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Abstract

Background: Pseudomonas aeruginosa infection is seen in chronic pulmonary disease and is associated with exacer-
bations and poor long-term prognosis. However, evidence-based guidelines for the management and treatment of P
aeruginosa infection in chronic, non-cystic fibrosis (CF) pulmonary disease are lacking. The aim of this study is to inves-
tigate whether targeted antibiotic treatment against P. aeruginosa can reduce exacerbations and mortality in patients
with chronic obstructive pulmonary disease (COPD), non-CF bronchiectasis, and asthma.
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study allocation.

tic approaches in this large group of chronic patients.

Antibiotics, Randomized controlled trial

Methods: This study is an ongoing multicenter, randomized, controlled, open-label trial. A total of 150 patients with
COPD, non-CF bronchiectasis or asthma, and P geruginosa-positive lower respiratory tract samples will be randomly
assigned with a 1:1 ratio to either no antibiotic treatment or anti-pseudomonal antibiotic treatment with intravenous
beta-lactam and oral ciprofloxacin for 14 days. The primary outcome, analyzed with two co-primary endpoints, is (i)
time to prednisolone and/or antibiotic requiring exacerbation or death, in the primary or secondary health sector,
within days 20-365 from study allocation and (i) days alive and without exacerbation within days 20-365 from the

Discussion: This trial will determine whether targeted antibiotics can benefit future patients with chronic, non-CF
pulmonary disease and P. aeruginosa infection in terms of reduced morbidity and mortality, thus optimizing therapeu-

Trial registration: ClinicalTrials.gov NCT03262142. Registered on August 25,2017.
Keywords: Chronic obstructive pulmonary disease, Non-CF bronchiectasis, Asthma, Pseudomonas aeruginosa,
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Introduction

Background and rationale

COPD, non-CF bronchiectasis, and asthma are com-
mon chronic pulmonary diseases and important causes
of death and disability worldwide [1-3]. These diseases
are characterized by shared common symptoms such
as productive cough and susceptibility to recurrent

exacerbations that are often associated with infections.
These exacerbations lead to accelerated loss of lung
function, reduced quality of life, and increased morbid-
ity and mortality and have major socio-economic con-
sequences [4—6].

Compared to COPD and asthma, which both are
diagnosed on the basis of airflow obstruction and
therefore are physiological diagnoses, bronchiectasis is
a structural diagnosis with the presence of permanent
airway dilatation on radiological imaging [4, 6, 7]. How-
ever, the co-existence of bronchiectasis and asthma or
COPD is common [8].

Pseudomonas aeruginosa [9] has been reported to be
present in the lower airways in up to 20% of patients
with COPD [10-12] and is frequently detected in
patients with non-CF bronchiectasis [13]. The bacte-
rium has also been observed in patients with asthma
[14]. Nevertheless, the influence of P aeruginosa on
the progression of these diseases is far from fully elu-
cidated. The bacterium is seen primarily in advanced
diseases with severely impaired lung function [13-15]
and is associated with increased frequency of exacer-
bation, prolonged hospitalization, and poor long-term
prognosis with increased mortality rates compared to P
aeruginosa-negative patients [16].

However, since an impairment of lung function itself
is a strong predictor of morbidity and mortality, it is not
certain whether infection with P. aeruginosa is secondary
to lung function impairment or whether the presence of
P aeruginosa itself leads to pulmonary tissue inflamma-
tion and remodeling, impaired lung function, and overall
poor prognosis.

Thus, the role of P aeruginosa on the progression of
COPD, non-CF bronchiectasis, and asthma is poorly
characterized. To date, evidence-based guidelines for
the management and treatment of P aeruginosa infec-
tion are lacking, and the management of P. aeruginosa
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is often based on expert consensus and studies of other
chronic lung diseases, including CF. In CF, P. aeruginosa
is a leading cause of morbidity and early death with evi-
dence of improved clinical outcomes through aggressive
and targeted antibiotic treatment [17]. In Denmark, the
first treatment choice for clinically treatment-requiring
P. aeruginosa infection is usually 10-14 days of antibiotic
combination therapy with intravenous piperacillin/tazo-
bactam and oral ciprofloxacin [18].

The SPIRIT reporting guidelines have been used for the
present protocol [18].

Objectives

With this randomized controlled trial, we aim to increase
the understanding of the clinical significance and con-
sequences of P aeruginosa infection in patients with
chronic, non-CF pulmonary disease.

The main purpose is to investigate if targeted, antibiotic
treatment of P aeruginosa improves the disease progno-
sis in patients with exacerbation of COPD, non-CF bron-
chiectasis or asthma, and P, aeruginosa-positive sputum/
bronchoalveolar lavage (BAL) sample.

Our hypothesis is that antipseudomonal antibiotics
given for 14 days increase the number of days alive and
out of hospital for 1 year.

Trial design

The study is a multicenter, randomized, controlled,
open-label trial in patients with COPD, non-CF bron-
chiectasis, or asthma with current P. aeruginosa-positive
lower respiratory tract sample. Study participants are
followed for 1 year.

Methods: participants, interventions,

and outcomes

Study setting

Participants are recruited by investigators who are employed
at the participating pulmonary departments in Denmark. In
total, 150 patients are expected to be included in the study
(Fig. 1). The sample size is calculated based on a superior-
ity framework with a two-sided 5% significance level 80%
power and the following estimates and indicative figures.
They are enrolled in seven different sites: Sydvestjysk Hospi-
tal, Aarhus University Hospital, Bispebjerg Hospital, Herlev
and Gentofte Hospital, Hvidovre Hospital, Nordsjeellansk
Hospital, and Odense University Hospital.

Eligibility criteria

Patients with COPD, non-CF bronchiectasis or asthma,
and current P. aeruginosa-positive lower respiratory tract
samples (i.e., sputum, tracheal secretion, bronchial secre-
tion, and bronchial alveolar lavage) from the participating
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study centers are considered for study enrollment.
Patients are invited to participate in the trial if they fulfill
the following inclusion and exclusion criteria.

The following are the inclusion criteria:

1. P aeruginosa-positive lower respiratory tract sample

2. COPD, non-CF bronchiectasis, or asthma verified by
a respiratory specialist based on clinical assessment
and additional tests:

(a) COPD: spirometry

(b) Asthma: reversibility

(c) Non-CF bronchiectasis: high-resolution com-
puted tomography scan

3. Minimum of two previous exacerbations, or one pre-
vious hospitalization-requiring or emergency room-
demanding exacerbation, with the treatment of sys-
temic prednisolone and/or antibiotics within the last
12 months

4. Written informed consent

The following are the exclusion criteria:

1. Immunomodulating treatment (except < 10 mg
prednisolone/day)

2. Men < 40 years

3. Women < 55 years

4. Non-menopausal women > 55 years (i.e., menstrua-
tion within the last 12 months)

5. Life expectancy < 90 days

6. Severe mental illness or severe linguistic problem

7. Known drug allergy to (i) fluroquinolone and (ii) both
penicillin/piperacillin, cephalosporin, and carbapenems

8. > 2 previous eradication attempts of P aeruginosa
within the last 12 months or 1 completed within the
last 14 days

9. Patients who clinically require hospitalization and
anti-pseudomonal antibiotic treatment. This exclu-
sion criterion must be discussed with the coordinat-
ing investigator before the final decision on exclusion
is made (Fig. 2).

Project management

The study is managed by the coordinating investigator
(Josefin EKIof). The daily project management is car-
ried out by sub-investigators, consisting of health pro-
fessionals from the departments involved in the trial. A
filled patient informed consent form is required from
all participants in the study and must be signed by both
the study participant and the informing investigator. A
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Patients allocated to the
intervention group:

Intravenous beta-lactam Exclusion criteria:
and oral ciprofloxacin for 14 | | - Immunomodulating treatment
days - Men <40 years

- Women < 55 years
- Non-menopausal women > 55 years
- Life expectancy < 90 days
- Severe mental illness or severe linguistic
problem
- Known drug allergy to i) fluoroquinolone
and ij) both penicillin/piperacillin,
P cephalosporin, and carbapenems
- = 2 previous eradication attempts of P.
aeruginosa within the last 12 months, or 1
completed within the last 14 days
- Patients who clinically require
hospitalization and anti-pseudomonal
antibiotic treatment. This exclusion criterion
must be discussed with the coordinating
investigator before a final decision on
exclusion is made.

h 4 - Declined to participate
Randomization

1:1 (open-label

design)
Patients allocated to
the intervention Patients allocated to
group: intravenous control group:
beta-lactam and oral No antibiotic
ciprofloxacin for 14 intervention
days

v

Outcome measurements after 365 days

Primary outcome

- Time to prednisolone and/or antibiotic requiring
exacerbation or death, in primary or secondary
health care sector from day 20 to day 365 from
randomization

- Days alive and without exacerbation from day 20 to
day 365 from randomization

l

Analysed

Fig. 1 Flow diagram for the Targeted AntiBiotics for COPD trial: primary outcome overview
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Assessed for eligibility

Excluded:
+ Not meeting inclusion criteria

v

+ Declined to participate
« Other reasons

| Randomized |

.

A 4

Allocated to intervention group:
Intravenous beta-lactam and oral
ciprofloxacin for 14 days

v

Allocated to control group:
No antibiotic intervention

N

Outcome measurements after 365 days

A 4

Analysed

Fig. 2 CONSORT flow diagram for the Targeted AntiBiotics for COPD trial

separate consent form is obtained from the participants
to store the whole blood and serum in a biobank.

Intervention
Patients will be randomly assigned 1:1 to either of the
following:

I Control group: no antibiotic treatment
II. Intervention group: antibiotic treatment

The first choice of antibiotic treatment is dual therapy
with intravenous piperacillin/tazobactam 4/0.5 g, 4 times
daily, and oral ciprofloxacin 500 mg, 2 times daily for
14 days. In case of penicillin allergy or antibiotic resist-
ance, intravenous piperacillin/tazobactam is replaced by
intravenous ceftazidime or meropenem. In case of fluo-
roquinolone allergy or antibiotic resistance, intravenous
beta-lactam is given as monotherapy.

Criteria for discontinuing or modifying allocated
interventions

Sub-investigators may interrupt the intervention at any
time if there is a medical justification, safety risk, or a
requirement from the authorities. If the investigator
deems it necessary, he or she may exclude the participant
from the trial. However, in general, no subject should be
removed from the study for a protocol violation prior
to confirmation by the coordinating investigator. In

addition, a study participant can at any time withdraw
from the study without the needed explanation.

Strategies to improve adherence to interventions

The participants are well-informed at randomization
about the importance of following our guidance. The
patients, who received treatment, are hospitalized in
order to give them intravenous antibiotics. This ensures
that the patients take their medicine at the right time.

Outcomes
The primary outcomes, analyzed with two co-primary
endpoints, are as follows:

+ Time to prednisolone and/or antibiotic requir-
ing exacerbation or death, in primary or secondary
health care sectors from day 20 to day 365 from ran-
domization

+ Days alive and without exacerbation from day 20 to
day 365 from randomization

The secondary endpoints are as follows:

+ Death within 365 days from randomization
+ Number of re-admissions with pulmonary exacerba-

tion within 365 days from randomization
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« Number of days with non-invasive ventilation or inva-
sive ventilation within 90 days from randomization

+ Microbiological cure*

+ Clinical cure day 14**

+ Change in COPD Assessment Test (CAT) from rand-
omization to day 90

+ Change in body mass index (BMI) from randomiza-
tion to day 90

+ Change in forced expiratory volume in the first sec-
ond (FEV;) from randomization to day 90

+ Decrease of > 200 ml in FEV, from randomization to
day 365

*Microbiological cure: P aeruginosa-negative sputum
culture until day 90. No microbiological cure: positive
sputum culture with clonally same P. aeruginosa strain <
day 90. Re-infection: positive sputum sample with non-
clonally same P, aeruginosa strain < day 90.

**Clinical cure: improvement of clinical signs and symp-
toms related to P. aeruginosa before or on day 14. Clinical
failure: persistent or worsening of clinical signs and symp-
toms related to P aeruginosa before or on day 14.

Sample size

Data will be analyzed using intention-to-treat (ITT)
principles, including all the data available, regardless
of whether the intervention was completed or not.
The aim of the ITT analysis is also to provide unbiased
comparisons among the two study groups and to avoid
the effects of potential study dropouts and protocol
deviations.

Patients in the control group will be compared to
patients in the intervention group. We will use Fisher’s
exact test and chi-squared test for dichotomous out-
comes and T-test for continuous outcomes. The timed
dichotomous outcomes will be visualized through
Kaplan-Meier plots. Furthermore, adjusted analyses will
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3) Forty-seven percent of study participants in the
antibiotic group have exacerbated or died within 12
months

Thus, we expect an effect size of 20% absolute reduc-
tion (30% relative reduction) of exacerbation or mortal-
ity in the antibiotic group. Based on the above, a total of
150 patients should be included (i.e., 75 patients in each
group). Furthermore, to avoid error estimates and risk of
including too few patients (underpowering), the study is
“event-driven” and will only be closed when at least 67%
of patients in the antibiotic-free group have exacerbated
or died, but 12 months must have passed, also if > 67%
of patients have experienced the primary outcome event.

Bronchiectasis or asthma background:

1) Annual exacerbation rate with P. aeruginosa: 2.85
2) Annual exacerbation rate without P aeruginosa: 1.80
3) Standard deviation, annual exacerbation rate: 1.5

Based on these reference estimates [19], a total of 66
patients should be included (i.e., 33 patients in each study
group).

Since most study participants potentially could be
COPD patients, the number from the COPD sample size
calculation is used in order not to risk underpowering the
study. If non-COPD patients are recruited, the power will
thus be increased to > 80%.

In cases of low P aeruginosa incidence (PAi), patients
will need to be recruited from several pulmonary depart-
ments to achieve the desired sample size, as calculated
below. The figures are based on the estimation of approx-
imately 2000 patients with COPD class C/D/outpatient
clinic. Of these, 1/3 are expected to be able to produce
sputum samples. However, the dropout rate is estimated
to be about the same level; thus, there are approximately
potentially 400 patients/outpatient clinic/year.

5%PAi : 0.05 x 400 = 20 patients/outpatient clinic/year x 8 outpatient clinics = 160 patients/year
10%PAi : 0.10 x 400 = 40 patients/outpatient clinic/year x 4 outpatient clinics = 160 patients/year
15%PAi : 0.15 x 400 = 60 patients/outpatient clinic/year x 3 outpatient clinics = 180 patients/year
20%PAi : 0.20 x 400 = 80 patients/outpatient clinic/year x 2 outpatient clinics = 160 patients/year

be performed with a multivariable Cox proportional haz-
ards model, adjusting for baseline variables and calculat-
ing hazard ratios. Data will be processed and analyzed
in SAS and graphs are generated in Microsoft Excel and
other graph programs.

COPD background:

1) P aeruginosa incidence 5-20%
2) Sixty-seven percent of study participants in the antibiotic-
free group have exacerbated or died within 12 months

Assignment of interventions: allocation

Sequence generation

Pre-stratified block randomization with blocks of
varying and blinded size is applied to ensure equal
distribution of patients in the study groups based on
site (pulmonary department) and age (above or below
70 years of age). The allocation sequence is generated
by Pradeesh Sivapalan, with instuctions from the sci-
entific sponsor of the trial. The final randomization is
conducted using a secure web application (REDCap;
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Table 1 SPIRIT figure illustrating the TARGET ABC study overview
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Study period

Enrollment

Intervention Follow-up

Visit number 1
Study day 0
Enrollment

Eligibility screening X

Informed consent X

Randomization X
Study arm

Intervention group: antibiotic treatment, in-hospital

Control group: no antibiotic treatment, not hospitalized
Data collection and examinations

Demographics

Sputum sample

Body mass index (BMI)

Medical Research Council Dyspnea Scale (MRC)

COPD Assessment Test (CAT)

Spirometry

Vital parameters

High-resolution computed tomography (HRCT)

X X X X X X X X X

Blood samples

2 3 4 5 6
0-14 14 30 60 20 365

X X X X X X
xX X X X X
X X X X X
X X X X X
X X X X X

www.projectredcap.org) where inclusion and exclusion
criteria are required to be filled out correctly in order
to randomize a study participant. Each investigator
had access to allocation and randomization through
REDCap.

Assignment of interventions: blinding

Our study is not blinded. It is an open-label trial.
Home treatment with antibiotics was not feasible due
to local restrictions at the participating study sites.
Thus, attempting blinding would demand hospital
admission of control patients to receive placebo infu-
sions. Sites expressed that they would not participate
with such a design, so the Steering Committee found it
non-feasible. Moreover, we anticipated that a blinded
placebo intervention would be a major barrier to
recruiting patients.

Data collection and management

Plans for assessment and collection of outcomes

Data is collected in case report forms, specific to each
participant, where demographic data, current and past
illnesses, health status, hospitalizations, clinical param-
eters, study results, and prescribed medication are
recorded. Follow-up visits are scheduled after 14, 30, 60,
90, and 365 days. The study overview is summarized in
Table 1. Antibiotic therapy is administered according to
standard practice, including routine adjustment based

on co-medication, kidney function, age, etc. The admin-
istration of antibiotics is registered using the standard
electronic medicine module in the department. High-
resolution computed tomography is performed at the
start of the study to identify the underlying presence of
emphysema and bronchiectasis.

Plans to promote participant retention and complete
follow-up

At the inclusion date, every patient is well-informed
about the number of visits, so the patient knows exactly
what she/he is going into. The patient and investigator
agree on the next visit date at every follow-up visit.

Confidentiality

The collection of data and storage is in compliance with
the Good Clinical Practice (GCP) guidelines and is regu-
larly monitored by local GCP units. Data is stored in a
double-locked locker, which only sub-, coordinating, and
principal investigators have access to.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use

A research biobank is set up with whole blood from the
time of randomization and serum, EDTA plasma, and
citrate plasma from the time of randomization and day
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14 for future unspecified research. Sputum samples are
longitudinally collected from the time of randomization
and days 14, 30, 60, 90, and 365 for future microbiome
and genetic analyses.

Statistical methods
Statistical methods for primary and secondary outcomes
A detailed statistical analysis plan is made and is attached.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee

The coordinating center is Gentofte Hospital, where
the principal investigator is located. The seven sites are
weekly in contact with the coordinating investigator
through online meetings. The trial steering committee
is driven by professors and senior consultants from dif-
ferent sites. The trial steering committee is invited to
a meeting twice a year. It is the coordinating site that
decides if more meetings are needed.

Composition of the data monitoring committee, its role,

and reporting structure

The data monitoring committee, which is also known as
the GCP units, closely monitors every site (several times
per year and per site). Their role is to check every included
patient at every site and to see if the protocol has been fol-
lowed, and the registrations are correctly made. After a
GCP unit has checked the site, a report is then made and
sent to the sponsor, the coordinating investigator, and the
sub-investigators responsible for the site.

Adverse event reporting and harms

The occurrence of adverse events and adverse effects
will be registered and reported to the Danish Medicines
Agency at the end of the trial. Moreover, any serious
adverse events and adverse effects are reported annually
in a safety report to the Danish Medicines Agency.

Plans for communicating important protocol amendments

to relevant parties (e.g., trial participants, ethical
committees)

If any changes are made, every site will be informed
promptly by mail and through Trial Setting Committee
meetings.

Dissemination plans

The data from the TARGET ABC trial will be available
once the study is completed. All results will be published
in scientific contexts, including international journals,
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regardless of whether they are positive, negative, or
inconclusive, and with authorship according to the Van-
couver recommendations.

Discussion

P aeruginosa represents a potentially significant cause
of exacerbation and mortality in patients with COPD,
non-CF bronchiectasis, and asthma. However, the influ-
ence of P aeruginosa on the progression of these chronic
pulmonary diseases is poorly characterized, and to date,
evidence-based guidelines for the management and treat-
ment of P aeruginosa infection are lacking. With this
trial, we aim to increase the understanding of the clinical
significance and consequences of P aeruginosa infection
in patients with non-CF chronic pulmonary disease.

Using a multicenter, randomized, controlled design,
we will allocate 150 patients with COPD, non-CF bron-
chiectasis, or asthma and a current P. aeruginosa-posi-
tive sputum/BAL sample evenly to either no antibiotic
treatment or 14 days of dual anti-pseudomonal antibi-
otic therapy. Thus, we seek to create evidence at level
1B to determine whether targeted antibiotic treatment
against P. aeruginosa can improve the prognostic out-
come in this large group of patients with chronic pul-
monary disease.

The trial is carried out according to the Declaration of
Helsinki and in accordance with the Good Clinical Prac-
tice guidelines. The study methods and statistical analy-
ses have been carefully considered, and it is our strongest
belief that the trial will contribute essential knowledge
that will help clinicians to guide future patients towards
evidence-based and improved treatment strategies, ulti-
mately improving the disease prognosis.

Trial status
Patient recruitment commenced in October 2017 and
is ongoing.
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Computed tomography; FEV;: Forced expiratory volume in the first second;
GCP: Good Clinical Practice; HRCT: High-resolution computed tomography;
MRC: Medical Research Council; PAi: Pseudomonas aeruginosa incidence.
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