears more common in older adults or those with pre-existing auditory
impairment.”*

Drug—to-drug interactions represent an additional challenge. Macrolides may act as potent inhibitors of CYP3A4 and
alter the pharmacokinetics of statins, anticoagulants, calcium-channel blockers, and antiarrhythmics, necessitating careful
dose adjustment and clinical vigilance in polymedicated patients.?

Finally, another factor potentially limiting the widespread use of this treatment is the paucity of data on the optimal
choice of macrolide agent, dosing and duration of treatment. Existing trials have used different molecules and dosing
strategies with follow-up limited to 12 months.'” ' As a result, variability in clinical practice is to be expected and
defining the most effective and safest regimens represents an important area for future research. Real-world evidence also
suggests that long-term adherence may decline due to persistent low-grade adverse effects and the burden of chronic
therapy. Enhancing adherence requires structured patient education, shared decision-making, and periodic clinical
reassessment.’

Candidate Profile

In patients with bronchiectasis, determining the characteristics that support long-term macrolide therapy is a key clinical
consideration. Previous ERS guidelines recommended macrolides mainly for patients without P. aeruginosa infection or
for those who could not use inhaled antibiotics.'®> The 2025 update now extend macrolide therapy to all patients at high
risk of exacerbations despite standard treatment regardless of P. aeruginosa infection.” This aligns with clinical
experience in CF, where macrolides reduce exacerbations regardless of chronic P. aeruginosa infection.”**’ In addition,
the previously cited IPD meta-analysis explored whether specific clinical subgroups experienced greater benefit from
long-term macrolide therapy.'® The authors observed numerically larger reductions in exacerbation rates among several
groups, including older adults, individuals with one or two exacerbations per year, patients at the extremes of body
weight, those with elevated baseline CRP, and patients infected with P. aeruginosa. However, none of these subgroup
differences reached statistical significance, indicating that the treatment effect of macrolides was not meaningfully
modified by these characteristics. Taken together, these findings suggest that clear clinical or biological biomarkers
identifying the patients most likely to benefit from long-term macrolide therapy are still lacking. Patients with more
severe respiratory symptom scores (QoL-B-RSS) may also derive substantial benefit.'®

Cathepsin C Inhibitors

Mechanistic Rationale

Growing interest in therapeutic strategies that modulate neutrophil activity has focused attention on CatC inhibition as
a mean of suppressing upstream activation of NSPs.?* " In bronchiectasis, excessive release of NSPs, particularly
Neutrophil Elastase (NE), Proteinase 3 (PR3) and Cathepsin G (CatG), plays a central role in airway injury and disease
progression.”®?%*! NE drives tissue damage through degradation of structural proteins such as elastin and collagen,
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increases mucus viscosity by upregulating MUC5AC and promotes goblet-cell hyperplasia.’®**> PR3 amplifies inflam-

3133 while CatG con-
30,31

mation by activating pro-IL-1B, TNF-a and IL-8, thereby perpetuating neutrophil recruitment,
tributes to extracellular matrix degradation and interleukin-36 (IL-36) activation, promoting airway remodelling.
Consistently, elevated sputum NE activity correlates with disease severity, frequent exacerbations, and accelerated
decline in forced expiratory volume in one second (FEV)underscoring the pathogenic importance of NSPs.'®*

Under physiological conditions, NSPs are stored as inactive zymogens and are tightly regulated by endogenous
inhibitors such as Alphal-Antitrypsin (A1AT), Secretory Leukoprotease Inhibitor (SLPI) and Elafin. In bronchiectasis,
however, NE and PR3 degrade these antiproteases, perpetuating a protease—antiprotease imbalance that sustains inflam-
mation and tissue injury.>’ Conventional anti-inflammatory therapies, including macrolides and corticosteroids, do not
directly prevent NSPs activation. In contrast, CatC inhibition acts upstream by blocking the maturation of all three major
NSPs within neutrophil precursors before their release into the circulation.* 7 CatC is highly expressed in bone-marrow
myeloid cells, where it removes N-terminal dipeptides from NSP pro-enzymes during neutrophil maturation, generating
their active forms. When CatC is absent or pharmacologically inhibited, neutrophils fail to develop mature NE, PR3, and
CatG, resulting in a marked reduction in proteolytic activity.*> >’ CatC-deficient mice are protected from inflammatory
arthritis and glomerulonephritis with substantially reduced NSP activity and no evidence of severe immunodeficiency.*®
Together, these data suggest that partial, reversible CatC inhibition can attenuate pathological protease activity while
preserving host defense, reducing mucus burden, improving mucociliary clearance and limiting airway destruction.?®**-*

Several CatC inhibitors have been developed over recent years. The early irreversible inhibitor GSK2793660
provided proof-of-concept, but was associated with dose-limiting skin toxicity.>® This led to the development of
reversible covalent inhibitors such as brensocatib (AZD7986) and BI 1291583, designed to achieve longer half-life
and bone-marrow selectivity.***' More recently, the non-peptidyl, non-covalent inhibitor HSK31858 has demonstrated
potent and well-tolerated suppression of NSP activity in early clinical studies.** Collectively, these advances position
CatC inhibition as a mechanistically targeted, next-generation strategy to address neutrophil-driven pathology in
bronchiectasis, potentially complementing and surpassing the broad anti-inflammatory effects achieved with macrolide
therapy.

Clinical Evidence

Brensocatib is a reversible, covalent nitrile CatC inhibitor originally developed as AZD7986 and subsequently licensed
as INS1007.%°*° Preclinical studies demonstrated that brensocatib selectively inhibits its target with minimal activity
against other cathepsins, resulting in dose-dependent reductions in bone-marrow NE, PR3, and CatG activity.””*° The
phase II WILLOW trial (NCT03218917) provided the first robust clinical evidence of efficacy in people with
bronchiectasis.** In this multicenter, randomized, double-blind, placebo-controlled study, 256 adults with bronchiectasis,
chronic sputum production and >2 exacerbations in the previous year were randomized to placebo or brensocatib 10 mg
or 25 mg once daily for 24 weeks. Both doses significantly prolonged time to first exacerbation compared with placebo,
with hazard ratios of 0.58 (95% CI 0.35-0.95; p=0.03) for 10 mg and 0.62 (95% CI 0.38-0.99; p=0.046) for 25 mg.*
Post hoc analyses suggested that the benefit of brensocatib was consistent irrespective of macrolide concomitant therapy
or eosinophilic disease status.** Adverse events of special interest, including hyperkeratosis and dental/periodontal
events, were more frequent in the brensocatib-treated arms, but they were predominantly mild and rarely led to treatment
discontinuation. The Phase III ASPEN trial (NCT04594369) extended these findings to a larger and more heterogeneous
population. This study enrolled more than 1600 participants with bronchiectasis, including a small adolescent cohort, all
with >2 exacerbations in the preceding year. Participants were randomized to placebo, brensocatib 10 mg or brensocatib
25 mg once daily for 52 weeks.*’ Both doses reduced the annualized exacerbation rate compared with placebo (21%
reduction with 10 mg and 19% reduction with 25 mg) and prolonged time to first exacerbation. In addition, the 25 mg
dose was associated with a slower decline in lung function over one year compared with placebo. The safety profile was
consistent with that observed in the phase II study, with no increase in serious infections. Taken together, the WILLOW
and ASPEN trials support brensocatib as a potential disease-modifying anti-inflammatory therapy in bronchiectasis and

support CatC inhibition as a therapeutic strategy for neutrophil-mediated lung disease.”®>°
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BI 1291583 is a potent and selective CatC inhibitor that binds human CatC in a reversible covalent manner, leading to
dose-dependent suppression of NE and PR3 activation, while preserving neutrophil viability without cytotoxicity.41 Its
clinical efficacy was evaluated in the phase II AIRLEAF trial (NCT05238675), a randomized, double-blind, placebo-
controlled, dose-finding study that enrolled 322 adults with bronchiectasis.*® Eligible participants had either a history of
at least two exacerbations in the previous year or one exacerbation accompanied by a high symptom burden. Participants
received placebo or BI 1291583 at doses of 1 mg, 2.5 mg or 5 mg once daily for 24-48 weeks. The study met its primary
endpoint, demonstrating a significant, dose-dependent prolongation in time to first exacerbation. The greatest clinical
benefit was observed in those treated with higher doses of the drug, also associated with improvements in lung function
and quality-of-life compared with placebo. These findings indicate that CatC inhibitors may be effective also in those
individuals with a high symptom burden. Importantly, BI 1291583 was generally well tolerated with a safety profile
comparable to placebo and no evident increase in dermatologic or periodontal adverse events. A phase III randomized
controlled trial is currently recruiting adults with bronchiectasis to further evaluate the efficacy and safety of BI 1291583
over a 76-week treatment period, with annualized rate of pulmonary exacerbations as the primary endpoint
(NCT06872892).

HSK31858 represents a next-generation, non-peptidyl, non-covalent DPP-1 inhibitor.>” The phase II SAVE-BE trial
(NCT05601778) is a single-country, multicenter, randomized, placebo-controlled study investigating HSK31858 in adults
with bronchiectasis.*’ This trial enrolled more than 200 patients in China with a history of >2 exacerbations in the
previous year. Preliminary findings show that HSK31858 significantly reduced exacerbation frequency and prolonged
time to first exacerbation compared with placebo. Treatment was also associated with marked reductions in NSPs activity
in blood and sputum, along with decreases in daily sputum production, indicating potential effects on both neutrophilic
inflammation and mucus burden. No concerning signals of hyperkeratosis or periodontal disease have been observed to
date and overall tolerability appears excellent. However, the geographic and ethnic specificity of the study population
should be considered, as treatment responses may differ in broader and more diverse patient cohorts.

Clinical Advantages of CatC Inhibition

CatC inhibition represents an emerging therapeutic strategy in bronchiectasis and offers a number of clinical advantages
that may complement (or overcome) the established role of long-term macrolide therapy. Although the evidence
supporting macrolides is solid, their use is limited by the previously recognized limitations. By contrast, CatC inhibitors
are a more recent therapeutic class; while clinical evidence is currently limited to clinical trials, available data suggest
a promising therapeutic profile.

A key advantage of CatC inhibitors lies in their mechanism of action, which targets the inflammatory cascade at an
upstream level.**>° Because CatC inhibitors do not rely on antimicrobial activity, they do not carry the same risk of
promoting antimicrobial resistance associated with long-term macrolide use. This feature is particularly relevant in
chronic airway diseases such as bronchiectasis, where prolonged antibiotic exposure is common and the emergence of
multidrug-resistance represents an increasing clinical challenge. Another potential advantage is the possibility of
monitoring CatC inhibition through the use of biomarkers. In clinical studies, the reduction in sputum NE activity has
served as indicator of pharmacodynamic effect and may help identify patients who are more likely to benefit from
treatment, as well as those who show limited response and might need a change in therapy.*’

Across clinical trials, CatC inhibitors have been associated with mild adverse events that only rarely required
discontinuation. Consequently, CatC inhibition may represent a suitable therapeutic option for patients who are unable
to initiate macrolides or who discontinue them due to intolerance or contraindications. Importantly, post-hoc analysis of
the WILLOW study showed that the clinical benefits of brensocatib were observed irrespective of background macrolide
use, suggesting that CatC inhibitors may be considered as add-on option in patients who remain symptomatic or continue
to experience exacerbations despite optimized treatment.*>*®

Finally, a further potential advantage of CatC inhibitors is their limited impact on drug—drug interactions. Unlike
macrolides, which are potent inhibitors of CYP3A4 and may interfere with commonly prescribed therapies, CatC
inhibitors do not seem to significantly affect major metabolic pathways.>> This characteristic becomes relevant in
older patients with multiple comorbidities, in whom polypharmacotherapy often constrains therapeutic choices.
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Limitations and Open Questions
Despite the encouraging results reported in recent trials, important limitations should be considered when evaluating the
role of CatC inhibitors in routine clinical practice.

First, the current evidence base derives exclusively from RCT conducted under controlled conditions and with
restrictive inclusion and exclusion criteria. Patients with significant comorbidities, advanced organ dysfunction, or active
NTM disease are typically excluded. As a result, trial populations may not fully represent the clinical heterogeneity of
bronchiectasis seen in real-world settings, where patients are often older, have multiple comorbidities, and receive several
concomitant therapies. It therefore remains uncertain to what extent the efficacy and safety signals observed in trials will
translate to routine clinical practice.

Second, long-term data remain limited. Although the ASPEN trial provides one year of follow-up and substantially
advances current knowledge, bronchiectasis is a chronic, lifelong condition.*” It is still unclear whether the benefits of
CatC inhibition are sustained with prolonged treatment over multiple years, or whether treatment discontinuation or
cycling strategies may be appropriate. The long-term safety profile has not yet been fully characterized. While adverse
events appear generally mild in the short to medium term, their cumulative burden over time and potential for delayed
toxicity require further investigation, especially with broader post-marketing use.

Third, the use of biomarkers as indicators of treatment response presents additional challenges. Although reductions in
NE activity correlate with pharmacodynamic effect, this biomarker is not routinely available and assay methods across
studies lack standardization across centers. Variability in sample collection, processing, analytical platforms and ranges limit
comparisons across sites. Moreover, no data or validated measures are currently available to quantify drug impact on disease
activity or to identify potential non-responders in clinical practice. Until these methodological gaps are addressed and clear
thresholds established, biomarker-guided treatment decisions remain challenging outside research setting.

Candidate Patient Profile

Current guidelines identify patients with deteriorating disease or at increased risk of exacerbations as key candidates for
long-term anti-inflammatory treatment with macrolides.” As the available evidence was limited and regulatory approval
was not received at the time these recommendations were developed, the guidelines did not address the use of CatC
inhibitors.

Despite these constraints, the mechanism of action of CatC inhibitors, together with emerging clinical evidence,
allows a preliminary profiling of the patient groups most likely to benefit from this therapeutic class. Patients with
persistent neutrophilic inflammation, manifested by recurrent exacerbations, daily symptoms, or elevated NE activity
where available, represent a plausible target population. CatC inhibitors may be particularly useful as an adjunct or an
alternative in individuals who do not achieve sufficient disease control with long-term macrolides because of limited
clinical response, intolerance or safety concerns. They also may provide a potential therapeutic option for patients with
contraindications to macrolides, including those with NTM infection or other conditions that preclude the safe use of
chronic antibiotic therapy. A comparative clinical overview of macrolides and CatC inhibitors is provided in Table 1.

In addition, data emerging from the ASPEN trial suggest a broader potential role for CatC inhibition. The observed
dose-dependent reduction in MUCS5AC expression and the slower FEV, decline suggest the drug may also influence
mucus biology and long-term lung function trajectories, although these findings require confirmation. These findings
could support earlier intervention in the disease course, particularly in patients with prominent mucus hypersecretion or
evidence of accelerated functional deterioration.'®*> Although these findings require confirmation, they point toward
a wider therapeutic window for CatC inhibition than previously assumed.

Future Perspectives and Clinical Implications

The recent approval of brensocatib by both the FDA and the EMA marks an important milestone forward in the treatment
of bronchiectasis, introducing the first anti-inflammatory agent with the potential to modify disease progression through
a mechanism distinct from antimicrobial therapy. However, the practical clinical implications are not yet fully defined.
The extent to which CatC inhibitors will be adopted in routine clinical practice is likely to vary across countries,
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Table | Comparative Appraisal: Macrolides versus CatC Inhibitors

Feature

Long-Term Macrolides

CatC Inhibitors

Evidence base

Small RCTs showing | exacerbations and improved QolL;

individual participant data metanalysis

Phase 2-3 RCTs showing | exacerbations and |
NE activity

Effect on exacerbations

Proven reduction, especially in frequent exacerbators
(EMBRACE, BLESS, BAT)

Significant reduction demonstrated in WILLOW,
ASPEN, AIRLEAF, SAVE-BE

Effect on NE/inflammation

Indirect, modest reductions

Strong, dose-dependent NE suppression

Microbial considerations

Risk of macrolide-resistant NTM; anti-biofilm effects can

help against P. aeruginosa

No antibiotic activity; microbiome impact still

uncertain

Safety profile

Gl symptoms, QT prolongation, ototoxicity, drug-drug

interactions

Hyperkeratosis, gingivitis; long-term safety still

emerging

Contraindications

QT prolongation, hearing loss, NTM isolation, interacting

drugs

Few known; long-term tolerability still under study

Ideal patient phenotype

Frequent exacerbators; patients with high symptom

burden

Hyper-neutrophilic phenotype; high protease

activity; non-responders to macrolides

Drug availability and cost

Widely available, inexpensive

Newly approved; cost and reimbursement variable

Monitoring needs

EKG, hearing tests, microbiology

Dermatologic monitoring; NE biomarkers (future)

influenced by national regulatory frameworks, reimbursement policies and drug costs.*® In the absence of updated
guidelines, clinical use is expected to remain heterogeneous, informed by patient-specific disease characteristics and
shared decision-making between clinicians and patients. At present, no standardized algorithms exist and it remains
uncertain whether brensocatib will ultimately replace long-term macrolides in selected phenotypes, be used in comple-
ment, or be reserved for specific patient subgroups.

In the short term, an individualized treatment approach is likely to predominate while awaiting more robust real-world
evidence and the development of validated biomarkers to guide therapeutic selection. Several potential strategies may
emerge. Long-term macrolides may continue to represent first-line therapy for patients at high risk of exacerbations,
particularly in settings where regulatory approval or reimbursement pathways for CatC inhibitors are prolonged or
uncertain. Another option is that CatC inhibitors could be considered as first-line agents in individuals with evidence of
neutrophilic inflammation. A third, more exploratory, approach may involve the combined use of macrolides and CatC
inhibitors in selected patients with more severe disease or in those with an incomplete response to monotherapy, yet this
option will require further validation. Finally, CatC inhibitors may represent an alternative strategy to control inflamma-
tion and reduce exacerbations in patients with contraindications to macrolides, including patient with NTM infection.
However, macrolides may still be preferred in individuals with concurrent bacterial airway infection, given their
combined anti-inflammatory and antimicrobial effects.

In routine practice, clinicians are likely to rely on therapies that are most accessible and familiar, progressively
moving toward more personalized approaches as clinical experience grows. Mechanisms of action of macrolides and

CatC inhibitors are illustrated in Figure 1.

Exploring Emerging Anti-Neutrophilic Approaches
The encouraging results of clinical trials evaluating CatC inhibitors in bronchiectasis have generated growing interest in
extending this therapeutic approach to other diseases characterized by neutrophil-driven inflammation.

Brensocatib (INS1007) has been investigated across a range of inflammatory conditions associated with excessive or
dysregulated neutrophilic activity, including COVID-19 (NCT04817332), cystic fibrosis (NCT05090904),*’ chronic
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Figure | Mechanisms of action of macrolides and Cathepsin C inhibitors. Macrolides act downstream in the inflammatory cascade and they have multiple anti-inflammatory
and antimicrobial effects. CatC inhibitors act upstream by blocking neutrophil maturation, thus inhibiting the activation of neutrophil serine proteases such as NE, PR3 and
CatG.

Abbreviations: CatC, Cathepsin C; CatG, Cathepsin G; ERK, Extracellular-signal Regulated Kinase; IL-8, interleukin—8; JNK, c-Jun N-terminal Kinase; NE, neutrophil
elastase; NF-kB, Nuclear Factor kappa B; NTM, Non-Tuberculous Mycobacteria; PR3, Proteinase 3; TNF-a, tumor necrosis factor-alpha.

rhinosinusitis without nasal polyps (NCT06013241) and hidradenitis suppurativa (NCT06685835). Similarly, the safety
and tolerability of BI 1291583 have been evaluated in individuals with cystic fibrosis—related bronchiectasis in a phase 11
study (NCT05865886),°° further supporting the rationale for targeting neutrophilic inflammation in bronchiectasis
irrespective of the underlying etiology. In parallel, HSK31858 has been assessed in bronchial asthma (NCT06637254)
and in chronic lung diseases characterized by mucus hypersecretion (NCT06820749), suggesting potential applicability
in conditions where neutrophilic inflammation and impaired mucociliary clearance coexist. Along this lines, XH-S004,
a novel CatC inhibitor, is currently being evaluated in both bronchiectasis (NCT06981091) and COPD (NCT07035652).
Although most of these studies remain in early phases of development, their development reflects increasing interest in
CatC inhibition as a potential disease-modifying strategy across related inflammatory airway disorders.

In the field of bronchiectasis, therapeutic research is expanding beyond CatC inhibition to target neutrophilic inflammation
through multiple complementary strategies. These include trials on direct inhibition of NE using both oral and inhaled agents
(NCT06166056),>'>* as well as approaches aimed at limiting neutrophil recruitment via CXCR2 antagonism.> Although the
results of these early-phase studies are heterogeneous and often inconclusive, they collectively reflect a shift toward host-
directed anti-inflammatory therapies in bronchiectasis. Nevertheless, the available evidence remains preliminary and explora-
tory, and further large-scale randomized studies will be required before these strategies can be translated into clinical practice.

Conclusions and Key Messages

Long-term macrolides currently remain the reference anti-inflammatory therapy for bronchiectasis patients at high risk of
exacerbations, supported by a limited number of randomized controlled trials and extensive clinical experience. In
parallel, CatC inhibitors represent an emerging class of host-directed therapies that act upstream of the neutrophil
cascade, offering a mechanistically distinct option for individuals with prominent neutrophilic inflammation or intoler-
ance to macrolides, although limited by the absence of real-life studies.

Key research priorities in the near future include the identification of reliable biomarkers to predict treatment response
and pharmacological studies evaluating potential combination strategies. This will include comparative trials directly
assessing macrolides versus CatC inhibitors, as well as studies exploring their complementary use.”

Looking ahead, treatment algorithms in bronchiectasis are likely to evolve toward biomarker-informed approaches
that integrate measures of sputum protease activity, exacerbation patterns, and infection phenotype to better individualize
therapy. The feasibility of widespread implementation will depend on economic considerations, the accumulation of
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long-term safety data and insights derived from real-world use following regulatory approval. Taken together, these
developments point toward a shift to more precise, mechanism-based care in bronchiectasis.
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