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RESUMEN

Introduccion:

Las bronquiectasias (BQ) representan una enfermedad respiratoria cronica caracterizada
por la presencia de dilataciones bronquiales permanentes y sintomas caracteristicos cuales
tos y expectoracion e infecciones recurrentes. Debido a que las bronquiectasias pueden
ser el resultado de condiciones muy distintas, esta enfermedad presenta una gran
variabilidad y heterogeneidad en la presentacion clinica, el grado de afectaciéon y el
pronostico. En algunos pacientes, las BQ pueden asociarse a otras enfermedades de la
via aérea, especialmente asma, enfermedad pulmonar obstructiva crénica (EPOC) y
rinosinusitis cronica (RSC). La prevalencia y el impacto de la presencia de comorbilidades
de la via aérea en pacientes con BQ han sido investigados por varios autores en los ultimos
anos. Sin embargo, la falta de homogeneidad en la definicion de estas patologias, la
superposicion de sintomas entre distintas entidades y la ausencia de pruebas diagnésticas
especificas dificultan la comparabilidad y reducen la precisién de dichos estudios. Nuestro
estudio se centro en la caracterizacion de la via aérea en pacientes con BQ, con el fin de
identificar perfiles clinicos diferenciados y potenciales marcadores diagndsticos de

comorbilidades respiratorias asociadas.

Métodos:

En nuestro estudio se reclutaron pacientes con BQ sin comorbilidades respiratorias
diagnosticadas previamente, quienes fueron sometidos a una evaluacion exhaustiva de sus
caracteristicas clinicas. Esta incluy6 valoracion de sintomas, pruebas completas de funcién
respiratoria, analisis de biomarcadores inflamatorios, estudio radioldgico (incluyendo
hallazgos no habitualmente asociados a BQ), caracterizacion microbioldgica vy
cuestionarios de calidad de vida especificos para cada una de las enfermedades
respiratorias. Se aplicaron criterios diagndsticos clinicos, funcionales y biolégicos para

identificar la presencia de asma, EPOC y RSC asociadas.

Resultados:

Se incluyeron 77 pacientes con BQ, predominantemente mujeres (79.2%), con una edad
media de 58.1 afios. La mayoria refirio tos y expectoracion, con impacto moderado en los
cuestionarios de calidad de vida (SGRQ y LCQ). Sorprendentemente, mas del 60% de los
pacientes refirio haber presentado sibilancias. Los sintomas de vias aéreas superiores

estuvieron presentes en el 40% de los casos.

El 43.1% tenia infeccion bronquial crénica, siendo Pseudomonas aeruginosa el patégeno

mas frecuente. El 85.7% de los pacientes recibia tratamiento respiratorio cronico, con un
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uso elevado de macrolidos (41.6%) e inhaladores (72.7%). Solo el 40.3% seguia

tratamiento fisioterapico de forma regular.

Desde un punto de vista funcional, un 27.6% mostré un patron obstructivo y un 11.3% un
patrén restrictivo. En el 37% se evidencid atrapamiento aéreo. Solo el 5.2% presentd una
respuesta broncodilatadora significativa. Solo el 20% de los pacientes presentdé valores de

funcion pulmonar completamente normales.

El 25.7% mostré niveles elevados de FeNO. El 15.6% de los pacientes presenté eosinofilia
en sangre periférica, la cual se asocié con menor purulencia del esputo y menor prevalencia

de infeccién crénica por PA.

Para investigar la presencia y expresion fenotipica de comorbilidades respiratorias se
analiz6 el conjunto de variables clinico-instrumentales y se realizaron los cuestionarios mas
comunes de cada una de las enfermedades: CAT, ACT, SGRQ y SNOT-22.

Los cuestionarios se asociaron de manera variable con algunas caracteristicas clinicas. El
SGRQ mostré correlacion con el FEV, (en litros) y la disnea, al igual que el CAT, que
también se correlaciono con la frecuencia de exacerbaciones. En cambio, el ACT y el SNOT
no mostraron correlacién con ninguna variable clinica. No obstante, los cuatro cuestionarios

presentaron correlacion significativa entre si.

Con respecto a la asociacion BQ-asma, se observé que el 46.8% de los pacientes
presentaba sintomas compatibles con el criterio clinico mayor de asma, pero solo el 5.2%
cumplié criterios diagnosticos completos al considerar pruebas funcionales vy
biomarcadores inflamatorios. Un 26% fue clasificado como "sospecha de asma", mientras
que en el 68.8% de los casos se descarto el diagnostico por no cumplir criterios suficientes.
Los pacientes con asma confirmada o sospechada presentaron caracteristicas similares a
aquellos en los que el diagnéstico fue descartado, aunque se observé un indice de masa
corporal mas elevado, una tendencia a mayor extensién radioldgica de las BQ y un uso

mas frecuente de corticoides inhalados.

La evaluacion de la comorbilidad BQ-EPOC se realiz6 aplicando los criterios ROSE. BQ-
EPOC se identifico en el 9.1% de los pacientes a pesar de que inicialmente no tuviesen
diagnodstico de EPOC asociado. Estos presentaron valores mas bajos de FEV1/FVC, sin

diferencias clinicas relevantes respecto a los subjetos sin coexistencia de EPOC.

Con respecto a CRS, esta se diagnosticé en el 31.5% de la cohorte. Los sintomas
predominantes fueron obstruccion nasal y congestion, con confirmacién instrumental (TC

de senos y/o endoscopia) en un tercio de los casos. Los pacientes con RSC presentaron
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puntuaciones significativamente peores en el escore SNOT-22, mayor produccion de
expectorado y menor extension radiologica de la BQ, aunque no se observaron diferencias

en funcion pulmonar ni en la frequencia de exacerbaciones.

Conclusién:

Las comorbilidades respiratorias son altamente prevalentes en pacientes con BQ, pero su
diagnostico sigue siendo complejo, especialmente en el caso del asma, debido a la
inespecificidad de los sintomas. Este estudio resalta la necesidad de establecer criterios
diagnosticos objetivos y desarrollar herramientas clinicas practicas para la deteccion de
asmay RSC en BQ. La sola presentacion clinica no parece suficiente para identificar a los
pacientes con mayor probabilidad de presentar asma o RSC y los cuestionarios especificos
por enfermedad tampoco parecen aportar valor en la identificacién de posibles fenotipos
por su escasa correlacion con los parametros clinicos y funcionales. En particular, la
realizacion sistematica de pruebas de provocacion bronquial podria ayudar a clarificar la
verdadera prevalencia del asma en esta poblacion. Estudios adicionales en cohortes mas

amplias seran fundamentales para validar estos hallazgos.
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2.Rationale and Hypothesis

ABSTRACT

Introduction:

Bronchiectasis (BE) is a chronic respiratory disease characterized by permanent bronchial
dilatation and typical symptoms such as cough, sputum production, and recurrent infections.
Since bronchiectasis can result from a wide range of conditions, it exhibits great variability
and heterogeneity in clinical presentation, severity, and prognosis. In some patients, BQ
may be associated with other airway diseases, particularly asthma, chronic obstructive
pulmonary disease (COPD), and chronic rhinosinusitis (CRS). The prevalence and impact
of these airway comorbidities in patients with BE have been investigated by several authors
in recent years. However, the lack of consistent definitions, overlapping symptoms between
conditions, and the absence of specific diagnostic tests complicate comparability and
reduce the accuracy of these studies. Our study focused on the characterization of the
airway in patients with BE, aiming to identify distinct clinical profiles and potential diagnostic

markers of associated respiratory comorbidities.

Methods:

We recruited patients with BE without a previous diagnosis of respiratory comorbidities, who
underwent a comprehensive clinical assessment. This included symptom evaluation, full
pulmonary function testing, analysis of inflammatory biomarkers, radiological studies
(including findings not usually associated with BE), microbiological characterization, and
disease-specific quality-of-life questionnaires for each respiratory condition. Clinical,
functional, and biological diagnostic criteria were applied to identify the presence of
associated asthma, COPD, and CRS.

Results:

Atotal of 77 BE patients were included, predominantly female (79.2%), with a mean age of
58.1 years. Most reported cough and sputum production, with moderate impact on quality-
of-life questionnaires (SGRQ and LCQ). Surprisingly, more than 60% reported having

experienced wheezing. Upper airway symptoms were present in 40% of cases.

Chronic bronchial infection was found in 43.1%, with Pseudomonas aeruginosa being the
most frequent pathogen. A total of 85.7% were on chronic respiratory treatment, with high
usage of macrolides (41.6%) and inhalers (72.7%). Only 40.3% regularly followed a
physiotherapy regimen.
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2.Rationale and Hypothesis

From a functional perspective, 27.6% showed an obstructive pattern and 11.3% a restrictive
pattern. Air trapping was observed in 37%, while only 5.2% had a significant bronchodilator

response. Only 20% had completely normal pulmonary function values.

Elevated FeNO levels were found in 25.7%. Peripheral blood eosinophilia was present in
15.6% of patients and was associated with lower sputum purulence and lower prevalence

of chronic Pseudomonas aeruginosa infection.

To explore the presence and phenotypic expression of respiratory comorbidities, we
analyzed clinical-instrumental variables and administered the most common questionnaires
for each disease: CAT, ACT, SGRQ, and SNOT-22.

The questionnaires showed variable associations with clinical characteristics. The SGRQ
correlated with FEV1 (in liters) and dyspnea, as did the CAT, which also correlated with
exacerbation frequency. In contrast, ACT and SNOT showed no correlation with any clinical

variable. However, all four questionnaires showed significant correlation with each other.

Regarding the BE-asthma association, 46.8% of patients had symptoms consistent with the
maijor clinical criterion for asthma, but only 5.2% met full diagnostic criteria when functional
tests and inflammatory biomarkers were included. A total of 26% were classified as
“suspected asthma,” while in 68.8% of cases, the diagnosis was ruled out due to insufficient
criteria. Patients with confirmed or suspected asthma showed similar characteristics to
those in whom the diagnosis was excluded, although they had a higher body mass index,
a trend toward greater radiological extent of BE, and more frequent use of inhaled

corticosteroids.

The evaluation of BE-COPD comorbidity was based on the ROSE criteria. BE-COPD was
identified in 9.1% of patients, despite the absence of a prior COPD diagnosis. These
patients showed lower FEV,/FVC values, with no significant clinical differences from the

rest of the group.

As for CRS, it was diagnosed in 31.5% of the cohort. The predominant symptoms were
nasal obstruction and congestion, with instrumental confirmation (sinus CT and/or
endoscopy) in one-third of cases. Patients with CRS had significantly worse SNOT-22
scores, higher volumes of sputum production, lesser radiological BE extension, although no

differences were observed in pulmonary function or exacerbation frequency.

Conclusions:
Respiratory comorbidities are highly prevalent in patients with BE but their diagnosis

remains challenging, especially in the case of asthma, due to the nonspecific nature of
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2.Rationale and Hypothesis

symptoms. This study highlights the need to establish objective diagnostic criteria and to
develop practical clinical tools for detecting asthma and CRS in BE. Clinical presentation
alone does not seem sufficient to identify patients with a higher likelihood of having asthma
or CRS, and the disease-specific questionnaires also do not seem to add value in identifying
possible phenotypes due to their low correlation with clinical and functional parameters. In
particular, systematic bronchial provocation testing could help clarify the true prevalence of
asthma in this population. Further studies in larger cohorts will be essential to validate these

findings.
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2.Rationale and Hypothesis

1.1 AIRWAYS DISEASES AT A GLANCE

Under the definition of chronic airways diseases (AWDs) are included a variety of different
pathological conditions that affect both upper and lower airways, being COPD, asthma, BE
and CRS the most common. Globally, these diseases represent the most common chronic
respiratory diseases: according to a 2019 report, COPD and asthma alone are responsible
of more than 2/3 of all reported cases of chronic respiratory diseases, and are the cause of

most of the related deaths (1).

AWDs have been well known since very early in human history: the first reference to asthma
in occidental culture dates back to the 4" century B.C, mentioned by the Corpus
Hippocraticum initiated by Hippocrates, where the term doua (read: asma), literally meaning

“panting”, was firstly used to describe the presence of dyspnea (2).

However, the disease made his appearance in far older document from other parts of the
world: descriptions of symptoms compatible with asthma appear in the most antique
medicine textbook of witch we have knowledge, the Chinese “Nei Ching”(3). This text, dating
back to a period between the 4th and 2nd centuries BC, gathers medical, philosophical, and
religious knowledge that is believed to have originated as far back as the 26th century
BC(4). Also, remedies for rhinosinusitis and asthma are described in the Ebers Papyrus, a
compendium of Egyptian medical knowledge and tradition that dates back to the 1500
BC(4).

On the other hand, the first descriptions of COPD, particularly regarding emphysema as
observed in anatomical pathology, is much more recent. Initial references to “voluminous
lungs” date back to the late 17th century, while Laennec, in 1821, described abnormally
inflated lungs accompanied by abundant mucus in the airways, consistent with what we
now recognize as chronic bronchitis with emphysema (5,6). However, it was not until the
second half of the 20th century that the term “chronic obstructive pulmonary disease” began

to appear, as well as its established association with cigarette smoking (6-8).

To Laennec we also owe the first description of bronchiectasis in 1819, defined as the
abnormal dilatation of bronchi and bronchioles following repeated cycles of infections(9),
while William Osler in late 1800 contributed to the clinical understanding of bronchiectasis
by recognizing its association with recurrent chest infections, mucus hypersecretion, and
haemoptysis. Ironically, he died of a pulmonary empyema, likely resulting from complicated
pneumonia secondary to undiagnosed localized bronchiectasis, as revealed by his
autopsy(10).Indeed, while signs and symptoms of respiratory diseases have been reported

since ancient times, formal description and categorisation of each clinical entity, as well as
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2.Rationale and Hypothesis

the correlation between symptoms and underlying physiopathological mechanisms, has
been possible only starting from the 19" century, thanks to medical progress and

technological advances (11).

The description of lung function, starting with the invention of the first modern spirometer
by Hutchinson in 1846 and perfectioned starting from the 1920s, opened a completely new
scenario for pulmonologists(12). The introduction of chest radiography, shortly after the
discovery of X-rays from Roentgen in 1895, represented a further revolution, allowing
physicians to look inside alive patients and correlate clinical presentation and imaging. With
the advent of computed tomography in 1972, pulmonology was changed beyond
recognition(11,13).

These advances progressively enhanced the understanding of respiratory diseases, paving
the way for more accurate classifications and the development of increasingly effective and

individualized therapeutic approaches.

In the last few decades, the shift towards precision medicine has expanded the concept of
diseases, transforming them from single entities primarily defined by key symptoms and
progression into a spectrum of diverse clinical presentations (phenotypes) and underlying
pathological pathways (endotypes).

However, AWDs are characterised by a wide range of symptoms and signs, often

overlapping and escaping traditional disease definition.

Asthma represents a common chronic disease, with a prevalence rate in the general
population varying between 1-29% depending on the country. It can affect any age group,

and it is the most frequent chronic disease in the paediatric population(14).

It is characterized by the presence of typical symptoms such as cough, wheezing, dyspnea,
and chest tightness. These symptoms can vary over time and usually occur in response to
stimuli such as exposure to allergens or irritants, viral infections, physical exercise,
temperature or humidity changes, and environmental pollution(15,16). Typically, phases of
stability and symptom absence alternate with phases of exacerbation of variable frequency
and intensity. Functionally, this is reflected in airflow obstruction, which can also be variable

and identifiable during acute phases or even in stable state (14).

From a pathophysiological perspective, it is impossible to speak of a single mechanism

responsible for the development of the disease. Different cellular and molecular pathways
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2.Rationale and Hypothesis

endotypes have been described, which translate clinically into a range of phenotypes and

may represent different therapeutic targets(17).

The two fundamental endotypes are called Th2-high or endotype 2, and Th2-low, according

to the predominant CD4+ T lymphocyte population involved in the process.

The pathophysiology of Th2-mediated asthma (or endotype 2) is complex, involving both

innate and adaptive immunity(18).

The presence of dysregulation at the level of the respiratory epithelial barrier allows the
penetration of external elements such as allergens, pollutants, and viruses. In response,
the production of a class of substances called “epithelial alarmins” is activated, contributing

to the inflammatory cascade in various ways.

On one hand, they induce dendritic cells and naive CD4+ T helper cells to differentiate into
Th2 cells, amplifying the inflammatory cascade through cytokines (including
interleukine(IL)-4, IL-5, IL-9, and IL-13)(19).

IL-4 stimulates B lymphocytes to produce IgE, which bind to basophils and mast cells.
These, in turn, attract eosinophils and release other mediators such as serotonin, histamine,
and tryptase(18). IL-5 also contributes to eosinophilia as it promotes the differentiation of
eosinophils in the bone marrow. All these mechanisms finally collaborate in the activation
of bronchial smooth muscle, resulting in bronchial hyperreactivity, smooth muscle

hypertrophy, and airway remodelling through the activation of fibroblasts(17).

Additionally, there is an increase in mucus production due to the increased expression of
goblet cells driven by IL-4 and IL-13(20).

Advances in understanding Type 2 (T2)/Th2-high asthma have been crucial for the

development of drugs that target one or more key pathogenic pathways.

In contrast, the mechanisms responsible for Th2-low inflammation remain poorly
understood. Among the most studied mechanisms, increased activation of Th1 cells and
the presence of an imbalance at the level of Th17/Treg cells have been described(17). In
patients with Th1-mediated asthma, increased levels of gamma interferon (IFN-y) are
associated with increased airway resistance and inflammatory infiltrates. IFN-y would
reduce the expression of the secretory leukocyte protease inhibitor (SLPI), an antiprotease
with a protective effect at the mucosal level, whose reduction causes bronchial

hyperreactivity that is refractory to corticosteroid treatment(21).
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On the other hand, Th17 activation leads to an increase in the production of IL-17, which
promotes neutrophilic inflammation and airway remodeling through the proliferation of

smooth muscle cells and fibroblasts(22).

In general, what characterizes Th2-low asthma patients is the reduced or absent response
to corticosteroids and the neutrophilic or paucigranulocytic profile, i.e., greater than 40-60%

neutrophils or a normal distribution of neutrophils and eosinophils in sputum(17).

These two endotypes correspond to a variety of phenotypes, which have been classified in
different ways over time, without standardized definitions. The proposed classifications
focus on one or more aspects, including the age of onset (early or late), triggering factors
(allergic, occupational, aspirin-induced, exercise-induced, smoking-associated asthma), the
predominant cellularity type (eosinophilic, neutrophilic, paucigranulocytic), functional
characteristics (with chronic fixed obstruction), the response to corticosteroid treatment, and
other clinical characteristics of the patients (associated with obesity, menstruation,
comorbidities, etc.)(18,23,24).

Correct phenotypic identification is more relevant in the case of severe uncontrolled asthma
(SUA): the Spanish guideline for the diagnosis and management of asthma (GEMA)

proposes three phenotypes in this case: allergic, eosinophilic, and non-T2(25).

Allergic asthma (T2) is characterized by the described T2 inflammatory pattern, eosinophilic
or mixed cellularity in sputum, and symptom onset after exposure to allergens. Eosinophilic
asthma (T2) presents with clearly eosinophilic inflammation, demonstrable in the bronchial
mucosa and sputum, regardless of the presence of atopy and despite treatment with high
doses of corticosteroids. It often presents with chronic rhinosinusitis and polyposis and can
be triggered by pharmacological stimuli (aspirin). Non-T2 asthma presents without
eosinophilia in both peripheral blood and sputum, low FeNO levels, poor response to

corticosteroids, frequent chronic airflow limitation, and/or smoking(25).

Depending on the disease severity, chronic or as-needed medical treatments may be

necessary to control symptoms.

Among chronic treatments, classified as “control” or maintenance treatments, are inhaled
corticosteroids (ICS) or systemic glucocorticoids, leukotriene receptor antagonists (LTRA),
long-acting beta2 agonists (LABA), and anticholinergics (tiotropium)(25). In the last two

decades, biologic treatments have been added, which will be discussed later in this chapter.

Relieve treatments are used to rapidly treat bronchoconstriction or prevent it in the case of

known triggers (e.g., physical exercise). These include short-acting beta2 agonists (SABA)
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and short-acting inhaled anticholinergics (SAMA), as well as some ICS/LABA combinations
such as budesonide/formoterol, beclometasone/formoterol, and

beclometasone/salbutamol(25) .

The term "bronchiectasis" primarily refers to a radiological finding: the abnormal dilation of
the bronchi, due to various mechanisms of airway remodeling. In some patients, it may be
secondary to traction, resulting in asymptomatic dilations with no clinical significance.
Bronchial dilatation is usually defined by the presence of an inner or outer airway—artery
diameter ratio ((PCDrial ratio, BA) of 1,5 or more, lack of tapering of the airways, and
airways visible in the periphery(26). In contrast, when we talk about bronchiectatic disease,
we refer to a syndrome characterized by the presence of this radiological finding associated
with characteristic symptoms, particularly hyperproduction of secretions and recurrent

infections(27).

It is a heterogeneous disease in both its clinical manifestations and its causes, whether

respiratory or systemic, although there are common pathogenic elements.

Regardless of the aetiology, the airways of patients with BE exhibit alterations in local or
systemic defences, which increase susceptibility to infections and their chronicity.
Inflammation caused by infections leads to airway remodelling, mucus hyperproduction, and
the impairment of mucociliary clearance (intrinsic in some aetiologies, or secondary to
inflammation and bronchial dilation), making it more difficult to manage secretions and
perpetuate the vicious cycle of Cole(28,29). The pathological process can originate from
any of these four elements: infection, inflammation, structural deformation, and impairment
of secretion clearance, all of which interact synergistically, meaning that treating one

element does not necessarily stop the pathological process.

Thus, the "vicious vortex" model is currently used to describe the complex interactions

between all the elements involved in the development and evolution of BE(28).

The aetiological diagnosis is a key point in managing patients with BE, as some causes
have specific treatments or require specific management. When the etiological investigation

does not identify a cause, the condition is defined as "idiopathic"(30).

The prevalence of different aetiologies largely depends on the exhaustiveness of diagnostic
tests conducted, although it is also related to the geographic distribution of certain

aetiologies(31).
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According to data from the Spanish BE registry (RIBRON), the most frequent causes of BE
in the adult population in Spain are previous respiratory infections (40%) and tuberculosis
infection (13.5%)(32).

In these cases, the presence of bacterial infections triggers the inflammation and
remodelling of the airway(33). In contrast, the alteration of systemic defence mechanisms

characterizes primary immunodeficiencies, a less common but relevant aetiology(34).

Among these, humoral immunodeficiencies are notable, as, in the presence of deficient or
altered immunoglobulin production, replacement therapy can reduce susceptibility to
infections and minimize the risk of exacerbations and disease progression. For other
immunodeficiencies, whether primary or secondary, prophylactic antibiotic treatments may

be indicated to prevent opportunistic or potentially serious respiratory infections(34).

Another important cause of BE is primary ciliary dyskinesia (PCD), a genetic disease
characterized by structural alterations in the cilia present on the surface of the respiratory
epithelium. The normal function of cilia is to promote the upward movement of respiratory
secretions, through synchronous motion and a characteristic pattern that allows mucus and
trapped particles to reach the main bronchi and trachea for expulsion. In patients with ciliary
dyskinesia, the motility of these cellular organelles is reduced or altered, leading to mucus
accumulation, which favours inflammation and infections(35). Diagnosis is based on various
tests that allow for the recognition of functional or structural alterations in the cilia. Although
numerous responsible genes have been described, mutations cannot be identified in most

patients, so genetic tests are often not used for diagnosis(36).

PCD is clinically characterized by recurrent respiratory infections and the development of
BE during childhood, chronic rhinosinusitis, recurrent otitis, which may lead to hearing loss,
and fertility issues. In some cases, congenital heart disease or situs inversus (which may
be complete, in which case the disease is known as Kartagener syndrome) is associated.
Non-respiratory manifestations are due to the presence of ciliated cells in other organs or
systems, particularly in the reproductive system (Fallopian tubes and sperm flagella) and
during early embryonic development, where they are called "nodal cilia" and play a role in

polarizing cell migration, determining organ laterality(37,38).

Treatment for PCD is based on mechanical and pharmacological measures to increase
secretion mobilization: respiratory physiotherapy, physical exercise, oral or nebulized
mucoactive drugs. Currently, there is no specific treatment that can restore the normal

function of cilia(39).
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Autoimmune and autoinflammatory diseases can also be associated with BE, including
rheumatoid arthritis, Sjogren's syndrome, and inflammatory bowel diseases. In this case,
the primary trigger is the pro-inflammatory state typical of these diseases, whose control is

essential to prevent respiratory disease progression(28,40,41).

Many other diseases are associated with the presence of BE: gastroesophageal reflux,
allergic bronchopulmonary aspergillosis (ABPA), collagen diseases, obliterative
bronchiolitis, non-tuberculous mycobacterial infections (NTM), congenital malformations,
etc (42).

The management of BE, regardless of its aetiology, focuses on the prevention and treatment
of infections, proper mucus clearance, and control of bronchial and systemic

inflammation(43).

Currently, no drugs specifically developed for the treatment of BE has been approved,
although a few molecules are currently undergoing phase 3 clinical trials or are already
under evaluation by Regulatory Agencies, and scientific advances offer hope for new tools

in the near future.

According to the most recent update of the international guidelines for the diagnosis and
treatment of COPD(44), this disease is defined as "a heterogeneous lung condition
characterized by chronic respiratory symptoms (dyspnea, cough, expectoration,
exacerbations) due to abnormalities in the airways (bronchitis, bronchiolitis) and/or in the
alveoli (emphysema), which cause persistent airflow obstruction, frequently

progressive"(44).

The latest national health report, published in 2023, records approximately 34 cases per
1000 inhabitants in the population over 40 years old in Spain, with a progressive increase
in older age groups, reaching 78/1000 cases between 80 and 84 years of age. In 2019,
nearly 14,000 deaths were attributed to this disease, which also represents a significant

healthcare cost for the country(45).

In addition to the chronic symptoms of COPD, which, as the disease progresses, limit
activities and worsen quality of life, exacerbations can occur, and their frequency and

severity have a significant impact on patient prognosis and treatment.

The interaction between genetic and environmental factors lies at the root of the disease.

The most important exposure factor is tobacco smoke, and in fact, most of the experimental
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studies that have helped in understanding the pathophysiology of COPD have focused on
smoking(46). On the other hand, in low-resource countries, exposure to biomass
combustion products plays a significant role, accounting for up to 35% of cases(47). Recent

studies also suggest a possible role of environmental pollution(48).

Among the genetic alterations, the only ones with a clear causal relationship with the
development of COPD are mutations in the SERPINA1 gene, which cause alpha-1
antitrypsin (AAT) deficiency. AAT is the main antiprotease in the respiratory system, and its
deficiency leaves the alveolar tissue unprotected and more exposed to protease
damage(49). Recently, the involvement of various genetic and epigenetic alterations in the

evolution of the disease has been proposed, but their role remains unclear(50,51).

A complex network of interactions contributes to the development of the disease, involving
mechanisms such as hyperactivation of the innate and adaptive immune responses, the
release of reactive oxygen species (ROS), and the imbalance between proteases and
antiproteases(52).

Exposure to toxins triggers an unspecific inflammatory response, recruiting macrophages,
neutrophils, eosinophils, and monocytes. Macrophages amplify the inflammatory cascade
through the secretion of interleukins (IL-8 and IL-1), which attract more neutrophils

responsible for producing ROS, neutrophil elastase (NE), and other proteases(52).

ROS can cause direct cellular damage, inactivate epithelial protection mechanisms, and
cause hypertrophy and hyperplasia of mucus-producing cells, resulting in increased
bronchial secretions(53).

The proteases produced by neutrophils, on the other hand, damage the alveolar tissue
through proteolytic degradation, resulting in the development of emphysema. At the
bronchial level, they can destroy ciliated cells responsible for proper mucociliary clearance.
The damage from proteases is even more evident in patients with reduced or altered

antiprotease production, such as in the case of AAT deficiency described earlier(54).

On the other hand, extracellular matrix degradation products induce lymphocyte
differentiation, increasing CD8+ T lymphocytes. Activated CD8+ T cells release various
harmful molecules, such as IFN-y, tumor necrosis factor a (TNFa), IL-1, and proteolytic
enzymes, which destroy structural cells through apoptosis or necrosis(55). Finally, the
bronchial epithelium produces transforming growth factor beta (TGF[), which promotes
fibroblast and myofibroblast hyperproliferation, leading to airway remodeling and local
fibrosis(56).
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In conclusion, the interaction between various pathogenic mechanisms leads to structural

damage at the alveolar, airway, and ciliated cell levels(46).

Changes in the small airway and emphysema, caused by the loss of alveolar elasticity, are
responsible for the main functional alterations present in COPD patients: irreversible airflow
limitation and increased airway resistance(46). These mechanisms prevent the lungs from
emptying completely, resulting in static hyperinflation (i.e., during tidal breathing) and
dynamic hyperinflation (during exertion or tachypnea). They also reduce inspiratory
capacity. The clinical consequence is the progressive worsening of dyspnea in patients(57).
Furthermore, the loss of gas exchange surface due to emphysema can lead, in the more
advanced stages of the disease, to chronic respiratory failure due to insufficient oxygen

delivery to the arterial system(58).

Excessive mucus production and its inadequate removal secondary to direct damage to
ciliated cells lead to increased bronchial secretions, which contribute to accelerating

functional decline and increase the risk of pneumonia(58).

In addition to respiratory changes, inflammation in COPD patients also extends to the
systemic level, causing cardiovascular problems, sarcopenia, metabolic syndrome, and

depression(59).

The treatment of COPD is based on the elimination of the pathogenic noxa, primarily
focusing on smoking cessation, and the use of bronchodilators (BD) to control symptoms
and slow disease progression. In more advanced stages, in patients with chronic respiratory
failure, the use of O2 can improve quality of life and reduce mortality, while non-invasive

ventilation can improve gas exchange in patients with chronic hypercapnia(60).

Despite involving the upper airways, CRS is not classically included in AWDs, and its
diagnosis and care usually involve ear, nose and throat (ENT) specialists rather than

pneumologists.

However, the frequent association of CRS with other AW conditions forces respiratory
physician to deal with this condition on a regular basis. CRS prevalence in general
population varies around 3-12% according to series (61-65), but it significantly raises in
presence of other respiratory diseases: 22-45% in asthmatic patients (66), 6-50% in COPD
(67-69), 50-90% in PCD (70,71) and 55-100% in adults with CF (72-74). Moreover,
uncontrolled CRS has been correlated with poorer control of AWD in patients suffering from
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both diseases, increasing the risk of exacerbation and aggravating lower AW

symptoms(67).

The diagnosis of CRS requires the presence for at least 12 weeks of two or more key
symptoms (nasal blockage/obstruction, nasal discharge, hyposmia, facial pressure/pain)
combined with evidence of inflammation at nasal endoscopy or sinus CT, or with the

presence of purulence from paranasal sinus or ostiomeatal complex(75).

Paranasal sinuses have mechanical, acoustical and thermic properties crucial for local
homeostasis. Moreover, and most importantly from a respiratory perspective, they represent
a first line of defence against microbes that could try to enter the respiratory system. From
one hand, the presence of scattered cup cells and ciliated cells in sinus mucosa epithelium
guarantees a mechanical barrier that traps microorganisms and noxious particles and
prevent their penetration to the lower airways. From the other, sinonasal epithelium
produces a variety of defence molecules in response to microbial invasion, such as
enzymes, opsonins, defensins and endogenous antimicrobial molecules, that altogether

initiate and maintain the inflammatory response.

In CRS, the imbalance in immune interaction between the host and the environment results
in the alteration of these mechanisms (76). The presence of individual predisposition is
essential in the development of the disease: in predisposed subjects, external triggers
activate an aberrant innate immune response, that disrupts local homeostasis and prevents
its restoration(77). Persistent inflammation causes mucosal oedema, which impairs
mucociliary clearance and reduces the discharge of secretions. This creates a cycle where
the inflammatory response is continually sustained, even in absence of triggers. The
accumulation of mucus, combined with the heat and humidity within the paranasal sinuses,

provides an ideal environment for the proliferation of pathogens(77).

From a molecular and pathophysiological perspective, CRS is a very heterogeneous
disease, characterized by selective expression of Type 1 ( T1), T2 or Type 3 (T3) immune

responses and important geographical variations(78,79).

Various classifications have been identified and proposed; however similarly to asthma, two

main clusters can be identified: T2 and non-T2.

For T2 endotypes, key players include IL-25, IL-31 and IL-33 that activate Type 2 innate
lymphoid cells (ILC2). This activation promotes the polarization of the Th2 response,

characterized by elevated levels of IL-5 and IL-4 (78).
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T2 endotype is also characterized by increased production of IgE, responsible for mast cells

activation, especially in nasal polyps(80).

Furthermore, the differentiation of monocytes/macrophage in type 2 (macrophages (M2),
associated with tissue repair and fibrosis, leads to increased production of fibrin. Together
with a downregulation of plasminogen, these mechanisms are responsible of tissue

remodelling by retention of oedema and polyp formation(81).

In the non-T2 endotype, environmental triggers stimulate epithelial cells to secrete cytokines
that promote the differentiation of Th1 and Th17 cells, leading to the development of
neutrophilic inflammation. Activated Th1 cells produce high levels of IFN-y, which
contributes to cellular apoptosis, oxidative stress, and neutrophil chemotaxis. Additionally,
Th17 cells produce IL-17A, TNF-a, and IL-22, further stimulating cytokine production and
amplifying the neutrophilic inflammatory response. Moreover, neutrophils also produce
TGF-B, which contributes to fibrosis and polyp formation (82,83). Similarly to what happens
in BE, neutrophilic inflammation also leads to neutrophil extracellular trap (NET) formation,

whose presence is associated with refractory CRS(84).

The importance of endotype identification has been progressively recognised in the last 10
years, as the presence of specific inflammatory pathways represents a promising target for
biological treatment and might predict evolution and outcomes after surgery (85,86).
However, they do not directly correlate with clinical phenotypes, as endotypes frequently

overlap between different categories.

The most common classification of CRS depends on the presence (CRSwNP) or absence
of nasal polyps (CRSsNP) (75).

CRSsNP is usually correlated with dental disease, ostiomeatal obstruction and presence of
bacterial infection, while CRSwWNP presents with nasal obstruction, olfactory impairment,

responsiveness to corticosteroids and possible recurrence after surgery(87).

For many years, T2 inflammation has been considered predominant in CRSwNP, while non-
T2 seemed to interest mainly CRSsNP. However, numerous studies contradicted this
assumption, highlighting the importance of regional differences. In fact, T2 endotype is
mainly present in CRSwNP in Western countries, while non-T2 endotype is more

represented in CRSwWNP in Asian populations and CF patients (88).

CRSwNP has been further subdivided into distinct subcategories based on specific clinical
features, including the triad of aspirin sensitivity, asthma, and nasal polyps (Aspirin-

Exacerbated Respiratory Disease - AERD); allergic fungal sensitization (Allergic Fungal

Letizia Traversi, The ABCS study e




2.Rationale and Hypothesis

Rhinosinusitis - AFRS); central nasal involvement associated with allergic rhinitis (Central
Compartment Atopic Disease - CCAD); and the presence of underlying systemic diseases
such as CF, PCD, granulomatosis with polyangiitis (GPA), immunodeficiencies, and

sarcoidosis(87).

CRS treatment is aimed at enhancing mucociliary clearance and sinus drainage to reduce
inflammation. The keystones of treatment are topic steroids and nasal saline irrigation. Oral
antibiotics can be used in case of bacterial infection, as well as antihistaminic drugs for
allergic patients. In case of refractory T2 CRS, the use of biologic agents such as dupilumab,

omalizumab and mepolizumab can be taken into consideration(89,90).

Endoscopic polypectomy can improve symptoms in CRSwNP; recurrence of polyps after

surgery, however, is not infrequent and the risk should be assessed prior to surgery.

1.2 BAD THINGS COME IN PAIRS: BRONCHIECTASIS AND
AIRWAYS COMORBIDITIES

BE is one of the most heterogeneous respiratory diseases. According to patients, most
significant symptoms include management of secretions, fatigue, shortness of breath and
cough, unspecific symptoms shared by most respiratory diseases(91). This may explain
why, until just over a decade ago, many patients with BE were misdiagnosed and incorrectly
labelled as having asthma or COPD, conditions that were far better recognized at the
time.(92,93). Nowadays, thanks to years of efforts in BE investigation and education,
awareness of the disease has increased exponentially, leading to a substantial rise in BE

diagnoses due to more accurate diagnostic procedures.

While many questions about BE have been satisfactorily answered, one of the primary
unresolved challenges in diagnosing and managing BE patients is the presence of

respiratory comorbidities.

In the last decade, many authors have tried to define the prevalence and the characteristics
of these associations. However, the lack of a consistent and reproducible definition of
coexistence has led to significant variability in approaches, inclusion criteria, and
methodologies across different studies, substantially affecting the reliability and

comparability of the results.

Letizia Traversi, The ABCS study °




2.Rationale and Hypothesis

The reasons for diagnosing AWD in BE patients include differences in clinical presentation,

treatment complexities, impact on mental health, and bureaucratical considerations.

The presence of two or more AWD in the same patient seems to have a direct impact on
severity of the disease, frequency of exacerbations and overall prognosis, regardless of
which disease is considered the primary (94,95,104—110,96-103). The correct identification
of AW comorbidities in BE patients allows better risk stratification and adequate clinical

management.

Treatment represents probably the most relevant challenge of coexisting diseases in BE.
On one hand, drugs that are commonly used in BE could be potentially contraindicated in
presence of other conditions. It is the case of macrolides, that should be used with caution
in patients at high risk for NTM infection (such as previous NTM infection, COPD or ICS
use) to prevent the selection of antibiotic resistance(111-113). Similarly, nebulized
antibiotics are discouraged in asthmatic patients due to the risk of inducing bronchospasm
(43,114). On the other hand, the role of some treatments that well established in other
respiratory diseases is still uncertain in BE due to lack of evidence, as it happens with BD
and ICS. In particular, BD are not recommended in BE due to insufficient quality evidence
(43,115,116), while there is still debate about the use of ICS in pure BE patients due to the
risk of bacterial exacerbation (117,118) and NTM or fungal infection (119,120). Both
treatments, however, remain indicated in cases of coexisting COPD or asthma, highlighting
the importance of diagnosing underlying conditions to optimize patient management
(43,121,122).

Another fundamental issue is the impact of chronic respiratory diseases on mental health.
Patients often experience sadness, frustration, and anxiety, which can be exacerbated
when multiple diseases are present, due to the increased complexity and symptomatic
burden. In this context, the power of words and definitions is demonstrated: a correct
diagnosis of comorbidities can empower patients and increase comprehension of symptoms
through their inclusion inside a known and recognizable clinical entity. This can eventually
lead to a more profound knowledge of their disease, increasing management skills and
adherence to treatment (123,124).

Finally, the incomplete definition of comorbidities can hinder patient inclusion in clinical
trials, affect medication reimbursement, limit access to social services and benefits, and
more. This has a profound impact on patients' quality of life, potentially influencing their

clinical status, access to healthcare resources, and treatment adherence.
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For all these reasons, recognizing respiratory comorbidities in BE patients is crucial for both
physicians and patients, and should be addressed at the earliest opportunity to prevent

treatment delays(125).

BE and AWD have been the focus of numerous studies worldwide, both within BE
populations and other AWD cohorts. Recently, two important papers were published
analysing the prevalence and characteristics of asthma and COPD in the European registry,

co-authored by the candidate. These results are commented in chapter 1.4.

A complicated relationship develops between BE and asthma. While traditionally BE has
been considered a neutrophilic disease and asthma an eosinophilic disease, this dichotomy
has been eliminated by increasing evidences of the existence, in a significant proportion of

patients, of distinct cellular phenotypes in both diseases.

In fact, in asthmatic patients conflicting evidence exists regarding the predominant endotype
associated with BE: while most studies suggest an association between BE and neutrophilic
asthma(25,126,127), a study of 200 patients with severe asthma found that BE correlated

with a higher eosinophil count in peripheral blood(128).

Shared inflammatory pathways contribute to the coexistence of both diseases, though their
causal relationship remains unclear. The point of closest contact is ABPA, a condition that
can complicate both diseases. In ABPA, Th2-driven inflammation triggers or worsens
bronchial dilatation, leading to excessive thick mucus production and bronchial inflammation
in response to Aspergillus sensitization (REF). However, ABPA’'s pathophysiology is not a
general model for the shared development of BE and asthma, as multiple mechanisms, only

partially described, appear to be involved.

Identification of asthma in BE is challenging: no diagnostic criteria have been established
yet, and asthma-like symptoms, such as wheezing, bronchospasm and sudden dyspnoea,
are frequent in BE, especially during exacerbation and in response to nebulized antibiotic
or saline solution(129-131). Also, hyperreactivity and reversibility to bronchodilators are not
uncommon, with prevalence varying widely, reported in between 5% and over 35% of
patients (132-135). Evidences also suggest the role of ciliary dysfunction in the
development of hyperreactivity: mice with cilia deletion had higher levels of hyperreactivity
and obstruction, without changes in mucus discharge or inflammation but increment in the
expression of club cells, usually involved in tissue repair(136). Even response to non-

specific provocation with methacholine or histamine has been reported in BE patients
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without asthma(137,138). Although most of these studies mention the exclusion of
asthmatic subjects, none provide details on the criteria used to diagnose clinically significant

BE or clarify the asthmatic status of the patients involved.

Similarly, few studies have attempted to determine the prevalence of asthma in BE, but
significant differences in definitions and inclusion criteria have contributed to extreme
variability in the results, that range from 3 to 68% (Tab 1.1) (122,139-141).

According to these studies, asthma in BE patients was more frequent in female subjects
(142), correlated with greater BE extension (141), more frequent exacerbations (96), worse
lung function, lower rates of chronic bronchial infection (CBI) by any potentially pathogenic

microorganism (PPM) and reduced use of inhaled antibiotics (142).
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Tab 1.1: Studies investigating asthma in BE patients.

Author (year) Country Criteria for Asthma Associated factors

asthma diagnosis prevalence
Lonni(139) (2015) Europe 1258 Reported 3.3% NA

Note: EMBARC bronchiectasis registry; asthma reported by physician

Kadowaki(143) Japan 147 NA 7% NA

(2015)

Mao(96) (2016) China 463 Symptoms + 46.2%  More exacerbations
hyperreactivity

Note: Asthma diagnosis realized before the study. Hyperreactivity demonstrated with PBD, PEF variation or methacholine.

Aksamit(144) (2017) USA 1826 Reported 29% NA

Note: USA bronchiectasis registry; asthma reported by physician

Olveira (142)(2017) Spain 2047 Reported 5.4% More females, worse lung
function, lower rates of CBI
for any PPM, less inhaled
antibiotics

Note: Spanish bronchiectasis registry (RIBRON); asthma reported by physician

Mantyla(141) (2019) Finland 95 Symptoms + 68% Greater BE extension
hyperreactivity

Note: asthma considered as BE aetiology when diagnosed before BE (26% of patients). Hyperreactivity demonstrated with
PBD/PEF variation or methacholine.

Dhar(145) (2023) India 2195 Reported 23% Lower mortality, less
exacerbations, less
hospitalizations

Note: Indian bronchiectasis registry (EMBARC-India); asthma reported by physician.

Martinez-Garcia Spain 1912 Reported 7.8% More females
(2021)

Note: Spanish bronchiectasis registry (RIBRON); asthma reported by physician.

Moon(146) (2023) Korea 598 Reported 22,4%  Higher BMI, greater sputum
volume, lower FEV1, lower
QoL, more previous
pneumonia and measles

Note: Korean bronchiectasis registry (KMBARC); asthma reported by physician.

Xu(147) (2025) China 10324 Reported 5.4% NA

Note: Chinese bronchiectasis registry (BE-China); asthma reported by physician. Slightly different prevalence between low-income
(6.6%) and high-income regions (4.9%)

Legend. PBD: Post-Bronchodilator; PEF: Peak Expiratory Flow; CBI: Chronic Bronchial Infection; PPM:
Potentially Pathogenic Microorganisms; BE: Bronchiectasis; FEV1: Forced Expiratory Volume in 1 Second;
Qol: Quality of Life
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In reverse perspective, BE in asthma have been object of numerous publications since the
1990s (148). The main reason is likely that bronchial dilatation observed in high-resolution
computed tomography (HRCT) scans is a much more objective finding than any combination
of signs and symptoms. In most cases, however, it has been considered the sole criterion
for defining bronchiectasis, regardless of radiological extension of BE or the presence of a
compatible clinical presentation. Also, only some of the studies specified the severity of
asthma of the population analysed. This lack of homogeneity might explain the extreme
variability of BE prevalence reported across all studies, ranging from 1% to 80% of the
overall study population (Tab 1.2). However, the gap narrows when considering only severe
asthma, with an average prevalence of approximately 35% (ranging from 16% to 67.5%)
(107,110,128,149-154).

The presence of BE in asthmatic patients was frequently correlated with greater asthma
severity(106,107,152—-157), more frequent exacerbations and
hospitalizations(106,150,158,159), worse lung function(110,157,160), longer disease
duration (150,157,160) and use of inhaled steroids(159,160).

Only two authors reported radiological follow-up of their cohorts. Kurt observed a slight
increase in BE prevalence at 6 years (15.2% vs. 13%), while Cukier unexpectedly found the
opposite: of five baseline BE cases on HRCT, only two were confirmed after a year, with BE
disappearing in two and reducing in one(161,162). However, the sample size is very small

and insufficient to draw definitive conclusions.

Letizia Traversi, The ABCS study e




2.Rationale and Hypothesis

Table 1.2: Studies investigating BE in asthma cohorts.

Asthma BE Associated factors

Country

severity

126 All/

unspecified
50 All/

unspecified
57 All/

unspecified
14 Persistent

prevalence
80,0% Non-allergic asthma;
greater severity
28,5% greater severity
17,5% Greater severity; longest
duration; more severe
obstruction
36-21%  Unstable disease

Note: Comparison baseline and >1-year follow-up. BE in 5/14 patients; at FU resolved in 2 patients and decreased in 1

Author (year)
Paganin (1996)
(155)

Grenier (1996)
(156)

Park (1997) (157)
Cukier (2001)
(162)

(2/14 vs 5/14)
Takemura (163)
(2004)

Oguzulgen (2007)
(106)

Japan

37 All/
unspecified

1680 All/
unspecified

62% Greater severity

3,0% Greater severity; more

hospitalizations

Note: severe asthma in 49% of patients with BE, while in 31% of pure asthmatics.

Gupta(2009) (150)
Bisaccioni (2009)
(164)

Kurt (2009)

463 Severe
245 All/
unspecified
46 Mild and
moderate

Note: 13% at baseline, 15.2% at 6 years follow-up

Menzies  (2011)
[17]
Lujan (2013) (165)

Spain

Spain

133 Severe
100 All/
Unspecified

40,0% Longer duration; more
hospitalizations
26,8% NA

13/15.2% NA

35.3% More severe obstruction;
prevalence of Aspergillus
12,0% Age; longer duration;

more severe obstruction;
use of steroids

Note: Patients divided in Steroid-Dependent (SDA) and Non-Steroid-Dependent. BE in 20% of SDA group and 4% of

NSDA group.
Kang (2014)(159)

Dimakou
(166)

(2017)

Henkle
(2017)(167)
Weatherburn
(2017)(168)

Coman
(2018)(158)
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2270 All/
unspecified
40 Severe
511/ All/
1,912  unspecified
84505 All/
Unspecified
184 Severe

2,2% More exacerbations; use
of steroids; ER visits
67,5% More use of ATB; sputum;

chronic bronchial infection
19/28% NA

0,8% NA

47% More exacerbations;
presence of atopy; GERD;
higher number of

eosinophils
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Padilla-Galo Spain 398 All 28.4% Sputum production;

(2018)(107) greater severity; lower
FeNO values

Kim (2018) (152) 91 Severe 35,2% Greater severity; age;
lower FEV1; female sex

Heffler (2019) 437 Severe 16% Greater severity; more

(153) exacerbations and

hospitalizations; severity
of obstruction
Garcia-Clemente  Spain 108 Severe 35% Age; duration of the
(2020)(154) disease; greater severity;
more hospitalization;
severity of obstruction
Xie (2019) (169) 2207 All/ 19.7% Haemoptysis; more
unspecified exacerbations; more
sputum production; more
hospitalization
Frossing  (2022) 108 Severe 31% More sputum: higher
(149) eosinophil count and
degranulation;
Legend: BE: Bronchiectasis:; FU: follow-up; ER: Emergency Room; ATB; Antibiotic Treatment;
GERD: Gastroesophageal Reflux Disease; FeNO: Fractional Exhaled Nitric Oxide; FEV1: Forced
Expiratory Volume in 1 Second; QoL

Considering that CT scans are not usually included in the follow up of asthmatic patients, in

clinical practice it is crucial to identify subjects at higher risk of developing BE.

Research efforts have been made to identify risk factors for BE in moderate-to-severe
asthma. Some evidences suggest a role of humoral immunity, considering the increased
frequency of BE in asthmatic patients with hypogammaglobulinemia(170); this is not

surprising, as primary immunodeficiencies are a well-known cause of BE.

Padilla-Galo and colleagues investigated clinical factors correlated with BE in asthma in
order to create a scoring system to assess the risk for BE development, the NOPES score.
It includes four variables: FeNO >20.5 ppb, Pneumonia, Expectoration and
asthma Severity, reaching an area under the curve (AUC)-ROC of 70% and a specificity of
95%(107).

In conclusion, data about the coexistence of asthma and BE are limited and significantly
impacted by the lack of standardization in definitions and methods. This inconsistency leads

to variations in patient selection and risk of multiple biases.
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Despite some common clinical features, such as the presence of chronic cough and
dyspnoea, BE and COPD differ significantly in many aspects. From a diagnostic point of
view, while BE requires radiological evidences and clinical symptoms, the diagnosis of
COPD is based on the spirometric evidence of bronchial obstruction (171,172). Even if non-
reversible airflow obstruction can be present in BE patients and is recognized as a severity
marker (173), severity of the disease is not necessarily proportional to obstruction degree
(174). In contrast, in COPD lung function represent one of the main features to stratify

severity and prognosis, together with frequency of exacerbation (175).

Lastly, risk factors for the two diseases also differ significantly: COPD primarily develops
due to exposure to toxic inhalants, such as tobacco smoke and biomass fuels, whereas BE
has a diverse range of risk factors, including COPD itself (REF). The causal relationship
between the development of BE and COPD is unclear and possibly bidirectional. On one
hand, it is clear how smoking and toxic exposures can impair mucosal immunity
mechanisms, leading to inflammation and increased susceptibility to infections that can
result in bronchial remodelling and BE development (see chapter 1.1.3)(176). On the other
hand, experimental data suggest a role of NE in promoting smoke-induced bronchial
damage, a mechanism that could be increased in BE patients, considering the elevated
levels of NE that characterize the disease(177). Moreover, intriguing data indicate that
neutrophilic inflammation, mucin expression, and microbial composition differ between
patients with comorbid COPD and BE and those with only one of the conditions. Microbiome
of patients with BE and comorbid COPD/BE are more similar compared to COPD ones,
suggesting that bronchial dilatation may not be a mere consequence of COPD progression,
but could represent a distinct endotype with potential clinical implications yet to be
explored(178,179).

Similarly to asthma, epidemiology of the association between BE and COPD is flawed by
lack of reproducibility between different studies, leading to significant variability in the

reported prevalence of BE among COPD patients and COPD in BE cohorts.

In fact, studies available in literature differ in inclusion criteria, radiological techniques

(HRCT vs normal CT scans), severity of the primary disease and definition of BE.

The inclusion of COPD patients not presenting typical BE symptoms can result in
overdiagnosis of BE, as asymptomatic bronchial dilatation are reported in up to 30% of
healthy subject over 40 years of age (180,181). Conversely, the use non-high-resolution

CT may negatively impact BE prevalence estimates, as the lower image resolution may be
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insufficient for a comprehensive bronchial enlargement assessment. Moreover, the
presence of COPD could impact in BA ratio due to changes in vessel diameter, especially
in more severe patients. Hypoxic vasoconstriction reduces arterial diameter, artificially
increasing BA ratio and potentially leading to the overdiagnosis of BE. Vice versa, in the
presence of pulmonary hypertension, an increased vessel diameter may lower the BA ratio,

resulting in the underdiagnosis of BE(182—184).

Few series explored the presence of COPD in BE patients, with a reported prevalence of
8.8-66.2%. Most of these papers report prevalence of COPD from regional or national BE
registries, where the comorbidity is reported either from physicians of patients, limiting the

possibilities of confirming the criteria used for the diagnosis.

BE patients with COPD were more likely to be older males with greater disease severity.
They typically had lower lung function (185,186), higher mortality rates(185,187), more
frequent exacerbations and hospitalizations(187,188), increased use of inhaled

treatments(185,186), and a greater symptom burden(185,186).

On the other hand, the presence of BE in patients with a primary diagnosis of COPD has
been object of numerous studies(103,189-193). Despite the wide prevalence range (4% to
72%, with a median of 27% and a mean of 33%) due to the lack of homogeneity previously
discussed, most studies agree that patients with COPD who present with bronchial

dilatation exhibit worse clinical features.

Evidence of BE in COPD is associated with increased risk of exacerbation(103), isolation
of PPM (103,192,193), severe airway obstruction(103,191), mortality, increased sputum
purulence(191). Interestingly, some authors have reported a history of lower tobacco

consumption, both in pack-years and overall smoking history(189,193).

In short, patients with COPD and BE appear to have more severe disease and worse
prognosis, regardless of the primary disease. However, lack of standardization in the
definition of both diseases in different studies rases concerns about diagnostic accuracy

and clinical implications.

Since the second half of the XIX century, when otorhinolaryngology and pneumology
developed as individual specialties, upper and lower airways have been treated and studied
separately(194). However, the respiratory tract is constituted by sequential structures lined
by a continuous ciliated epithelium, sharing similar pathophysiological mechanism. This
concept is at the base of the “Unified airway hypothesis”: proposed at the end of the 90es,
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it is now a well-established model supported by functional, pathological and immunological
evidences especially in asthma and allergic diseases (195,196). As a logical consequence
of this model, it is worth considering the potential impact of CRS on the lower airways and
whether the presence of BE may influence the clinical course of upper airways diseases.
CRS is a well-known comorbidity in PCD and CF: both ciliary dysfunction and alterations in
mucus lead to impaired mucociliary clearance and upper airways chronic inflammation and
infection(197,198). However, its prevalence and pathophysiology in BE due to other
aetiologies it is less clear. Some series observed an increased prevalence in patients with
idiopathic BE compared with post-infectious. This might reflect a different degree of
inflammation, more distributed through the entire airway epithelium in the first case,

localized to the site of infection in the second one (31,199,200).

The presence of CRS in BE has been linked to a predominant Th2 inflammatory profile,
marked by eosinophilia, elevated IgE levels, and a higher prevalence of asthma(99). This
association is well recognized and not unexpected, even in patients with a primary diagnosis
of BE. However, a 2024 study offered a nuanced perspective, showing that CRS, whether
with or without nasal polyps, was associated with airway eosinophilia but not with asthma.
Interestingly, most patients in that study had negative results on instrumental asthma tests,
including methacholine challenge, suggesting that eosinophilic inflammation in BE-CRS
may occur independently of clinical asthma (201). Also, BE patients with and without CRS
presented no differences in bronchial microbiome composition, but showed differences in
the interactions between aerobic and anaerobic bacteria and had distinct nasal
microbiome(201). These results support the idea of the existence of a distinct endotype

characterizing patients with BE and upper airway involvement.

According to available series, the prevalence of CRS in BE patients varies from 7 to 75%
of patients(89,101,200,202—-206). Once more, diagnostic criteria vary: some authors base
the diagnosis solely on clinical symptoms, while others require radiological or endoscopic
evidence of sinus inflammation, in accordance with the European Position Paper on
Rhinosinusitis and Nasal Polyps (EPOS) guidelines(207).

While data about the impact on lung function are contrasting and inconclusive, patients with
both diseases show greater radiological severity of BE(206), lower quality of life(206,208).

and more exacerbations(98—-101) than patients without upper airways involvement.

Data from the European bronchiectasis database (EMBARC) were presented at 2018
European Respiratory congress. The analysis involved 10920 patients, showing a
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prevalence of 20.7%. CRS was associated with better lung function, worse respiratory

symptoms, more frequent moderate exacerbations but less hospitalization(209).

Clinical implications of the coexistence of CRS and BE have been also reported in relation
to treatment. From one side, endoscopic sinus surgery has shown to reduce the symptoms
of BE and frequency of bronchial exacerbations(210,211). On the other hand, some studies
observed a reduction of CRS symptoms with long term macrolides treatment(212,213), a

cornerstone of BE treatment, even if contrasting evidences exists on this matter(214,215).

CRS seems to have a role also in BE development: evidences suggest that the presence
of CRS is a risk factor for posterior development of BE, with an average latency of around
6 years(216).

In summary, despite its prevalence, the association between CRS and BE is less recognized
compared to other airway comorbidities of BE, likely due to the division of upper and lower
airway management in both research and clinical practice. However, data suggest a
reciprocal impact between upper and lower airway involvement in BE, driven by

mechanisms that remain to be described and that lead to significant clinical implications.

1.3 DEFINING COPD AND BE COEXISTENCE: THE ROSE CRITERIA

While reviewing the existing literature on BE and airway comorbidities, it becomes evident
how the definitions used for each disease, which vary among authors, significantly impact
on the reported data. Establishing clear criteria and definitions would not only enable more
precise data collection and comparison but also standardize the identification of specific
subgroups of patients for inclusion or exclusion in clinical trials and for regulatory purposes,

such as drug reimbursement.

On an attempt of defining the association of BE and COPD, in 2019 the EMBARC Airways
Working Group (AWG) launched a Delphi survey to establish a consensus definition of the
association that could be simple, clear, and easy to use. The work was coordinated by the

candidate, who is the first author of the paper presenting the results.

Delphi method is a consensus-building approach used when scientific evidence is
insufficient, limited, or conflicting. It is based on four key principles: (1) Anonymity, ensured
by a single moderator collecting responses; (2) Iteration, with repeated rounds of

questioning until response stability is reached; (3) Controlled feedback, where participants

Letizia Traversi, The ABCS study e




2.Rationale and Hypothesis

review previous responses before proceeding; and (4) Statistical group response, analysed

through central tendency and frequency distributions(217).

This method allows the collection of expert opinions without requiring face-to-face meetings.
Additionally, iterative discussions within the panel help enhance validity and reduce

methodological biases(217).

The Delphi survey for the definition of COPD-BE association was developed by a panel of
16 experts in COPD and BE from the EMBARC AWG, including a small group of radiologists

specialized in thoracic imaging.

To ensure a diverse representation of opinions while adhering to Delphi method
recommendations, the panel selected participants based on gender, geography, and
expertise in COPD, BE, or thoracic radiology. Participants were asked to grade a list of 35
statements divided into 5 categories (clinical, functional, microbiological, radiological and

pathophysiological features) from 0 (completely disagree) to 9 (fully agree).

A total of 102 experts from across Europe responded to the first round of the survey. This
was followed by a second round, which included only the 16 statements that had reached
a positive or negative consensus, aiming to achieve further reiteration, and two additional
open questions to further explore participants opinions. The 83 responders confirmed the

answers of the first round, with higher levels of concordance.

The process led to the identification of four

. . ) " .
items considered necessary to define the S —onchialdijpey

) 07) segment jp o
\

¥
COPD-BE association: specific radiological 2

signs and a functional obstructive pattern
associated to the presence of at least two
characteristic symptoms and current or
past exposure to smoke or other toxic
agents. These criteria can be summarised
in the acronym ROSE (radiology,
obstruction, symptoms, exposure) (Fig.
1.1) (218).

Since their publication, ROSE criteria have

been validated in both COPD(219) and

BE(220) cohorts, and have been used in Flgure. 1..1 ROSE criteria fo.r the diagnosis of BE-COPD
association (from Traversi et al., EJOR 2021 (217).

studies involving COPD-BE patients(221—
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226). We hope this definition will help improving the knowledge and management of COP-

BE association in the future.

1.4 EMBARC REGISTRY: TURNING THE TABLE

The EMBARC registry is one of the pioneering BE registries (following the Spanish registry,
the first of its kind) and is currently the largest BE registry globally. It serves as a valuable
data source, has driven significant advancements in disease research and has inspired the

establishment of other international registries worldwide.

It enrolled almost 17.000 patients from 28 European Countries with CT confirmed
bronchiectasis, from 2015 to 2023. Patient characteristics and clinical data of the disease
were collected annually using a standardized case report form for a maximum of 5
years(227,228).

Several analyses have been conducted using registry data. Among them, the investigation
of the prevalence and outcomes of asthma and COPD stands out as particularly valuable,
offering significant insights beyond previous knowledge. Both analyses included 16,963
patients, enrolled between January 2015 and April 2022. Asthma and COPD in EMBARC
database can be registered in two different fields, as a comorbidity or as the aetiology of
BE. For the purposes of these analysis, the two definitions have been considered together,
as outcomes asthma and COPD reported as comorbidities or aetiology did not show

significant differences.

The large sample size and the representation of patients from across Europe are two key
strengths of the studies that will be presented at continuation. However, the retrospective
design and the lack of a clear definition for the asthma-BE association are notable

limitations.

To address the many uncertainties surrounding BE and airway comorbidities, further

prospective, comorbidity-focused studies are essential.

Clinicians reported a diagnosis of asthma in 5,267 of the 16,963 included in the cohort
(31%). Patients with BE+asthma were younger, more likely to be females and never
smokers, had higher BMI and higher prevalence of concomitant CRS (27.2% vs 17.5%) and
nasal polyps (12.5% vs 4.8%). They presented more severe respiratory symptoms and
lower quality of life compared with patients without asthma. Nevertheless, severity of BE,

expressed with the Bronchiectasis Severity Index (BSI), was significantly lower in this group.
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Lung function values between the two groups did not show important differences, while
treatment burden was significantly higher in patients with BE+asthma. In particular, these
patients were treated with more ICS, bronchodilators, airway clearance, long-term
macrolides, and other prophylactic antibiotics. However, despite the diagnosis of asthma,
19.7% of patients were not receiving ICS. A smaller group of patients was treated with

chronic oral corticosteroids (OCS) (7.8%) or monoclonal antibodies (1.1%).

Microbiological differences were observed between the two groups, with similar rates of PA
infection in patients with comorbid asthma but higher prevalence of H. influenzae, M.
catarrhalis, and S. pneumoniae. These differences were not associated with increased

exacerbation rates.

Surprisingly, the analysis of ICS effect showed it was associated with reduced risk of
hospitalization in both groups, with and without asthma, while patients with BE+asthma not
receiving ICS had increased risk of hospitalization and did not show reduction in mortality.
It is possible that the lower mortality risk in patients with BE and asthma treated with ICS is
due to better disease control through the management of asthma-related airway

inflammation.

Geographical variations in asthma prevalence were observed, aligning with the known
epidemiology of asthma in the general population, more common in Northern Europe.
However, differences in the diagnostic tests used, which are not recorded in the database,

could vary across European regions, potentially influencing the reported prevalence rates.

The lack of standardization on diagnostic tests represents an important limitation of the
study: tests specifically used for the diagnosis and the follow up of asthma, such as post-
bronchodilator (PBD) test, methacholine and FeNO, are not recorded in EMBARC
database. Even for variables that were collected, such eosinophil and IgE levels, data are

reported for only a limited subset of patients.

In conclusion, this study highlights that asthma is a common comorbidity in BE patients
across Europe. Patients with both BE and asthma should be considered a high-risk group,
with a higher burden of symptoms and frequent exacerbations, requiring personalized
follow-up and appropriate ICS treatment, which is associated with lower mortality and a
reduced risk of severe exacerbations. However, these conclusions should be interpreted
with caution, as the diagnosis of asthma in the database is based mostly on the judgment
of individual investigators and only rarely on diagnostic procedures and could not be
confirmed using the currently available variables, even if standardized criteria were defined.
(122).
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Among the 16,963 patients included for the analysis, 4,324 had a physician-reported
diagnosis of COPD (25%). This cohort, compared with patients without COPD, exhibited
several significant differences. Patients with COPD were older, more likely to be male, had

a higher BMI and greater comorbidity burden.

Although radiological severity was only slightly higher, with a greater involvement of the
lower lobes, patients with COPD experienced more severe disease overall. They had higher
Bronchiectasis Severity Index (BSI) scores, worse quality of life and symptom burden, and
a higher frequency of moderate and severe exacerbations. Dyspnoea severity, measured

by the mMRC score, was greater, and lung function was more impaired.

Inhaled treatments, long-term oxygen therapy, and non-invasive ventilation were more
commonly used in this group, while airway clearance techniques and inhaled antibiotics
were prescribed less frequently. However, Pseudomonas aeruginosa (PA) infection was
slightly more prevalent among patients with COPD, as were infections with Moraxella
catarrhalis, enteric gram-negative organisms, Streptococcus pneumoniae, and
Stenotrophomonas maltophilia. In contrast, Staphylococcus aureus was reported less

frequently in this group compared to patients without COPD.

The same analysis was then repeated applying the ROSE criteria to establish objective
diagnosis of COPD in patients where information about lung function and pack-year

smoking was available (15,231 patients), with very interesting results.

According to the ROSE criteria, COPD was confirmed in only 55.6% of patients with a
physician-reported COPD diagnosis, while 7.7% of those previously classified as COPD-
negative also met the ROSE criteria. Combining both groups, ROSE-confirmed COPD was
identified in 3,007 patients, representing 17.7% of the cohort.

Among those with a reported COPD diagnosis, 22.1% did not meet the functional criteria,
having an FEV1/FVC ratio >70%, while 30.8% had a smoking history of <10 pack-years.
Overdiagnosis was more prevalent in certain countries, particularly Romania (40%),
Ukraine (32%), and Macedonia (23%). This could reflect differences in standards of care in
Eastern Europe, or other factors such as a higher prevalence of noxious exposures other

than tobacco, which were not accounted for in the analysis.

Patients were then categorized into four groups based on their reported COPD status and
ROSE classification: COPD+/ROSE+, COPD-/ROSE+, COPD+/ROSE-, and COPD-
/ROSE-.
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A clear downward trend in markers of disease severity (dyspnoea score and FEV1) was
observed across these groups. Patients in the COPD+/ROSE+ group had the most severe
clinical presentation and poorest outcomes, including higher mortality, exacerbation rates,
and hospitalization risk. Notably, patients with a reported COPD diagnosis but who did not
meet ROSE criteria still exhibited similar clinical characteristics, whereas those without a
COPD diagnosis had a better overall clinical status, regardless of ROSE classification.
These results suggest that the COPD label might be assigned to patients because of higher

severity of their disease instead of a clinical COPD diagnosis.

This study confirms a more severe disease in patients with COPD-BE association in a large
international cohort and emphasizes the necessity of applying objective criteria to
accurately define the relationship between BE and COPD. Implementing the ROSE criteria
more broadly could help minimize inconsistencies in COPD diagnosis, ensuring it is not
misapplied to bronchiectasis patients without relevant exposures or airflow
obstruction(121).
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2.1 RATIONALE

BE is a chronic airway disease of growing clinical relevance, with a significant impact on
patients’ QoL and still limited therapeutic options. Although for a long time it was considered
a rare and orphan condition, the efforts of the international medical community have
demonstrated that its prevalence is much higher than previously estimated. In the past two
decades, knowledge about BE has expanded substantially, covering pathophysiological
mechanisms, clinical characteristics, the identification of phenotypes and endotypes, and

the development of targeted pharmacological treatments.

Despite these advances, several aspects of BE remain poorly understood. Among them,
the relationship between BE and other AWDs is one of the poorly investigated areas. Data
from clinical series and national and international registries show that a significant
proportion of patients with BE also present with at least one additional AWD. This highlights
the clinical importance of systematically assessing these conditions, as their coexistence

can influence outcomes, QoL, and response to treatment.

However, the considerable heterogeneity of BE, the frequent symptoms overlap with other
conditions such as asthma, COPD, and CRS, and the absence of standardized approaches
for their diagnosis within the context of BE, greatly affect the way these comorbidities are

identified, reported, and managed.

2.2 HYPOTESIS

We hypothesize that a systematic and complete assessment of the airways in patients with
bronchiectasis allows the identification of phenotypic differences between patients with
isolated BE and those with coexisting AWDs (e.g., asthma, COPD, CRS).

Also, the systematic assessment of upper and lower airways in patients with BE will make
it possible to identify key variables useful in formulating specific diagnostic criteria for
asthma and CRS in BE.

We further hypothesize that integrating such assessments into routine clinical evaluation
will improve the diagnostic accuracy for comorbid AWDs and support a more personalized

and effective clinical management strategy.
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3.1 AIMS OF THE STUDY

This study aims to conduct a comprehensive assessment of both the upper and lower

airways in patients with BE, to demonstrate the existence of phenotypic differences between

individuals with isolated BE and those with associated AWDs.

Expanding the conventional clinical and instrumental work-up could allow the identification

of clinical, functional, or radiological variables not currently considered in standard follow-

up, which may raise clinical suspicion for underlying or associated comorbid AWDs and

improve the overall clinical management of BE patients.

3.2 PRIMARY OBJECTIVE

To identify and characterize distinct clinical, functional, radiological, and
inflammatory airway characteristics in a cohort of patients with BE with no previously
diagnosed AWDs. This will be achieved through the integration of non-conventional
diagnostic tools, including extended lung function testing, inflammatory biomarkers,
detailed radiological assessment, clinical signs and symptoms of asthma, COPD,

and CRS, and standardized quality of life measures.

3.3 SECONDARY OBJECTIVES

Letizia Traversi, The ABCS study

To determine the prevalence of coexisting asthma, COPD, and CRS in patients with

BE with no previously diagnosed AWDs.

To assess the applicability and validity of asthma and CRS diagnostic criteria,

originally developed for the general population, when applied to patients with BE.

To evaluate the utility of disease-specific questionnaires for BE and other AWDs in
increasing clinical suspicion of airway comorbidities, based on patient-reported
outcomes, and to investigate how questionnaire results correlate with clinical

presentation and disease severity.







5. Results
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4.1 STUDY DESIGN

We conducted a prospective observational monocentric study.

The study was approved by the Hospital Vall d’Hebron (HVH) Ethical Committee with the
code PR(AMI)154/2019.

Participants were enrolled from the BE outpatient clinic of the HVH, Barcelona, from March
2023 to February 2025. Before enrolment, patients were extensively informed of the study
procedures, potential risks and expected benefits, and informed consent was collected

before any assessment was performed.

Patients’ visits were performed in the HVH Pneumology department according to best

practice guidelines (BPG) and local guidelines.

Each patient received a unique identification code; data were codified and then collected in
a RedCap database, in accordance with applicable Data Protection Laws. Only members

of the study team had granted access to the database.

4.2 STUDY PARTICIPANTS

e Written informed consent must be obtained before any assessment is performed.
e Male and female patients of = 18 years of age at enrolment.

e Proven diagnosis of non- cystic fibrosis (CF) BE as documented by CT scan AND
the presence of compatible clinical symptoms as recorded by the attending

physician.

e Patients with CF (to exclude according to British Thoracic Society guidelines for non-
CF bronchiectasis)(229).

e Patients with a primary diagnosis of bronchial asthma or COPD, diagnosed by the

attending physician, or with active ABPA

¢ Any other significant medical condition that is either recently diagnosed or was not
stable during the last 3 months, and that in the opinion of the investigator makes

participation in the trial against the patients’ best interests.
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e Patients with active tuberculosis

e Patients currently receiving treatment for NTM pulmonary disease.

4.3 STUDY PROCEDURES

After evaluation of inclusion and exclusion criteria, patients were contacted for study
proposal, and a visit was scheduled to perform study procedures, including: clinical visit
with collection of standardized information about AWD, administration of questionnaires,
spirometry with bronchodilation test, plethysmography, diffusing capacity of the lung for
carbon monoxide (DLCO), blood samples for complete blood count (CBC), Immunoglobulin
E (IgE) measurement and allergy assessment through Phadiatop® panel, FeNO, sputum

culture.

Data were collected through a standardized interview based on validated signs and
symptoms questionnaires, if available, or with a specific case report form designed

according to literature.

Specific quality of life questionnaire for BE, asthma and COPD were administered to all
patients independently from the presence or absence of AW comorbidities. Patients were
instructed on completing each questionnaire referring to their respiratory condition in

general, without considering the disease indicated in test’s description.
Variables collected included:
e Description of the population
4 Demographic data
v" Non respiratory comorbidities
v Non respiratory treatment
e BE characterization
v Aetiologies

v’ Signs and symptoms (Cough by Leicester Cough Questionnaire (LCQ), Self-
reported presence, volume and colour of sputum (Murray scale) after a 24hours
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collection of expectorated sputum in a standard 120ml container for biological

samples, dyspnoea (MMRC scale))
v" Rate of BE exacerbations in the previous year as per Hills Criteria(130).

e Respiratory treatment

v’ Current respiratory treatment (particularly long-acting antimuscarinic agents LAMA,
LABA, ICS, LABA/ICS combinations, Anti-leukotrienes, long term oral

corticosteroids (OCS), long term macrolides, long term inhaled antibiotics)

v’ Specific treatments for acute phases in previous year (cycles of antibiotics, cycles
of OCS)

v Pulmonary rehabilitation

4 Regular or recurrent physiotherapy
e Asthma clinical evaluation

History of asthma symptoms (Questionnaire based on Global Initiative for Asthma(GINA)
ERS list of symptoms (14).

v Wheezing and chest tightness (frequency in the previous month)
v Family history of asthma (parents, brothers/sisters, and descendants)

v’ Current environmental exposure to inhalant (pets, second hand smoke, hazardous
dusts in the workplace: mineral, metallic, chemical or vegetable dusts, sprays, mists,

smokes, fumes, molds and spores).

e COPD clinical evaluation
v' History of tobacco use.

4 History of long-term professional/environmental exposure to noxious particles:
There is no consensus on which occupational exposures are definitively linked to
chronic respiratory diseases, nor is there standardization regarding the duration of
exposure(230). For our study, a positive history of potentially disease-causing
exposures was defined as at least 10 years of work in environments with known
exposure to organic or inorganic dust, noxious gases, chemicals, pesticides, or
similar agents, without adequate respiratory protection(231,232). Additionally,

exposure to biomass for 10 or more years was also considered positive exposure.
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Doubtful cases were evaluated individually, and the variable was recorded based on

the researcher's judgment.
e CRS clinical evaluation

v Symptoms and signs questionnaire

v" Previous sinus surgery

¢ Quality of life assessment through specific questionnaires:
v’ Saint George Respiratory Questionnaire(233) (SGRQ)
v Asthma Control Test (ACT)
v COPD Assessment Test (CAT)
v’ Sinonasal Outcome Test 22 (SNOT-22)

4.3.3. FUNCTIONAL ASSESSMENT

® Global spirometry (slow and forced flow-volume curve) plus bronchodilator test (after
long-acting bronchodilator withdrawal of 48 hours at least), as European Respiratory
Society (ERS) and American Thoracic Society (ATS) Task Force(234)

® Plethysmography
e DLCO

4.3.4 INFLAMMATION AND MICROBIOLOGY ASSESSMENT:

e Complete blood count. In case of eosinophilia (eosinophils > than 300/mm?), other
causes according to patient clinical presentation and history. If the patient with
eosinophilia travelled or lived in endemic area for strongyloids, coccoidomycos and
other parasites (the most inlands in tropics and sub-tropics), faeces microscopy x3

for parasites and serology for strongyloides were added (235).
® [gE in peripheral blood were measured.

® Measure of fractional exhaled nitric oxide (FENO) (ATS/ERS guidelines 2005(236)).
A cut off value of 25ppb was considered suggestive of asthma (both confirmed and
possible) according to ATS clinical practice guideline and current literature on
asthma in bronchiectasis patients (107,237,238).
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e History of chronic bacterial infections was recorded, as well as sputum cultures in
stable state from the year preceding enrolment. When possible, a sputum sample

was sent for bacterial, mycobacterial and fungal culture.

e Blood screening was performed with Phadiatop panel (specific IgE for a mixture of
representative allergens, including grasses, trees, weeds, cat, dog, mites and

molds).

e The most recent HRCT scan available within the 5 years before the inclusion was
included in the analysis. If no computed tomography (CT) was available within this
timeframe, a new control has been performed.

e A radiologist specialized in thoracic imaging reviewed the available studies and
reported the following parameters:

o Severity of BE following the modified Reiff score: lungs are divided in three
lobes each (with lingula considered as a separated lobe); each lobe is
graded according to the presence and degree of bronchial dilatation: no
bronchiectasis=0, cylindrical = 1, varicose = 2, and cystic = 3. The final score
is determined by the sum of the 6 lobes, ranging from 1 to 18.

o Presence/absence of cystic BE

o Presence/absence of emphysema

o Presence/absence of bronchial wall thickening (BWT)

o Presence/absence of mucus plugging (MP)

o Presence/absence of ground glass opacities (GGO)

o Presence/absence of air trapping (if expiratory phase available)
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¢ Methacholine challenge test: it was not possible to realize methacholine challenge
tests to patients as per original protocol. However, data were collected about
previously performed methacholine tests if available.

¢ Nasal endoscopy and sinus CT: In selected patients with symptoms of CRS, nasal
endoscopy or sinus CT scan were performed to assess tissue inflammation and the
presence of nasal polyps, according to clinical need and at investigators discretion.
These procedures were also recorded if had been realized up to a year prior to

inclusion, at a stable state.

4.4 WITHDRAWAL OF PARTICIPANTS FROM STUDY

Each participant had the right to withdraw study at any time. In addition, the investigator
could discontinue a participant from the study at any time if he or she considered it

necessary for any reason. The reason for withdrawal was be recorded in the CRF.

If the participant was withdrawn due to an adverse event, the investigators arranged follow-

up visits or telephone calls according to patients’ needs.

4.5 SOURCE DATA

Source documents are original documents, data, and records from which participants’ CRF
data are obtained. These include, but are not limited to, hospital records (from which
medical history and previous and concurrent medication were summarised into the CRF),
clinical and office charts, laboratory and pharmacy records, diaries, radiographs, and

correspondence.

An online CRF in the platform RedCap was compiled for each participant, containing
subject identification, any correspondence, along with data obtained throughout the study

and details of each visit.

All documents were stored safely in confidential conditions. On all study-specific
documents, other than the signed consent, the participant was referred to by the study

participant code, not by name.
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4.6 STATYSTICAL ANALYSIS

Categorical variables are presented as percentages, while continuous variables are
presented as means and medians, standard deviations (SD), or interquartile ranges (IQR),
as appropriate. The normality of the distributions was assessed using the Kolmogorov—

Smirnov test.

Sociodemographic and clinical characteristics were compared based on certain variables
of interest. For quantitative variables, Student’s t-test (or Mann-Whitney U test when
normality could not be assumed) or ANOVA (for variables with more than two categories)
(Kruskal-Wallis test in case of non-normal distributions) were applied. The Chi-square test
(or Fisher’s exact test for frequencies <5%) was used to compare categorical variables. The
linear relationship between quantitative variables was assessed using Pearson’s test or its

non-parametric version (Spearman’s test).

A multivariate model was developed using a backward stepwise logistic regression model,
considering asthma diagnosis as the dependent variable. Independent variables with a
significance level of <0.2 in the univariate analysis were included. The results were
expressed as odds ratios (OR), 95% confidence intervals (Cl), and p-values. To evaluate

the overall fit of the model, the Hosmer—Lemeshow goodness-of-fit test was performed.

For all tests, p-values <0.05 were considered statistically significant, and all analyses were

conducted using version 4.2.1 of R (R Foundation for Statistical Computing).

For defining different airway diseases, a disease-specific approach was applied.

e ASTHMA: was characterized based on the clinical, functional, and biological criteria
outlined in the GINA guidelines. Given the varying significance of each criterion
within the GINA definition, a standardized approach was adopted by categorizing
variables into major (characteristic symptoms, functional findings) and minor criteria
(family history, presence of allergies, elevated FeNO, blood eosinophilia). These
criteria were then combined to stratify the likelihood of an asthma diagnosis (Tab.
4.1).
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Table 4.1 Classification of criteria and evaluation of asthma component

4.1.1 Classification of asthma criteria

CLINICAL FINDINGS

- Characteristic symptoms in the past

FUNCIONAL FINDINGS

Major criteria - Positive BD, positive Methacoline test, PEF daily variability>

10% (F)

BIOLOGICAL FINDINGS

- hone

CLINICAL FINDINGS

- family history, aspirin intolerance, atopy (defined as positive
Phadiatop)

FUNCIONAL FINDINGS
Minor criteria
- hone

BIOLOGICAL

- inflammatory sputum profile (both eosinophilic or
neutrophilic); FENO value>25ppb, Blood eosinophilia

4.1.2 Patient Stratification according to the likelihood of asthma

Combination of:
1 clinical major crit. AND

fi h
1 functional major crit. AND Confirmed asthma

1 biological crit.

Combination of:

At least one clinical OR functional Possible asthma

Major criterion £ 1 minor

No major criteria No asthma

e COPD: ROSE criteria for the definition of BE and COPD association was used (Fig
4.1).
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TABLE 5 Final consensus definition

The association of COPD and bronchiectasis is defined as the presence of at least four elements

1. RADIOLOGICAL: Abnormal bronchial dilatation in one or more pulmonary segment in more than one lobe
and specific radiological findings (airways visible within 1 cm of pleura and/or lack of tapering sign) plus

2. OBSTRUCTION: a functional obstructive pattern (post-bronchodilator FEV;/FVC <0.7), plus

3. SYMPTOMS: two or more of the following symptoms: cough, expectoration, dyspnoea, fatigue, frequent
lower airway infections (>2/year) plus

4. EXPOSURE: current or past smoking habit (>10 pack-years) or other toxic exposure (biomass, industrial,
etc.)

FEV;: forced expiratory volume in the 1 s; FVC: forced vital capacity.

Figure 4. 1: ROSE criteria for the diagnosis of BE-COPD. From Traversi et al, ERJOR 2021 (217)

e CRS the likelihood of CRS was stratified according to the results of symptoms

questionnaire, endoscopy and CT scan, when available (Fig 4.2).
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No

Yes
No

Group D:

UAS Group A:

N clinical CRS
Yes o
Yes Mo
Group E: Group F:
Past CRS No UA Group C: Group B:
involvement | | CRSWNP CRS,
confirmed

Figure 4.2. Patient stratification according to the likelihood of CRS.

Abbreviations: CRS: Chronic Rhino-Sinusitis; CRSWNP: Chronic Rhino-Sinusitis with Nasal Polyposis; UA: Upper Airway;
UAS: Upper Airway Symptoms

Letizia Traversi, The ABCS study °




5. Results

Letizia Traversi, The ABCS study °




5. Results

5.1 DEMOGRAPHIC DESCRIPTION AND BE CHARACTERIZATION

5.1 DESCRIPTION OF THE POPULATION, COMORBIDITIES AND
TREATMENT

77 patients were included in the study, 61 (79.0%) females, median age 63 y.o (range 20-
82). Almost half of the patients (n:38, 49.3%) had bronchiectasis diagnosed more than 15

years before the enrolment, while only 7 patients (9.1%) had less than 5 years of follow-up.

Osteoporosis was the most prevalent comorbidity (n:16, 21.3%), followed by oesophageal
gastric reflux (n:12, 15.6%), depression (n:12, 15.6%) cardiovascular diseases (n:9; 11.8%)
and anxiety (n:8, 10.4%). Eight patients (10.4%) had a previous diagnosis of neoplastic
diseases, mostly breast cancer (3 patients); none had been diagnosed of lung cancer. while
other chronic non respiratory treatment investigated were uncommon, a third of patients

received proton pump inhibitor treatment (n: 27, 35.1%). (Tab 5.1)

Two patients died during the year posterior to study visit. In one case, death was correlated

with patient’s respiratory condition.

Age at consent Non-respiratory comorbidities
Mean (SD) 58.1(16.71)  Osteoporosis 16 (20.8%)
Median (Q1; Q3) 63 (46; 71) Depression 12 (16.0%)
Cardiovascular disease 9 (12.0%)
(Min; Max) (20; 82) Myocardial infarction 2 (22.2%)
N 77 Angina 1(11.1%)
Others 7 (70.0%)
Gender Anxiety 8 (10.4%)
Male 16 (21.0%) Neoplastic disease 8 (10.4%)
Brest 3 (37.5%)
Female 61 (79.0%) Haematological 2 (25.0%)
Ethnicity Skin 1(12.5%)
. Lung 1(12.5%)
White European 74 (97.3%) Other 1(12.5%)
Hipanic 1(1.3%) Diabetes 2 (2.6%)
Other 1(1.3%) Chronic renal failure 1(1.3%)

Non-respiratory treatment
How long has the patient had BE?

Proton-pump inhibitor 27 (35.1%)
< 5years 7(9.1%)  Statin 11 (14.3%)
5-9 years 13 (16.9%)  Aspirin 5 (6.5%)
10-15 years 19 (24.7%) Ar;}g.Lc.Jtensin-converting-enzyme 4(5.2%)
15-20 years 11 (14.3%) :Anngli:tc;sin Il receptor blocker 4 (5.2%)
20-25 years 12 (15.6%)  Beta-Blocker 4 (5.2%)
> 25 years 14 (18.2%)  Warfarin/Oral anticoagulants 2 (2.6%)

Table 5.1: Demographic description of the cohort and comorbidities.
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The most common aetiologies of BE in our cohort were post-infective (n:27, 35.5%) and

idiopathic (n:18, 23.4%). (Tab 5.2)
Table 5.2: BE aetiology
Underlying aetiology

Post-infective

Idiopathic

Primary ciiary dyskinesia
Kartagener sindrome

Primary immunodeficiency
Common variable immunodeficiency (CVID)
Hypogammaglobulinemia
IgA deficiency

Gastroesophageal reflux disease

Connective tissue disease

Aspiration

Inflammatory bowel disease

Post-tuberculous

Rheumatoid arthrits

Other

n (%)

27 (35.1%)
18 (23,4%)
8 (10.4%)
1(1.3%)

8 (10.4%)
6 (7.8%)
1(1.3%)
1(1.3%)

3 (3.9%)

2 (2.6%)
1(1.3%)
1(1.3%)
1(1.3%)
1(1.3%)

5 (6.5%)

Severity was assessed using both the FACED and BSI scores. The concordance between

the two was significant, both for severity categories (mild, moderate, severe; Cohen’s

kappa=0.5887, p < 0.0001), and for total ordinal scores (Spearman’s p = 0.8218, p <

0.0001). (Tab 5.3). According to both classifications, most patients had mild or moderate

disease.

Table 5.3: Comparison of BE severity according to Bronchiectasis Severity Index (BSI) and

FACED scores.
BSI
Mild Moderate
FACED Mild 28 8
Moderate 2 18
Severe 0 5
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Cohen’s
Kappa

k=0.5887
p < 0.0001

Spearman
correlation

Rho = 0.8218
p < 0.0001




As expected, most patients referred one or

more typical BE symptoms (Tab 5.4).

While 21 patients (27.6%) reported absent or

minimal  daily  expectoration,  sputum
production in the remaining patients varied.
Mild expectoration (5-15 ml/day) was
reported by 27 patients (35.5%),

moderate (15-30 ml/day) by 13 patients

while

(17.1%), whereas high expectoration (=30

ml/day) was reported by 15 patients (19.7%).

Expectoration was mostly mucopurulent
(n:33, 43.4%) or purulent (n:19, 26.3%); only
4 patients (5.3%) reported stable severe
purulent expectoration. Mucous sputum was
referred by 19 subjects (25.0%), most of them

reporting minimal sputum production.

More than half of the patients did not
experience dyspnoea in their daily life (n:41,
53.2%). Mild dyspnoea (mMMRC 1) was
present in 30 patients (39.0%),

moderate and severe dyspnoea (MMRC 2-3)

while

were reported by 3 patients (3.9%) each. None referred resting dyspnoea.

Table 5.4: BE symptoms
Daily sputum volume
Mean (sd)

Median (Q1; Q3)

(Min; Max)

None/minimal (<5ml/day)
Mild (5-15ml/day)
Moderate (15-30ml/day)
Abundant (230ml/day)
Sputum colour when stable

Mucoid
Mucopurulent
Purulent

Purulent (severe)
mMRC dyspnea scale

H W N O

Respiratory exacerbations
during last 12 months
Mean (SD)

Median (Q1; Q3)
(Min; Max)

5. Results

n=76

17.4 (18.2)
10 (5.0; 20)
(0; 100)

21 (27.6%)
27 (35.5%
13 (17.1%)
15 (19.7%)
n=76

19 (25.0%)
33 (43.4%)
20(26.3%)
4 (5.3%)
n=77

41 (53.2%)
30(39.0%)
3(3.9%)

3 (3.9%)

0 (0%)

n=77
1.27 (1.82)
1(0;1)

(0; 11)

Cough in stable state was experienced by most patients in more than 50% of the days (n:31,
41.3%) or occasionally (n:37, 49.3%). Only 7 patients had no cough when stable (9.5%).

Sixty-six patients completed the Leicester Cough Questionnaire (LCQ) questionnaire, with
mean total score of 15.3 (SD 3.84). Final scores allocated 26 patients (39.4%) in the Mild
group, 25 (37.9%) in “moderate” category and 15 (22.7%) in “Severe”. (Tab 5.5)
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Table 5.5: Cough assessment
Leichester cough questionnaire results expressed as mean scores (SD)
Physical domain 5.12 (110)

Psychological domain 5.02 (1,57)

Social domain 5.22 (1,40)
TOTAL 15.3 (3,84)
Severity according to Mild Moderate Severe
Total LCQ score: (17,54 - 21,00) (12,29-17,53 (3.00-12.28)
26 (39.4%) 25 (37.9%) 15 (22.7%)
Occasional Frequent
Cough frequency Almost never

(20-50% of the time) (250% of the time)

Self-reported cough

7 (9.5%) 37 (49.3%) 31 (41.3%)
frequency
Mean LQR score
according to cough 19.9(0.88) 16.6 (3.02) 12.7 (3.25)

frequency:

As expected, all patients that referred infrequent cough had higher scores (mean 19.9, SD
0.88) indicating minimal or absent impact of the symptom on their lives, while the lower

scores belonged to the group that reported habitual cough (mean 12.7, SD 3.25).

When considering each domain separately, their mean values appear very similar: physical
domain mean score was 5.12 (SD 1.10), psychological 5.02 (SD 1.10), and social impact
5.22 (SD 1.40). Mean and median values of individual items are similar across most
questions. However, lower values, indicating a greater impact, were observed for the

question about lack of energy.

LCQ scores had significant correlation with ACT, CAT and SGQR (p<0.001).
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Regarding acute episodes, 29 patients 599

(37.7%) had no exacerbations in the year 20% . -
before enrolment, 29 (37.7%) had one 80%
exacerbation, 8 (10.4%) had two 70%
exacerbations and 11 (14,3%) had three or 60%
more exacerbations per year. Only 2 >0%
subjects (2.6%) had one or more hospital a0%

30%
admissions, while 7 patients (9.1%) Jon
consulted the Hospital Emergency 10%

Department and were discharged with 0%

, Mild- . s
home treatment (Fig. 5.1). Overall Moderate Severe ED visits
. . . 2 0, 0, () 0,

Figure 5 1: frequency and severity of 3 14% 10% 1% 1,30%
. . , 2 10% 8% 0% 1,30%
exacerbations. Note: *: severe exacerbations defined 0 ° 0 0
B S m1 38% 43% 1% 6,60%

as requiring IV treatment and/or hospitalization; ** not
mo 38% 39% 97% 92,10%

resulting in hospitalization. ED=Emergency Department

5.1.3 RESPIRATORY TREATMENT

Most patients (n: 66, 85.7%) were receiving at least one chronic respiratory treatment at
their first visit, with inhaled therapies being the most common (n: 56, 72.7%): LAMA were
prescribed to 19 patients (24.7%), ICS/LABA to 42 (54.5%), LABA/LAMA combination to 7
(9.1%), while only one patient received triple bronchodilator treatment. Additionally, 10

patients (13.0%) were treated with short-acting nebulized bronchodilators.

Immunoglobulin replacement therapy was administered to 7 patients (10.7%), either via

intravenous (n:5, 71.4%) or subcutaneous route (n:2, 28.6%).

Chronic antibiotic use was common: 18 patients (23.4%) reported using nebulized
antibiotics, being colistin in 17 and ampicillin in 1. On the other hand, 32 subjects (41.6%)
were receiving chronic oral antibiotic, mostly azithromycin 3 days/week (n: 28, 87.5% of
chronic ATB users) (Tab 5.6).

Physiotherapy was reported by only 31 patients (40.3%). However, actual adherence to the
treatment could not be assessed. All these patients had previously attended Pulmonary
Rehabilitation to receive instruction in drainage techniques. In contrast, for 38 patients
(52.8%), physiotherapy was not considered necessary by either the patient or the clinician.
A small number of patients were not referred due to comorbidities (n: 1) or failed to attend
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the program (n: 2). Autonomous drainage, directed ventilations, and Expiration Lente Totale
Glotte Ouverte en décubitus Latéral (ELTGOL) were the most commonly used techniques,

while Acapella was the most frequently utilized device.

Only 9 patients (11.7% of the cohort) were using nebulized hypertonic saline, 3 of them with
sodium hyaluronate (HYANEB®).

Table 5.6: Pharmacological and Non-Pharmacological Therapies

Respiratory treatments n (%)
Patients receiving regular respiratory treatment 66 (85.7%)
ICS/LABA 42 (54.5%)
LAMA 19 (24.7%)
LAMA/LABA 7 (9.1%)
ICS/LAMA/LABA 1(1.2%)
Nebulised bronchodilators 10 (13.0%)
Intravenous/subcutaneous immunoglobulins 7 (10.7%)

Antimicrobial treatment

Inhaled Nebulised antibiotics 18 (23.4%)
Long term antibiotics 32 (41.6%)
of which azithromycin 28 (87.5%)
Antifungal 1(1.2%)
Physiotherapy and physiotherapy adjuncts
Regular physiotherapy 31 (40.3%)
Nebulised Hypertonic saline 9 (11.7%)
of which sodium hyaluronate 3(33.3%)
Attended Pulmonary Rehabilitation 31 (40.3%)
Not referred PR (considered not necessary) 38 (52.8%)
Did not attend PR (comorbidities/no adherence) 3 (3.9%)

Legend: ICS: Inhaled Corticosteroid; LABA: Long-Acting Beta-Agonist; LAMA:
Long-Acting Muscarinic Antagonist; PR: Pulmonary Rehabilitation
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5.2 ASTHMA, COPD AND CRS: CLINICAL EVALUATION

Patients underwent a standardized interview to assess asthma-like signs and symptoms,
based on clinical features outlined in the GINA guidelines as indicative of the disease.
Questions evaluated the presence of the symptoms at any time in patients’ life, their

variability, and possible correlation with infection or other external factors.

As expected, cough was the most frequently reported symptom, cited by 61 participants
(80.3%). Surprisingly, wheezing, a symptom less commonly associated with BE, was
present in more than half of the cohort (n: 45, 59.2%). Shortness of breath and chest
tightness were reported by nearly a third of patients, while only a small portion of the sample

had never experienced any of these symptoms (n:8, 10.5%).

In most cases, symptoms appeared or worsened during infections (n: 43, 63.2%).
Additionally, 37 subjects (54.4%) noted that symptom severity varied over time. Among
ever-symptomatic patients, nearly half reported that symptoms were triggered by exercise,
laughter, allergens, or cold temperatures, while an equal proportion described worsening

symptoms at night or upon waking (n:28, 41.2% for both).

To further investigate asthma-related symptoms, patients were asked about wheezing
frequency in the month before their visit. While most had not experienced wheezing (n:40,
57.1%), 17patients (24.3%) reported occasional episodes, 4 had frequent occurrences
(5.7%), and 3 (4.3%) experienced it almost daily.

Family history of asthma was reported by 40.5% of patients (n: 31), affecting parents,

siblings, and descendants equally.
Aspirin allergy or intolerance was reported by only 2 patients.

More than half of the cohort (n: 44, 57.9%) did not report daily exposure to inhalants. Pets
were the most common source (n: 21, 27.6%). Workplace exposure to hazardous dust (n:
8, 10.4%) and second-hand smoke (n: 3, 3.9%) was observed in a smaller number of
patients. No association was evidenced between exposures and symptoms appearance
(Tab 5.7).
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Table 5.7: Assessment of asthma symptoms

Reported asthma symptoms at any time in life n (%)
Wheeze 45 (59.2%)
Shortness of breath 30 (39.5%)
Chest tightness 26 (34.2%)
Cough 61 (80.3%)
None 8 (10.5%)
Variability of symptoms

Occur variably over time and vary in intensity 37 (54.4%)
Are often worse at night or on waking 28 (41.2%)
Are often triggered by exercise 28 (41.2%)
Often appear or worsen with viral infections 43 (63.2%)

Is there any member of your family with known history of asthma?

No 46 (60.5%)
Yes 31 (40.5%)
Siblings 7 (9.21%)
Descendants 6 (7.89%)
Mother 5 (6.58%)
Father 4 (5.26%)
Sons 3 (3.95%)
Other 3 (3.95%)
Unknown 2 (2.63%)
Aspirin intolerance/aspirin-related asthma
Yes 2 (2.63%)
No 72 (94.74%)
Unknown/No answer 2(2.63%)
Frequent/daily exposure to inhalants
Hazardous dusts 8 (10.53%)
No 44 (57.89%)
Secondhand smoke 3 (3.95%)
Pets 21 (27.63%)
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Table 5.8: History of noxious exposures Considering that COPD symptoms, such

Variable N (%) as cough and dyspnoea, are non-specific
Never smoker 59(76.6%) and have already been reported in
Current smoker 2(2.6%) previous sections, we did not include a
Ex smoker 16 (20.8%) separate analysis of COPD symptoms.

Approximate Pack-Year ,
PP A history of tobacco consumption was

0-4 6(37-5%)  eported by 18 patients (20.8%), including
5-9 2 (12.5%) 16 ex-smokers and 2 active smokers. Half
10-20 4 (25.0%) (n: 9, 10.4%) had a cumulative
21-40 3 (18.8%)  consumption of less than 10 pack-years,
>41 1(6.3%)  \while the other half had 10 or more pack-

Significant noxious exposure 6(7.8%) years.

Only six patients (7.8%) had a history of prolonged occupational or environmental exposure

potentially linked to the development of chronic respiratory diseases.

History of exposures is detailed in Tab 5.8.

When administered the signs and symptoms questionnaire, 29 patients referred the
presence of at least one upper airway symptom (UAS) (39.7%); 20 patients (28.8%)

presented two or more symptoms for at least 12 weeks.

Nasal congestion, obstruction and blockage were the most common symptoms
(respectively 20.5%, 19.2% and 17.8% of responders). Facial pain, on the other hand, was
only seldomly reported (n: 5, 6.8%). Fourteen symptomatic patients (66.6%) underwent
sinonasal endoscopy or facial CT, confirming sinonasal inflammation in 9 cases (42.8%),
with nasal polyps detected in 4 (28.6%) of them (Table 5.9).

Regarding asymptomatic patients, three had previously undergone sinonasal surgery and

had remained symptom-free thereafter.
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Table 5.9 Evaluation of clinical symptoms of CRS

Symptom experienced No Yes, < 12 weeks Yes, > 12 weeks
Nasal blockage 50 (68.5%) 10 (13.7%) 13 (17.8%)
Nasal obstruction 49 (67.1%) 10 (13.7%) 14 (19.2%)
Nasal congestion 44 (60.3%) 14 (19.2%) 15 (20.5%)
Nasal discharge 51 (69.9%) 12 (16.4%) 10 (13.7%)
Facial pain or pressure 63 (86.3%) 5 (6.8%) 5 (6.8%)
Reduction or loss of smell 58 (79.5%) 4 (5.5%) 11 (15.1%)
At least 1 upper airway symptom 29 (39.7%)
At least 2 symptoms for > 12 weeks 20 (27.4%)

5.3 QUALITY OF LIFE ASSESSMENT

A total of 67 patients completed the SGRQ. The mean score for the entire cohort was 40.9
(SD 16.5; median 40.7). While activity and impact scores were comparable, the symptoms
domain showed slightly higher mean values (46.4, SD 20.13; median 49.1).

Since the SGRQ lacks validated severity Taple 5.10 Summary of Saint George
thresholds, we arbitrarily categorized the Respiratory Questionnaire results

. Domain Mean Median
scores into four groups: 0-25, 25.01-50,
50.01-75, and 75.01-100. (Table 5.10).
Most patients (n = 28, 41.8%) scored

between 50 and 75 in the symptoms’

Symptoms  46.4(20.13)  49.1 (30.7; 60.35)

Activity 39.12 (24.76)  41.72 (18.47; 58)
Impact 40.5 (15.6) 40 (28.6; 52.8)

S ~ Total 40.9 (16.5)  40.7(20.0; 51.22)
domain, indicating a notable symptomatic
) L Categories (quartiles)
burden. However, daily activities and

_ _ 0-25 12 (17.9 %)
psychosocial well-being appeared to be
25.01-50 34 (50.7 %)
only moderately affected, as 67.2% and
. . 50.01-75 18 (26.9 %)
71.6% of patients, respectively, scored
75.01-100 3(4.5%)

below 50 in these two domains. Women
scored significantly higher than men in the

'Impact' domain, but not in the other domains (p=0.0057).

SGRQ quartiles, but not the numerical scores, showed a significant correlation with the
number of mild and moderate exacerbations (p<0.05). Regarding FEV,, we observed that

only absolute values (litres), and not percent predicted values, correlated significantly with
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SGRAQ scores (p<0.05 for both numerical scores and quartiles). Dyspnoea defined by
mMRC scores also correlated with SGRQ scores and quartile categorization (respectively
p<0.005 and p<0.05). No correlations were found with other variables, including aetiology,
disease severity, sputum volume or CBI status (for any PPM or PA), but SGRQ total scores
correlated with ACT, CAT, LCQ and SNOT-22 (all p<0.001)

Patients were instructed to answer the ACT questions based on the presence of symptoms
such as wheezing, chest tightness, and sudden shortness of breath, instead of using the

term 'asthma'.

Table 5.11 Summary of Asthma Control Test results While most patients that completed the

N=66 ACT reported good control of wheezing
and chest tightness (n: 48, 71.6%),

Mean (SD) 21.11(3.88)
o

Median (Q1;Q3) 22 (19: 24) poor control was reported by 8 (11.9%)

C . (Tab.5.11). Mean scores did not show

ategories

Well controlled n (%) 48 (71.6%) great variabilities between different
Poorly controlled n (%) 8 (11.9%) questions, but lower scores (1, 2) were
Not well controlled n (%) 11 (16.4%) more frequent in questions regarding

morning symptoms and rescue inhaler

use.

ACT did not show any correlation with significant variables, such as exacerbations, lung
function, chronic infection, nor with severity expressed with BSI and FACED scores.
However, scores had significant correlation with all the other QoL tests (CAT, SGRQ, LCQ
and SNOT-22, all p<0.001).

Only 53 patients completed the CAT. Mean score was 15.8 (SD 7.53, median 16), indicating
a predominance of moderate symptoms. Only 12 patients totalized high or very high scores
(Tab 5.12)

The analysis of single questions revealed that cough, expectoration and exertional
dyspnoea are the most impactful symptoms in our cohort, as stressed out by higher
frequencies of answers =3 points (respectively 35 patients, 66.0%; n: 29, 54.7%; n: 30,
56.6%).
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CAT scores showed a significant Table 5.12 Summary of COPD Assessment Test results

negative correlation with absolute N=52
FEV1 values, but not with FEV1 Mean (SD) 15.76 (7.48)
percent predicted nor with the Median (Q1;Q3) 16 (9.5; 19.75)
degree of airflow obstruction as Categories

defined by the FEV1/FVC ratio. Low n (%) 14 (26.9%)
Similarly, no association was Medium n (%) 26 (50.0%)
observed with severity scores (BSI High n (%) 10 (19.2 %)
and FACED). Very High n (%) 2 (3.8%)

Significant association was also observed between CAT categories and exacerbation

frequency. (p<0,05), and between CAT numerical scores and dyspnoea (p<0.05).

Moreover, CAT results had good correlation with the other tests: SGRQ, ACT, and SNOT-
22 (all p<0.001)

The effect of CRS symptoms was evaluated using the SNOT-22 questionnaire in 66
participants (Tab 5.13).

While 25 patients (37.9%) reported absent or mild upper airways symptoms, the majority
experienced a moderate impact from sinonasal symptoms (n: 30, 45.5%). In 11 patients
(16.7%) these symptoms had a severe impact. Dividing the questions according to the
specific domain considered(239), the burden of rhinological symptoms seems to be slightly
higher, while ear and facial symptoms obtained the lower scores (Tab 5.13). Noticeably,
significant differences were recorded between male and female subject: overall score,
psychological dysfunction and sleep dysfunction were significantly higher in females
(respectively p=0.016, p=0.007 and p=0.002).

SNOT-22 results did not show association with BE severity scores, but were correlated with
LCQ, CAT and SGRQ questionnaires (all p<0.001).

Table 5.13 Summary of Sinonasal Outcome Test

Domain (score range) Mean (SD)  Median (Q1; Q3)
Overall score 34.47 (19.82) 30(17; 44)
Rhinologycal symptoms (0-30) 8.88 (6.96) 8(3; 14
Extranasal symptoms (0-15) 5.64 (3.27) 5(3:8)
Ear/facial symptoms (0-25) 4.20 (4.39) 3(1.25;5)
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Psychological dysfunction (0-35) 10.76 (870) 8.5 (3; 18)
Sleep dysfunction (0-25) 8.39 (6.64) 7 (3; 14)

5.4 FUNCTIONAL ASSESSMENT

All patients underwent spirometry, while PBD was realized in 76 patients (Tab 5.14); in 3
cases, PBD was not realized during the study, but data from the 12 months prior were
utilized. These data had been collected by our team during a previous study, allowing us to

guarantee for technical rigour and uniformity of instruments and technique.
Plethysmography was performed in 63 patients (81.8%), while DLCO in 58 (75,3%).

Considering the whole cohort, mean post-bronchodilator FEV1 was 81.1%, mean FVC
86.9%.

Table 5.14. Summary of main pulmonary function At least one lung function test

parameters (LFT) alteration was present in
altelle Mean (SD) Median (IQR) N most patients (53/77, 68.8%),
FVCL post-BD 3.0(096)  291(2.13;3.58) 75 iy the most common
FVC% post-BD 85.9(19.9) 889(74.9;97.5) 75 i ction.

FEV1Lpost-BD 23 (0.76) 2.2(1.52;2.52) 75

FEV1%postBD  811(203) 79.7(67.7:95.6) 75 Thirty-five patients had a normal

. o
FEVL/FVC%post 746 (9.8)  75.6(68.5;80.6) 75 SPromelry (45.5%); among them,

TLC% 91.4(18.4) 92.4(80.3;101.4) 3 ©ONY 16/58 (27% of those that
DLCO% 76.3 (13.6) 752 (68.1:88.1) 58 realized all LFT, 20.8% of the
DLCO/VA% 98.2 (14.0) 100.3 (87.3;108.0) 58 entire cohort) also had normal
RV% 1104 (36.1) 109.7 (85.4; 134.3) 63 'Ung volumes and  transfer

coefficient for carbon monoxide
Abbreviations: FVC: Forced Vital Capacity; FEV1: Forced (KCO).

Expiratory Volume in 1 second; FEV1/FVC: Ratio between
FEV1 and FVC; TLC: Total Lung Capacity; DLCO/VA: Diffusing
Capacity of the Lung for Carbon Monoxide corrected for
Alveolar Volume; SD: Standard Deviation; IQR: Interquartile common functional impairment

Range; N: Number of subjects. (n:21, 27.6%); in 13 subjects air
trapping was also present (16.9% of the cohort, 61.9% of patients with obstruction) together
with DLCO impairment in 8 (13.8% of the cohort, 50.0% of patients with obstruction).

Obstructive pattern was the most

Air trapping without obstruction was present in 12 more patients (19.0% of subjects with

plethysmography, 15.6% of the cohort).
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On the other hand, 8 subjects (12.7%) presented with a restrictive pattern; in 3 more, forced
spirometry was indicative of possible restriction, that was not confirmed due unavailability
of plethysmography. Between restricted or possibly restricted patients, 7 had DLCO
impairment and three presented air trapping.

Overall, air trapping was observed in 25 out of 63 patients (39.7%).Mixed functional pattern
was present in 2 patients (3.2%).

DLCO impairment without any other alteration was manifest in 12 patients (20.7%).

Notably, although DLCO values were reduced in most patients (35/58, 60.3%), only a small
proportion (6/58, 10.3%) showed reduced values when corrected for alveolar volume
(DLCO/VA). Distribution of different LFT pattern is resumed in Fig 5.2.

Obstruction + Air trapping Obstruction + Air trapping

+ DLCO reduced 7 (9.1%) 5(6.5%)

Air trapping + Normal
spirometry 4 (5.2%

Obstruction
21 (27.6%)

Normal spirometry
35 (45.5%)

Obstruction + Reduced
DLCO 2 (2.6%)

Restriction
8(12.7%)

Reduced DLCO/VA -
35 (60.3%) Restriction + reduced

DLCO
6 (7.8%)

Figure 5.2 Distribution of alterations in lung function.

Abbreviations: DLCO: Diffusing Capacity of the Lung for Carbon, DLCO/VA: Diffusing Capacity of the Lung
for Carbon Monoxide corrected for Alveolar Volume

Surprisingly, only 4/76 patients presented reversibility at the PBD test, 3 females and one
male. While post BD FEV1 values were comparable with the entire cohort (mean 84.7%,
median 80.6%, SD 13.3), pre-BD values were significantly lower (mean 70.7%, median
63.9%, SD 18). The mean FEV1 change was 12% of the predicted value.
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Three out of the four patients exhibited a FEV1/FVC ratio >70%; the fourth patient had an
obstructive pattern both before and after the BD administration. Two subjects had air

trapping and one diffusion impairment.

In 49 patients, six months spirometry follow up was available. Comparing FEV1 values from
the year prior to enrolment with those six months after, we observed no significant variation
in post-BD FEV1. The mean absolute change in FEV1 was -0.12 L (SD 0.54, p=0.13), and
the mean percentage change was -2.35% (SD 12.79, p=0.20). Only 8 subjects (10.4%)

exhibited significant variability (>20%) over time.

5.5 INFLAMMATION AND ALLERGY

Despite all the samples were collected in stable state, a few patients showed mild alterations
possibly indicative of chronic inflammatory state: 10 patients (13%) presented slightly
elevated white cell count (mean 11.5x10%uL, SD 1,37), while 18 (23,38%) had C reactive
protein levels above 0.5 mg/l (mean 1.08 mg/l, SD 0.506). Only 3 patients exhibited both

alterations.

No correlation was observed between higher levels of white blood cells or CRP and the
presence of chronic infection, purulent sputum production or other inflammatory markers

(eosinophils, IgE, Phadiatop, FeNO).

Peripheral eosinophilia (eosinophils > than 300/mm?) was present in 12 patients (15.6%),
mean value 0.533x10%uL, median 0.500x10%pL, SD 0.172). In all of them specific causes
of eosinophilia were discarded.

On the other hand, neutrophilia was evident in 7 patients (9.1%; mean value 9.26x10%/uL,
median 8.90x10%uL, SD 1.154).

The presence of eosinophilia was correlated with lesser sputum purulence and reduced
prevalence of PA CBI (both p<0.05). Moreover, correlation was observed with FeNO levels
(p<0.005) and IgE count (p=0.005).

Contrarily, patients with blood neutrophilia did not show any significant correlation with other

clinical or functional and radiological variables.

On the other hand, lung function showed no significant correlation with peripheral eosinophil

or neutrophil counts.

FeNO levels were recorded in 74 patients. Nineteen of them (25.7%) had values >25ppb

(mean 42.2, median 37, SD 15.5). FeNO levels showed inverse correlation with the number
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of lobes affected by BE. Apart from this and eosinophil counts, FeNO was not significantly

correlated with any other clinical or inflammatory variables.

IgE count was <150 pL in 86.3% of the cohort (n:63); 5 patients (7,94%) had IgE between
150 and 300, 4 patients had values between 300 and 1000, while only one patient presented
severe hyperlgE. In this last patient, ABPA was ruled out and revision of medical records
confirmed sustained hyperlgE without recognizable cause. Levels of IgE showed a positive

correlation with higher eosinophil count, but not with FeNO.

Phadiatop was positive in 14 of the 72 patients tested (19.44%) with 5 of them showing
elevated IgE levels.

Other blood test results and FeNO are resumed in Table 5.15.

Table 5.15: Descriptive statistics and distribution of inflammatory markers

Variable Mean Median N
White Blood Cells 103/pL 7.35(2.2) 7.1(5.7; 8.3)) 73
Blood neutrophils % 59.3 (10.7) 59.9 (52.1;65.6) 73
Blood eosinophils % 2.6 (2.3) 1.7 (1.0;3.2) 73
Blood neutrophils 10¥/pL 4.5 (2.0) 4.1 (3.0;5.0) 73
Blood eosinophils 103/ uL 0.2(0.2) 0.1(0.1;0.2) 73
C-reactive protein mg/L 0.4 (0.5) 0.4 (0.0;0.5) 72
FeNO ppb 20.8 (15.6) 16.5(10.0;25.8) 74
FeNO > 25 ppb 19 (25.7%)

Immunoglobulin E kU/L 104.8 (281.9)  22.8(11.3;81.0) 73
IgE <150 pL kU/L 63 (86.3%)

IgE 150 — 300 kU/L 5 (7,9%)

IgE 300 — 1000 kU/L 4 (5.4%)

IgE >1000 kU/L 1(1.3%)

Phadiatop positive, n (%) 14 (19.44) 72
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5.6 MICROBIOLOGY ASSESSMENT:

Table 5.16: Summary of microbiology key
findings
Variable N (%)

Clinically stable samples last 12
stable state) in 51 patients (66.2%). months

At least one sputum sample was
collected during visit one or in the

previous 12 months (in a clinically
51 (66.2%)

Among them, only 3 (5.9%) had no Organism isolated 48 (94.1%)
microorganism isolation. In  the Pseudomonas aeruginosa 20 (39.2%)
remaining 48, a total of 73 Streptococcus pneumoniae 4 (8.3%)
microorganisms were isolated (Tab Aspergillus spp 6 (11.8%)
5.16). Stenotrophomonas maltophilia 6 (11.8%)
PA was the most common bacterial Staphylococcus aureus 7 (13.7%)
isolate, detected in 20 of 51 sputum Haemophilus influenzae 8 (15.7%)
samples (39.2%), followed by H. Candida sp. 9 (18.7%)
influenzae (n: 8, 15.7%), S. aureus (n: Chronic Bronchial Infection 44 (58.6%)
7, 13.7%), and S. maltophilia (n: 6, CB'TorPA 31(43.1%)

CBI for other PPM 29 (38.6%)

11.8%). Fungi were also frequently

isolated: Candida spp. was found in 9 appreviation: CBI: chronic bronchial infection; PA:

patients, and Aspergillus in 6 (11.8%; 5 Pseudomonas aeruginosa; PPM: potentially
pathogenical microorganism

A. fumigatus, 1 A. niger). Only one

sputum culture was positive for mycobacteria, showing growth of M. abscessus colonies;

however, the patient did not fulfil criteria for NTM-PD.

Data on previous isolations and known CBIl were available for 75 patients, with CBI
diagnosed in 44 (58.6%). PA was responsible for CBI in 31 patients (43.1%), including 18
with current PA positive sputum. In 6 patients (19.3%), PA had not been isolated in the past
5 years, while in 7 others (22.6%), the last isolation occurred more than 24 months before
study inclusion. However, all these patients were considered to have active PA-CBI, as
previous attempt of eradication had failed and they were receiving ongoing chronic inhaled
PA treatment that could interfere with culture results. PA chronic infection had been present,
on average, for 8 years and 2 months (mean 8.21 years, median 7.6 years, SD 6.55). In 13

cases, chronic PA infection (43.3%) was sustained by mucoid phenotype of the bacteria.

Apart from PA, other pathogens were responsible for CBI in 29 subjects, being the most
frequent H. influenza in 11 patients (37,9%) and S. aureus in 7 (24,1%). Patients had been
presenting CBI for 4 years and 10 months on average (mean 4.84; median 4.08 years, SD

4,21). Sixteen patients (21.3%) presented 2 or more concomitant CBls.
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No correlation was observed between the presence of CBI for PA or other PPM and other

tested variables.

5.7 RADIOLOGICAL CHARACTERIZATION

Chest HRCT from 76 patients were analysed, while for the remaining patient it was not
possible to retrieve the images of the most recent CT. Additionally, expiratory scans were
available for 61 patients (80.3%). Results are detailed in Tab 5.17.

According to Reiff modified score, most patients (n: 48, 63.2%) had mild bronchiectasis
(Reiff 1-6); moderate radiological extension of BE was recorded in 26 patients (34.7%, Reiff

7-12), while only 2 subjects (2.7%) had severe CT involvement (Reiff 213 points).

Table 5.17: Bronchiectasis extension in the We observed a significant negative
cohort correlation between Reiff scores
Radiological Finding N=76 and several respiratory parameters:
. of lobes with BE, mean (SD) 3:95(L75)  post-BD FVC in litres (p=—-0.283,
N. of lobes with BE, median (IQR) 4 (3; 6) 0=0.014), post-BD FEV1 (p=—0.350,
Reift index, mean (3D} 5.71(3.4%) p=0.002), and FeNO levels (p=—
Reift index, median (IQR) >(3;8%) 0287, p=0.014). When Reiff
Reiff l\l\;ﬂéz: (r;_(;/;))’ n (%) 32 gig:; categories were analysed instead of

Severe (13-18), n (%) 2 (2.67%) continuous scores, greater
Cystic bronchiectasis, n (%) 15 (19.5%) bronchiectasis severity was

significantly associated with lower
post-BD FVC percentages (p=0.007), lower post-BD FEV1 percentages (p=0.007), and TLC
values (p=0.047). Reiff values also showed strong correlation with BSI and FACED scores
(both p<0.001).

The extension of BE (Fig.5.3) followed a mild
gradient, with significantly higher prevalence in the
lower and middle pulmonary lobes compared with
upper lobes (p<0.001 for both comparisons). Lower
lobes exhibited the highest involvement, as more
than 90% of patients presented BE at this level (n: 69,
90.7%), though the difference with middle lobes was

not significant (p=0.593). Left lower lobe was the
Figure 5. 3 Bronchiectasis lobar

distribution. The percentages indicate the
prevalence of bronchiectasis in each lobe.
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did not show bronchial dilatation in this segment. Also, it was the lobe with highest

occurrence of cystic BE (7 subjects, 9.2%).

Middle lobe and lingula presented BE in 86% of cases (n: 66), while superior lobes

involvement was evident in 64.5% of patients (n: 49).
No differences were found between left and right lobes.

The number of lobes affected by bronchiectasis was inversely correlated with FeNO levels
(p=—-0.290, p=0.013) and FVC values (p= —0.327, p=0.004).

Cystic BE were present in 15 subjects (19.7%),
Emphysema was a rare finding, observed in only 2 patients (2.6%).

Most patients had evidence of BWT (n=66, 85.7%), while air trapping was reported in 54
patients, accounting for 88% of those with an expiratory scan available and 70% of the

cohort.

The presence of BWT and air trapping correlated with lower post-BD FEV1 and obstructive
pattern. Mean FEV1 was 78.1% vs 96.7 for BWT (p = 0.015), and 79.9% vs 100.0% for air
trapping (p = 0.003). FEV1/FVC was lower in patients with BWT (73.0% vs 84.6%, p=0.002)
and with air trapping (74.44% VS 79.9%, p=0.025).
BWT also correlated with Reiff index (mean score 6.05+3.29 vs 3.78+3.52, p=0.029), but
not with other markers of radiological BE extension.

MP were evident in 52 patients (67.5%), and their presence was associated with more
extensive disease. In fact, Reiff scores were higher in patients with MP (mean 6.87 £ 3.24
vs 3.3 £ 2.2, <0.0001), as was the number of affected lobes (median 5 vs 3, p=0.001); cystic
bronchiectasis was more frequent (93.33% vs 62.33%, p=0.052). MP also correlated with
more the presence of obstructive pattern (mean FEV1 72,2% vs 88.6%, p=0.008;
FEV1/FVC 72,2% vs 79.6%, p=0.002).

GGO was observed in 33 scans (43.4%), with a centrilobular pattern suggestive of infection
in 21 cases (63.6% of those with GGO). The presence of GGO was associated with higher
Reiff scores (median 6.5 vs 4 p<0.001), more numbers of lobes with BE (median 5 vs 3,
p<0.001), presence of cystic BE (73.3% vs 37.7, p=0.019) and BWT (50% vs 11.1%,
p=0.035).

Results are summarized in fig. 5.4 and Tab 5.18.
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100%
0,
80% 86%
60% 70% 68%
40%
44%
0,
20% 3% 27%
0% I - I
Emphysema Air Trapping BWT MP GGO GGO-CL

Figure 5. 4 distribution of radiological findings.
Abbreviations: BWT: bronchial wall thickening, MP: mucus plugging, GGO: ground glass opacities; GGO-
CL: centrilobular GGO pattern.

Table 5.18: Significant differences according to radiological features.

Bronchial wall thickening Present Absent P value
FEV1 %, mean (SD) 78.1(18.35) 96.73 (25.87) 0.015
FEV1/FVC%, mean (SD) 73.03 (9.12) 84.56 (9.64) 0.002
Reiff index, mean (SD) 6.05 (3.29) 3.78 (3.53) 0.030
Number of lobes with BE, mean 4.14(1.65) 2.89 (1.96) 0.058
(SD)

Air trapping Present Absent P value
FEV1 %, mean (SD) 79.92 (19.79) 100.01 (9.13) 0.003
FEV1/FVC%, mean (SD) 73.55 (9.4) 81.14 (2.38) 0.026
Mucus plugging Present Absent P value
FEV1 %, mean (SD) 76.84 (19.57) 88.62 (19.53) 0.009
FEV1/FVC%, mean (SD) 72.23 (8.74) 79.6 (10.64) 0.002
Reiff index, mean (SD) 6.87 (3.24) 3.3(2.2) <0.001
Number of lobes with BE, mean 4.42 (1.56) 3(1.71) 0.001
(SD)

GGO Present Absent P value
Cystic BE, n (%) 14 (93.3%) 22 (36.7%) 0.052
Reiff index, mean (SD) 7.41 (3.23) 4.33(2.84) <0.001
Presence of BWT n (%) 51 (85%) 9 (15%) 0.248

Only significant correlations have been reported in the table.

Abbreviations: FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capacity; Reiff index:
bronchiectasis extension score; GGO: Ground Glass Opacities; BE: Bronchiectasis; SD: Standard
Deviation; %: percentage.
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5.8 DIAGNOSIS OF ASSOCIATED ASTHMA

The collected data were stratified as described in the methods’ section. Given the
heterogeneity of BE symptoms, we defined the clinical criteria for asthma diagnosis as met
only when at least two symptoms were present, with one being either wheezing or chest
tightness. Additionally, symptoms had to show variability over time and could not be limited

to episodes of acute infections.

Although these criteria are inherently arbitrary, they were designed to minimize the risk of
asthma overdiagnosis in cases where symptoms might be solely attributed to BE or

transient airway hyperreactivity due to inflammation during exacerbations.

Forty-five subjects (58.4%) presented at least two characteristics symptoms, being one of
them wheezing or chest tightness. All these patients described some degree of variability,

but 9 (20.0%) were excluded because symptoms only presented during infections.

Therefore, major clinical criteria were fulfilled by 36 patients (46.8%). On the other hand, 46
patients (59.7%) fulfilled minor clinical criteria (family history, aspirin intolerance). Both

criteria were met by 18 patients (23.4%).

Regarding functional criteria, it was met only by 4 patients. Six patients (8.0%) had a

previous methacholine available, which was negative in all of them.

According to available data, the biological criteria was met by 29 patients. Most patients (24
patients, 82.7%) presented only one of the considered markers, being FeNO >25 ppb in 14
and blood eosinophilia in 10. Only 5 patients (17.3%) showed a combination of both

features.

Based on the combination of clinical, functional, and biological characteristics, the cohort

was stratified into three groups reflecting the likelihood of asthma comorbidity.

Diagnosis of asthma was confirmed in 3 patients (3.9%); another patient met clinical and
functional criteria, but no biological criteria. Anyway, reviewing symptoms, QoL
questionnaires and considering the impossibility to perform tests to exclude neutrophilic
asthma phenotype (cellular count on sputum), investigators decided to include this patient

in the “confirmed asthma group” (total 5.2%).

Twenty patients (26.0%) were allocated in the “suspected asthma” group: all of them fulfilled
clinical mayor criteria but had no functional confirmation. Among these, sixteen (80.0%) had
family history of asthma, five subjects (25.0%) had atopy confirmed by Phadiatop, while 12

(60.0%) presented elevated eosinophils and/or FeNO.
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For the remaining patients, methacholine challenge testing would be required to confirm the
diagnosis, particularly in the 12 individuals who exhibited features suggestive of Th2-
predominant inflammation.

Table 5.19: Asthma features in patients

Finally, in 53 patients (68.8% th
inatly, in patients ( ) asthma was where asthma was excluded.

discarded. Indeed, a considerable number

Criterion N=53
of patients exhibited individual features ren
suggestive of asthma, though these were Clinical mayor 13 (24.5%)
not accompanied by any other supporting
o . Family history 28 (52.8%)
criteria (Tab 5.19). In 6 patients, asthma was
discarded due to the availability of negative  Allergy 8 (15.1%)
methacholine.
FeNO> 25pbb 10 (18.9%)
Given that only three of the four patients
. . ; . Eosinophils 2 300 6 (11.3%)
were classified as having “confirmed
asthma,” the statistical power for analysing  FEV1 variability >20% 13 (24.5%)

this subgroup was very limited. However,

their clinical and functional characteristics were comparable to those in the “suspected
asthma” category. Therefore, for analytical purposes, we combined the confirmed and
suspected cases into a single category of 24 patients and compared this merged group with

the “no asthma” group of 53 patients.

Patients with confirmed or suspected asthma had a higher BMI (mean values 26.5 vs 22.6,
p<0.05). Also, these patients exhibited lower FVC and total lung capacity (TLC) values
(Mean postBD FVC 78.6% vs 89.2%, p<0.05; mean TLC 84.1% vs 94.6%, p<0.05), while

the rest of lung function values did not differ between the two groups.

ICS use was significantly higher in the suspected/confirmed asthma group, being reported
in 18 out of 24 patients (75%) compared with 23 out of 53 (47.2%) of those in whom asthma
had been excluded (p=0.02). All 4 patients with confirmed asthma were treated with ICS
(100%). No patients in the cohort received OCS or biologic therapies, as ongoing treatment

with these agents was an exclusion criterion in our study protocol.

Radiological findings were similar between patients with and without suspected or
confirmed asthma. Mild BE (Reiff score) was reported in 55% of patients with
suspected/comorbid asthma and in 66% of non-asthmatic patients, although the difference
was not statistically significant (p = 0.56). No differences were observed on prevalence of
emphysema, GGO, BWT, MP and air trapping, though the latter that was more frequently

observed in the suspected/confirmed asthma group (83%) than in non-asthmatics (64%)
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(p=0.17), On the other hand, they showed no differences in age, BE symptoms, disease

severity scores, frequency of exacerbation and prevalence of CBl and PA ITab 5.20).
Similarly, QoL questionnaires (including ACT) did not show any significative difference.

Table 5.20: Comparison of results between patients according to asthma diagnosis
(confirmed, suspected and excluded

Variable (unit, expression) Asthma Asthma Asthma -value®
gt Confirmed n=4  Suspected n=20 Excluded n=53 P
Age, years, median (IQR) 65.5 (35;79) 65 (47.5; 70) 62 (46; 73) 0.680
Females, n (%) 3 (75.0%) 17 (85.0%) 41 (77.4%) 0.768
. 26.5(23.1-28.7) 26.48 (21.44; 22.58 (19.9;
2 7 7 *
BMI kg/m?, median (IQR) 30.95) 25.59) 0.012
Daily sputum volume ml, 27.5 (4.99-60.0) ) )
median (IQR) 10(4.99; 11.25) 10 (5; 20) 0.357
Sputum colour (Murray 2.5(1-3) ) .
score), median (IQR) 2(1;3) 2(2;3) 0.835
Total exacerbations n, 1 (0-6) . .
median (IQR) 1(0; 1.25) 1(0; 1) 0.446
Mild exacerbations (n), 1(0-6) ' )
median (IQR) 1(0; 1.25) 1(0;1) 0.173
Inhaled corticosteroid 4 (100.0%) 13 (65.0%) 25 (47.2%) 0.002*
Chronic infection n (%) 3 (75.0%) 8 (42.1%) 22 (42.3%) 0.589
CBI for PA n (%) 3 (75.0%) 8 (47.1%) 20 (39.2%) 0.445
Severity
FACED Score, median (IQR) 3 (2.2;3.5) 3(2;4) 2.5(2; 4) 0.982
FACED Mild (%, n) 1(25.0%) 9 (45.0%) 26 (50.0%)
Moderate (%, n) 2 (50.0%) 8 (40.0%) 15 (28.9%) 0.541
Severe (%, n) 1(25.0%) 3 (15.0%) 11 (21.1%)
BSI Score, median (IQR) 7(4.2;,9.2) 5.5(2; 8) 5 (3; 8) 0.978
BSI Mild (%, n) 1(25.0%) 9 (45.0%) 20 (38.5%)
Moderate (%, n) 1(25.0%) 7 (35.0%) 23 (44.2%) 0.603
Severe (%, n) 2 (50.0%) 4 (20.0%) 9(17.3%)
Quality of Life Questionnaire
LCQ score, median (IQR) 16 (14.5; 18.5) 14 (10; 18) 16 (13.75;18.5) 0.323
. _ 48.2 (32.25; 36.26 (25.98;
SGRQ score, median (IQR) 40 (41.3; 43.9) 51.4) 52.53) 0.624
SGRQ quartile 1%, n (%) 0 (0.0%) 4 (22.2%) 8 (17.4%)
2" n (%) 3 (100.0%) 7 (38.9%) 24 (52.2%) 0.989
3, n (%) 0 (0.0%) 6 (33.3%) 12 (26.1%) )
4™, n (%) 0 (0.0%) 1 (5.6%) 2 (4.3%)
ACT score, median (IQR) 22 (22; 22.5) 22 (19; 24) 22 (19; 25) 0.405
ACT Not controlled n(%) 1(25.0%) 4 (23.5%) 7 (15.2%)
Poorly controlled n (%) 2 (50.0%) 2 (11.8%) 6 (13.0%) 0.870
Well controlled n (%) 1(25.0%) 11 (64.7%) 33 (71.7%)
CAT score, median (IQR) 19 (19; 19) 19 (14.5; 22) 14 (9; 17) 0.107
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CAT Low, n (%)
Medium, n (%)
High, n (%)
Very high, n (%)

Lung function
FVC %, mean (£ SD)

FEV1 %, median (IQR)
FEV1/FVC %, median (IQR)
TLC %, median (IQR)

DLCO/VA %, median (IQR)

Inflammatory markers
Eosinophils %, median
(1QR)

Eosinophils 109L, median
(1QR)

FEnO ppb, median (IQR)

Radiology

Number of lobes with BE,
median (IQR)

Reiff Index, median (IQR)

Reiff Mild (1-6) (%, n)
Moderate (7-12) (%, n)
Severe (13-18) (%, n)

Cystic BE, n (%)

Air trapping, n (%)
Bronchial thickening, n (%)
Mucus plugging, n (%)
GGO, n (%)

Centrilobular GGO, n (%)

0 (0.0%)
1 (100.0%)
0 (0.0%)
0 (0.0%)

82.9 (19.8)
68 (63.8; 84.2)

70.9 (70.5; 72.2)

78.6 (71.55; 82)

92.8 (89.05;
98.55)

1.2 (0.85;3.33)
0.1(0.1; 0.22)

34 (30.5; 34.25)

5.0 (2-5)

6.0 (1-8)

2 (50.0%)
2 (50.0%)
0 (0.0%)

1 (25.0%)

2 (66.7%)
3 (75.0%)
3 (75.0%)
4 (100.0%)
3 (75.0%)

2 (13.3%)
7 (46.7%)
5 (33.3%)
1(6.7%)

77.63 (20.86)

73.5 (65.45;
86.7)

75.29 (67.26;
80.3)

86.6 (71.95;
96.65)

109.1 (96.88;
112.37)

3.5 (1.45; 5.6)

0.2 (0.1; 0.4)

14.5 (10.25;
35.5)

4.5 (2.75; 6)

6 (2.75; 10.25)
11 (55.0%)

7 (35.0%)

2 (10.0%)

1 (5.0%)

18 (94.7%)

18 (90.0%)

13 (65.0%)

9 (45.0%)

4 (20.0%)

12 (33.3%)
18 (50.0%)
5 (13.9%)
1(2.8%)

89.19 (19.22)

82.8 (70.6; 97)

75.94 (68.69;
81.96)

94.25 (85.12;
102.58)

97.9 (87.2;
105.2)

1.5 (0.92; 2.77)
0.1(0.1; 0.2)

16 (9; 22.25)

4(3;5)

5(3.75; 8)
34 (66.7%)
17 (33.3%)
0 (0.0%)

8 (15.1%)
34 (87.2%)
44 (86.3%)
36 (70.6%)
23 (44.2%)
16 (30.2%)

5. Results

0.276

0.023*

0.188

0.565

0.044*

0.138

0.039*

0.012*

0.181

0.856

0.454

0.093

0.295
0.984
0.772
0.940
1.000
0.564

2: p is calculated between asthma confirmed and suspect (n=24) vs excluded (n=53)
* p < 0.05 considered statistically significant.
Abbreviations: SD = standard deviation, IQR = interquartile range, BMI = body mass index, FVC = forced
vital capacity, FEV1 = forced expiratory volume in 1 second, DLCO = diffusing capacity of the lung for carbon
monoxide, VA = alveolar volume, LCQ = Leicester Cough Questionnaire, SGRQ = St. George’s Respiratory
Questionnaire, ACT = Asthma Control Test, CAT = COPD Assessment Test, BE = bronchiectasis, GGO =
ground glass opacity, PA = Pseudomonas aeruginosa, CBI = chronic bacterial infection.
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5. Results

5.9 DIAGNOSIS OF ASSOCIATED COPD

ROSE criteria were met by 7 patients (9.1%). Exposures were confirmed for all of them: 5
were ex-smokers (>10 packs/year), one patient had prolonged exposure to biomasses and

one had both smoking history and professional long-term exposure.

Mean FEV1% was 72.2% (SD 19.3; median 67.5%), compared with 81.8% (SD 20.3;
median 80.8%) in non-COPD patients, without reaching significance (p=0.28). As expected,
considering the diagnostic criteria of the association, FEV1/FVC values were significantly
lower in COPD-BE patients (64.5% vs. 75.5%, p < 0.05). No other functional differences

were observed.

Radiological severity of BE, as measured by Reiff scores, was significantly lower in the
COPD-BE group, with 83.3% of patients presenting mild scores compared to 60.9% in the
control group (p < 0.05). No patient had emphysema on HRCT, while BWT was described
in all 7 patients (100%). AT and MP were observed in 6 patients (85.7%), while GGO was
present in 3 patients (42.9%). Radiological findings showed increased prevalence of higher
Reiff scores in BE-COPD compared with the non-COPD population (Reiff 3rd. However, the
small sample size limits the power of the analysis.

Similarly, no significant differences were observed in age, BMI, history or symptoms of BE,
BE severity scores (FACED and BSI), inhaled treatments, prevalence of CBI or PA,
underlying aetiology, exacerbation rates, QoL, or inflammatory markers (eosinophilia,
FeNO, IgE) (Tab 5.21)
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5. Results

Table 5.21: Comparison of results between BE-COPD and non-COPD patients

Variable (unit, expression) BE-COPD COPD excluded p-value
Age at consent, years, median (IQR) 69 (66; 77) 62 (45.25; 70) 0.051
Female, n (%) 5(71.4%) 56 (80.0%) 0.965
BMI kg/m?, median (IQR) 20.83 (20.12;22.87) 23.7 (20.59; 27.54) 0.253
Daily sputum volume ml, median (IQR) 15 (5; 20) 10 (4.99; 20) 0.802
Sputum colour (Murray score), ' '
median (1GR) 2 (1;2.5) 2(2;3) 0.422
Total exacerbations n, median (IQR) 1(0; 1.5) 1(0;1) 0.786
Mild exacerbations n, median (IQR) 1(0;1) 1(0;1) 0.724
Inhaled corticosteroid, n (%) 5(71.4%) 37 (52.9%) 0.587
Chronic infection n (%) 4 (57.1%) 37 (54.4%) 1.000
CBI for PA n (%) 4 (66.7%) 27 (40.9%) 0.430
Severity
FACED Score, median (IQR) 3(2;4) 3(2;4) 0.692
FACED Mild (%, n) 3 (42.9%) 33 (47.8%)
Moderate (%, n) 2 (28.6%) 23 (33.3%) 0.826
Severe (%, n) 2 (28.6%) 13 (18.8%)
BSI Score, median (IQR) 7 (5; 7.5) 5(3;8) 0.33
BSI Mild (%, n) 1(14.3%) 29 (42.0%)
Moderate (%, n) 5(71.4%) 26 (37.7%) 0.209
Severe (%, n) 1(14.3%) 14 (20.3%)
Quality of Life Questionnaire
LCQ score, median (IQR) 19 (16; 19) 15 (12.75; 18) 0.120
SGRQ score, median (IQR) 32.59 (23.81;40.12) 43.01 (29.88; 51.58) 0.254
SGRQ quartile 1%, n (%) 2 (33.3%) 10 (16.4%)
2", n (%) 3 (50.0%) 31 (50.8%) 0.699
3, n (%) 1(16.7%) 17 (27.9%) '
4™, n (%) 0 (0.0%) 3 (4.9%)
ACT score, median (IQR) 21.5(20.25; 23.5) 22 (19; 24) 0.816
ACT Not controlled n(%) 1(16.7%) 10 (16.4%)
Poorly controlled n (%) 0 (0.0%) 8 (13.1%) 0.634
Well controlled n (%) 5(83.3%) 43 (70.5%)
CAT score, median (IQR) 14.5(12.75; 16.75) 16 (9.5; 19.5) 0.820
CAT Low, n (%) 1(25.0%) 13 (27.1%)
Medium, n (%) 2 (50.0%) 24 (50.0%) 0.970
High, n (%) 1(25.0%) 9 (18.8%) '
Very high, n (%) 0 (0.0%) 2 (4.2%)

Lung function
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5. Results

V1 FVC post %, median (IQR) 82.35(74.5;94.62)  89.5(75; 97.1) 0.838
V1 FEV1 post %, median (IQR) 67.5(63.52; 84.45)  80.8 (68.5; 96.1) 0.286
V1 FEV1/FVC post %, median (IQR) 67.46 (60.75; 70.36)  77.2 (69.12; 81.9) 0.016
TLC % predicted, median (IQR) 90.4 (71.18; 100.1)  92.4 (81.9; 101) 0.648
DLCO/VA % predicted, median (IQR) 105.7 (87.6; 107.1)  100.1 (87.2; 108) 0.974

Inflammatory markers

Eosinophils %, median (IQR) 1.6 (1.25; 2.65) 1.8(0.92; 3.18) 0.970
Eosinophils 10%L, median (IQR) 0.1(0.1;0.2) 0.1(0.1;0.2) 0.763
FEnO ppb, median (IQR) 17 (11; 26) 16 (9.5; 25.5) 0.912
Radiology
Number of lobes with BE, median 4(2.5;4.5) 4(3;6) 0.628
(1QR)
Reiff Index, median (IQR) 5(3.5;5.5) 6 (3; 8) 0.698
Reiff Mild (1-6) (%, n) 5 (83.3%) 42 (60.9%)
Moderate (7-12) (%, n) 0 (0.0%) 26 (37.7%) 0.024*
Severe (13-18) (%, n) 1(16.7%) 1(1.4%)
Cystic BE, n (%) 1(14.3%) 14 (20.0%) 0.884
Air trapping, n (%) 6 (100.0%) 48 (87.3%) 0.799
Bronchial thickening, n (%) 7 (100.0%) 59 (86.8%) 0.678
Mucus plugging, n (%) 6 (85.7%) 46 (67.7%) 0.578
GGO, n (%) 3 (42.9%) 31 (44.9%) 1.000
Centrilobular GGO, n (%) 1(14.3%) 20 (28.6%) 0.716

* p < 0.05 considered statistically significant.

Abbreviations: SD = standard deviation, IQR = interquartile range, BMI = body mass index, FVC = forced
vital capacity, FEV1 = forced expiratory volume in 1 second, DLCO = diffusing capacity of the lung for carbon
monoxide, VA = alveolar volume, LCQ = Leicester Cough Questionnaire, SGRQ = St. George’s Respiratory
Questionnaire, ACT = Asthma Control Test, CAT = COPD Assessment Test, BE = bronchiectasis, GGO = ground
glass opacity, PA = Pseudomonas aeruginosa, CBI = chronic bacterial infection.
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5. Results

5.10 DIAGNOSIS OF ASSOCIATED CRS

Diagnosis of associated CRS was primarily based on clinical characteristics, with imaging

or endoscopic confirmation when available. Complete data were available for 73 patients.

Among them, 20 patients (27.4%) reported the presence of at least two symptoms

compatible with CRS for more than 12 weeks.

Among patients with no UAS, 41 individuals (54.7%) were classified as negative for CRS
(Group F). An additional 3 patients, previously treated endoscopically for CRS, had

remained symptom-free since surgery and were categorized as Group E.

In 9 patients (12.0%), UAS were present; however, the duration, location, or combination of

symptoms did not fulfil the diagnostic criteria for CRS (Group D).

Associated CRS was ultimately diagnosed in 23 patients (31.5%), including the 3 patients
previously classified in Group E. Among those with CRS, 11 patients (34.4%) received a
clinical diagnosis without confirmation by CT or endoscopy, while 5 patients (15.6%) had
instrumentally confirmed CRS. Additionally, 4 patients (12.5%) were identified as having
CRS with nasal polyps (CRSwWNP).

Table 5.22: Descriptive comparison of results between CRS subgroups

e (T, e Clinical CRS Confirmed CRSWNP Past CRS
724y n=11 CRS n=5 n=4 n=3
Age, years, mean (t SD) 53.18 (20.5)  70.6(9.07) (iégg) 48.67 (7.51)
Females, n (%) 8 (72.73%) 4 (80%) 3 (75%) 2 (66.67%)
BMI kg/m?, mean (+ SD) 22.57 (4.56) 22.48 (1.56) 25.72 (1.43) 23.29 (3.14)
Daily sputum volume ml, 25.45
mean (& SD) (18.64) 17 (7.59) 30 (18.26) 6.66 (2.89)
Sputum colour (Murray ) ) ) )
core), mean (£ D) 2 (2; 2.75) 2(1;2) 2.5(2;3) 2 (1.5; 3)
Total exacerbations n, mean 1.18 (1.4) 1(1.22) 1(0) 4(52)
(x SD)
?i":;‘;xacerbat'°"s nmean 5 (63.64%) 4 (80%) 3 (75%) 1(33.33%)
Inhaled corticosteroid 6 (54.55%) 3 (60%) 3 (75%) 1(50%)
Chronic infection n (%) 4 (36.36%) 3 (60%) 2 (50%) 1(50%)
CBI for PA n (%)
FACED Score, mean (+ SD) 2.73(1.95) 2.6 (2.7) 2.5(0.58) 2.33(0.58)
FACED Mild (%, n) 5 (45.45%) 3 (60%) 2 (50%) 2 (66.67%)
Moderate (%, n) 5 (45.45%) 1 (20%) 2 (50%) 1(33.33%)
Severe (%, n) 1 (9.09%) 1 (20%) 0 (0%) 0 (0%)
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BSI Score, mean (1 SD)

BSI Mild (%, n)
Moderate (%, n)
Severe (%, n)

LCQ score, mean (x SD)
SGRQ score, mean (t SD)

SGRQ quartile 1%, n (%)
2", n (%)
3 n (%)
4t n (%)

ACT score, mean (+ SD)

ACT Not controlled n(%)
Poorly controlled n (%)
Well controlled n (%)

CAT score, mean (+ SD)
CAT Low, n (%)

Medium, n (%)

High, n (%)

Very high, n (%)

FVC %, mean (£ SD)
FEV1 %, mean (x SD)
FEV1/FVC %, mean (t SD)
TLC %, mean (£ SD)

DLCO/VA %, mean (+ SD)

Eosinophils %, mean (+ SD)

Eosinophils 109L,
mean (x SD)

FEnO ppb, mean (+ SD)

Number of lobes with BE,
mean (x SD)

Reiff Index, mean (+ SD)

Reiff Mild (1-6) (%, n)
Moderate (7-12) (%, n)
Severe (13-18) (%, n)

Cystic BE, n (%)
Air trapping, n (%)

5.09 (3.59)
5 (45.45%)
4 (36.36%)
2 (18.18%)

Quality of Life Questionnaire

14.66 (3.53)
42.73
(17.83)
1 (9.09%)
6 (54.55%)
3(27.27%)
1 (9.09%)
20.55 (4.59)
0 (0%)
3(27.27%)
8 (72.73%)
15.14 (6.2)
1(14.29%)

5 (71.43%)
1(14.29%)

Lung function
80.73
(31.27) 102.7 (9.1)
84.56
(27.46) 97.72 (11.67)
73.87
(11.17) 79.06 (7.77)
94.59 (6.39) 88.6 (11.86)
96.36
(14.32) 102 (8.02)
Inflammatory markers
3.17(3.25)  4.18(3.16)
0.19(0.18)  0.26(0.22)
20.45
(20.69) 33.75 (13.1)
Radiology
3.27 (1.85) 3.4 (1.95)
4.64 (3.14) 3.2(2.17)
7 (63.64%) 5 (100%)
4 (36.36%) 0 (0.00%)
0 (0.00%) 0 (0.00%)
2 (18.18%) 0 (0%)
6 (75%) 3 (75%)
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5.8 (3.7)
2 (40%)
2 (40%)
1 (20%)

16.05 (2.76)

38 (15.22)

1 (25%)
2 (50%)
1 (25%)
0 (0%)

21.4 (3.58)
0 (0%)

1 (20%)
4 (80%)
21.67 (7.09)
0 (0%)
1(33.33%)
2 (66.67%)

5.25 (2.5)
1(25%)
3 (75%)
0 (0%)

16 (2.83)

45.14 (7.19)
0 (0%)
3 (75%)
1 (25%)

0 (0%)
22 (1.41)
0 (0%)

0 (0%)

4 (100%)
17.33 (4.51)
0 (0%)

2 (66.67%)
1(33.33%)

77.95
(11.37)

68.38 (8.45)

70.21 (5.95)

94.78
(22.78)

90.38 (8.4)

2.45 (3.06)

0.15 (0.17)

27 (13.04)

3.5(1.91)

6 (4.55)

3 (75%)

1 (25%)
0 (0.00%)
1 (25%)

3 (100%)
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3.67 (2.52)

2 (66.67%)

1(33.33%)
0 (0%)

16 (2.83)
45.14 (7.19)

0 (0%)
1 (50%)
0 (0%)

1 (50%)
22 (1.41)
2(22.22%)
0 (0%)

7 (77.78%)

16.88 (10.44)

2 (25%)
4 (50%)
1(12.5%)

85.42 (12.01)

92.7 (4.2)

77.99 (6.24)

94.78 (22.78

90.38 (8.4)

3.33(3.82)
0.2 (0.26)

17 (11.27)

4.33 (1.53)

6.33 (4.93)
2 (66.67%)
1(33.33%)
0 (0%)
0 (0%)
2 (66.67%)




5. Results

Bronchial thickening, n (%) 8 (80%) 5 (100%) 4 (100%) 2 (66.67%)
Mucus plugging, n (%) 6 (60%) 3 (60%) 3 (75%) 1(33.33%)
GGO, n (%) 3(27.27%) 0 (0%) 1 (25%) 2 (66.67%)
Centrilobular GGO, n (%) 1 (9.09%) 0 (0%) 1 (25%) 2 (66.67%)

* p < 0.05 considered statistically significant.

Abbreviations: CRS: chronic rhinosinusitis, CRSWNP: chronic rhinosinusitis with nasal polyps, SD
= standard deviation, IQR = interquartile range, BMI = body mass index, FVC = forced vital
capacity, FEV1 = forced expiratory volume in 1 second, DLCO = diffusing capacity of the lung for
carbon monoxide, VA = alveolar volume, LCQ = Leicester Cough Questionnaire, SGRQ = St.
George’s Respiratory Questionnaire, ACT = Asthma Control Test, CAT = COPD Assessment Test,
BE = bronchiectasis, GGO = ground glass opacity, PA = Pseudomonas aeruginosa, CBI = chronic
bacterial infection.

Patients with CRS showed significantly higher sputum volume compared to those without
this comorbidity (p = 0.024). They also exhibited slightly lower radiological extension, with
a lower average number of lobes affected by bronchiectasis (3.4, SD 1.76 vs. 4.22, SD 1.69;
p = 0.050) and lower Reiff scores (4.64, SD 3.34 vs. 6.29, SD 3.34; p = 0.044). On the other
hand, no significant differences were found between patients with and without CRS
regarding age, bronchiectasis severity, exacerbation rate, FeNO levels, asthma diagnosis

or suspicion, and lung function (Tab 5.23)

Tab 5.23: comparison of results between patients with and without CRS diagnosis

Variable (unit, expression) CRS-BE CRS excluded p value
n=23 n=54
Age, years, median (IQR) 55.72 (17.89) 58.66 (16.19) 0.511
Females, n (%) 19 (76.0%) 40 (80.0%) 0.921
BMI kg/m?, median (IQR) 22.91 (3.53) 24.83 (6.06) 0.331
Daily sputum volume ml, median (IQR) 22.2 (16.34) 16.08 (19.44) 0.024*
Sputum colour (Murray score), mean (+ SD) 2(2;3) 2 (1.25;3) 0.800
Total exacerbations n, median (IQR) 1.48 (2.24) 1.16 (1.6) 0.311
Mild exacerbations n, median (IQR) 16 (64.0%) 24 (48.0%) 0.287
Inhaled corticosteroid 14 (58.3%) 27 (55.1%) 0.992
Chronic infection n (%) 11 (45.8%) 20 (43.5%) 1.000
CBI for PA n (%)
FACED Score, median (IQR) 2.6 (1.85) 2.86 (1.71) 0.445
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FACED Mild (%, n)
Moderate (%, n)
Severe (%, n)

BSI Score, median (IQR)

BSI Mild (%, n)
Moderate (%, n)
Severe (%, n)

LCQ score, median (IQR)

SGRQ score, median (IQR)

SGRQ quartile 1%, n (%)
2", n (%)
3" n (%)
4t n (%)

ACT score, median (IQR)

ACT Not controlled n(%)
Poorly controlled n (%)
Well controlled n (%)

CAT score, median (IQR)
CAT Low, n (%)

Medium, n (%)
High, n (%)
Very high, n (%)
FVC %, mean (£ SD)
FEV1 %, median (IQR)
FEV1/FVC %, median (IQR)

TLC %, median (IQR)

DLCO/VA %, median (1QR)

Eosinophils %, median (IQR)
Eosinophils 10%L, median (1QR)

FEnO ppb, median (IQR)

Number of lobes with BE, median (IQR)
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13 (52.0%)
9 (36.0%)
3 (12.0%)

5(3.12)

11 (44.0%)
11 (44.0%)
3 (12.0%)

Quality of Life Questionnaire

15.18 (3.16)

43.94 (16.58)

2 (9.5%)
12 (57.1%)
5 (23.8%)

2 (9.5%)

21 (3.78)

1 (4.5%)
4 (18.2%)
17 (77.3%)

16.93 (6.02)

1(7.1%)
9 (64.3%)
4 (28.6%)
0 (0.0%)

Lung function

84.54 (24.8)
84.02 (23.16)
75.51 (9.42)
92.76 (12.85)

94.59 (12.26)
Inflammatory markers
3.08 (3.04)
0.19 (0.18)
22.29 (17.11)
Radiology

3.4 (1.76)

23 (46.9%)
14 (28.6%)
12 (24.5%)

5.84 (3.51)

19 (38.8%)
19 (38.8%)
11 (22.4%)

15.23 (4.1)

40.09 (16.34)

9 (20.0%)

22 (48.9%)

13 (28.9%)
1(2.2%)

21.14 (3.97)

10 (22.7%)
4(9.1%)
30 (68.2%)

15.16 (7.95)
13 (34.2%)

17 (44.7%)
6 (15.8%)
2 (5.3%)
86.37 (17.42)
79.49 (19.05)
74.19 (10.18)

91.33 (20.47)

99.57 (14.64)

2.17 (1.52)
0.17 (0.18)

20.18 (15.1)

4.22 (1.69)
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0.437

0.301

0.555

0.648

0.383

0.400

0.680

0.130

0.401

0.160

0.436

0.411

0.587

0.567

0.183

0.824

0.920

0.814

0.050
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Reiff Index, median (IQR) 4.64 (3.34) 6.29 (3.34) 0.044*
Reiff Mild (1-6) (%, n) 19 (76.0%) 27 (56.2%)
Moderate (7-12) (%, n) 6 (24.0%) 19 (39.6%) 0.199
Severe (13-18) (%, n) 0 (0.0%) 2 (4.2%)
Cystic BE, n (%) 3 (12.0%) 12 (24.0%) 0.347
Air trapping, n (%) 16 (80.0%) 36 (92.3%) 0.338
Bronchial thickening, n (%) 20 (83.3%) 44 (89.8%) 0.682
Mucus plugging, n (%) 14 (58.3%) 37 (75.5%) 0.218
GGO, n (%) 8 (32.0%) 25 (51.0%) 0.190
Centrilobular GGO, n (%) 4 (16.0%) 16 (32.0%) 0.230

* p < 0.05 considered statistically significant.

Abbreviations: CRS: chronic rhinosinusitis, SD = standard deviation, IQR = interquartile range,
BMI = body mass index, FVC = forced vital capacity, FEV1 = forced expiratory volume in 1 second,
DLCO = diffusing capacity of the lung for carbon monoxide, VA = alveolar volume, LCQ = Leicester
Cough Questionnaire, SGRQ = St. George’s Respiratory Questionnaire, ACT = Asthma Control Test,
CAT = COPD Assessment Test, BE = bronchiectasis, GGO = ground glass opacity, PA =
Pseudomonas aeruginosa, CBI = chronic bacterial infection.
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5. Results

5.11 PATIENTS WITH PURE BE VS BE WITH COMORBIDITIES

Overall, patients with pure bronchiectasis, meaning with no comorbidity confirmed or highly
suspected, were 33 (42.9%).

Among those with comorbidities, 34 (77.3% of the subgroup, 44.1% of the cohort) had only
one AWD apart from BE, while 10 (22.7%; 12.8% of the entire study population) had two

confirmed or suspected comorbidities (Fig 5.5).

No differences were observed between pure patients and those with at least one
concomitant AWD in terms of clinical presentation, microbiology, lung function, severity,

exacerbations or QoL. Results of the comparison are reported in Tab 5.24.

COPD-CRS || COPD

0,

3% 6%

CRS
19% Pure BE
43%
Asthma-CRS
10%

16% 3%

Figure 5. 5 Distribution of comorbidities in our BE cohort.

Abbreviations: CRS: Chronic Rhinosinusitis, CODP: Chronic obstructive pulmonary disease, Susp: suspected, Conf:
confirmed. Note: Asthma-CRS includes both suspected and confirmed asthma patients.
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Table 5.24: Comparison of results between patients with any BE comorbidity (asthma,

COPD, CRS) and pure BE
Variable (unit, expression)
Age at consent, years, median
(IaR)

Female, n (%)

BMI, median (IQR)

Daily sputum volume, mL, median

(IQR)

Sputum colour (Murray score),

median (IQR)

Total exacerbations n, median
(IQR)

Mild exacerbations n, median
(IQR)

Inhaled corticosteroid n, (%)

Chronic infection n (%)

CBI for PA n (%)

FACED Score, median (IQR)
FACED Mild (%, n)
Moderate (%, n)
Severe (%, n)
BSI Score, mean (x SD)
BSI Mild (%, n)
Moderate (%, n)
Severe (%, n)

LCQ score, mean (+ SD)
SGRQ score, mean (+ SD)

SGRQ quartile 1%, n (%)
2" n (%)
3, n (%)
4% n (%)

ACT score, mean (x SD)

ACT Not controlled n(%)
Poorly controlled n (%)
Well controlled n (%)

CAT score, mean (+ SD)

CAT Low, n (%)
Medium, n (%)
High, n (%)
Very high, n (%)

V1 FVC post %, mean (+ SD)
V1 FEV1 post %, mean (+ SD)
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BE with COMORBIDITIES
63 (46; 71)

75.0% (33/44)
24.51 (20.88; 27.72)
10 (5; 21.25)

2 (1.5; 3)
1(0; 1)
1(0; 1)

63.64%
21 (48.84%)

20 (45%)
Severity

3(2;4)
3 (42.86%)
2 (28.57%)
2 (28.57%)
5.34 (3.16)
1(14.29%)
5 (71.43%)
1(14.29%)
Quality of Life Questionnaire
17.42 (2.97)
34.17 (13.67)
2 (33.33%)
3 (50%)
1(16.67%)
0 (0%)
21.5(2.35)
1(16.67%)
0 (0%)
5 (83.33%)
16.62 (7.48)
1(25%)
2 (50%)
1 (25%)
0 (0%)
Lung function
86.2 (16.23)

72.17 (19.28)

Pure BE
63 (47; 70)

75.0% (25/33)
22.66 (19.9; 25.95)

10 (4.99; 20)
2(2;3)
1(0;2)
1(0;1)

42.42%
16 (62.5%)

40.62%

3(2; 4.25)
33 (47.83%)
23 (33.33%)
13 (18.84%)
5.94 (3.65)
29 (42.03%)
26 (37.68%)
14 (20.29%)

15.09 (3.88)
41.64 (16.7)
10 (16.39%)
31 (50.82%)
17 (27.87%)
3 (4.92%)
21.08 (3.98)
10 (16.39%)
8(13.11%)
43 (70.49%)
16.62 (7.48)
13 (27.08%)
24 (50%)
9 (18.75%)
2 (4.17%)

85.9 (20.25)
81.83 (20.33)

p-value

0.877

0.441
0.157
0.400

0.885

0.671

0.375

0.106
0.347

0.894

0.767

0.826

0.460

0.209

0.120
0.254

0.699

0.816

0.634

0.288

0.970

0.838
0.286




V1 FEV1/FVC post %, mean (+ SD)

TLC % predicted, mean (+ SD)
DLCO/VA % predicted, mean (+
SD)

Eosinophils %, mean (+ SD)
Eosinophils 10%L, mean (+ SD)
FENnO ppb, mean (+ SD)

Number of lobes, median (IQR)
Reiff index, median (IQR)

Reiff Mild (1-6) (%, n)
Moderate (7-12) (%, n)
Severe (13-18) (%, n)

Cystic BE, n (%)

Air trapping, n (%)
Bronchial thickening, n (%)
Mucus plugging, n (%)
GGO, n (%)

Centrilobular GGO, n (%)

64.47 (7.77)
86.45 (17.66)

97.98 (12.21)

Inflammatory markers

2.23 (1.76)
0.13 (0.08)
26.71 (29.4)
Radiology
4(2;5)
5(2; 7.25)
5 (83.33%)
0 (0%)
1(16.67%)
20.4% (9/44)
6 (100%)
7 (100%)
6 (85.71%)
3 (42.86%)
1(14.29%)

75.45 (9.54)
91.95 (18.58)

98.18 (14.25)

2.6 (2.39)
0.19 (0.19)
20.16 (13.67)

45 (3;6)

6 (4;8)
42 (60.87%)
26 (37.68%)

1(1.45%)
20.4% (7/32)
48 (87.27%)
59 (86.76%)
46 (67.65%)
31 (44.93%)
20 (28.57%)

5. Results

0.016
0.648

0.974

0.970
0.763
0.912

0.187
0.249

0.024*

0.500
0.799
0.678
0.578
1.000
0.716

* p < 0.05 considered statistically significant.
Abbreviations: COPD: chronic obstructive pulmonary disease, CRS: chronic rhinosinusitis, SD =

standard deviation, IQR = interquartile range, BMI = body mass index, FVC = forced vital

capacity, FEV1 = forced expiratory volume in 1 second, DLCO = diffusing capacity of the lung for
carbon monoxide, VA = alveolar volume, LCQ = Leicester Cough Questionnaire, SGRQ = St.

George’s Respiratory Questionnaire, ACT = Asthma Control Test, CAT = COPD Assessment Test, BE
= bronchiectasis, GGO = ground glass opacity, PA = Pseudomonas aeruginosa, CBI = chronic

bacterial infection.
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6.1 THE DEFINITION ISSUE

“The limits of my language means the limits of my world.”(Ludwig Wittgenstein)(240).

Philosophers from all eras have been debating about the power of words, not only as an

instrument to describe reality, but also to influence and manipulate it.

In science and medicine, precision in the use of terms is not merely an academic concern
but a fundamental requirement for accurate clinical practice. Misclassifying patients’ signs,
symptoms, or diseases can lead to significant consequences in their clinical management.
However, medical definitions are not written in stone; they are often revised and debated
as new research and clinical experiences yield fresh insights. While some debates may
seem less critical than others, they are essential to maintaining the rigor that evidence-

based medicine demands.

This is the case of the term “overlap”. Since the first appearance of the definition “asthma
and COPD overlap (ACO) syndrome”, the respiratory science community has debated the
necessity and appropriateness of creating a new pathological entity to describe the
overlapping features of these two well-known conditions. ACO supporters highlight how this
term identifies a distinct group of patients with unique characteristics, symptoms, genetics
and indication of treatment (241). Conversely, critics contend that the term oversimplifies
the complex relationship between asthma and COPD, grouping together patients with
diverse presentations and needs, thereby neglecting the specificities of each underlying
condition(242). Today the definition is rarely used as definitions of asthma and COPD have

also been changing.

In the case of BE and associated respiratory conditions, things are yet more complicated
by the lack of reliable evidence. In fact, as reported in the “Introduction” chapter, available
data about the association of BE and other AWD is limited and primarily derived from
registries and retrospective studies, not enough to support the identification of a distinct
clinical entity that shares features of both diseases. Therefore, in this thesis, the candidate
has chosen not to use the term "overlap." Instead, the terms “comorbidities” and

“coexistence” have been used.

6.2 DEMOGRAPHIC DESCRIPTION AND BE CHARACTERIZATION

Our study enrolled 77 patients with bronchiectasis, with clear predominance of women,
most of them with mild and moderate disease. Chronic cough was the most common of
chronic symptoms, severely affecting at least a quarter of patients and significantly
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impacting social life, even among those with a milder symptom burden. Two thirds of
participants referred daily expectoration, mostly mucopurulent or purulent. Dyspnoea, on
the other hand, was less common and mild when reported. Most patients reported at least
one exacerbation during the previous year, even though only few of them had needed

secondary care or hospitalization.

Most of the cohort had chronic respiratory treatment. Inhaled treatments were the most
common, especially ICS/LABA, that was used by approximately half of the patients.
Antibiotic burden was also important: 20% of patients received chronic inhaled antibiotic
treatment, while oral azithromycin was chronically prescribed with immunomodulatory
purpose to 40% of them. On the other hand, physiotherapy, one of the cornerstones of BE
treatment, was performed regularly by approximately 40% of subjects, but almost half of the

entire study population had never been referred to respiratory rehabilitation.

The composition of our study population is heterogeneous and reflects the fact we
deliberately adopted broad inclusion criteria and restricted exclusion criteria only to those
conditions that could clearly bias the results. This approach allowed us to evaluate airway
involvement and comorbidities in a real-life context, rather than within an artificially

homogeneous and selectively ideal population.

We acknowledge that this heterogeneity may reduce the statistical power and internal
consistency of our findings. However, we believe this limitation is counterbalanced by the
consistency of our results with available literature. Moreover, the applicability of our findings
to day-by-day clinical practice strengthens the study's value as a tool for understanding the

implications and diagnostic challenges of airway comorbidities.

In particular, the composition of our sample reflects the characteristics of the entire
population accessing our outpatient clinic. Although there is a common predominance of
females in BE international cohorts (32,42,227), it could be that the excessive rate of women

in our population reflects their greater willingness to participate in research studies.

This aligns with previous findings suggesting that women are more likely to respond to
surveys and studies(243-245).

Notably, the prevalence of rare aetiologies in our cohort, such as primary
immunodeficiencies and PCD was relatively high compared with those reported in
literature(32,147,187,227). This likely reflects the fact that our Clinic serves as reference
centre for most rare diseases, leading to a higher proportion of patients with these

conditions in follow-up compared to the prevalence typically reported.
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On the other hand, participants in our study exhibited milder disease compared to what is
reported in the literature, as reflected in clinical scores, frequency of exacerbations, and
hospitalization rates. Despite broad inclusion criteria, the mandatory 4-week stability period
prior to inclusion may have been more challenging for patients with severe disease.
Additionally, more severe patients in our clinic tend to be older, have greater mobility
limitations, are more dependent on caregivers, face difficulties performing lung function

tests, or are already enrolled in clinical trials offering potential treatment benefits.

It is also important to highlight that exacerbation data in our study were not investigator-
confirmed. They referred to the year preceding enrolment and were based on patient self-
report and/or verification of antibiotic prescriptions in electronic pharmacy records when
available. This represents a potential source of bias, as patients and primary care
physicians may have used criteria different from those defined by our protocol, possibly
leading to under- or overestimation of exacerbation frequency. To account for this limitation,
we decided to use both the BSI and FACED scores to stratify disease severity, given that
only the BSI incorporates exacerbation frequency. The good correlation observed between
the two scoring systems suggests that any inaccuracies in exacerbation reporting did not

significantly compromise the robustness of the severity assessment.

Levels of dyspnoea and percentage of patients with minimal or absent expectoration were
consistent with previously reported data, while our sample showed higher degrees of
purulence according to the Murray Sputum Scale, as well as greater daily sputum volumes
in a larger proportion of patients. Data from the EMBARC registry indicate that
approximately 30% of nearly 14,000 patients reported minimal expectoration. Among these,
sputum was mucoid in 28.2% (average daily production of 10 ml), mucopurulent in 27.8%
(average 15 ml/day), purulent in 12.9% (average 20 ml/day), and severely purulent in less
than 1% (producing >30 ml/day)(246). This difference could be attributed to the higher
proportion, in our study, of patients with aetiologies traditionally associated with greater
sputum production, such as PCD. Also, this apparent contradiction, a less severe population
with a higher burden of sputum production, may be related to follow-up duration. Most of
our patients have been under follow-up for over 5 years, during which time treatment may
have been optimized, and they could have developed better self-management skills, leading
to fewer exacerbations despite a significant symptomatic burden. This is supported by
evidence from several chronic conditions, which has shown that optimal self-management,
greater disease awareness, and patient empowerment can lead to improved clinical
outcomes (247,248). Apart from sputum production, cough is another key symptom in BE

patients, both for its clinical relevance and its potential impact on quality of life. The LCQ is
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a valuable tool for the multidimensional assessment of cough, validated across various
respiratory conditions, including BE(249). In our cohort, both the overall LCQ score and the
scores of individual domains were consistent with those reported in previously published
BE studies(249,250). Notably, our findings closely align with those of the Spanish BE cohort
used to validate the Spanish version of the LCQ. This similarity is particularly relevant, as
quality of life questionnaires may be influenced by geographic, cultural, and social
factors(251).

Although these studies have reported a correlation between disease severity and LCQ
scores, we observed correlation only with BSI categories, not with FACED in our cohort
(respectively p=0.031; p=0.182). This partial correlation might be attributed, at least in part,

to the relatively small sample size and the limited number of patients with severe disease.

Despite being a valuable tool for cough assessment, particularly in clinical research, the
LCQ is often impractical and very rarely performed in routine clinical visits. Its administration
requires a time investment that is rarely feasible within the limited duration of a standard
outpatient visit (typically 10—15 minutes), during which multiple signs and symptoms must
be assessed simultaneously. Moreover, patients are not always willing to complete the
questionnaire repeatedly, especially when multiple instruments are administered during the

same visit, as these are time consuming.

To identify a more pragmatic alternative for clinical purposes, we explored the use of a
single-question item with three response options to assess cough frequency. This simplified
approach showed good correlation with the LCQ score (p<0.001). Although highly
subjective and lacking in detailed information regarding symptom characteristics and
impact, it is quick and easy to administer, can be routinely integrated into standard clinical

interviews, and may support the identification of symptom changes over time.

We aimed to evaluate whether the frequency and distribution of symptoms in our population
may have influenced the widespread use of inhaled therapies in the majority of the cohort.
In fact, according to European guidelines, the indication for BD use in BE is limited to the
presence of breathlessness, to improve tolerance to physiotherapy and inhaled ATBs, or in
case of known respiratory comorbidities such as asthma or COPD(43). In our cohort, the
reasons guiding the prescription and selection of respiratory treatments prior to enrolment
could not be retrieved and can only be retrospectively speculated. While all 56 patients had
at least one indication for BD treatment, the choice of ICS/LABA in most of them remains
unclear. In fact, current guidelines do not recommend ICS/LABA in BE patients without
asthma, although recent evidence suggests potential benefit in patients with peripheral
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eosinophilia (43,122,252). However, it is unlikely that such evidence influenced treatment

decisions, as it was published after patient enrolment.

Moreover, ICS overuse despite the absence of clear indications is already a recognised
issue: in the EMBARC database, 32.7% of patients without other airway comorbidities had
been prescribed ICS, as well as the 39% of the patients included in the USA registry and
the 66% of Spanish patients included in the Spanish registry RIBRON(32,144,227). These
patients were generally more severe, with worse lung function and higher BSI scores(227).
Similarly, in our cohort, patients receiving ICS showed higher FACED scores (p=0.006),
greater sputum volume (p=0.022), and a higher prevalence of chronic infection (p<0.001),
although no differences were observed for BSI scores, cough, dyspnoea, lung function or
CBI for PA.

Itis possible that increased disease severity, in the absence of treatments capable of halting
disease progression, led clinicians to escalate inhaled therapy, even if the choice of ICS
specifically is still not supported by scientific evidence so far in BE. Additionally, at the time
of data collection the reason for starting ICS in the previous years had not been reported

and their potential effect on long-term symptoms could not be assessed.

On the other hand, the use of inhaled ATB in our cohort was significantly more frequent than
reported in other series, such as EMBARC (7.7%) and an Indian cohort (4%), but aligned
with the rate observed in the Spanish registry (19.5%). Despite the absence of a formal
indication, in Spain the prescription and reimbursement of inhaled antibiotics in BE is
subject to fewer restrictions, particularly in reference centres where their use is traditional
since a couple of decades. Conversely, in many other European and non-European
countries, inhaled antibiotics remain either unavailable, prohibitively expensive, or limited

to CF patients, which likely contributes to their lower prescription rates.

Surprisingly, the use of azithromycin in our cohort was almost twice as high as that reported
in the literature(32,147,187,227). Our Centre has a long-standing experience with chronic
macrolide therapy in BE and Cystic Fibrosis patients, which may have contributed to its
more frequent use. According to current guidelines, azithromycin is recommended in
patients experiencing at least two (Spanish guidelines) or three (European guidelines)
exacerbations per year, as it has been shown to reduce exacerbation frequency in
BE(43,253,254).

As for other treatments, we were unable to assess the appropriateness of the initial

azithromycin prescriptions in our cohort. However, it is possible that its use contributed to
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better disease control, potentially reducing the number of annual exacerbations and

influencing the overall severity profile of the population.

Physiotherapy was reported in a lower proportion of patients than observed in other series,
despite the rate of patients that had been referred to respiratory rehabilitation was similar
(32,227). It is important to notice that access to physiotherapy in our centre is not direct. In
fact, our hospital does not have a dedicated physiotherapist working in the BE clinic as in

other countries, but a patient referral to the Rehab Department is required(255).

The lower prevalence of patients actively performing airway clearance techniques, despite

having received appropriate instruction, is likely due to poor adherence.

Physiotherapy interventions can be time-consuming, physically demanding, and disruptive
to daily routines, all of which can significantly affect a patient's willingness and ability to
comply. Additionally, the relatively stable condition and lower severity of our patient cohort,
compared to those in other published studies, may account for the reduced need for airway

clearance techniques in this population.

Finally, the use of hypertonic saline in our cohort was comparable to that reported in the
EMBARC registry (8%), but significantly higher than in the Spanish registry (2.5%). Once
again, familiarity with this treatment and the ease of prescription within our hospital setting

may have contributed to its increased use.

6.3 ASTHMA, COPD AND CRS: CLINICAL EVALUATION

Almost all patients reported having experienced at least one symptom typically associated
with asthma throughout their life. Between asthma-like symptoms, cough was the most
frequently reported symptom (80% of patients), followed by wheezing, which was observed
in more than 60% of the cohort and was present in 50% of those cases during the month
preceding study enrolment. Sudden onset of dyspnoea and chest tightness were reported

by approximately one third of the cohort.

Although these symptoms were commonly triggered by respiratory infections, a substantial
proportion of patients (n:37, 48%) also experienced them in stable conditions. In a
considerable number of cases (45%), symptoms occurred only upon awakening, at night,

or in response to various environmental triggers.
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Current exposure to inhalants potentially capable of inducing airway hyperreactivity was
reported by half of the patients, although no clear association with symptom presence was
identified. This suggests that symptoms in our patients are not secondary to external

causes, but due to other factors correlated with the primary disease.

The high prevalence of wheezing in our cohort is surprising. While wheezing is frequently
listed among the common symptoms of BE, it is rarely highlighted in studies on BE patients,
nor it is consistently investigated in registries or databases, including those from Europe
and Spain. In a 2024 systematic review on the clinical and socio-economic burden of BE,
wheezing was mentioned in only 15 out of 338 studies analysed, with prevalence varying
widely from 15% to 65% (256). Eden and colleagues found significant variation in wheezing
prevalence across different aetiologies: it was reported in 70% of PCD patients, but in less
than a third of those with BE secondary to AATD (26%), idiopathic BE (29%), or BE due to
CVID (33%) (257).

Similarly, chest tightness is a symptom that is difficult to define objectively and can be
influenced by extra-respiratory factors such as cardiac conditions, anxiety, or
pneumothorax. Additionally, the way chest symptoms are described in questionnaires, using
terms such as 'tightness,' 'pain,' or 'oppression’', may lead to confusion and inconsistent
reporting by patients. Even in asthma, this symptom remains underexplored. A 'Chest
Tightness Variant' (CTV) of asthma has been proposed, characterized by chest tightness in
the absence of other classic asthma symptoms(258). However, there is limited evidence
supporting the validity of this phenotype, and the prevalence of chest tightness is
infrequently reported in clinical studies(259). To our knowledge, no previous studies have
specifically assessed the presence and significance of chest tightness or sudden dyspnoea

in patients with BE.

Although these symptoms are typically associated with asthma and bronchospasm, we
excluded patients with a previously known co-diagnosis of asthma from our study.
Furthermore, even accounting for the potential underdiagnosis of asthma, the prevalence
of these symptoms in our BE cohort is substantially higher than the reported prevalence of
asthma in the European BE registry(122). This suggests that such symptoms may be driven
by pathophysiological mechanisms distinct from the classic bronchial smooth muscle
constriction seen in asthma. For example, they may be related to BE-specific factors such
as reduced bronchial diameter due to mucus plugging or transient bronchial wall thickening
during exacerbations. This hypothesis could also explain the considerable variability in the

recurrence of these symptoms within the same patient over time.

Letizia Traversi, The ABCS study @




6. Discussion

Nevertheless, data on this phenomenon in BE are currently insufficient. We cannot rule out
a more frequent involvement of bronchial smooth muscle in some BE patients, or the
possibility of underdiagnosed comorbid asthma. In fact, the lack of a standardized definition
of asthma within the context of BE complicates the ability to draw definitive conclusions.
More consensus and targeted research are clearly needed to improve the understanding

and management of BE patients presenting with these overlapping clinical features.

While asthma clinical evaluation in our study was mainly directed at symptoms description,
the assessment of COPD was centred around identifying exposures that may contribute to
the development of chronic bronchial obstruction, as typical COPD chronic symptoms are
not distinguishable from BE presentation (dyspnoea, cough, etc). In addition, previous or
current smoking was reported only in one fifth of the cohort; however, only cumulative
exposure was equal or superior to 10 pack-years only in half of them, representing
approximately 10% of the total sample. An even smaller proportion of patients (less than

8%) reported occupational exposure to noxious particles for at least 10 years.

The proportion of active and formed smokers in our series is similar to that of the general
Spanish population (18%) but lower than the reported rate in other BE series, including

Spanish and European registries (32,227,260).

Smoking prevalence varies significantly by region: in BE, current and former smokers make
up 17% in China, 28% in India, 46% in Central, Northern, and Southern Europe, and 51%
in Eastern Europe. In the Spanish registry, 8.3% were active smokers and 33% were former

smokers, with an average consumption of 31 packs per year.
The exclusion of known COPD patients from our study may explain this difference.

In our clinic, BE patients with bronchial obstruction and a history of 210 pack-years are
routinely diagnosed with BE+COPD, according to ROSE criteria. As a result, most patients
with a significant smoking history were likely excluded from the study, given that a COPD

diagnosis was an exclusion criterion.

However, in some cases, smoking history may not be recorded in our electronic medical
records, or information on pack-years may be incomplete. The inclusion of smokers or
former smokers in our study could therefore be attributed either to this missing pre-
enrolment data or to the fact that COPD had already been clinically ruled out in those

individuals. This could have skewed the results, with very few smokers in the study.
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Smoking is the most important risk factor for COPD development in high-income countries.
However, it is increasingly recognized as a contributor to BE development and
progression(176). Smoking promotes inflammation and disrupts the balance of
inflammatory molecules, promoting airway damage. It also alters the local immune
response and impairs mucociliary clearance, increasing susceptibility to viral and bacterial
infections. Moreover, smoking is a common risk factor for comorbidities, such as GERD,
which can further negatively impact on BE symptoms and disease progression (176).The
extent of exposure appears to play a significant role: the risk of developing BE is higher in
individuals with a smoking history of more than 10 pack-years, particularly among younger

individuals, females, and those who are overweight(261).

On the other hand, the COPDGene cohort provides valuable insights into the impact of BE
on smoking-related damage (223). COPDGene is a multicenter initiative involving over
10,000 patients, aimed at studying the influence of genetic and environmental factors in the
development of COPD. Data from this cohort suggest that BE itself may be a risk factor for
heightened smoking-related harm: even among smokers with normal lung function, the

presence of clinically significant BE was associated with a 15% increase in mortality (223).

UA symptoms were present in 40% of the cohort and were classified as chronic in two-thirds
of these cases. Nasal symptoms, such as congestion, obstruction and blockage, were more
commonly reported than ear or facial symptoms. Three patients were asymptomatic due to

prior sinus surgery.

While the number of studies exploring the prevalence of CRS in BE patients has increased
over the past fifteen years, there is limited information regarding UAS that do not necessarily

fulfil EPOS criteria and lack CT or endoscopic correlation.

A 2018 study on BE patients (excluding subjects with PCD) reported UAS in 35% of the
cohort, a prevalence closely matching that observed in our group. In that study, patients
with UA involvement were characterized by an earlier onset of BE symptoms, higher rates
of comorbid asthma, less extensive radiological involvement based on the Reiff score, and
a lower prevalence of post-infective BE. These associations were not observed in our
cohort(262). On the other hand, a study from 2009 described a much higher prevalence of
chronic UAS in a BE cohort: anterior rhinorrhoea was reported by 89% of the sample,
postnasal drip by 77% as well as nasal congestion, while sneezing by 59%. A combination
of symptoms fulfilling the EPOS criteria was confirmed in 77% of the 88 patients enrolled in

the study(263). Another series of BE patients from Turkey reported the presence of UAS in
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at least half of the population, with nasal blockage in 50%, posterior rhinorrhoea in 42%,
anterior rhinorrhoea in 35%, loss of smell in 34.5%, and sneezing in 28%. The study also
found significant differences in the prevalence of some of these symptoms between BE
patients with allergic rhinitis (AR) and the rest of the study population, which included
individuals meeting EPOS criteria or with a previous diagnosis of CRS. In particular, patients
with AR showed nearly double the prevalence of nasal blockage, anterior rhinorrhoea, loss
of smell, and sneezing(264). It is important to take into consideration that the last two
cohorts did not specify the exclusion or prevalence of PCD, whose presence could have
impacted in the results. However, considering the lower prevalence of this condition in
published series, it is assumable that if present, these patients would have been non
statistically relevant. The findings of these studies suggest that individual symptom
assessment may contribute not only to meeting diagnostic criteria for CRS, but also to the
characterization of distinct CRS phenotypes. Moreover, UAS appear to vary over time. A
population-based longitudinal study involving nearly 5,000 individuals found that only half
of those initially meeting EPOS criteria for CRS had persistent symptoms at follow-up,
representing just 4.8% of the total study population(265). In COPD, emerging evidence
suggests that UAS may worsen over time, particularly in patients experiencing frequent
exacerbations(266). Unfortunately, we do not have the same information regarding BE

patients.

In conclusion, although upper airway symptoms are frequently investigated to rule out the
presence of CRS, their role in the progression of patients with chronic respiratory diseases,
including BE, remains poorly studied. Periodic assessment of these symptoms during
follow-up could provide additional insights and may help identifying specific clinical
phenotypes, even in patients who do not meet the diagnostic criteria for CRS. To date, no

data are available about UAS symptoms evaluation over time in this subgroup.

6.4 QUALITY OF LIFE ASSESSMENT

An interesting finding of our analysis is the statistical correlation observed among all the qol
questionnaires administered, despite each being designed to assess different clinical
domains (cough, asthma-related symptoms, overall respiratory qol, and UAS-related qol).
Moreover, this contrasts with the varying degrees of association with clinical severity
markers and other clinical and instrumental variables. Only some qol scores showed a

significant correlation with clinical severity outcomes, reinforcing the idea that perceived
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quality of life is influenced by broader, possibly psychosocial or individual, factors beyond

the measurable clinical presentation (Fig. 6.1).
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Figure 6. 1 Correlation between QoL scores. Scatter plots showing the correlations between scores from
various clinical questionnaires. Scores increase from left to right on the X-axis and from bottom to top on the
Y-axis, corresponding to increasing symptom severity. The Y-axis represents the SGRQ.

Abbreviations: LCQ: Leicester Cough Questionnaire, CAT: COPD Assessment Test, ACT: Asthma Control Test,
SNOT-22: Sinonasal Outcome Test-22, SGRQ: St. George’s Respiratory Questionnaire.

In our cohort, SGRQ results revealed a moderate overall quality of life impairment, with the
highest burden reported in the symptoms’ domain. While activity and impact scores were
generally lower, a substantial proportion of patients (41.8%) reported significant symptom-

related limitations.

The SGRAQ is a validated tool for assessing quality of life in several respiratory diseases,
including BE (267). It offers a comprehensive evaluation of disease impact across three
domains: Symptoms, which reflect the frequency and severity of respiratory complaints;
Activity, which assesses physical limitations related to dyspnoea; and Impact, which
captures psychosocial effects such as social and occupational restrictions, health-related
concerns, daily life interference, embarrassment, and stigma. While highly informative and
valuable in research settings, its length and completion time (10—15 minutes) make it less

practical for routine clinical use.

The mean SGRQ score in our cohort is consistent with findings from previous studies
(268,269). Interestingly, although patients reported high symptom scores, indicating a
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persistent and burdensome respiratory symptomatology, these symptoms appeared to have
a more limited impact on daily activities and psychosocial well-being. This pattern may
reflect a degree of resilience or empowerment in patients with a long history of
bronchiectasis, who may have adapted over time to the chronic nature of their symptoms
and the lifestyle changes imposed by the disease. Notably, women in our study reported
significantly higher scores in the Impact domain, suggesting a greater perceived disruption
of daily life. This difference may be influenced more by emotional or psychological factors
than by physical limitations, as no significant differences were observed in the Activity

domain.

Previous studies have shown that total SGRQ scores correlate with several clinical
variables, including dyspnoea, sputum production, frequency of exacerbations, and lung
function parameters (FEV1, FVC%). Some symptoms may be more closely associated with
specific subscales: for example, a Spanish study found that wheezing correlated only with
the Symptoms domain(269).

In our cohort, correlation was confirmed for exacerbations, dyspnoea, and FEV1 litres but
not percent predicted value. This last finding suggests that factors such as age and sex,
already adjusted for in predicted reference equations, may still affect patients' perception of
quality of life. Therefore, absolute reductions in lung function might lead to a greater
perceived decline in health status than indicated by normalized percent predicted values,
which tend to minimize inter-individual variability. On the other hand, the association of
SGRAQ with other variables was not observed in our subjects, possibly due to the small size

of the sample and the non homogeneous distribution of severity in the cohort.

The ACT was administered to all patients to evaluate whether our diagnostic criteria
effectively identify individuals with differing asthma-related quality of life. Specifically, we
aimed to explore potential associations between the clinical parameters assessed in our
study and patients’ symptom burden as reflected by ACT scores. Although not validated for
use in bronchiectasis, the ACT is a questionnaire specifically designed to assess disease
control in asthmatic patients.

In this study, it was used to estimate the presence and severity of asthma-like symptoms

and to investigate their relationship with a confirmed asthma diagnosis in our cohort.

Most patients reported good overall asthma-like symptom control based on ACT scores,
with lower scores observed specifically for morning symptoms and the use of reliever
inhalers. Given the ACT's specificity for asthma, no comparative data are available from
bronchiectasis cohorts without asthma, limiting direct comparisons with similar populations.
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For the same reason, the absence of significant correlations with all descriptors in our
cohort, including severity, is not unexpected, and supports the idea that disease-specific
instruments may not be able to predict clinical severity when applied to other conditions,

despite the presence of shared features.

Similarly to SGRQ, CAT, scores in our cohort indicated a predominance of moderate
symptoms, with only a minority of patients (n=12) reporting high or very high impact. Among
individual items, cough, sputum production, and exertional dyspnoea emerged as the most

burdensome symptoms, reflecting the typical clinical profile of bronchiectasis.

Although originally developed to assess quality of life in COPD, the CAT has since been
validated in other respiratory diseases, including bronchiectasis, showing good
psychometric properties (270-272). Given its broad applicability and validation across
chronic respiratory diseases beyond COPD, a revised version of the questionnaire,
renamed “the Chronic Airways Assessment Test (CAAT)”, has recently been proposed
(273). The main modification lies in the wording of the questions, which now refer to “chronic
respiratory diseases” rather than COPD specifically. This updated version has been
validated in patients with COPD and asthma, but not yet in BE (273). For this reason, we
used the original CAT in our study.

In BE, CAT has demonstrated good correlation with disease severity, such as BSI and E-
FACED scores, as well as with dyspnoea and exercise limitation measured by tests like 6

minutes walking test (6MWT) and cardiopulmonary exercise testing (CPET) (270,271).

In our study, correlations between CAT scores and clinical variables mirrored those
observed for the SGRQ (FEV1 in litres, exacerbations, and dyspnoea), and statistical
correlation between the two scores was confirmed. These data support the potential of this
tool as a valid alternative to more complex questionnaires, particularly in clinical practice.
Its ease of use, clarity, and rapid completion time, combined with its good correlation with
bronchiectasis-specific instruments such as the SGRQ, make it well-suited for both

research settings and routine outpatient assessments.

Regarding upper airway symptoms, their overall impact appeared to be moderate in most
patients, consistent with the profile of classical BE symptoms evaluated through the other
instruments. The mean total SNOT-22 score was moderate (31.5, SD 19.8). Nearly half of
the patients reported a moderate burden from sinonasal symptoms, while 17% experienced
a severe impact. Nasal symptoms had a slightly higher impact than ear or facial symptoms.
Although total SNOT-22 scores did not differ significantly between groups, psychological

impact scores were notably higher in female patients.
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SNOT-22 is a quality-of-life questionnaire validated for patients with CRS, quantifying UAS
and their impact in different aspect of patients’ life. As per ACT and CAT, we administrated
the questionnaire to all our cohort, regardless of CRS diagnosis. Differences between

patients with and without CRS in our cohort will be discussed in chapter 6.11.

Despite including BE patients both with and without UAS, the mean SNOT-22 score in our
cohort was comparable to those reported in studies focusing exclusively on BE patients with
CRS. For instance, Lee et al. observed a mean score of 37 points, indicating a moderate
impact of UAS in a CRS-defined BE population. In their study, SNOT-22 scores showed
significant correlations with cough-related quality of life (measured by the LCQ), general
quality of life (assessed via the Bronchiectasis QoL questionnaire), as well as with disease

severity and radiological extent of bronchiectasis(274).

In the patients included in our study these correlations were only partially confirmed, as
SNOT-22 correlated with LCQ, CAT and SGQR, but not with severity scores or Reiff index.

On the other hand, the mean SNOT-22 score in our BE population was significantly higher
than the average reported in the literature for a healthy control group, which is approximately
11 points (275). Even after excluding all patients who reported at least one UAS in the

symptom questionnaire, the mean score in our cohort remained elevated, at 23 points.

This finding may suggest that BE patients are accustomed to sinonasal symptoms and may
not perceive them as clinically relevant, even though these symptoms can still negatively
affect their quality of life. Additionally, it is possible that responses to some SNOT-22 items,
particularly those not directly related to upper airway symptoms, such as sleep disturbance,
cough, or psychological distress, are influenced by lower airway issues. Patients may have
difficulty distinguishing between upper and lower airway symptomatology when completing

the questionnaire.

SNOT-22 scores showed significant differences between male and female subjects. As
observed with the SGRQ, no significant differences were found in symptom-related domains
(rhinologic, extra-nasal, and ear/facial symptoms), whereas women reported significantly
higher scores in domains assessing psychological impact and quality of life. This may
suggest that, in female patients, the same clinical condition is perceived as more
burdensome, or alternatively, that male patients tend to underreport or underestimate the

psychological consequences of their symptoms.
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6.5 FUNCTIONAL ASSESSMENT

The functional assessment included spirometry with PBD, DLCO, and plethysmography for
lung volume evaluation. Overall, mean values for FEV1, FVC, and FEV1/FVC in our
population were within normal limits. However, only one-third of the sample exhibited normal
lung function, volumes, and CO diffusion, while the remaining subjects demonstrated at

least one alteration in LFTs.

An obstructive pattern was observed in one-third of the cohort, with half of these patients

also showing air trapping. DLCO impairment was relatively uncommon.
Additionally, more than 15% of patients exhibited air trapping without obstruction.

PBD was positive in only four patients. Post-BD FEV1 values were consistent with those of
the normal population, while pre-BD values were significantly lower. Bronchial obstruction

was identified in just one patient, and it did not resolve after BD. Two patients exhibited air

trapping.

The restrictive pattern was less frequent, present in approximately 10% of the cohort. Most
of these individuals had normal DLCO values and lung volumes. Only three patients
presented with a mixed pattern, while other combinations of DLCO and plethysmography

abnormalities were rare.

DLCO values were reduced in more than half of the cohort, but only 10% presented reduced
levels of KCO.

Improved longitudinal spirometric data, available for a subgroup of 49 patients, revealed
non-significant median reduction of 50ml (2.1%) in 12 months. Approximately 10% of
patients exhibited a variability greater than 20% between tests. According to the literature,
healthy subjects exhibit a physiological decline of approximately 20 to 45 ml/year, with a
faster rate observed in males (276). Data on BE patients are limited, but the available
findings appear to not very different from those reported for healthy individuals(277,278).
Our cohort appears to exhibit a slightly faster decline, possibly due to the high prevalence
of aetiologies typically associated with more severe disease, accelerated progression, and

greater intra-individual variability in lung function, particularly PCD(279,280).

On the other hand, other lung function data in our cohort aligns well with previously
published findings, particularly from the EMBARC and RIBRON registries. The mean FEV,
reported in the European EMBARC registry was 1.78 L (76.9%), and 1.86 L (73.9%) in the
Spanish RIBRON cohort. Corresponding FVC values were 2.65 L (91.4%) and 2.66 L
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(83.8%), respectively. Additionally, the RIBRON registry provided data on static lung
volumes and diffusion capacity for a subset of patients, reporting a mean residual volume
(RV) of 138% and a DLCO of 81%. These international cohorts presented slightly higher
levels of airflow obstruction compared to our patients, with an obstruction prevalence of
35% in EMBARC and 53.1% in RIBRON(32,227).

Although spirometry is the most widely used instrumental test for the follow-up of BE, few
studies have comprehensively described lung function in this patient population, leaving it

relatively understudied.

The relatively limited attention given to functional physiopathology in BE, compared to other
aspects of the disease, is likely due to the unclear prognostic value of spirometry in this
context. Existing data suggest that the evolution of lung function is independent of dyspnea,
exacerbation frequency, and the extent of bronchial damage observed on HRCT (281).
Some authors have reported a correlation between FEV1 levels and disease severity only
in patients with advanced impairment (FEV1 < 50%), particularly in those chronically
infected with PA (282-284). Also, lung function has been shown to be a poor predictor of

postoperative complications in lung resection in BE patients (285)).

This pattern is similar to CF, the condition that has historically served as the primary model
for both BE management and research. In CF, it has been well established that lung
function values hold limited value in the early and moderate stages of disease, as
spirometric decline typically follows the onset of structural damage and becomes apparent

only in more advanced stages (286).

The most thorough analysis of lung function to date was conducted by Radovanovic et al.
in 2018, involving nearly 200 BE patients. Their study evaluated a wide range of pulmonary
function parameters, including static and dynamic volumes, DLCO, FEV1, and RV
reversibility. While 60% of patients had normal spirometric values, only 10% had a
completely normal LFT(132). This trend is mirrored in our data and suggests that

spirometry alone may be insufficient to fully assess the functional status in BE patients.

Interestingly, air trapping impairment was more prevalent in the Radovanovic cohort (70%),
possibly reflecting differences in patient characteristics, particularly a higher rate of
smoking exposure (42% vs. 20%) and a greater proportion of severe cases (30% vs.
20%)(132). The prevalence of obstruction was also higher in Radovanovic cohort than in
ours, aligning closely with the EMBARC cohort (41%)(227).
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The exclusion of patients with known COPD from our study is likely a key factor contributing
to the lower prevalence of obstructive patterns in our cohort, as this comorbidity is

associated with more severe lung function impairment (121).

On the other hand, the rate of restrictive pattern observed in our cohort was slightly higher
than the one reported by Radovanovic (5,5%). Restrictive pattern is the less described in
BE, however, seems to have great impact in mortality. Loebinger and colleagues assessed
factors influencing mortality in a cohort of 91 patients followed for 14 years. In their study,
high RV/TLC, low TLC and low DLCO were associated with higher mortality, suggesting an
important role for restrictive component (287). Restriction in BE can be secondary to
alterations like parenchymal scarring due to previous infection, peribronchial fibrosis and
pleural disease (288,289).

An increase in RV was observed in approximately half of our patients, including those with
normal spirometry, a finding not far from the 70% reported by the Monza-Milan cohort(132).
An elevated RV is considered a marker of premature airway closure and air trapping
(288,290), and has been linked to distal airway inflammation in COPD (291). In a study
performed in patients without known respiratory diseases at the enrolment, the presence
of isolated RV elevation was correlated to the diagnosis of BE during the study in 31% of
the sample (compared with the 8% of diagnosis in patients with normal lung function), and

with mucus plugging and bronchial wall thickening in 46% of the subjects (292).

The presence of elevated RV generally reflects dysfunction of the small airways. Therefore,
observing this finding in BE patients without other concomitant airway diseases may appear
surprising, as BE is typically considered a disease predominantly affecting the large
airways. However, a role of the small airways in its pathogenesis has been proposed since
the 1950s through anatomopathological studies (293). In recent years attention to the small
airways has intensified, and the mechanisms through which they contribute to BE
development have begun to be partially elucidated (294). In BE, the upregulation of mucin
production in the small airways appears to lead to mucus hyperconcentration, resulting in
hypoxia in the distal airways. These conditions starting in the distant small airways
contribute to the vicious cycle of mucus stagnation, inflammation, and remodelling, which
ultimately leads to structural damage, and could be functionally reflected by the increment
of RV (295,296).

However, the significance of RV and air trapping in the clinical course of BE remains poorly
documented. Lopes and colleagues found that in a cohort of BE patients (which included

CF cases), the mean RV was above reference levels. However, when comparing BE
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aetiologies, only patients with CF and PCD showed significantly higher RV levels, while
those with BE due to TB, NTM, and rheumatoid arthritis (RA) had normal plethysmography
values (297). This finding had already been described in PCD patients, correlated with
HRCT findings such as air trapping, BE extension and presence of atelectasis(297).
Notably, Radovanovic observed high rates of RV reversibility following bronchodilator
administration, a finding more common than FEV1 reversibility, suggesting a role of small

airway dysfunction in BE pathophysiology and response to treatment.

Consistently with other series, DLCO in our study was below 80% in more than half of the
patients. Previous studies in BE patients have shown a correlation between reduced DLCO
levels and clinical variables such as BMI, hospitalization rate, exacerbations,
cardiorespiratory comorbidities (COPD, ILD, pulmonary hypertension (PH)), and the
radiological extent of BE (284,298). Additionally, accelerated DLCO decline over time has
been observed in BE patients (299). Several mechanisms have been proposed to explain
DLCO impairment in BE. Chronic bronchial inflammation and mucus plugging could
contribute to ventilation inhomogeneity, reducing diffusion capacity, particularly in patients
with more extensive BE (284). As with other chronic respiratory diseases, reduced DLCO
could be associated with the presence of emphysema; however, other studies have
reported a low prevalence of emphysema on CT scans, which is insufficient to account for
the observed DLCO reduction, as it happens in our cohort (287). More likely, vascular
changes play a significant role in DLCO impairment. As said, PH can be correlated with
DLCO impairment in BE; the presence of PH has been linked to increased number of lobes
affected and with cystic BE, as well as it happens for DLCO (300,301). Although PH
appears to be a common complication in BE, affecting up to 33% of patients according to
available data (302,303), its true prevalence remains unclear, as limited evidences are
available on BE patient. Most studies have been monocentric and often focus on patients
with established PH, rather than screening all BE patients. Nevertheless, it is likely that PH
plays a more significant role in BE than traditionally thought, potentially contributing to
DLCO reduction, especially in advanced disease stages (287). On the other hand, the
smaller proportion of patients with reduced KCO may suggest the presence of non-
homogeneous ventilation secondary to airway remodelling. The significance of KCO in
relation to DLCO has been debated across various airway and lung conditions, with
inconsistent findings reported in the literature(304,305). To date, the role of KCO in

bronchiectasis has not been specifically investigated.

Regarding PBD test results, only a few studies have specifically focused on this aspect in

patients with BE. Earlier data reported unexpectedly high rates of PBD positivity, with up to

Letizia Traversi, The ABCS study e




6. Discussion

34% of patients showing a response (306). In contrast, more recent studies have observed
bronchodilator hyperresponsiveness in approximately 7-8% of BE patients, figures that are
more consistent with, though still slightly higher than, the 5% observed in our cohort
(132,144,307). However, we applied the updated GINA 2022 criteria to define a positive
response (an increase in FEV1 of more than 10% of the predicted value) rather than the
earlier 1991 ATS/ERS definition, which required both an increase of at least 12% and an
absolute gain of more than 200 mL in FEV1. The older definition has been associated with
a higher risk of overdiagnosing airway hyperresponsiveness, an issue addressed by the
revised criteria, which aims to improve specificity and reduce false positives. Applying the
ATS/ERS 1991 definition to our cohort, positivity rises to 10.4%, in line with other authors.
In their series, Guan and colleagues reported a PBD positivity rate of 7%. In their study,
baseline FEV1 and FVC levels of patients with hyperreactivity were lower compared to the
rest of the cohort, although no accelerated decline over time was observed. Interestingly,
the response to PBD was not associated with blood or sputum eosinophilia, but there was
a trend toward a higher prevalence of PA, suggesting a possible role of chronic infection in

the expression of airway hyperreactivity (307).

PBD change is typically considered a marker of intrinsic bronchial hyperresponsiveness.
However, during our study, we observed that many patients experienced spontaneous
expectoration and auscultatory changes immediately after performing the pre-BD
spirometry manoeuvres. These modifications may be due to the nature of spirometry itself
rather than to a response to the bronchodilator. In fact, spirometry performance requires
forced expiration with an open epiglottis and prolonged exhalation, movements that closely

mimic those used during airway clearance techniques.

In a study on CF patients, FEV1 and FVC changed significantly (5 to 42%) following airway
clearance(308). In BE patients, the effect of mucus mobilization and reduction in thoracic
pressure through forced manoeuvres similar to spirometry has not been formally assessed,
but it could contribute to subthreshold PBD variation or influence PBD response during

acute infection.

In conclusion, although mean spirometric values were within normal limits and most
patients showed no evident impairment, the inclusion of full lung function testing revealed
a substantially higher prevalence of abnormalities not detectable by forced spirometry
alone. While body plethysmography and DLCO are not routinely performed in the follow-
up of bronchiectasis, current evidence suggests that these tests may serve as early
indicators of disease severity, progression, and poorer prognosis. Nonetheless, further

studies are needed to clarify the underlying mechanisms beyond bronchial dilation that
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contribute to these alterations. Positive PBD was infrequent in our cohort, while
subthreshold changes following spirometry may reflect mucus mobilization rather than true

reversibility, warranting cautious interpretation of borderline responses.

6.6 INFLAMMATION AND ALLERGY

Mild leucocytosis was present in 13% of patients tested, while almost one quarter presented

CRP levels above normal range.

Peripheral eosinophilia was observed in 16% of patients, for all of them specific causes of
eosinophilia were discarded; on the other hand, neutrophils were elevated in 10% of the

cohort.

Elevation of CRP and neutrophilia did not show any significant correlation with variables

such as presence of CBI or sputum production.

Among 74 patients were FeNO was recorded, 25% had levels >25ppb, while most of our

patients had normal levels of IgE, while were significantly elevated only in 5 patients (>300
HL).

20% of subjects had positive Phadiatop. Among them, 5 had IgE > 150 pL. No correlation

was encountered with FeNO levels or eosinophilia.

The role of Type 2 inflammation in bronchiectasis has received growing attention in recent

years; however, available data remain limited and often contradictory.

Eosinophils, once considered uninfluential in BE, are now recognized as the predominant
inflammatory cell type in approximately 20% of patients, representing the so-called
“eosinophilic endotype.” Although this definition refers primarily to elevated eosinophil levels
in the airways, peripheral eosinophilia is commonly accepted as a reliable surrogate, given

the demonstrated correlation between peripheral and airway eosinophil counts(309).

Peripheral eosinophilia has been associated with increased disease severity, lower lung
function, worse quality of life, and shorter time to exacerbation (309,310). Notably, even
eosinophil counts below 50 cells/uL have been linked to more severe disease, suggesting

that normal eosinophil levels may play a protective role in BE (311).

As seen in other respiratory diseases, particularly COPD (312), peripheral eosinophilia also

appears to be a useful predictor of ICS responsiveness in BE (313).

In our study, eosinophil levels did not confirm these associations, particularly regarding
severity, lung function, exacerbation frequency, and QoL and our limited sample size could
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play a significant role. However, patients with elevated eosinophils exhibited distinct clinical
features, including reduced sputum purulence and a lower prevalence of CBI, suggesting a

phenotypic correspondence of the eosinophilic endotype.

On the other hand, the absence of correlation between lung function and blood eosinophilia
or neutrophilia suggests that lung function may not be a reliable indicator of the predominant

inflammatory pattern in patients with BE.

The potential of FeNO as a biomarker in patients with BE has also been explored, with great

variability in results.

Some studies report higher FeNO levels in bronchiectasis patients compared to healthy
controls, although still lower than those typically observed in asthma or COPD. In these
cases, FeNO was associated with greater disease severity, but not with the presence of
exacerbation (314,315). In contrast, a more recent study involving patients hospitalized for
exacerbations of bronchiectasis, COPD, or both, found increased FeNO at admission,

which decreased at discharge (316).

Conflicting results may be influenced by unaccounted confounding factors. For example, a
higher prevalence of undiagnosed patients with PCD, characterized by impaired airway NO

production and more severe disease, may significantly impact FeENO measurements.

On the other hand, the presence of PA has been associated with lower FeNO levels (317).
Considering that patients with PA CBI tend to have more severe disease and more frequent
exacerbations, factors typically associated with increased FeNO levels as previously
pointed out, these finding further complicate the interpretation of FeNO as a biomarker in
bronchiectasis. Interestingly, levels of FeNO do not seem to be influenced by the use of ICS
in BE patients, suggesting a possibly low correlation with the extent of airways inflammation

in these patients(317).

In our cohort, FeNO did not correlate with disease severity, CBI, or PA CBI. These findings
may have been influenced by factors such as the underlying aetiology, particularly the high
proportion of patients with PCD, the elevated prevalence of PA CBI, and the limited sample
size, all of which may have significantly impacted the results. On the other hand, lower
levels of FeNO correlated with the presence of BE in a higher number of pulmonary lobes.
The clinical and physiopathological significance of this association is not clear and should

be confirmed in a higher number of patients.

Although total IgE is routinely measured in BE patients to help exclude ABPA, its clinical

relevance in BE patients without ABPA has been rarely explored. A study by Chen et al.
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reported that patients with IgE levels above 60 kU/L had a greater number of lobes involved
compared to those with lower levels. However, this threshold appears low compared to
commonly accepted reference values; in our laboratory, for instance, the upper limit of
normal is 150 KU/L. In our cohort, most patients had IgE levels within this normal range,
which limited the ability to detect any significant correlations with clinical parameters,
including radiological findings. Our findings closely align with those from the EMBARC “non-
asthma group,” in which IgE levels were <150 kU/L in 85% of patients, 150-300 kU/L in 7%,
and >300 kU/L in the remaining 8%. This contrasts with the “asthma” subgroup, where only
66% of patients had IgE levels within the normal range(122). However, the interpretation of
EMBARC'’s IgE data requires caution. These values were available for only a limited subset
of patients and may be biased, as IgE testing was likely performed more often in individuals
with suspected asthma or features of Type-2 inflammation(122). Furthermore, data on IgE
distribution in the overall EMBARC cohort have not been reported, which further limits the
generalizability of these findings.

Most of our patients with elevate IgE levels also presented positive Phadiatop.

Phadiatop is a sensitive and specific method to assess allergies(318). One of the main
advantages, compared with skin prick tests, is the rapid execution that does not require the
use of human resources and time, and can be included in a rutinary blood analysis,

especially for screening purposes as in our study.

The role of allergies in BE remains a largely understudied aspect of the disease. A recent
study by Zhang and colleagues demonstrated that, in addition to asthma and CRS, other
allergic conditions such as allergic rhinitis and atopic dermatitis are also associated with the
development of BE(319). The authors identified several metabolic and immune pathways
that showed significant statistical correlations with this association. These mechanisms may
contribute to the pathogenesis of BE and warrant further investigation in dedicated
studies(319).

Considering Type 2 inflammatory markers altogether, in our cohort only peripheral levels of
eosinophils showed correlation with the other biomarkers, FeENO and IgE, while no

association was observed between these two variables.

This is not dissimilar from what has been described in literature: a recent study on 145
patients with bronchiectasis (excluding those with asthma) showed different combinations
of Type 2 biomarkers. These combinations were associated with varying risk profiles for
exacerbation and disease severity. Notably, patients with low blood eosinophils and high

FeNO had a reduced risk of exacerbation compared to those with other biomarker
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combinations(320). These findings suggest that Type 2 inflammation in bronchiectasis may
be regulated by complex, not yet fully understood mechanisms, and that meaningful clinical
interpretation likely requires a combined biomarker approach rather than reliance on a

single parameter.

6.7 MICROBIOLOGY ASSESSMENT:

Microbiological analysis revealed a high rate of pathogen isolation from sputum samples
collected either during visit one or in the previous year, with PA emerging as the most
frequently detected organism. Chronic PA infection was confirmed in a significant proportion
of patients, being present since several years in most patients and frequently associated
with the mucoid phenotype. A subset of patients was considered with PA-CBI despite recent
negative cultures, due to previous failed eradication attempts followed by intermittent
sputum positivity, and/or ongoing inhaled antibiotic therapy. Besides PA, other chronic
infections were also identified, particularly those caused by H. influenzae and S. aureus,
with many patients showing evidence of polymicrobial CBI. These findings underscore the

complex nature of airway microbiology in the study population.

Infection plays a central role in the pathogenesis and clinical trajectory of BE, where
impaired immune clearance fosters persistent microbial colonization and chronic airway
inflammation (321-323). The presence of CBI is well-established as a marker of disease
severity, poor QoL, and increased mortality (173,287,324), and this impact is reflected in
its incorporation into most BE severity scores (325). Consistent with previous studies,
including the Spanish RIBRON registry, our cohort showed a high prevalence of bacterial
isolation, most commonly PA, H. influenzae, and S. aureus, despite the absence of acute
symptoms at the time of sputum collection (227,326). Notably, fungal isolation in our study
was significantly more frequent than reported in RIBRON, where C. albicans and
Aspergillus spp. were detected in only 2.4% and 0.9% of patients, respectively. This
discrepancy may reflect the more systematic use of fungal cultures in our centre, where all
samples undergo routine testing for bacteria, mycobacteria, and fungi. While prior studies
have suggested an association between chronic antibiotic or ICS use and increased fungal
colonization (327,328), our sample size limited the statistical power to confirm this. Patients
treated with nebulized antibiotics in our cohort appeared to exhibit a higher frequency of
Aspergillus isolation (3/15 of those on inhaled antibiotics vs 2/54 in those not on inhaled
antibiotics). However, due to the very limited number of patients with Aspergillus isolation,
these findings should be interpreted with caution and do not allow for definitive conclusions.

As in other cohorts, most cases of positive culture met criteria for CBI, with pathogen
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distribution again dominated by PA, followed by H. influenzae and S. aureus, aligning with
current literature (32,227,326).

Considering the clinical and pathogenic relevance of PA in BE, we performed a separate
analysis on patients with CBI sustained by this microorganism. PA not only represents the
most common cause of CBI in adult BE populations from country but also plays a direct role
in driving the disease's pathogenesis and clinical manifestations(321). Through the release
of a wide array of virulence factors, PA disrupts host immune responses, diminishes
antimicrobial activity, and promotes both local and systemic inflammation. Additionally, it
contributes to epithelial damage, impairs repair mechanisms, and reduces mucociliary
clearance, thereby sustaining the "vicious vortex" that characterizes BE progression
(28,321). Clinically, this is reflected in increased symptom burden, worse QolL, higher
exacerbation frequency, accelerated functional decline, and reduced survival
(283,329,330).

Overall, the microbiological profile observed in our patients was consistent with previously

published series and identified a more severe population with a higher symptom burden.

6.8 RADIOLOGICAL CHARACTERIZATION

Radiological severity was assessed through Reiff score.

More than 60% of patients presented mild bronchiectasis (Reiff 1-6); while 34% had
moderate BE (Reiff 7-12), and only 2 subjects (2,6%) showed a severe disease extension
(Reiff 213 points).

Lower lobes had higher presence of BE compared with middle and superior lobes. On the

other hand, distribution was comparable between left and right lobes.

Cystic bronchiectasis interested 15 patients, and in half of the cases (7/15) were observed

in lower lobes.

Other radiological alterations were observed with different frequency: emphysema was rare,
being present only in 2 patients. BWT interested more than 85% of the cohort, while MP the
67%. GGO was present in 43% of the subjects, and was centrilobular in two thirds of them,
indicating infection. Air trapping interested almost 90% of those with availability of expiratory

scan and 70% of the entire cohort.

Imaging plays a crucial role in the evaluation of BE, as the condition is primarily diagnosed

through radiological methods, and CT scans are essential for confirming bronchial
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dilatation, an essential feature in diagnosing the disease. Beyond assessing bronchial
diameter, CT scans provide additional valuable insights. However, the full significance of
these findings, as well as their relationship with airways comorbidities or LFT abnormalities,

has not fully described yet.

In our cohort, severity of BE extension according to Reiff index was slightly higher than
reported in the European database, despite lower overall BSI score(227). The median Reiff
score was 5 points (IQR 3-8), compared to 3 (IQR 2-4) in the overall EMBARC cohort and
4 (IQR 2-6) in Southern Europe(227). In contrast, the prevalence of cystic BE was consistent
with previously published data from both Spanish studies and the EMBARC database for
Southern Europe (32,227). Consistent with earlier findings, Reiff scores were significantly
correlated with BSI and FACED scores (32,227,331). This is partly expected, as radiological
extension is one of the variables included in both scores. However, since Reiff is purely
radiological while BSI and FACED are multidimensional, this correlation suggests that the
Reiff score may reflect not only the anatomical extent of bronchiectasis, but also its clinical
impact. This supports the idea that Reiff may offer a more informative assessment of

radiological severity than simply counting the number of affected lobes.

Interestingly, Reiff scores also showed a negative correlation with FEV1 values, in contrast
to the findings of other authors(331), and also with FVC and TLC. This finding may suggest
that increased bronchial distortion, described by the Reiff score, contributes to a tendency
toward restrictive ventilatory changes. In fact, areas with more severe bronchial alterations
likely exhibit reduced ventilation efficiency and contribute to an increase in functional dead
space. Conversely, this structural distortion may not necessarily lead to airway obstruction,

which could explain the lack of correlation with FEV1/FVC ratios.

The segmental distribution of BE in our cohort was consistent with findings from Spanish
patients in the RIBRON registry, that showed a higher prevalence of BE observed in the

lower lobes, middle lobe, and lingula compared to the upper lobes(32).

The distribution of BE is strongly influenced by the underlying aetiology of the disease, and
some authors have suggested that this factor could guide the etiological investigation of BE.
Both the distribution pattern, focal or diffuse, and the lobar localization (lower lobes, middle
lobe, or upper lobes) may depend on specific underlying conditions. Focal BE is typically
associated with localized damage mechanisms, such as foreign body aspiration, anatomical
anomalies like congenital bronchial atresia, acquired bronchial stenosis secondary to
infection or inflammatory diseases, prolonged intubation, or extraluminal compression,

mainly related to lymphadenopathies or mediastinal masses(332). On the other hand,
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diffuse BE is usually secondary to systemic diseases, which can affect different pulmonary
segments in varying ways. The upper lobes are most commonly involved in BE associated
with ABPA, TB, sarcoidosis, or damage following radiotherapy(332,333). NTM disease
typically affects the middle lobe and lingula. In contrast, the lower lobes are the primary
sites of BE related to aspiration and GERD, childhood infections, PCD and PID (333,334).
However, this classification represents a simplification and should be viewed as a

conceptual model rather than a strict rule.

Other radiological findings, beyond bronchial dilatation, have also been correlated with
disease severity and specific aetiologies. The evaluation of radiological alterations not

typically included in BE assessment in our cohort has yielded interesting results.

The presence of emphysema is not uncommon in BE patients and has been linked to
disease severity and mortality (335,336). Its importance is underscored by its inclusion as
a variable in the BRICS score, a scoring system used to stratify BE patients based on
radiological characteristics(337). In the score's validation study, Bedi and colleagues
observed a correlation not only with radiological and overall severity scores (Reiff, Bhalla,
BSI, FACED), but also with elevated levels of sputum NE(337). Previous research has
highlighted the matrix degradation properties of NE, which can lead to parenchymal
damage(338). This mechanism may help explain the higher prevalence of emphysema in

BE patients with active neutrophilic inflammation(337).

In our cohort, the overall presence of emphysema was assessed, revealing a very low
prevalence. No segmental distinction was made, which prevented the calculation of the
BRICS score.

On the other hand, MP, BTW and GGO were common findings in our patients.

While most studies focusing on these findings are small or consider only a single alteration,
a comprehensive paper by Pieters and colleagues previously detailed these radiological
findings in depth(339). They analysed over 500 CT scans from BE patients using the
Bronchiectasis Scoring Technique for CT (BEST-CT), which evaluates the percentage of
lung volume affected by various alterations, including atelectasis/consolidation, BE with and
without MP, BWT, MP alone, GGOs, and bullae(339).

In their cohort, MP was the most common finding, observed in 87% of scans, and associated
with BE in 74%. It also showed a significant correlation with FEV1 (339). This association
was confirmed in our cohort, where patients with MP also presented with more extensive

BE. Our results are consistent with both proposed pathogenic mechanisms and previous
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literature. The combination of BE and MP may indicate long-standing inflammation that led
to structural airway changes, along with ongoing disease activity, as suggested by the
presence of MP(339).

Indeed, mucus stagnation plays a central role in both the initiation and perpetuation of the
vicious vortex that underlies BE pathogenesis, sustaining a local proinflammatory
environment (323). In line with this, BE extension and the presence of MP have been
identified as the main radiological risk factors for progression to clinically significant BE in a

population of asymptomatic patients over a 3-year follow-up (340).

The mechanisms driving mucus hyperproduction in BE are classically attributed to impaired
mucociliary clearance, mucus dehydration, neutrophilic inflammation, and chronic
infection(323). However, in some patients MP formation could also follow an alternative
pathway driven by Th2 inflammation. This has been well documented in asthma, where MP
is emerging as a potential target for biologic therapies in Th2-high phenotypes (341-343).
Similarly, in BE patients, Ren and colleagues observed higher frequency of MP and
increased extension of BE in patients with elevated levels of IgE, peripheral blood
eosinophils, and FeNO(344). These findings suggest that while BE and bronchial
remodelling may represent a common endpoint, the presence of mucus in BE airways could
arise through different pathogenic pathways, potentially requiring different management
strategies. Likely, the development of advanced tools such as volatile compounds analysis
or radiomics and Al-based software for CT interpretation could aid in distinguishing between
different types of airway secretions, helping clinicians identify the most appropriate

therapeutic approach.

In Pieters' cohort, BWT was less frequent compared to ours (58%). BWT is a classical
radiological alteration, potentially reversible, typically observed in various conditions,
including BE, asthma, and COPD. However, it has also been described as an incidental
finding in healthy subjects (345-347). BWT is generally considered a radiological marker of
airway inflammation. As expected, its presence has been associated with reductions in
FEV1 and FEF25-75, an obstructive functional pattern, increased frequency of
exacerbations, presence of wheezing, and impaired QoL (348,349). Moreover, BWT has
been correlated with increased airway resistance in BE, which may contribute to the
progressive worsening of airflow obstruction observed in LFTs(350). In our cohort, the
correlation of BWT with worse lung function is confirmed. Additionally, the association with
greater radiological extension expressed by Reiff values and higher number of lobes with
might be indicative of the bidirectional relationship between chronic inflammation and

radiological damage: persistent inflammation leads to airway remodelling and dilatation,
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while in presence of greater extent of bronchiectasis there is increased risk of
exacerbations, chronic infection and overall disease severity, all risk factor for inflammation
persistence. Unfortunately, as with emphysema and MP, manual quantification of BWT is
extremely time-consuming, and was not performed in our study. Moreover, BWT
quantification is subject to inter-observer variability that could bias the results. To address
this limitations, new automated methods for BWT measurement are being developed(351).
This is particularly relevant in BE, where the presence of BWT can affect the accurate
identification of bronchial dilatation, potentially leading to over- or underdiagnosis,
especially in cases with a marked discrepancy between the inner and outer bronchial
diameters(352).

Regarding GGO, its prevalence in our study (43%) was comparable to that reported by
Pieters and collaborators (34%). GGO is defined as increased pulmonary opacity with
preservation of bronchial and vascular margins (353). It results from partial filling of the
alveolar spaces, thickening of the interstitium or alveolar walls, or a combination of these
processes (354). GGO may occur secondary to a wide range of respiratory conditions,
including pneumonia (infectious and non-infectious, such as organizing pneumonia or
hypersensitivity pneumonitis), vascular disease (e.g., acute pulmonary oedema), and
interstitial lung diseases. When GGO involves only centrilobular structures, such as small
pulmonary arteries, bronchioles, lobular lymphatics, or connective tissue, it is referred to as
centrilobular GGO, which is more commonly associated with infections and bronchiolitis
(354). Although GGO is frequently reported as a radiological feature in BE, its clinical
significance and role have been only marginally explored. Higher prevalence has been
noted in certain subgroups, such as patients with NTM infection (355) or PCD (356). In our
cohort, patients with GGO showed greater radiological extension of BE and a higher
prevalence of BWT. Its presence, similarly to BWT, may therefore indicate increased
inflammation contributing to or resulting from bronchial damage. This interpretation is
consistent with existing literature: when reported, GGO is usually considered an
inflammatory sign in combination with other findings. In BEST-CT, the combined sub-scores
of MP, BWT, and GGO, along with atelectasis/consolidation (not assessed in our study),
contribute to a composite outcome that reflects radiological evidence of inflammation. In the
EMBARC CT study, radiological markers of inflammation were correlated with the frequency
of hospitalization, reflecting heightened disease activity that predisposes to acute infections

and contributes to increased radiological sequelae (339).

Finally, our subject showed very high prevalence of air trapping.
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During the expiratory phase of CT scans in healthy individuals, a homogeneous increase in
lung attenuation is typically observed. In contrast, areas of air trapping are characterized by
patchy or diffuse regions of preserved lung attenuation. This phenomenon results from
prolonged lung emptying due to bronchiolar narrowing or collapse(357). In BE, air trapping
has been reported more frequently in association with bronchomalacia (358). It is a CT
finding common to several respiratory conditions, including ILDs, asthma, and COPD (359);
in COPD specifically, more severe air trapping has been associated with both the presence
and extent of BE (360).

In CF, air trapping is particularly relevant, not only as a frequent finding, but more
importantly, as a marker of early disease and a risk factor for disease progression (361—
363). However, data on the significance of air trapping in BE are still limited. In patients with
primary antibody deficiencies, such as CVID, specific antibody deficiency, or IgG subclass
deficiency, it has been described as one of the most frequent CT abnormalities (364)
(Grenier). In a study analysing patients with air trapping on CT, 38% also had BE, and
notably, 30% had NTM infections. This unexpected overlap could indicate a selection bias
(i.e., a population with higher NTM prevalence than typically reported among BE patients),
or potentially a true correlation between the presence of atypical mycobacteria and air

trapping (359).

In our study cohort, patients with and without air trapping only differed in FEV1 levels, that

were lower in the first group.

On the other hand, radiological signs of air trapping were observed in a greater number of
patients compared to those showing functional evidence of air trapping, with no correlation
found between the two findings. This discrepancy may suggest that radiological alterations
precede the development of irreversible functional impairment. However, given the limited

sample size of the cohort, these findings should be interpreted with caution.

Considering CT findings together with lung function in our cohort, two different profiles seem
to emerge. On one side, BWT and air trapping were associated with impaired lung function,
characterized by lower post-BD FEV1 values and an obstructive pattern. On the other side,
the presence of MP and GGO showed a strong correlation with BE extension, as reflected
by Reiff index scores, the presence of cystic BE, and the number of affected lobes. This
suggests that BWT and air trapping may be linked to dynamic changes involving the airways
and possibly indicative of disease activity, and less influenced by bronchial remodelling. In
contrast, MP and GGO might reflect long-term disease evolution, resulting in irreversible

structural damage rather than functional impairment. This has potential clinical implications,
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as it could enhance the role of radiological assessment beyond merely reporting BE stability

or progression.

Apart from evaluating CT findings in their overall cohort, Pieters and colleagues also
investigated the correlation between radiological patterns and specific aetiologies and
comorbidities. In PCD, they observed a high prevalence of MP and inflammatory features
such as GGO and BWT(339). These findings are consistent with previous studies on PCD,
which have described a clear predominance of lower and middle lobe involvement, along
with radiological signs of inflammation(356). In contrast, ABPA-related and post-infective
BE demonstrated fewer inflammatory signs, suggesting a more stable disease phenotype
with lower inflammatory activity (339). In patients with BE associated to asthma and COPD,
the extent of BE was reduced, suggesting that their symptoms may be more attributable to
greater involvement of the small airways rather than the larger airways, where BE are
typically observed (339). IDP patients demonstrated reduced radiological severity,
particularly with a lower extent of BE(339). This aligns with the fact that BE in
immunocompromised patients typically develops as a consequence of infections, and its
progression can be mitigated or prevented once the immune deficiency is diagnosed and

treated, controlling the frequency of infections(365).

In our cohort, due to the limited sample size and the heterogeneity of aetiologies of our
cohort, we were unable to assess the correlation between the underlying causes and

comorbidities of BE and the observed radiological alterations.

In summary, radiological alterations in BE patients appear to be more varied, frequent, and
clinically meaningful than bronchial dilatation alone. A comprehensive assessment of
additional CT findings, such as emphysema, BWT, MP, GGO, and air trapping, may support
etiological investigation, help identify patients with higher disease activity or risk of
progression, and aid in the recognition of complications such as NTM or PA infections. Given
that a full evaluation of BE CT scans is highly time-consuming and impractical in routine
clinical settings, automated techniques are likely to play a key role in the future. These tools
will not only assist researchers in deepening our understanding of the radiological
manifestations of underlying biological processes, but also help translate this knowledge

into more informed clinical decision-making.

6.9 DIAGNOSIS OF ASSOCIATED ASTHMA

To explore the coexistence of asthma in our bronchiectasis cohort, we applied a structured

diagnostic approach incorporating clinical, functional, and biological criteria. While nearly
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half of the patients (46.8%) met major clinical criteria for asthma, defined by the presence
of at least two typical symptoms including wheezing or chest tightness with temporal
variability, many lacked objective confirmation. Only a small number fulfilled functional
criteria, and methacholine testing, though available in a limited subset, resulted negative in
all subjects. Biological markers indicative of Th2-driven inflammation (elevated FeNO or
blood eosinophilia) were present in 29 patients. However, in most of these cases, only one
of the two markers was present, rather than both occurring in the same patient. Lastly,
asthma was confirmed in only 4 patients (5%), with an additional 26.0% classified as
"suspected asthma" based on suggestive clinical features without functional confirmation.
In contrast, in 68.8% of the cohort, available data allowed for the exclusion of an asthma

diagnosis.

The evaluation of asthma symptoms, as already stated, is not common nor standardized in
BE patients. However, in our study more than half of the cohort referred a combination of
symptoms suggestive of asthma, despite not fulfilling other suspicion criteria. An even larger
proportion of patients presented isolated reports of wheezing or chest tightness, especially
during infection. In this last case, we arbitrarily decided to not consider the clinical criteria
fulfilled, to minimize the risk of asthma overdiagnosis in those individuals whose symptoms

might be solely attributed to BE or to transient airway hyperreactivity during exacerbations.

However, the high prevalence of asthma-like symptoms in our cohort is of great clinical
interest, considering its clinical implications. According to a survey on diagnostic delay in
BE, one out of four BE patients referred having received an incorrect diagnosis and
consequent treatment before the BE confirmation, almost half (49%) being mislabelled as
asthmatics(366). It is possible that in BE patients wheezing and chest tightness represent
the symptomatic expression of mechanisms different than bronchospasm. For example, the
presence of chronic bronchial inflammation testified by the elevated prevalence of
obstructive pattern and BWT in our cohort could lead to audible bronchospasm, especially
during exacerbations or in presence of bronchomalacia. Also, similarly to what has already
been proposed to explain postBD change, the presence of secretions and MP could
condition transitory narrowing of the airway mimicking bronchoconstriction, that resolves

after mobilization or expulsion of mucus.

Understanding the differences between the same symptom in different respiratory
conditions could have an impact in patients’ clinical outcomes, as the treatment of a
symptom could not be effective if its cause is not addressed. This could represent a
limitation to the “treatable traits” approach in patients were more than one disease is

suspected or confirmed.
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Similarly, the presence of confounding mechanisms in patients with BE and suspected
asthma could require a revision of reference values in diagnostic tests, such as PBD test,
FeNO or eosinophilia, through extensive population studies. Since no data about these
differences has been published, we maintained the same functional and biological criteria

considered diagnostic for asthma as in the normal population.

In order to increase insight of the functional profile of our patients, we additionally analysed
and reported FEV1 variability over time, based on three spirometries performed in a stable
state within a two-year period, to assess intrinsic fluctuations in lung function despite a
normal bronchodilator response. However, we recognize that this approach is not a classical
diagnostic criterion for asthma and may be influenced by various biases, including technical
variability in lung function test execution (minimized by having the same team perform all
tests using a standardized protocol and identical equipment), fluctuations in the patient’s
clinical status despite reported stability, and treatment modifications between different time

points.

The most controversial criteria we included in our diagnostic criteria is the biological one:
most biological findings described in asthmatic patients allow to assess the presence of a
predominant T2 phenotype. Contrarily, no systemic markers of non-T2 asthma have been
identified for clinical use. For technical reasons, we could not realize sputum cellularity in
our patients; however, data suggest that levels of peripheral eosinophilia are suggestive of
sputum eosinophil levels. On the other hand, sputum neutrophilia cannot be predicted on
the bases of blood levels. Therefore, biological criteria included in the study can help identify

only one specific endotype, without information on inflammation non T2 driven.

The use of FeNO has been previously proposed for the diagnosis of asthma in BE patients,
Chen and colleagues evaluated FeNO levels in a BE cohort as a method to distinguish
patients with and without concomitant asthma, confirmed by methacholine or PBD test
(238). They found that a cut-off value of >22.5 ppb FeNO effectively differentiated asthmatic

from non-asthmatic patients, with a sensitivity of 90.0% and specificity of 62.5%.

In our cohort, FeNO levels did not show significative differences between
suspected/confirmed asthma patients and those where the comorbidity had been ruled out.
However, patients without asthma showed significantly lower prevalences of values above
the 25% cut-off (p=0.043). Considering FeNO levels >25 ppb in patients with confirmed or
suspected asthma versus those in whom the diagnosis was excluded, we calculated a
negative predictive value (NPV) of 77% (true negatives: patients without asthma and FeNO

<25 ppb; false negatives: patients with asthma and FeNO <25 ppb). Based on this result,
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FeNO may provide some guidance in ruling out asthma in bronchiectasis patients, but its
moderate performance limits its use as a standalone exclusion test, while our data do not
support its use in asthma diagnosis. However, these findings should be interpreted with
caution, as the lack of methacholine testing limits the accurate identification of true
asthmatic patients, especially those with T2 inflammation, potentially underestimating the
role of FeNO.

Applying the pre-established study criteria for the diagnosis of asthma, the prevalence of
this comorbidity in our cohort is surprisingly low, as only 3 patients fulfilled all criteria and
one more patient was included in this group following investigators decision. In fact, despite
the absence of biological criteria, as all the remaining criteria, questionnaire responses and
history suggested a possible non-Th2 asthma phenotype. On the other hand, 26% of
patients fulfilled clinical and inflammatory criteria, but could not be confirmed as asthmatic
due to functional data: negative PBD and absence of methacholine. Altogether, patients
with comorbid asthma diagnosed and suspected represent 31% off the cohort, the same

prevalence of asthma observed in EMBARC registry, but only 5% could be fully confirmed.

The impossibility to perform methacholine represents a major limitation in the diagnosis of
asthma in our study; in fact, it would have been necessary in at least 12 (15.6%) patients
meeting all clinical and inflammatory criteria, showing a predominant Th2 inflammatory
pattern, but lacking of a functional confirmation. In these patients, methacholine could help

distinguish between a comorbid Th2 asthma or an eosinophilic BE phenotype.

While widely used in the general population for asthma diagnosis, methacoline is not
routinely included in the assessment or follow-up of patients with BE, and only a few studies

have investigated its utility in this specific subgroup.

A study in children with suspected asthma suggested that elevated IgE levels (>120 |U/mL),
FeNO >23 ppb, and peripheral blood eosinophils >500 cells/uL could be predictive of
methacholine positivity (367). In our cohort, only 1 patient in the suspected asthma
subgroup fulfilled these criteria. On the other hand, in the general population poorer lung
function parameters (particularly reduced FEV1, FEV1/FVC, and FEF25-75) are
associated with increased methacholine responsiveness (368-370). However, these
associations cannot be confidently extrapolated to BE patients due to the complex interplay
of structural lung damage, chronic infection, and inflammation inherent to their primary
disease. These factors profoundly influence both functional and inflammatory profiles,
raising concerns about the reliability of conventional predictors of methacholine
responsiveness in this population. Moreover, evidence from Shteinberg et al. indicates that
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patients with eosinophilic BE, despite sharing some inflammatory features with those having
BE and comorbid asthma related to T-driven inflammation, exhibit important differences,

including a negative methacholine response in approximately 85% of cases tested(201).

Therefore, in the absence of methacholine challenge testing, we cannot definitively rule out
asthma in patients from our suspected asthma subgroup. Nonetheless, taking into account
previous studies reporting methacholine positivity rates in BE patients between 17% and
69% (138,371,372), it is unlikely that all patients classified in the suspected asthma group

would have tested positive.

Interestingly, this also suggests that the prevalence of asthma reported in the EMBARC
registry may be substantially overestimated. The frequent presence of clinical symptoms
compatible with asthma in BE patients could have led many clinicians to attribute this
comorbidity based solely on clinical judgment, without appropriate objective confirmation.
While PBD testing can be feasibly incorporated into the diagnostic workup of all BE patients
to assess for reversible airflow obstruction, methacholine challenge testing is more

resource- and time-consuming, and should be reserved for selected cases.

Establishing clear clinical and/or biomarker-based criteria to identify which patients should
undergo methacholine challenge testing would greatly assist in developing tailored,

evidence-based diagnostic protocols for BE patients presenting with asthma-like symptoms.

As previously stated, we chose to group together and compare patients with a confirmed

diagnosis of asthma and those in whom asthma was only suspected.

While this approach may seem to contrast with the study’s objective of providing a precise
and rigorous diagnosis of asthma in patients with BE, we believe it still offers relevant clinical
insight. Specifically, it helps characterize a group of patients who, in everyday practice,
would likely be labelled as asthmatic based solely on symptoms and biological features,
without undergoing further diagnostic evaluation. Moreover, characteristics of the four

patients with confirmed asthma were aligned with the “suspected asthma” group.

Unlike patients with BE and asthma described in previous studies, including analyses from
the EMBARC registry, those in our cohort did not show significant differences in age and
disease severity compared to BE patients without asthma. Similarly, the prevalence of CRS
was comparable between the groups. However, they had a higher BMI and a longer duration

of bronchiectasis since diagnosis.

Similarly to what was reported by EMBARC data, the two groups in our cohort showed

comparable FEV; values (122). However, possibly asthmatic patients in our cohort had
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significantly lower FVC and TLC, an unexpected finding that is difficult to explain based on

the available data.

Our results also align with European data regarding the use of ICS, which was significantly
more frequent among patients with suspected/confirmed asthma (75%) compared to those
in whom asthma had been excluded (45%), despite the absence of differences in lung
function(122). Given that none of the patients had a prior diagnosis of asthma at study entry,
this finding suggests that ICS use may be driven by factors other than pulmonary function,
such as the presence of wheezing or elevated blood eosinophils. In contrast to previous
European data, no significant differences were observed between groups in terms of the

use of long-term macrolides, inhaled antibiotics, or airway clearance techniques(122).

Regarding exacerbations, patients in our cohort showed similar frequencies of acute events
across all groups. This contrasts with EMBARC data, where a diagnosis of asthma was
associated with an increased risk of exacerbations and hospitalizations, but also with lower
mortality, even after adjusting for clinical, demographic, and treatment-related variables. It
is important to note that the EMBARC database is designed to register only infectious
exacerbations; therefore, it provides no information on asthmatic exacerbations treated
exclusively with oral corticosteroids (OCS). Similarly, in our study, we recorded only
exacerbations treated with antibiotics, excluding those managed solely with OCS as well as

viral exacerbations.

Also, radiological findings in our cohort were comparable between patients with and without
suspected/confirmed asthma. However, those with a higher likelihood of comorbid asthma
showed slightly greater BE severity, as assessed by the Reiff index. Mild scores were
reported in 55% of this group, compared to 65% among non-asthmatic patients. Similarly,
air trapping was more frequently observed in the suspected or confirmed asthma group
(83%) than in non-asthmatics (64%). Although these differences were small and neither
statistically nor clinically significant, it is noteworthy that expiratory scans were unavailable
in 26.4% of the non-asthma group, compared to only 8% in the asthma-suspected or
confirmed group. This may suggest a tendency to perform expiratory scans more frequently
when air trapping is expected. Whether this practice reflects a decision made by respiratory
physicians based on clinical signs and symptoms, or an initiative by radiologists based on

inspiratory scan findings, cannot be determined.

Our findings suggest that radiological features alone are not sufficient to distinguish patients
with comorbid asthma from those without, although some differences may raise clinical
suspicion and warrant further investigation. To our knowledge, this is the first study to

Letizia Traversi, The ABCS study @




6. Discussion

attempt a comprehensive description of the radiological characteristics of patients with both
BE and asthma. While reviewing literature, we found no published data specifically
describing radiological features of asthmatic patients within a BE cohort. In contrast, existing
studies have primarily focused on the presence of BE in asthma populations, without

addressing broader radiological findings.

Despite providing a first radiological characterization of this subgroup, our study is limited
by the small sample size, the use of manual and operator-dependent methods, and the
retrospective nature of the imaging data. Larger studies, supported by digital technologies,
are needed to enhance diagnostic accuracy and to better define the radiological profile of

patients with coexisting BE and asthma.

Microbiology was similar between the two groups of our cohort in terms of CBI due to PA
and other PPM, in line with data published from the EMBARC cohort. In the European
registry some differences were shown in microbiology in relation to the presence of asthma,
that showed higher rates of Haemophilus influenzae, Moraxella catarrhalis and
Streptococcus pneumoniae. Differences in microbiology did not show any correlation with
the increased rate of exacerbations. We could not verify these data in our cohort, as isolates

other than PA were not enough to be properly analysed.

Notably, no differences were observed in QoL questionnaires between the groups, including
ACT scores. This may be related to the enrolment criteria, which excluded patients with a
known asthma diagnosis. Individuals with more severe or uncontrolled asthma symptoms
are more likely to receive a diagnosis, whereas those with milder clinical presentations may
remain undiagnosed. As a result, our cohort likely included only patients with mild, well-
controlled symptoms, in whom asthma suspicion was low or absent prior to the study. In
conclusion, the diagnosis of asthma in our cohort was not associated with major differences
in instrumental assessments, with only a few exceptions. Patients with confirmed or
suspected asthma showed higher BMI, longer time since BE diagnosis, comparable FEV1
values but greater use of ICS, and a tendency toward increased BE radiological extension
and more frequent air trapping. However, unlike findings reported in other cohorts, no

differences were observed in disease severity, exacerbation rate, or quality of life.

6.10 DIAGNOSIS OF ASSOCIATED COPD

In our study, less than 10% of patients met ROSE criteria, having an obstructive pattern and
a documented exposure. These patients showed a trend to lower FEV1 percentages of

predicted values compared to non-COPD subjects, with median values of 67.5% and 81%,
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respectively. They also had less extensive BE, with 83% classified as having mild disease

according to the Reiff score, compared to 61% of patients with BE without COPD.

As discussed earlier, the exclusion of patients with a documented COPD diagnosis might
be the main factor contributing to the discrepancy between our data and literature. At our
centre, we adopted the ROSE criteria immediately after its publication, motivated by our
specific interest in the topic due to active participation in the study, as well as the ease of
use of these criteria. As a result, most patients with COPD in follow up in our centre had
already received a diagnosis prior to inclusion. This has led to a smaller COPD population
in our study and has limited our ability to draw definitive conclusions and make robust
comparisons with other published studies. Nonetheless, we chose to maintain a consistent
approach to asthma and COPD diagnosis. Including patients with pre-existing diagnoses
could have introduced several biases. For example, patient selection might have
unintentionally favoured one diagnosis over another, leading to skewed data. Additionally,
the impact of comorbidities on disease severity may have led to less interpretable findings,
due to the difficulty in distinguishing the contribution of each condition and may have

resulted in a sample that is not fully representative of the broader BE population.

However, these limitations could have impacted in our observed results. In fact, in
comparison to previous literature, the prevalence of BE-COPD patients in our study is
notably lower. The lack of statistical significance for most comparisons is likely influenced
by this marked imbalance in group sizes, with only 7 patients in the COPD group versus 70
in the non-COPD group, which substantially limits statistical power and the ability to detect
meaningful differences. We did not find any other statistically significant difference in terms
of demographic characteristics, disease severity, treatment, microbiology, exacerbation

rates, QoL (including CAT) and inflammatory markers (blood eosinophils, FeNO levels, IgE).

However, some findings deserve closer examination, as certain differences, though not
statistically significant, may still hold clinical relevance. This is the case for FEV1 percentage
of predicted: both mean and median FEV1 values in the non-COPD population remained
within the normal range, whereas patients with BE and COPD showed, on average, a
moderate reduction in FEV1. Specifically, the mean FEV1% was 81.83 (SD 20.33) in pure
BE compared with 72.17% (SD 19.28) in the BE-COPD group. Moreover, despite the lack
of significance, we could notice that PA infection was slightly more prevalent among patients
with COPD, being observed in 66% of subjects in this subgroup compared with 40% of the
non-COPD population, in line with previously reported data (121).
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6. Discussion

Patients with COPD in our cohort did not exhibit greater disease severity compared to non-
COPD patients, in contrast with previously published cohorts. However, it is noteworthy that
a smaller proportion of individuals in the BE+COPD group were classified as having mild
disease according to the BSI (14% vs 42%). This numerical difference was not reflected in
the FACED score. This discrepancy may be explained by the different weighting of variables
in the two indices. Additionally, scores close to the threshold between mild and moderate

categories could have impacted in this divergence.

In summary, patients with comorbid COPD showed overall similar characteristics compared
to those with bronchiectasis alone, despite a lower radiological extent of disease and a
tendency toward reduced FEV1 values. However, the small sample size likely limited the

statistical power of our analysis and may account for the lack of significant differences.

6.11 DIAGNOSIS OF ASSOCIATED CRS

CRS was diagnosed in 23 of 73 patients (31.5%), mostly based on clinical evaluation, with
only a minority confirmed by imaging or endoscopy. CRS with nasal polyps was found in 4
patients. SNOT-22 scores were significantly higher in CRS patients, particularly for nasal,
ear, facial pain, and fatigue symptoms, reflecting a greater upper airway burden. While most
variables did not show any relevant difference between patients with and without CRS,
those diagnosed with the disease presented higher volumes of sputum and slightly lower

radiological extent.

The prevalence of CRS in our cohort falls within the broad range reported in the literature
(7-75%) and is higher than the 21% reported in the European registry (89,101,200,202—
206,209). This discrepancy may partly reflect methodological differences: the EMBARC
registry collected only clinician-reported CRS diagnoses without specific tools to assess
UAS. This highlights the risk of underestimation of real CRS prevalence, as UAS are often
overlooked in pulmonology evaluations, despite their relevance. In COPD, for example, a
study showed that 82% of patients ultimately diagnosed with CRS had never previously
been assessed for upper airway involvement (69). While similar data are lacking for BE,
similar underdiagnosis is plausible. In our cohort, four patients with a history of nasal polyp
surgery were included in the study as their prior surgeries were not documented in BE
follow-up records, highlighting a broader trend of poor UAS documentation, even in a
specialized tertiary care setting. This underreporting highlights the need for systematic UAS

evaluation in BE.
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6. Discussion

Among patients with symptoms consistent with EPOS criteria, those who underwent further
assessment all had CRS confirmed by imaging and/or endoscopy. Furthermore, SNOT-22
scores were significantly higher in patients with CRS. Our results align with a study by
Guillemany and colleagues, that evaluated SNOT-22 results in BE patients, finding
significantly higher scores in BE patients with CRS compared to those without CRS.
Moreover, they observed that mean SNOT-22 score in their cohort exceeded that of the
general population used for the original validation of the questionnaire, suggesting higher
burden of UAS in BE even in absence of CRS (373). On the other hand, in our cohort we
observed significantly higher scores for all domains typical of CRS (nose and ear related,
night symptoms, facial pain), while elements commonly shared with BE such as cough,
psycho-social impact did not differ between groups. This suggests that patients with
confirmed CRS present a distinct symptomatologic profile, not derived by the presence of
BE.

The consistency between clinical symptoms, instrumental confirmation, and SNOT-22
domains in our cohort supports the applicability of EPOS criteria for diagnosing CRS in BE

patients, despite the unique features of this population.

Conversely, our data did not confirm a clear association between CRS and asthma in BE.
Although the number of patients with confirmed asthma was small, no differences emerged
even when including patients with suspected asthma. The presence or absence of CRS did
not meaningfully predict nor rule out asthma diagnosis. These findings support the

existence of a CRS-BE phenotype that is independent from asthma.

In our study, the CRS-BE phenotype showed a lower extent of bronchiectasis, with fewer
lobes involved and lower Reiff scores. This data seems to be in contradiction with the
literature, as previous studies showed more radiological extension and risk of BE
progression in patients with CRS(206,216). Despite this milder radiological presentation,
these patients exhibited higher sputum volumes, while exacerbation rates and lung function
values were comparable to those observed in the overall BE population. This apparent
discrepancy suggests that the upper airway inflammation typical of CRS may contribute to
symptoms, particularly sputum production, and acute episodes, independently of the extent
of structural bronchial damage. This hypothesis, together with the burden and impact on
quality of life of UAS observed with SNOT22, highlights the need for increased attention to
these symptoms not only to identify patients with CRS and avoid underestimation of a
possibly milder radiological but not clinical disease, but also to guarantee correct

management of UAS in all BE patients.
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6. Discussion

The EPOS symptom questionnaire could serve as a practical tool to screen for compatible
symptoms and guide the need for further upper airway evaluation or ENT referral. Given its
simplicity and speed, it could be easily integrated into the routine assessment performed

during the etiological workup of BE.

6.11 PATIENTS WITH PURE BE VS COMORBIDITIES

The percentage of patients with at least one comorbidity, confirmed or highly suspected, in
our cohort reached almost the 60% of patients. However, the comparison between patients

with pure BE and those with other AWDs did not evidence any significant difference.

These findings are particularly interesting and carry several important implications. First,
the unexpectedly high prevalence of comorbidities is striking—especially considering that
these conditions had not been previously diagnosed before enrolment in the study. This
underscores the need to actively consider the possibility of a second airway disease, even

when bronchiectasis alone appears sufficient to account for the clinical presentation.

It also points to the value of broadening the standard diagnostic approach. Incorporating a
more comprehensive set of clinical and instrumental assessments—such as specific
questionnaires, complete lung function testing, and systematic evaluation of radiological
features beyond bronchiectasis—can help identify coexisting airway diseases or relevant
“treatable traits.” This extended assessment should be considered at least at the time of

initial evaluation.

The observation that patients with “pure” bronchiectasis exhibit similar characteristics to
those with comorbidities may be explained by the overlapping and potentially
counterbalancing effects of each comorbid condition. These interactions may obscure
specific patterns when comorbidities are assessed collectively, contributing to their
underdiagnosis. This further supports the importance of evaluating each comorbidity

independently.

Larger studies are needed to validate these findings and guide the development of
systematic strategies for the detection and management of comorbidities in bronchiectasis

patients.
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7. Conclusions

1. In patients with BE, symptoms not traditionally considered typical of the disease, such
as wheezing and upper airway symptoms, are frequently reported, even in the absence
of other airway comorbidities (i.e. asthma or CRS). While the presence of these
symptoms should prompt clinicians to investigate possible coexisting respiratory

conditions, they are not, on their own, sufficient to establish a diagnosis.

2. The spectrum of radiological and functional alterations in patients with bronchiectasis
is broad and heterogeneous, extending beyond the parameters most commonly
assessed, such as FEV1 and the extent of bronchiectasis. While the interplay between
these variables remains poorly understood, it may hold potential for refining diagnostic
and prognostic approaches for BE patients, particularly in the evaluation of coexisting
airway diseases. This variability highlights the need for a more comprehensive

instrumental assessment in this population.

3. Although these questionnaires do not seem to contribute in defining BE phenotypes
related to the existence of associated AWDs, they reinforce the value of patient-
reported outcomes to establish therapeutic goals in BE. The systematic use of generic
and disease- or symptom-specific quality of life questionnaires may enhance the
multidimensional assessment of BE patients and help in guiding the therapeutic
strategy aimed not only at improving clinical outcomes but also at enhancing patients'

overall quality of life.

4. Airway comorbidities are common in bronchiectasis and may often go undiagnosed in
clinical practice. Although the specific features of each comorbidity combination are
difficult to clearly define, the coexistence of another airway disease can influence
clinical presentation and outcomes in distinct ways, depending on the nature of the

comorbidity involved.

5. Despite the fact that diagnosis of associated asthma has been reported in up to 30%
of BE patients, a complete investigation of this condition, through clinical, biological and
functional criteria, shows that its prevalence is much lower. This overestimation of
asthma prevalence in BE could be the result of the misleading frequent report of
wheezing in BE, but also the consequence of the fact we lack of a standard definition

of the association of asthma and BE and of a specific diagnostic protocol to assess it.

6. A complete investigation also resulted in a diagnosis of CRS in about a third of all BE
patients. These individuals presented more sputum expectoration, the symptom that
usually contributes most to deteriorate QoL in BE, although no worse clinical outcomes
were detected. The detection of CRS through a standardized protocol could be
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7. Conclusions

essential to improve patients’ QoL but also to personalized the therapy as the presence
of CRS has been reported in association with predominant Th2 inflammatory profile,

and this could lead to specific therapeutic approach.
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8.Future directions

In our study, we aimed at assessing the presence and the characteristics of the most
frequent AWD in a cohort of BE patients. To achieve this, we attempted to phenotype our
BE patients by evaluating a broad range of clinical, instrumental, and biological variables

that are not typically included in routine BE assessments.

As a result, several lines of research may follow this study, focusing either on expanding
the traditional clinical management of the disease or on improving the diagnosis and

treatment of airway comorbidities.

Atypical symptoms in BE: among the most interesting findings of this study is the
high frequency of symptoms that are not considered as hallmarks of BE, such as
wheezing and UAS, whose prevalence is poorly described or completely ignored
when describing BE clinical presentation in literature. In particular, the
pathophysiology behind the development of wheezing in BE could be different from
asthma and its identification could inform, therefore, of other abnormalities such as
mucus plugging or bronchial wall thickening. Their management might therefore
represent an unmet need in this population and the role of these symptoms should
be better investigated in order to avoid, for instance, over-diagnosis of asthma or
underestimation of CRS. The inclusion of these “atypical” signs and symptoms in
future studies with greater numerosity could help identify their true prevalence in the
BE population and assess their impact on QoL. Moreover, these symptoms could
represent treatable traits for new anti-inflammatory drugs, and their management

could be included among the outcomes assessed in future drug development.

¢ Role of Instrumental Tests in the Management of BE: Beyond FEV1. While
spirometry remains the most commonly used instrumental test for the follow-up of
BE, its clinical relevance in this context is limited. Conversely, little is known about
the role of other lung function tests and respiratory assessments, such as body
plethysmography, DLCO, PBD testing, and FeNO measurement, in the evaluation
of BE patients.

In our study, we identified functional abnormalities largely beyond the pure definition
of airway obstruction and the reduction in FEV1, consistent with findings from
previous studies. However, the clinical significance and prognostic implications of
these alterations remain unclear. Future, larger studies are needed to define which
combination of tests can provide the most comprehensive and accurate phenotypic
characterization of BE patients. Such efforts could help meet the need for outcome

measures that support risk stratification, the identification of respiratory
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comorbidities, and the identification of treatable traits to improve personalization of

management.

¢ Role of radiology in the Al era. Despite being primarily a radiological diagnosis, in
BE the use of radiology has been mainly directed toward the assessment of
bronchial dilatation severity and to assess the presence of complications. However,
in our study we identified an unexpected proportion of other radiological features,
whose significance and prognostic values are limited by the small size of the cohort.
Moreover, the use of analogical quantification prevented the accurate qualitative and
quantitative description of these radiological findings, reducing their interpretability.
The use of Al could solve both these problems, as already existing Al-based
software for CT interpretation could help define radiological phenotypes, their
correlation with clinical phenotypes and airways comorbidities, and the possible role
in management and chronic treatment outcomes by the automated analysis of huge

number of images.

e Standardization of airways comorbidity diagnosis. The diagnosis of airways
comorbidities in BE represents an ongoing challenge, both in terms of diagnostic
procedures and clinical impact. Objective criteria have been proposed only for
COPD, with the introduction of the ROSE criteria. The diagnosis of CRS appears
more straightforward, and our data suggest that the application of CRS diagnostic
criteria in BE patients is feasible and could be clinically relevant. On the other hand,
the diagnosis of asthma is considerably more complex due to the heterogeneity of
its clinical presentations, the flexibility of diagnostic criteria even in the general
population, and the need for instrumental confirmation, which may not be available
in certain settings. This results in wide variability in reported prevalence across
studies and a high risk of misdiagnosis. Our data suggest that relying on clinical

presentation alone may be misleading in a significant proportion of cases.

Future studies involving larger cohorts are needed to help identify objective criteria
and develop diagnostic algorithms, which should then be validated in international
cohorts and implemented in clinical practice. In the coming months, we are planning
an extension of the study in which we will perform methacholine challenge testing in
all subjects with suspected asthma, as well as in a proportion of those in whom
asthma has been previously excluded, to evaluate its role in confirming the

diagnosis and to help determine the true prevalence of asthma in our cohort.
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e Development of clinical tools for diagnosis of AW comorbidities in BE. Our
study suggests the presence of clinical differences between patients with and
without other AWDs, although this finding is greatly limited by the small sample size.
Studies on larger cohorts may allow for the identification of clinical characteristics
suggestive of AWDs in BE patients, ultimately leading to the development of fast,
feasible, and easy-to-use screening tools. These tools could be implemented in
clinical practice to identify patients who should undergo instrumental confirmation of

concomitant AWDs.
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