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Tolerance and effectiveness of
inhaled antibiotics at standard or
low doses in COPD patients with
chronic Pseudomonas aeruginosa
bronchial infection

Roser Costa'?*/, Annie Navarro?, Miguel Angel Leal?, Andrea Hernandez*,
Cristina Esquinas®’ & Marc Miravitlles®’

To evaluate the tolerance and effectiveness of standard doses (StD) and low doses (LoD) of inhaled
antibiotics (IA), in patients with chronic obstructive pulmonary disease (COPD) and chronic bronchial
infection (CBI) by Pseudomonas aeruginosa (PA). Single-center, observational, retrospective, follow-
up study of patients with COPD and CBI by PA treated with IA between 2012 and 2021. One year
before and one after the first IA dose were analysed. 87 patients were included (86 men) with a mean
FEV1(%) of 46.3%. Intolerance to IA was observed in 54 (62.1%), with a median time of 30 days (IQR:
15, 90). Only a higher FEV1(%) was associated with lower probability of intolerance (hazard ratio: 0.98,
95% confidence interval 0.97 to 0.99; p=0.021). Seven of 15 (46.6%) patients who did not tolerate
StD tolerated LoD. Those unable to tolerate LoD also had worse FEV1(%) (38.4% (SD:18.7%) versus
48.1% (SD: 16.4%); p=0.018). Treatments lasting 6-12 months improved symptoms and reduced PA
isolations (-2.1; P<0.001) and exacerbations (-1.7, P <0.001). In 19 patients LoD treatment reduced
exacerbations (-2.1, P=0.003), days of hospitalization (-7.4, P=0.036) and PA isolations (-2, P=0.001)
with clinical improvement. Antimicrobial resistance was not observed in any case receiving LoD of IA.
More than half of our COPD patients treated with |A for CBI by PA presented respiratory intolerance
during the first three months related to greater severity of airway obstruction. Treatment with LoD of
IA appears to be an effective and safe alternative for some patients unable to tolerate StD.

Keywords COPD, Pseudomonas aeruginosa, Chronic bronchial infection, Inhaled antibiotics, Low dose,
Tolerance

Background

The lower airways of patients with chronic obstructive pulmonary disease (COPD) are often colonised by
potentially pathogenic microorganisms (PPMs) and this is associated with increased local and systemic
inflammation, more severe respiratory symptoms, increased frequency and severity of exacerbations and
accelerated decline in lung function'~®. Different PPMs can be associated with chronic bronchial infection (CBI)
in COPD, but the CBI by Pseudomonas aeruginosa(PA) has received particular interest because it has a high level
of resistance to usual antibiotics, mostly affects more severe patients, and is associated with worst prognosis and

increased mortality” !,
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There are currently no randomised controlled trials (RCT) or licenced treatments for CBI by PA in
COPD. However, expert opinion recommends the off-label use of inhaled antibiotics (IA), as in patients with
bronchiectasis®’. Limited information is available about the use of IA in COPD and it is important to collect
information from real life studies about the effectiveness, tolerance and safety of IA. The few studies published
to date were focused on effectiveness, and they associated the use of IA with a decrease in the number and days
of hospital admissions due to exacerbations in patients with COPD and CBI'?>"'°. In them, the most frequent
adverse effects were respiratory, but tolerance to IA has not been analysed in a targeted manner, and neither have
strategies been proposed to improve tolerance. Given that much higher antibiotic concentrations are achieved in
the lungs through inhalation than through oral or intravenous administration'®!”, administration of low doses
(LoD) of IA is a possible strategy to improve tolerance, but there is no scientific evidence on their effectiveness
and safety in COPD.

Methods

Study design and population

This was a single centre, observational, retrospective, follow-up study of patients with COPD and CBI by PA
treated with IA in the Hospital Mutua Terrassa (Barcelona, Spain) between January 2012 and January 2021.

The main objective of the study was to analyse tolerance to IA. Secondary objectives were: (a) to identify
factors associated with intolerance; (b) to investigate if patients who do not tolerate standard doses (StD) can
tolerate LoD; and (c) to evaluate the effectiveness of IA according to the duration of treatment.

The day of the first dose of IA was considered the index date and an observational period of one year before
and one after the index date was analysed.

Protocol for inhaled antibiotic administration

IA were initiated after three isolations of PA in the preceding two years despite previous treatment with either
2 weeks of intravenous or 3 weeks of oral antibiotics after each isolation. The initiation was with StD, except
in cases in which either possible intolerance due to the presence of signs or symptoms of clinical bronchial
hyperresponsiveness was suspected, or if it was considered that IA intolerance might put the patient at high
risk due to the severity of COPD. In these cases, LoD were first administered. Intolerance to IA was considered
as any clinical adverse effect that conditioned the discontinuation of treatment. The following symptoms were
considered: dyspnoea, cough, wheezing, pleural pain, general malaise, dysgeusia and headache. If there was
uncertainty about the relationship between the symptoms and the IA, the treatment was stopped and restarted
in the stability phase. Reappearance of symptoms with the reintroduction of IA was considered as intolerance.
Some patients who initiated StD and showed intolerance were changed to LoD, and in those who initiated LoD
and presented intolerance, the IA was either discontinued or changed to a different IA at LoD. The decision
depended on the specific case assessment by the treating physician.

We used only commercial IA preparations and defined StD as the doses recommended in the prescribing
information of each antibiotic. StD were: colistin 1 million international units (IU) administered with the
I-neb delivery device, colistin 2 million IU and tobramycin 300 mg/4 ml administered with the LC PARI PLUS
nebulizer, or dry powder colistin 1 capsule (1,662,500 TU) administered with Turbospin inhaler, all twice daily.
Colistin was diluted in sodium chloride 0.9% (ml) 4 ml and administered continuously, while tobramycin was
administered one month on/off with not additional dilution. LoD included tobramycin 300 mg/4 ml and dry
powder colistin 1 capsule administered both once daily, and various options of nebulized colistin: 1 million TU
administered with the LC PARI PLUS nebulizer once or twice daily or 2 million IU once daily, and 1 million IU
administered with the I-neb delivery device once daily.

Premedication was carried out with their usual maintenance bronchodilator treatment.

Measurements

During the follow-up period we collected information about discontinuation of IA, date and reasons, possible
reintroduction or new IA and dose, as well as the number of PA isolations and its resistance to the antibiotics.
Eradication was considered when there was absence of PA growth in three consecutive sputum samples
at least one month apart, and possible eradication when there were less than three negative or there was no
sputum production. Dyspnoea was measured by the modified Medical Research Council (nMRC) dyspnoea
scale. Exacerbations were defined as an increase in respiratory symptoms requiring treatment with systemic
corticosteroids and/or a new course of antibiotics.

Statistical analysis

For the main objective of tolerance of IA, an intention to treat (ITT) analysis was used and all patients who
received at least one dose of IA were included, but for the effectiveness analysis a modified ITT analysis excluding
only those patients who died during follow-up was performed. The sociodemographic and clinical characteristics
were compared according to IA tolerance and the duration of treatment. In the case of quantitative variables,
Mann-Whitney U or Kruskall Wallis tests were carried out. The Chi-squared test (Fisher test for frequencies < 5)
was used for the comparison of categorical variables. Changes in clinical variables during follow up were analysed
using Wilcoxon or McNemar tests according to the type of variable.

A backward stepwise Cox regression analysis was performed to identify variables related to IA intolerance.
Variables showing an association in the univariate analysis (P <0.20) were incorporated in the multivariable
model. Final variable selection was performed according to the Akaike information criterion (AIC). Time to
intolerance was also included in the model. The results were described with hazard ratios (HR), 95% confidence
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interval (CI) and p-values. The Hosmer-Lemeshow goodness-of-fit test was performed to assess the overall fit
of the model.

For all the tests, p-values <0.05 were considered statistically significant. The statistical package R Studio
(V4.3.3) was used for the analyses.

Ethical disclosures

The study was approved by the Comité de Etica de Investigacién con Medicamentos de la Fundacié Assistencial
Hospital Mitua Terrassa, Terrassa, Spain (Clinical Research Ethics Committee of the Mutua Terrassa Hospital,
Terrassa, Spain) on the 22nd of June 2022 and followed the principles outlined in the Declaration of Helsinki.
The need for informed consent to participate was waived by the same Clinical Research Ethics Committee due
to the retrospective design of the study and because the information was obtained from the medical history and
was dissociated from the personal identification data making it impossible to identify the subjects, in accordance
with the data protection law N° 2016/679 of the European Parliament. The data were analysed using a database
that did not include any patient-identifying information, such as name, medical record numbers, dates of birth,
or identification documents.

Results

Population

A total of 87 COPD patients with CBI by PA were treated with IA. Of these, 86 (98.8%) were men, with a mean
age of 75.7 (standard deviation [SD]: 7.8) years. The mean post-bronchodilator FEV (%) was 46.3% (SD: 19.4%)
and 55 (63.2%) had bronchiectasis (Table 1).

Tolerance to inhaled antibiotics

Forty-nine (56.3%) patients initiated treatment at StD and 38 (43.7%) at LoD. The IA used were: nebulized
tobramycin 56 (64.4%) (36 StD and 20 LoD), nebulized colistin 26 (29.9%) (10 StD and 16 LoD) and dry powder
colistin 5 (5.7%) (2 StD and 3 LoD). Of those who initiated StD, 28 of 49 (57.1%) showed intolerance and 15
were changed to LoD; 7 (46.6%) tolerated the LoD and continued until the end of follow-up. In the group who
initiated LoD, 26/38 (68.4%) showed intolerance and 10 were changed to another IA at LoD, but none tolerated
(Fig. 1).

In all, initial intolerance to IA was observed in 54 (62.1%) patients (groups 3 and 4 of Fig. 1). The most
frequent symptoms of intolerance were dyspnoea in 52 (96.3%) and cough in 11 (20.4%) patients, and the
median time to the appearance of intolerance was 30 days (interquartile range [IQR]: 15, 90). In 14 (16.1%)
patients intolerance occurred after 3 months of treatment. Figure 2 shows the timeline for initial intolerance.

In the global analysis of tolerance, 47 (54%) patients presented intolerance at different doses or time points
(groups 6, 7, 8 and 9 of Figs. 1) and 40 (46%) tolerated the treatment either initially at StD or LoD or after dose
reduction (groups 1, 2 and 5 of Fig. 1). The demographic and clinical characteristics of patients according to
tolerance to IA are shown in Table 1. Only FEV, (%) was significantly lower in patients who did not tolerate the
IA (42.0% (SD:19.8%) versus 51.4% (SD: 18.0%); p =0.002). In a multivariate analysis only a higher FEV, (%) was
independently and significantly associated with a lower probability of intolerance (HR: 0.98, 95%CI 0.97 to 0.99;
p=0.021). The final model was well calibrated, with a p-value of 0.742 according to the Hosmer-Lemeshow test.
Tolerance and intolerance symptoms were similar for the three antibiotics used.

Nineteen patients showed tolerance to LoD (groups 2 and 5 in Figs. 1), 10 with tobramycin every 24 h and
9 with nebulized colistin with different LoD regimens. The median treatment time was 365 days (IQR: 308,
365). On univariate analysis, FEV,(%) was again significantly lower in patients unable to tolerate LoD (38.4%
(SD:18.7%) versus 48.1% (SD: 16.4%); p=0.018), as was oxygen saturation (93.5% (SD: 2.7%) versus 95.2% (SD:
2.2%); p=0.014) (Table 2).

Effectiveness and safety of inhaled antibiotics

Eleven patients (12.6%) died during the first year after starting IA. Seven of these patients died while treated with
IA, five at LoD, with all showing good tolerance. The causes of death were respiratory in 5 (3 COPD exacerbation,
1 influenza and 1 pneumothorax), 1 due to multiple myeloma and 1 of unknown cause.

In the analysis for effectiveness, patients were divided into three groups according to the duration of treatment
(Table 3). The effectiveness of IA ranged from no significant effect in cases with shorter treatment to a significant
improvement in symptoms (sputum production and purulence), the number of PA isolations and the frequency
of exacerbations with longer treatments (Table 4). The rates of eradication and possible eradication did not
significantly differ among groups (45.4%, 57.1% and 56.8% for the shortest to the longest treatment groups;
p=0.815). Although a worsening of FEV,(%) was observed in the group that received IA for 1-6 months, this
worsening was not observed in the group treated for more than 6 months.

Likewise, treatment with IA at LoD in 19 patients showed a decrease in the number of exacerbations and days
of hospital admission, as well as improvement in clinical and microbiological parameters (Table 5). In terms of
safety, no antimicrobial resistance to the IA or any evidence of a significant worsening in FEV (%) was observed
in any patient receiving LoD of IA.

Discussion

More than half of our COPD patients who initiated IA treatment at StD initially presented intolerance, with
this value increasing to 62% when including patients with intolerance to IA at LoD. The main symptoms of
intolerance were dyspnoea and cough during the first 3 months of treatment, being most common after one
month, with intolerance appearing later in 16% of patients. To the best of our knowledge, this is the largest study

Scientific Reports |

(2025) 15:8773 | https://doi.org/10.1038/541598-025-91763-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Total Tolerance to IA | Intolerance to IA

n=87 n=40 (46%) n=47 (54%) Pvalue
Sociodemographic
Gender, (% of men) 98.9 100 97.9 1.000
Age 75.7 (7.8) 74.9 (7.6) 76.4 (8.1) 0.401
Smoking habit, packs- year 62.9 (29) 59.1 (27.2) 66.2 (30.5) 0.288
Currently smoking, (%) 5.8 7.5 4.3 0.853
Charlson comorbidity index 5.6(2) 5.7 (1.9) 5.5(2.1) 0.601
Symptoms
Daily expectoration, (%) 874 85 89.4 0.775
Type expectoration (n="76)
White, (%) 30.3 324 28.6%
Mucopurulent, (%) 60.5 58.8% 61.9% 0.760
Purulent, (%) 9.2 8.8% 9.5%
Dyspnoea (mnMRC) 2.3(0.9) 2.2(0.9) 2.5(0.9) 0.084
Respiratory function
EVC postBD % 68.2(18.8) | 71.5(16) 65.5 (20.7) 0.061
FEV, postBD % 46.4 (19.5) 51.5(18) 42.1(19.8) 0.002
Oxygen saturation % 94.2 (2.5) 94.7 (2.2) 93.8 (2.7) 0.072
Thorax CT scan
Emphysema, (%) 60.9 62.5 59.6 0.163
Bronchiectasis, (%) 63.2 65 61.7 0.163
Analytical data
Eosinophils cel/pl 229.3 (151.7) | 235.1 (156.4) 224.5(149.3) 0.825
Microbiological data
Number of PA isolation per patient the previous year | 3.1 (1.3) 3.1(1.1) 3.2(1.4) 0.504
Exacerbations previous year
Ambulatory 33(2.2) 3.1(1.8) 3.5(2.5) 0.561
Hospital admissions 1.7 (2) 1.6 (1.7) 1.8 (2.1) 0.488
Days of hospitalization 25.3(18.3) 24 (15.5) 26.1 (20.3) 0.952
Treatments, (%)
LABA 100 100 100 1.000
LAMA 98.9 100 97.9 1.000
Inhaled corticosteroids 97.7 97,5 97.9 1.000
Long term azithromycin 91.9 95 89.4 0.570
Roflumilast 3.5 7.5 0 0.186
Long term oral corticosteroids 12 2.5 0 0.935
Oral cyclic antibiotics 3.5 0.0 6.4 0.300
Long term oxygen therapy 28.7 17.5 38.3 0.058
Inhaled antibiotic, (%)
Nebulized colistin 29.9 30 29.8 1.000
Dry powder colistin 5.8 5 6.4 1.000
Nebulized tobramycin 64.4 65 63.8 1.000

Table 1. Characteristics of patients according to tolerance to inhaled antibiotics. Footnote: *Data presented
as mean (SD) unless otherwise specified. IA: inhaled antibiotics; mMRC: modified Medical Research Council
dyspnea scale; CT: computed tomography; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s;
PA: Pseudomonas aeruginosa; LABA: long-acting beta-2 agonist; LAMA: long-acting anticholinergic.

analysing the use of IA in patients with COPD and CBI by PA and is the first to specifically analyse intolerance to
IA and the factors associated in these patients. It also evaluated the use of LoD of IA as an alternative treatment
for patients unable to tolerate StD or considered at high risk of intolerance.

Respiratory symptoms such as dyspnoea and cough were the most common cause of treatment discontinuation
in our study, as previously reported'*~1°. In fact, the possibility of bronchospasm after IA is warned in the
technical specifications of the commercial IA preparations. These symptoms could be related to direct irritation
by the drug, as well as to the changes that these products can produce in the osmolarity of the respiratory tract's.

The efficacy and safety of IA have been assessed in patients with bronchiectasis in several studies; however,
the few studies that have analyzed their impact on COPD basically focused on their effectiveness'. These studies
described lower rates of intolerance compared to ours, although with a similar time of onset, being mainly
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Fig. 1. Disposition of patients who initiated inhaled antibiotics.

during the first three months of treatment. Monton et al. reported that 21% of 53 patients with COPD and
CBI by PA treated with nebulized colistin presented intolerance during the first three months and 9% after this
period"!. However, they excluded an unspecified number of patients with a decrease in FEV, of 200 mL and 12%
right after the first dose of IA, while our protocol contemplates performing spirometry after 1-2 weeks. This may
have increased our overall rate of intolerance as patients with a possible immediate decrease in FEV were not
detected. In the study including the largest number of patients with COPD on IA, 25% of the patients presented
similar adverse respiratory events in the first three months, after a median of 22.5 days!>. However, it should be
taken into account that this multicentre study included different IA and at various doses, and the IA protocols
used were not described and very likely significantly differed among the various study centres. In another study,
Bruguera et al.. did not include patients who received less than 3 months of treatment with colistin for CBI
by PA, and thus initial intolerance, which was the most frequent in our study, was not reported!?. Despite this
limitation, 4 of 36 (11%) patients presented bronchospasm after 3 months of treatment.

In patients with bronchiectasis, a meta-analysis of RCT showed that treatment with IA was associated with
wheezing and bronchospasm in up to 22% of cases?>*!. However, some studies were of short duration, and
thus, longer-term effects were unknown, and in all of these studies the lung function of the patients was higher,
with a mean FEV (%) >50%. Likewise, a study on the efficacy and safety of dry powder IA in patients with
bronchiectasis found that having comorbid COPD was an independent risk factor for intolerance with an OR
of 2.3%2. The present study showed that patients who did not tolerate IA had a lower baseline FEV,(%). This
relationship of worse tolerance in relation to greater severity of airway obstruction could explain the better
tolerance to IA in patients with bronchiectasis. Interestingly, this same fact can make the management of patients
with COPD and CBI by PA difficult, because both the frequency of CBI and the prevalence of PA increase as
the severity of COPD increases®>?%. Our results suggest that close clinical and spirometric monitoring should be
recommended in patients with COPD, especially during the first month of IA treatment, and in case of clinical
worsening in patients receiving long-term IA, the possibility of late intolerance should also be considered.

Our study showed that in patients with COPD and CBI by PA treatment with various IA with a median
duration of one year was associated with clinical improvement and decrease of exacerbations, as in previous
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Fig. 2. Timeline for initial intolerance of patients with inhaled antibiotics.

studies'®"!%. The decrease in hospital admissions was not statistically significant, probably due to the small
sample size and the low number of admissions during follow-up.

A particularly novel aspect of our study was the use of IA at LoD in COPD, a practice that has already
been used in other diseases, such as cystic fibrosis (CF) or ventilator-associated pneumonia®®>~?’. Although the
numbers were small, almost half of the patients who did not tolerate StD were able to tolerate LoD, and in the
latter cases, efficacy was demonstrated by the presentation of the same parameters as those obtained with StD.
A possible concern when using LoD of antibiotics is the possible appearance of antimicrobial resistance, but
this was not detected in any of our patients during treatment with LoD. This result is similar to that of some
previous studies on colistin at LoD in CF, including a study using monthly on/off administration in which no
antimicrobial resistance was detected after 6 months?>2, Patients who did not tolerate LoD were again those
with a lower FEV (%), but no worsening of FEV, was observed in those who tolerated LoD. These results are
important since they describe a problem in clinical practice such as intolerance to IA at conventional doses,
which, according to our results, occurs in more than half of the COPD patients with CBI by PA. In these cases,
the administration of LoD could be tested with close monitoring. On the other hand, the option of starting
treatment with LoD in patients with very severe airflow limitation may be considered and, depending on the
evolution, the dose might be increased or maintained if proving effective, although more studies are needed.
Interestingly, patients who did not tolerate LoD of an IA were also unable to tolerate another IA also at LoD. This
suggests that while the type of IA could influence tolerance, the most relevant factor was impaired FEV, in our
study using colistin and tobramycin.

Our study has several limitations: first, it was an observational, retrospective, single-centre study that did not
include a control group. The small number of patients in the subgroups of analysis reduced statistical power and
limited the number of variables included in the multivariate analysis. On the other hand, being a single centre
study limits its external validity. Therefore, our findings have to be analyzed with caution and must be validated
in future prospective and multicenter studies with a larger number of patients. Another limitation derives from
the definition of intolerance based only on patients’ symptoms without objective spirometric data. However,
the decision of IA discontinuation in routine clinical practice is mainly based on clinical symptoms. Finally,
most patients received the IA via a nebulizer, and therefore, the results cannot be extrapolated to other delivery
systems such as dry powder or other novel inhaled antibiotic formulations that are being developed?®.

Conclusions

In conclusion, this study confirms that IA improve symptoms and reduce exacerbations in patients with COPD
and CBI by PA. However, more than half of the patients presented intolerance during the first three months
of treatment, mainly at one month, and this intolerance was related to greater severity of airway obstruction.
The administration of LoD of IA was an effective and safe alternative for some patients who did not tolerate
StD. The initial use of IA at LoD can be considered in patients with severe airflow obstruction in whom the
risk of intolerance is highest. Nevertheless, these results should be confirmed in prospective, well- designed,
interventional studies.
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Tolerance (groups 2, 5)

n=19 (21.8%) Intolerance (groups 6, 8,9) n=34 (39.1%) | p-value
Sociodemographic
Gender (% of men) 100 97.1 1.000
Age 73.2(8.2) 75.9 (8.6) 0.290
Smoking habit, packs- year 60.1 (28) 64.7 (28.6) 0.467
Currently smoking, (%) 15.8 5.9 0.488
Charlson comorbidity index 5.7 (1.8) 5.7 (2.2) 0.857
Symptoms
Daily expectoration, (%) 73.7 88.2 0.331
Type expectoration
White, (%) 26.3 235
Mucopurulent, (%) 52.6 73.5 0.079
Purulent, (%) 21.1 2.9
Dyspnea (mMRC) 2.5(1.0) 2.6 (0.9) 0.876
Respiratory function
EVC postBD % 69.7 (13.3) 63.7 (22.3) 0.083
FEV, postBD % 48.1 (16.4) 38.4(18.7) 0.018
Oxygen saturation % 95.2(2.2) 93.5(2.7) 0.014
Thorax Ct scan
Emphysema, (%) 73.7 61.8 0.287
Bronchiectasis, (%) 52.6 67.7 0.062
Analytical data
Eosinophils cel/pl 232.1(164.8) 223.5(165.1) 0.780
Microbiological data
Number of PA isolation per patient the previous year | 2.9 (1.1) 3.4(13) 0.120
Exacerbations previous year
Ambulatory 3.7 (1.6) 3.7 (2.6) 0.660
Hospital admissions 1.5(1.9) 2(2.4) 0.484
Days of hospitalization 26.8 (16) 27.8 (21.9) 0.709
Treatments, (%)
LABA 100 100 1.000
LAMA 100 97.1 1.000
Inhaled corticosteroids 94.7 97.1 1.000
Long term azithromycin 94.7 100 0.766
Roflumilast 10.5 0.0 0.239
Long term oral corticosteroids 53 0.0 0.766
Oral cyclic antibiotics 0.0 8.8 0.476
Long term oxygen therapy 21.1 38.2 0.328
Inhaled antibiotic, (%)
Nebulized colistin 36.8 35.3 1.000
Dry powder colistin 0.0 8.8 0.476
Nebulized tobramycin 63.2 55.9 0.822

Table 2. Characteristics of patients according to tolerance to inhaled antibiotics at low doses. Footnote: *Data
presented as mean (SD) unless otherwise specified. IA: inhaled antibiotics; mMRC: modified Medical Research
Council dyspnea scale; CT: computed tomography; FVC: forced vital capacity; FEV1: forced expiratory volume
in 1 s; PA: Pseudomonas aeruginosa; LABA: long-acting beta-2 agonist; LAMA: long-acting anticholinergic.
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Less than 1 month | 1 to 6 months

n=11 (14.5%) n=21(27.6%) | 6 to 12 months n=44 (57.9%) | p-value
Sociodemographic
Gender (% of men) 100 100 100 1.000
Age 80.3 (7.6) 75.3(7.8) 74.7 (7.9) 0.168
Smoking habit, packs- year 66.4 (30.1) 66.0 (34.7) 61.1 (26.5) 0.765
Currently smoking, (%) 0.0 4.7 4.6 0.767
Charlson comorbidity index 6(2) 5.2 (2.0) 5.5(1.8) 0.322
Symptoms
Daily expectoration, (%) 90.9 85.7 86.4 0.909
Type expectoration (1 =66)
White, (%) 45.5 33.3 31.8
Mucopurulent, (%) 455 61.9 59.1 0.605
Purulent, (%) 18.2 4.8 9.1
Dyspnoea (mnMRC) 2.7 (0.7) 2.4(1) 2.1(0.8) 0.091
Respiratory function
EVC postBD % 58.7 (18) 66.8 (17.3) 72.1(19.2) 0.096
FEV, postBD % 37.4(17) 45.5(20.8) 49.8 (18.7) 0.015
Oxygen saturation % 93.1 (3.3) 94.6 (2.3) 94.4 (2.1) 0.210
Thorax CT scan
Emphysema, (%) 54.5 61.9 61.4 0.130
Bronchiectasis, (%) 45.5 71.4 65.9 0.103
Analytical data
Eosinophils cel/pl 235.5(127.9) 231.9(189.4) | 235.6(150.2) 0.862
Microbiological data
Number of PA isolation per patient the previous year | 3.1 (1.3) 3.1(1.1) 3.2(14) 0.504
Exacerbations previous year
Ambulatory 3.1(2.7) 3.4(23) 3.1(1.7) 0.874
Hospital admissions 1.9 (1.8) 1.7 (1.8) 1.3 (1.6) 0.465
Days of hospitalization 25.2 (14.3) 23 (14.4) 21.4 (14.6) 0.780
Treatments, (%)
LABA 100 100 100 1.000
LAMA 90.9 100 100 0.050
Inhaled corticosteroids 90.9 100 97.7 0.304
Long term azithromycin 81.8 85.7 95.5 0.240
Roflumilast 0.0 0.0 23 0.692
Long term oral corticosteroids 0.0 0.0 0.0 -
Oral cyclic antibiotics 9.1 0.0 23 0.304
Long term oxygen therapy 54.5 38.1 18.2 0.033
Inhaled antibiotic, (%)
Nebulized colistin 54.5 19.0 27.3 0.102
Dry powder colistin 0.0 143 45 0.202
Nebulized tobramycin 45.5 66.7 68.2 0.360
Median days of treatment (IQR) 19 (12-24.5) 78 (47-128) 365 (342-365)

Table 3. Characteristics of patients according to the duration of inhaled antibiotic. Footnote: *Data presented
as mean (SD) unless otherwise specified. IA: inhaled antibiotics; mMRC: modified Medical Research Council
dyspnea scale; CT: computed tomography; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s;
PA: Pseudomonas aeruginosa; LABA: long-acting beta-2 agonist; LAMA: long-acting anticholinergic; IQR:
interquartile range.
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Treatment Treatment Treatment

less than 1 month 1 to 6 months 6 to 12 months

n=11 (14.5%) n=21(27.6%) n=44(57.9%)

Previous year | Posterior year | Change! (p?) | Previous year | Posterior year | Change ! (p?) | Previous year | Posterior year | Change! (p?)
Symptoms
Daily expectoration, (%) 91 91 0.0 (1,000) 85.7 61.9 23.8(0.221) 86.4 47.7 39.6 (<0.001)
Type of expectoration (n =66
previous and n =44 posterior)
White, (%) 40 40 0.0 (1.000) 27.8 46.2 -18.4(0.182) |31.6 76.2 —44.6 (<0.001)
Mucopurulent, (%) 40 50 -10 (1.000) | 66.7 53.8 12.8 (0.289) 60.5 23.8 36.7 (0.009)
Purulent, (%) 20 10 10 (1.000) |56 0.0 56(1.000) |79 0.0 7.9 (0.248)
Dyspnoea (mMRC) 2.7(0.7) 2.6(0.8) 0.1 (0.766) 2.4(1.0) 2.7+/- 1.0 —0.3(0.080) |2.1(0.8) 2.0 (0.9) 0.2(0.117)
Exacerbations
Ambulatory 3.1(2.7) 3.0 (1.8) 0.1(0.856) |3.4(2.3) 2.5(1.6) 09(0.099) |3.1(1.7) 1.5 (1.4) 1.7 (< 0.001)
Hospital admissions 1.9 (1.8) 1.6 (1.8) 0.3 (0.588) 1.7 (1.8) 1.3 (1.7) 0.3 (0.503) 1.3 (1.6) 0.8 (1.3) 0.5 (0.071)
Days of hospitalization 252 (14.3) 33.9 (24.8) -8.6 (0.675) |23.0(14.4) 29.3(26.2) -6.3(0.477) |21.4(14.6) 18.9 (16.7) 2.5(0.790)
Microbiological data
Number of PA isolation 3.2(1.8) 3.1(3.8) 0.1(0.291) 3.1(1.2) 1.6 (1.8) 1.5 (0.011) 3.2(1.2) 1.1 (1.6) 2.1(<0.001)
Respiratory function
FVC postBD % 587(17.9) |622(21.8) | -3.5(0.197) |66.8(17.3) |65.3(15.5) 15(0.116) |72.1(19.2) 71.1 (17.5) 1.0 (0.307)
FEV, postBD % 374(17.0) | 40.4 (19.1) ~3.0 (0.055) |45.5(20.8) | 44.3(20.2) 1.2 (0.044) | 49.8(18.7) 48.8 (16.5) 1.1(0.727)
Oxygen saturation % 93.1(3.3) 94.1 (2.6) ~1.0 (0.629) | 94.6(2.3) 933 (2.1) 12(0.015) |94.4(2.1) 93.8(2.2) 0.6 (0.153)

Table 4. Effectiveness of inhaled antibiotics according to treatment duration. Footnote: *Data presented as
mean (SD) unless otherwise specified. IA: inhaled antibiotics; mMRC: modified Medical Research Council
dyspnea scale; CT: Computed tomography; FVC: forced vital capacity; FEV1: Forced expiratory volume in 1 s;
PA: Pseudomonas aeruginosa; LABA: long-acting beta-2 agonist; LAMA: long-acting anticholinergic; ICS:

Inhaled corticosteroid.

Inhaled antibiotics at low doses

(groups 2, 5)

n=19

Previous year | Posterior year | Change ! (p?)
Symptoms
Daily expectoration, (%) 73.7 36.8 36.8 (0.023)
Type expectoration
White, (%) 26.3 76.5 -50.2 (0.013)
Mucopurulent, (%) 52.6 17.6 35.0 (0.228)
Purulent, (%) 21.1 59 15.2 (0.371)
Dyspnoea (mMRC)) 2.5(1.0) 2.0 (1.1) 0.5 (0.008)
Exacerbations in previous year
Ambulatory 3.7 (1.6) 1.6 (1.5) 2.1 (0.003)
Hospital admissions 1.5(1.9) 0.9 (1.3) 0.6 (0.079)
Days of hospitalization 26.8 (16.0) 19.4 (17.8) 7.4 (0.036)
Microbiological data
Number of PA isolation 2.9(1.1) 0.9(1.2) 2.0(0.001)
Respiratory function
FVC postBD % 69.7 (13.3) 64.4 (13.8) 5.3 (0.016)
FEV, postBD % 48.1 (16.4) 43.6 (13.5) 4.5 (0.641)
Oxygen saturation % 95.2(2.2) 94.7 (1.8) 0.6 (0.254)

Table 5. Effectiveness of inhaled antibiotics at low doses. Footnote: *Data presented as mean (SD) unless
otherwise specified. nMRC: modified Medical Research Council dyspnea scale; FVC: forced vital capacity;
FEV1: Forced expiratory volume in 1 s; PA: Pseudomonas aeruginosa.
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