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Abstract

Bronchiectasis in Chronic obstructive pulmonary disease (COPD) has been recognized as a potential new
phenotype of COPD in recent years due to different clinical presentation, prognosis and treatment response. Broad
application of CT scan significantly increased identification of bronchiectasis in COPDpatients. Although the exact
mechanism of bronchiectasis development in COPD is lacking, the chronic airway inflammation, colonization of
particular bacteria strain such as P. aeruginosa and continuous airway reconstruction may proceed to airway
damage and following bronchiectasis. The significance of identifying bronchiectasis in COPD patients is to improve
patients’ management through more individualized treatment regimen. Given the poor prognosis in COPD patients
with bronchiectasis and limited evidenced based clinical experience, it is therefore essential to have high quality

clinical trials conducted in this group of patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common
disease that severely threatens human health. As World Health
Organization (WHO) has predicted, social and economic burden of
COPD will rise to the fifth and COPD will become the third leading
cause of death worldwide by 2030 [1]. It has been widely recognized
that COPD is a complex syndrome with numerous pulmonary and
extrapulmonary manifestations with heterogeneity among individuals.
In the recent years, clinicians also proved that the heterogeneity of
COPD is associated with different clinical outcomes including
symptoms, exacerbations, responses to recommended therapy, decline
of lung function and death [2]. The description of phenotypes in
COPD gives us a new perspective on the classification of patients into
distinct subgroups with different pathophysiologic mechanisms which
may guide individualized therapies and achieve better prognosis.

Due to the growing use of high-resolution CT (HRCT) scanning,
bronchiectasis has been increasingly diagnosed in patients with
COPD. Since the first description of overlapping of bronchiectasis and
COPD by Barker in 2002 [3], the rates of bronchiectasis shown on
HRCT have been estimated ranging from 4% to 57.6% in COPD
patients [4-8]. These researches raise awareness of a potential
phenotype of COPD with certain distinct presence, prognosis as well
as different implications of therapy. In global initiative for chronic
obstructive lung disease(GOLD) report newly updated in 2014,
bronchiectasis associated with longer exacerbations and increased
mortality in COPD, has been added as an important comorbidity that
might need different therapeutic regimen [9].

Prevalence of Bronchiectasis in COPD

The evidences of bronchiectasis in COPD patients had been found
in several studies, however the rate of coexistence was still far from
consistent. In primary care, C O'Brien firstly showed that there were
29% of COPD patients who were diagnosed with bronchiectasis
showing predominantly tubular sign on HRCT (26.3% of them were
finally confirmed after excluding those with forced expiratory volume
in the first second (FEV1) over 80%) [7]. Similar result was
demonstrated that the presence of bronchiectasis was 27% in COPD
patients recently [8]. It has been revealed that bronchiectasis in COPD
is associated with clinical outcomes. Patel IS found that 50% of COPD
patients had bronchiectasis with high levels of local inflammatory
cytokines production, lower airway bacterial colonization and longer
symptom recovery time upon exacerbation [6]. Besides, severity of
airflow obstruction and at least one hospital admission for
exacerbations in the previous year were also associated with an
elevated prevalence of bronchiectasis in moderate to severe COPD [5].
Of note, data from Evaluation of COPD Longitudinally to Identify
Predictive Surrogate Endpoints (ECLIPSE) study showed lower
prevalence of bronchiectasis than those from above studies. Only 4%
in 2164 subjects had bronchiectasis. The possible reason was that
bronchiectasis might have been excluded at study enrollment.
However, the rate of bronchiectasis in COPD increased with GOLD
stages in this cohort [4]. Furthermore, among mechanically ventilated
COPD patients at a respiratory ICU, about 31% of patients had
bronchiectasis which might increase the duration of ICU stay and
hospitalization but no difference in mortality [10]. It should be noted
that different phenotypes of bronchiectasis including tubular, cystic
and varicose have been identified in COPD patients in these studies.
Among them, bronchiectasis was commonly distributed in lower,
bilateral lobes while central type was relatively rare [5,6]. In C
O'Brien’s study, 72% patients demonstrated tubular bronchiectasis on
HRCT and for those with varicose (12.5%) or cystic (15.5%)
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bronchiectasis, more severe impairment of FEV1 and more
mucopurulent sputum production were observed [7]. Although the
prevalence of bronchiectasis in COPD varies among different studies,
it has shown that bronchiectasis was associated with different clinical
manifestations, treatment and prognosis of COPD, which means a
new phenotype of COPD has already been noticed with specific
understanding and particular attention.

Potential Pathogenesis of Bronchiectasis in COPD

Both COPD and bronchiectasis are characterized by chronic airway
inflammation, a consequence of mixed genetic and environmental
effects. Multiple mechanisms such as deficiency of alpha-1-antitrypsin
(AAT), disturbance of oxidation and antioxidation and airway
remodeling contribute to the development of COPD. For
bronchiectasis, airway obstruction and chronic infection are the main
causes for disease progression. The exact role of bronchiectasis in
COPD remains unclear despite of the potential clinical significance
indicated previously. Whether this specific phenotype is the
coexistence of two diseases or a unique presence caused by certain
unknown mechanisms or consequence of COPD still needs further
investigation.

The classical known mechanisms of these two diseases may help us
find underlying possibilities of this phenotype. In fact, there is overlap
in the pathology of COPD and bronchiectasis. In both conditions,
neutrophils and T lymphocytes are the main inflammatory cells which
can release protease and cause pulmonary damage ([11]. In
bronchiectasis, the hypothesis of “vicious cycle” describing recurrent
chronic inflammation and infection on its pathogenesis has been well
accepted [12]. Infective insult can initiated local neutrophil
recruitment which can further lead to proteinase release, bronchial
damage, impaired host defenses and bacterial colonization and finally
causes bronchial dilation characterized by the deficiency of elastin and
even destruction of muscle and cartilage. As for COPD, inhalation of
cigarette smoke and noxious fumes results in dysfunction of
mucociliary transport system and loss of tight connection of epithelial
cells, which can also promote inflammatory reaction, bacterial
infection and colonization [13]. Thus, repeated chronic infection and
inflammation characterized by neutrophils and T lymphocytes
infiltration along with possible genetic susceptibility are more likely to
cause microbes persistent existence and further tissue damage and
remodeling, then initiate and sustain the pathogenesis cycle of
bronchiectasis in COPD patients.

Pseudomonas aeruginosa is an important pathologic bacteria in
bronchiectasis and was associated with severity of the disease [14].
About 12-31% of bronchiectasis patients were colonized with 2.
aeruginosa which can adhere to airway mucosa, form protective
biofilm resistant to antibiotics or immune cells and worsen the airway
damage and dilation [15]. In COPD, P. aeruginosa has been isolated
from 3-20% patients, especially in those with more severe conditions,
exacerbations and worse outcomes [16-19]. Yet the relationship
between P.aeruginosa and bronchiectasis in COPD has not been fully
proved and no significant relevance was shown in previous studies
[5,16]. Further well controlled clinical investigation is needed to
confirm the result. On the other hand, it is suggested that certain
unknown mechanisms independent of classical and overlapped
pathogenesis of bronchiectasis and COPD might exist.

Moreover, bronchiectasis has been found in some patients with
AAT deficiency [20]. Cuvelier et al. analyzed AAT genes in

bronchiectasis patients and discovered a significant association
between emphysema and bronchiectasis caused by overrepresentation
of PI*Z alleles [21]. They suggested that bronchiectasis may be a
consequence of emphysema in these patients rather than a primary
effect. Another research included 74 patients with severe AAT
deficiency partially approved their conclusion. [22] In this research, 70
subjects showed bronchiectatic changes and 27 of them had clinical
significant bronchiectasis. The prevalence of bronchiectasis in lobes
mostly affected by emphysema was higher. However, some patients
with bronchiectasis did not demonstrated obvious emphysema.

It remains difficult to figure out the exact mechanisms of
bronchiectasis in COPD. More well-designed clinical analyses targeted
on this phenotype are expected. Although there are similar
pathophysiological processes that these two diseases may overlap,
preliminary studies have implied that there must be some unknown
complex or independent interaction between them that warrants
further exploration.

Clinical Features and Diagnosis of Bronchiectasis in
COPD

Patients producing large volumes of sputum may have underlying
bronchiectasis. The presence of purulent sputum reflects an increase in
inflammatory mediators, and its development may identify the onset
of bacterial exacerbation [9]. Patients without persistent purulent
sputum or hemoptysis may also show bronchiectasis on CT imaging.
Sometimes fixed moist rales can be heard. Bronchiectasis can further
intensify pulmonary hypertension caused by COPD and leads to cor
pulmonale or even heart failure [10]. Moreover, patients with
bronchiectasis usually reflect an increase in both local and systemic
inflammatory mediators which can deteriorate nutrition status [5,23].

The presence of bronchiectasis on CT scan in COPD patients may
modulate exacerbations and affect the severity and frequency [24].
Coexistence with bronchiectasis could increase mortality, course of
exacerbations as well as the duration of ICU stay and hospitalization in
COPD patients [6,7,10,25,26].

Increasing evidences have been provided on microbiological
features of COPD patients with bronchiectasis. The isolation rate of
potential respiratory pathogens in these patients is higher [5]. The
pathogen pattern commonly isolated from COPD patients slightly
different from bronchiectasis. P. aeruginosa is one of the most
common bacteria infecting bronchiectasis patients while it is not
usually found in COPD patients except those severe ones or during
exacerbations [27-29]. P. Aeruginosa colonization has also been
associated with accelerated decline of lung function in bronchiectasis
and exacerbations in COPD [30-33]. For COPD patients with
bronchiectasis, this phenotype may indicate high possibility of
potential colonization or infection with pathogens like P. aeruginosa.
On the other hand, if a COPD patient has relatively mild airflow
obstruction but organism patterns in bronchiectasis such as P.
aeruginosa and Staphylococcus aureus are repeatedly isolated, it may
suggest the possible coexistence of bronchiectasis. Yet no definite
relevance between P. aeruginosa and bronchiectasis in COPD has been
clinically confirmed, and it is unclear whether isolation of pathogen
patterns including P. aeruginosa in these patients is induced by
bronchiectasis or by this distinct phenotype.

A diagnosis of COPD requires spirometry test which confirms
persistent airflow limitation with a post-bronchodilator FEV1/
FVC<0.70 apart from clinical symptoms. Bronchiectasis (non-cystic
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fibrosis bronchiectasis here) is usually diagnosed based on imaging
findings (HRCT). Both spirometry confirmation and imaging findings
of bronchiectasis are essential for this particular phenotype. But as
we’ve discussed above, relationship between bronchiectasis and COPD
and underlying mechanisms of bronchiectasis in COPD remain
unclear. Factors such as immunodeficiency or airway inflammation
and repeated infections may contribute to the development of
bronchiectasis in COPD. While bronchiectasis caused by other
etiologies in a nonsmoker leads to a fixed airway obstruction and, thus,
lead to the diagnosis of COPD. So we could not certainly separate
bronchiectasis in COPD from bronchiectasis as independent disease so
far and the clinical differentiation of these two diseases still needs
further investigation. While at current situation, differential diagnose
should be considered based on specific well-known risk factors or
etiologies of each disease together with different clinical onset and
manifestation as well.

Therapy

GOLD added bronchiectasis as a comorbidity of COPD in 2014
version and suggested that: 1) For bronchiectasis in patients with
COPD, treatment should be along conventional lines for
bronchiectasis with the addition of usual COPD strategies where
indicated. 2) For COPD in patients with bronchiectasis, COPD should
be treated as usual, although some patients may need more aggressive
and prolonged antibiotic therapy [9]. To date, no specific
recommended therapy based on evidences for this phenotype has been
documented.

Bronchodilators

Bronchodilators including long-acting and short-acting beta-
adrenergic agonists (LABAs and SABAs) and long-acting muscarinic
antagonists (LAMAs) are the main stream therapies for stable COPD
patients. So far there is no randomized trials referring to a full
evaluation on the effect of bronchodilators on bronchiectasis [34]. In
previous studies, some patients with bronchiectasis exhibited increase
in FEV1 and FVC after using inhaled bronchodilators including beta-
adrenergic agonists and anticholinergics. Generally, inhaled
bronchodilators are recommended for the prevention of possible
bronchospasms caused by physiotherapy and aerosolized antibiotics in
bronchiectasis [35]. Martinez-Garcia et al recently reported that a
formoterol-budesonide combined treatment significantly improved
the symptoms and health-related quality of life scores in non-cystic
fibrosis bronchiectasis compared with high-dose budesonide
treatment [36]. Overall, we conclude that for COPD patients with
bronchiectasis, bronchodilators are the mainstay treatment although it
is unclear which choice or combination is superior to another.

Anti-inflammatory Agents

Corticosteroids

Inhaled  corticosteroids  (ICS) along with  long-acting
bronchodilators are recommended as first choice for patients in Group
C and D in COPD [9]. ICS alone (such as fluticasone) has been shown
reducing the sputum and the level of inflammatory mediators in non-
CF bronchiectasis [37-39]. As mentioned above, medium-dose
budesonide combined with formoterol increased cough-free days and
quality of life in bronchiectasis patients [36], but the safety of ICS and
its impact on infection and inflammation have not been well

described. Further research is necessary to find out whether the
routine use of ICS with LABA will improve the symptoms and
prognosis of COPD patients with bronchiectasis, as well as the proper
dose which balance the safety and therapeutic effect.

Macrolides

Macrolide has been proved to be an immune modulator on host
inflammatory response which plays an important role in the
development of both bronchiectasis and COPD. Macrolide also have
anti-pseudomonal properties by suppressing expression of quorum
sensing pathways and virulence factors of P. aeruginosa [40,41] Larger
long-term clinical trials such as Effectiveness of Macrolides in patients
with Bronchiectasis using Azithroymycin to Control Exacerbations
(EMBRACE) [42], Bronchiectasis and Low-dose Erythromycin Study
(BLESS) [43] and Bronchiectasis and Long-term Azithromycin
Treatment (BAT) [44] all showed that patients with bronchiectasis can
benefit from macrolides by reducing the rate of exacerbations,
relieving the symptoms and improving quality of life. As to COPD,
azithromycin and erythromycin has been shown to reduce
exacerbation frequency and duration [45,46]. However, the potential
adverse effects such as gastrointestinal disturbance and abnormal liver
function should be taken into consideration while prescribing
macrolides. Data from BLESS and BAT has demonstrated that long-
term use of macrolides could increase the prevalence of macrolides-
resistant pathogens [43,44]. Although evidence shows that both
bronchiectasis and COPD patients benefits from macrolides, its effect
on COPD patients with bronchiectasis is unclear. Further investigation
focusing on this distinct phenotype is needed.

Phosphodiesterase 4 inhibitors

As an effective anti-inflammatory agent, roflumilast, the first oral
phosphodiesterase 4 (PDE4) inhibitor, has been shown to reduce
exacerbation frequency in a subgroup of COPD patients who suffered
from chronic sputum production with severe to very severe FEV1 [47].
The isolation of a potential pathogenic microorganism from the
sputum of a patient with stable COPD, together with a FEV1<50%
predicted and at least one hospital admission for exacerbation in the
previous year were associated with a 99% probability of having
bronchiectasis on CT scan [5]. Thus, we speculate that in the study of
roflumilast, although CT scan was not performed, there might be
COPD patients with bronchiectasis who benefited from this therapy.
Further research is expected to demonstrate the exact response of
COPD patients with bronchiectasis to PDE4 inhibitors.

Antibiotics

Usually, antibiotics are not indicated for stable COPD patients. For
those with infectious exacerbations and other bacterial infections, the
recommended length of antibiotic therapy is usually 5-10 days [9]. In
bronchiectasis, antibiotics are used in the following scenarios: (1) to
eradicate P. aeruginosa and/or methicillin-resistant Staphylococcus
aureus (MRSA), (2) to suppress the burden of chronic bacterial
colonization, or (3) to treat exacerbations [34]. Eradication of
pathogenic bacteria and suppressive antibiotic therapy has been shown
to reduce airway and systemic inflammatory mediators, lower bacterial
burden and decrease the exacerbation frequency in bronchiectasis
[48,49]. Inhaled or long-term antibiotics are recommended for
patients having three or more exacerbations per year and for those
during exacerbations, a 14 days of antibiotic therapy is recommended
[50]. For COPD patients with bronchiectasis, the possible pathogen
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pattern of bronchiectasis should be taken into consideration when
using antibiotics during an acute exacerbation, although the exact
duration of antibiotic use is still inconclusive at present. However, it’s
believed that clinical success of antibiotic and its duration should be
determined according to improvement of patients’ symptoms or signs
as well as laboratory test results during exacerbations. On the other
hand, further studies are also expected to determine whether it is
necessary to treat this phenotype with long-term oral or inhaled
antibiotics therapy to prevent exacerbations, reduce bacterial
colonization and load.

Conclusions

Bronchiectasis in COPD may represent a newly recognized
phenotype confirmed by increasing use of HRCT in recent years. As
mentioned above, it has been suggested that this phenotype is
associated with critical clinical outcomes of COPD such as severe
airflow obstruction, isolation of pathogenic organisms, exacerbations
and mortality, which reminds us that we may need to pay specific
attention to its pathogenesis, clinical features and treatment. We
briefly summarized and discussed main current findings and potential
interest of further research. Notwithstanding an increased recognition
of this distinct phenotype, there are limited trials and researches that
reveal the underlying relationship or interaction between
bronchiectasis and COPD, as well as the exact prognosis and specific
therapies targeted at these patients. Well designed studies are expected
to provide more evidence in the future.
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