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ABSTRACT

Purpose:

Compared to long duration of antibiotic therapy, a short duration has a comparable clinical
efficacy for ventilator-associated pneumonia (VAP), with the exception of documented VAP
of non-fermenting Gram negative bacilli (NF-GNB), including Pseudomonas aeruginosa (PA).
We aimed to assess the non-inferiority of a short duration of antibiotics (8 days) vs. prolonged
antibiotic therapy (15 days) in VAP due to PA (PA-VAP).

Methods:

We conduct a nationwide, randomized, open-labeled, multicenter, non-inferiority trial to
evaluate optimal duration of antibiotic treatment in PA-VAP. Eligible patients were adults with
diagnosis of PA-VAP and randomly assigned in 1:1 ratio to receive a short duration treatment
(8 days) or a long duration treatment (15 days). A pre-specified analysis was used to assess a
composite endpoint combining mortality and PA-VAP recurrence rate during hospitalization
in the ICU within 90 days.

Results:

In intention-to-treat population (n=186), the percentage of patients who reached the composite
endpoint was 25-5% (N=25/98) in the 15-day group versus 35:2% (N=31/88) in the 8-day
group (difference 9-7%, 90% CI 0.0% to 21.2%). The percentage of recurrence of PA-VAP
during the ICU stay was 9:2% in the 15-day group versus 17-0% in the 8-day group. The two
groups had similar median days of mechanical ventilation, of ICU stay, number of extra
pulmonary infections and acquisition of MDR pathogens during ICU stay.

Conclusions:

Our study showed no differences in the composite or separate outcomes (90-day mortality or
VAP recurrence) between short and long duration treatment for PA-VAP. However, the lack
of power limits the interpretation of this study.
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TAKE-HOME MESSAGE
The optimal duration of treatment for Pseudomonas aeruginosa ventilator-associated

pneumonia remains unknown. In a prospective randomized trial, we showed no difference for

mortality and PA-VAP recurrence between 8 days and 15 days durations of antibiotic therapy.
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MANUSCRIPT

Introduction

Ventilator-associated pneumonia (VAP) remains a major cause of morbidity and mortality in
intensive care units (ICUs), accounting for 25% of infections in the ICU patients. Despite
guidelines frame the treatment of VAP! 3, several uncertainties remain, particularly for treating
Pseudomonas aeruginosa (PA-VAP)*. Hence, the optimal duration of antibiotic therapy for
PA-VAP remains debated. Few studies have reported the recurrence rate according to the
antibiotic therapy duration™S. In the PneumA trial> comparing 8 days versus 15 days of
antibiotic duration for VAP, if the mortality and recurrence rate of pneumonia 28 days after
bronchoscopy did not differ among groups, the patients with VAP caused by non-fermenting
Gram-negative bacilli (NF-GNB), mostly Pseudomonas aeruginosa, had a higher rate of
pneumonia recurrence with short-duration therapy compared to a long-duration therapy group
(40.6% vs. 25.4%). However, a secondary analysis of PneumA found no influence of antibiotic
duration on recurrence or mortality’. Noteworthy, in the most recent meta-analysis®, while a
non-inferiority of short duration was found for mortality (OR 1-18; 95% CI 0-77 to 1-8) and
recurrence rate of pneumonia (OR 1:41; 95% CI 0-94 to 2-12), the recurrence was more
frequent after short-duration therapy for cases of VAP due to NF-GNB (OR 2-18;95% CI 1-14
to 4-16), without a difference in the risk of mortality. The North American or European
guidelines recommend a short duration even for NF-GNB VAP!3. Therefore, there is still some
doubt about the optimal duration of treatment for PA-VAP that need to be addressed in a
prospective randomized study. The Impact of the Duration of Antibiotics on clinical events in
Patients with Pseudomonas aeruginosa ventilator-associated pneumonia (iDIAPASON) study
was thus designed to assess the non-inferiority of a short duration of antibiotics (8 days) versus

prolonged antibiotic therapy (15 days) in PA-VAP.
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Methods

Study design

The design of this nationwide, randomized, open-labelled, multicentre, non-inferiority,
controlled trial (NCT02634411) has been published previously®. Briefly, we consecutively
screened adults (>18 years of age), diagnosed with documented PA-VAP. The diagnosis of
PA-VAP included a clinical suspicion! (> two criteria including fever > 38-5 °C, leucocytosis
> 10°/L or leukopenia < 4.10%/L, purulent tracheobronchial secretions, and a new or persistent
infiltrate on chest radiography) and confirmation by a Pseudomonas aeruginosa positive
quantitative culture of a respiratory sample: broncho-alveolar lavage fluid (significant
threshold >10* colony-forming units (CFU)/mL) or plugged telescopic catheter (significant
threshold >10° CFU/mL) or quantitative endotracheal aspirate pulmonary secretion samples
(significant threshold >10° CFU/mL), according to international definition. Patients were not
eligible in case of the following conditions: pregnancy, immunosuppression (HIV,
immunosuppressive therapy, corticosteroids > 0-5 mg/kg per day for more than a month),
current antibiotic therapy active on Pseudomonas aeruginosa for extra-pulmonary infection,
procedure of withdrawing life-sustaining treatment, chronic pulmonary colonization with
Pseudomonas aeruginosa (chronic obstructive pulmonary disease (COPD) or bronchiectasis,
with a positive respiratory sample below the threshold rate for Pseudomonas aeruginosa (i.e.,
<10°* CFU/mL for protected specimen brush, <10* CFU/mL for broncho-alveolar lavage or
<10°® CFU/mL for tracheal aspirate), obtained in the absence of pneumonia or exacerbation
during the 6 months before the ICU admission).The study was conducted in accordance with
the Helsinki Declaration and French laws and regulations. The study has received its approval

from the French ethical committee (Comité de Protection des Personnes Ile de France VI) as
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well from the French Drug Safety Agency (Agence Nationale de Sécurité du Médicament et
des Produits de Santé). Written informed consent was sought before inclusion or from a
patient’s relative or an emergency inclusion if their absence according to French law®.
Additional details on the trial design, including investigator responsibilities, are described in
the Supplementary Material.

Trial intervention

Antibiotic therapy was initiated just after bacteriological respiratory sampling, without waiting
for the results of microbiological analysis (bacteria identification and/or results of antimicrobial
susceptibility testing). The choice of initial antibiotic therapy was left to the discretion of the
physician according to usual care based on the clinical context, previous antibiotic therapy, the
presence or absence of risk factors! for multidrug-resistant (MDR) pathogen or hospitalization
in the previous 90 days (current hospitalization >5 days, mechanical ventilation >5 days,
support in a dialysis centre or residency in a nursing home), local epidemiological data, and
finally knowledge that the patient is already known as being colonized by a MDR pathogen. In
these situations, a broad-spectrum antibiotic was recommended immediately, with the
association of a -lactam/B-lactamase inhibitor or an antipseudomonal cephalosporin, and an
aminoglycoside or an antipseudomonal fluoroquinolone for 3 to 5 days. Initial antibiotic
therapy with a narrow spectrum was possible in case of early-onset pneumonia (mechanical
ventilation <5 days) and in the absence of risk factors for MDR pathogens, as recommended!~
3. Investigators were strongly encouraged to convert this initial regimen into a narrower
spectrum therapy, based on culture results and antimicrobial susceptibility testing. Antibiotic
therapy has to be interrupted, either at the end of day 8 or day 15, according to the
randomization group, excluding antibiotic therapy for a documented pulmonary infection

recurrence or a new extra-pulmonary infection before that day. Screening of MDR pathogens
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was performed with a surveillance culture of swab samples from the rectum for extended-
spectrum [-lactam-producing Enterobacteriaceae (ESBL) and of swab samples from the
anterior nares for methicillin-resistant Staphylococcus aureus (MRSA) at the ICU admission,
and then once weekly until the ICU discharge.

Randomization

After antibiotic susceptibility testing results, patients were randomized in a blocked-balanced
1:1 ratio and stratified on centre in the 8-day arm or the 15-day arm using the Internet
(CleanWEB, Telemedicine Technologies, S.A.S). Investigators were blinded to the block size.
Primary and secondary outcomes

The primary outcome was a composite endpoint combining mortality and PA-VAP recurrence
occurring during the ICU stay until day 90. Recurrence was defined with a post hoc diagnosis
by two independent experts blinded to the treatment arms with predefined criteria: clinical
suspicion of VAP after at least 48 hours without effective antibiotic therapy for P. aeruginosa,
defined as the association of at least of one of the following signs (fever >38-5°C, leukocytosis
>10°/L or leukopenia <4.10%/L) with purulent tracheobronchial secretions and a new or
persistent infiltrate on chest radiography, then confirmed with a positive quantitative culture,
as described above. In cases of disagreement between the two experts (C.-E. L., F.B.), a third
expert (C. D.-F.) will reach a consensus.

Secondary outcomes, evaluated during the ICU stay until day 90, were mechanical invasive
ventilation (MV) duration, ICU stay duration, antibiotic exposure duration, number and types
of extra pulmonary infections, and acquisition of MDR pathogens (from swab sample of rectum

and anterior nares).
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Statistical analysis

The study was designed to demonstrate the non-inferiority for the composite endpoint of
mortality and recurrence at 90 days of the 8-day strategy versus the 15-day strategy for PA-
VAP, based on a 10% non-inferiority margin, in line with guidance from the European
Medicines Agency!?. Assuming a mortality and/or recurrence of PA-VAP rate of 35.7%!! in
the 15-day strategy, the 10% non-inferiority margin would achieve 80% power with a unilateral
alpha risk of 5%, for which a target of 600 randomized patients was required, taking into
account a drop-out rate of 5%.

Baseline characteristics were reported using frequencies and percentages for categorical data
and using mean and standard deviation (sd) or median and interquartile range (IQR) for
continuous data, according to their distribution.

The analysis of main endpoint was performed on the intention-to-treat (ITT) population,
defined as “as randomized patients”. Non-inferiority was assessed by a confidence interval (CI)
approach (Exact two-sided 90% (1-2a) CI, equivalent to a one-sided test with an alpha value
of 0.05). Non-inferiority of 8-day group to 15-day group could be claimed if the upper limit of
the CI of the difference between groups is lower than 10%. Sensitivity analysis was performed
in per-protocol (PP) population, defined as randomized patients excluding those wrongly
included or with non-respect of the antibiotic duration allocated, except for medical reason.
Event-free survival in the ITT population was represented using Kaplan-Meier survival curves,
considering event as VAP recurrence or death from effective antibiotic therapy to 90 days, and
Hazard Ratio (HR) was estimated with its 90% CI using Cox model. In post hoc analyses,
adjusted proportion difference between groups and its 2-sided 90% CI was calculated in ITT
and PP populations using a generalized linear mixed model with binomial distribution and logit

link, considering the centre as random effect and adjusting for following baseline variables:
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heart failure, hypertension, administration of catecholamines and PaO2/FiO2 ratio. Difference
of VAP recurrence rate between groups and its exact 90% CI was performed. Time from
effective antibiotic therapy to death in ICU or to censoring at day 90 was represented using
Kaplan-Meier survival curves and HR and its 90% CI estimated using Cox Model. As post hoc
analysis, VAP recurrence-free survival was performed, taking into account competing-risk of
death with a Fine and Gray model. Results were expressed by sub-distribution Hazard Ratio
(sHR) and its 90% CI and a cumulative incidence curve was performed. Post hoc sensitivity
analysis was performed using Bayesian approach adopting a beta-binomial model'2.
Secondary outcomes were analysed under a superiority assumption. The acquisition of MDR
pathogens rate during the ICU stay were compared using difference between groups with its
Exact 95% CI. The durations of mechanical invasive ventilation, of ICU stay, of exposure to
antibiotics and the number of extra-pulmonary infections during the ICU stay were compared
using median differences between groups with their 95% CI (Mood method).

Missing data were not replaced for the primary outcome, because no data was missing. In post
hoc analyses, missing data for PaO2/FiO2 ratio were replaced by median value of each group.
All analyses were performed with the SAS software version 9-4 (SAS Institute Inc. Cary, NC,
USA), except for median differences CI estimated with the R Studio version 1.2.5019 (R: A
Language and Environment for Statistical Computing, R Core Team, R Foundation for
Statistical Computing, Vienna, Austria, https://www.R-project.org), for sensitivity adjusted
analysis performed with STATA software version 17 (StataCorp, USA), Bayesian analysis
using R version 4.1.1 (2021-08-10) -- "Kick Things", Copyright (C) 2021 The R Foundation
for Statistical Computing, Platform: x86 64-apple-darwinl7.0 (64-bit).

Role of the funding source
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The sponsor was Assistance Publique — Hopitaux de Paris (Département de la Recherche
Clinique et du Développement, Clinical Research and Development Department). The research
was funded by a grant from Programme Hospitalier de Recherche Clinique - PHRC 2014

(Ministere de la Santé).

Results
Patients

Between June 3™ 2016 and May 22 2018, 196 patients were enrolled in 30 centres between
June 2016 and May 2018, of whom 190 underwent randomization. The study was stopped after
24 months due to the slow inclusion rate. Indeed, it was estimated that it would have taken 6
years to enrol the 600 patients needed to demonstrate the non-inferiority on the composite
endpoint. Two patients refused their participation, and two patients were under guardianship,
resulting in an ITT analysis of 186 patients. After excluding 34 patients with major deviation
to the protocol (patients wrongly included (n=32) and randomization not respected (n=2), the
PP population included 152 patients (Figure 1). Wrongly inclusions are detailed in the
Supplementary file 1. In the overall population, the patients were mostly male (75-8%), aged
of 59-4 + 17-4 years-old and with a medical history of hypertension (25:-3%). The first
diagnoses at ICU admission were acute circulatory failure for 41 patients (22:0%), acute
respiratory failure for 35 patients (18:8%) and trauma for 35 patients (18-8%). Baseline
characteristics are reported in Table 1.

Intervention

Patients received in median 15-0 (IQR: 14-0-16-0) days of antibiotic therapy in the 15-day
group versus 8-0 (IQR: 8-0-8-5) days in the 8-day group. The main reason for prolongation of

the planned duration of antibiotic therapy (12 in the 15-day group and 16 in the 8-day group)
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was the PA-VAP persistence (defined as presence of the original causative baseline
pathogen(s) from a LRT culture obtained between end of treatment (EOT) and 72 after EOT)
leading to a prolongation of antibiotic therapy, respectively for 5 patients in the 15-day group
and 7 patients in the 8-day group (see Supplementary Table 1). Empirical treatment was based
on combination of antibiotics in 130 (71 %) patients. Aminoglycosides were used in 118 (64-5
%) patients. Details of empirical and definitive antimicrobial therapy are presented in Supp.
Table 2.

Primary and secondary outcomes

In the ITT population, 25 (25.5%) patients of the 15-day group and 31 (35.2%) patients of the
8-day group had a PA-VAP recurrence or were dead in ICU at 90-day (Table 2, Figure 2). The
non-inferiority of 8-day group compared to the 15-day group was not demonstrated (difference
9-7%, 90% CI -2-4% to 21-9%), considering the upper bound of the 90% CI of the difference
being greater than 10%, similar to the analysis performed on the PP population (n=152,
difference 12:8%, 90% CI 0-0% to 25-6%). Considering a clinically relevant difference
between groups at baseline on heart failure, hypertension, administration of catecholamines
and PaO2/Fi0O2 ratio, a post hoc analysis adjusted on these variables was performed, taking
into account the centre as random effect. Previous results were confirmed with an adjusted
difference in the ITT population of 12-5% (90% CI 1:3% to 23:6%), similar to the analysis
performed on the PP population 16-3% (90% CI 3-9% to 28:-8%). The 90-day overall survival
rate in the 15-day group and in the 8-day group were comparable (81:4%, 90% CI 73-8% to
87:0% and 75-6%, 90% CI 66-9% to 82:3% respectively, HR=1-37, 90% CI 0-81 to 2-33)
(Supp. Figure 1). There was a trend toward a higher proportion (almost twice) of recurrence
PA-VAP during the ICU stay in the 8-day compared to the 15-day group (17-:0% versus 9-2%,

difference 7.9%, 90% CI 0-0% to 16-8%). The Fine and Gray model showed a higher risk of
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recurrence of PA-VAP in the 8-day group compared to the 15-day group (sHR 1:99, CI 90%
1-01 to 3-95) (Supp. Figure 2).

The 15-day and 8-day groups had similar median in duration of mechanical ventilation (25-0
(15-5-35-0) versus 22-0 (12:0-41-0)), duration of ICU stay (340 (23:0-56-0) versus 34-0
(20:0-54-0)), number of extra-pulmonary infections (1-0 (0-0-2-0) versus 1-0 (0-0-2-0)) and
similar proportion of MDR pathogens acquisition during ICU stay (24:7% versus 20-2%)
(Table 3). As expected, the median exposure to antibiotics was higher in the 15-day group
compared to the 8-day group, respectively 23-0 days (15-0-34-0) versus 18.0 days (11-5-28-5),

difference -5-0% (95% CI -9-0% to 0-0%).

Discussion

In this prospective randomized controlled trial, we showed no difference between a short
duration strategy (8 days) compared to a long duration strategy (15 days) for the composite
endpoint of mortality and PA-VAP recurrence occurring during hospitalization in the ICU
within 90 days in adult patients with Pseudomonas aeruginosa ventilator-associated
pneumonia (PA-VAP). However, the patients in the §-day group were twice as likely to have
a PA-VAP recurrence as those in the 15-day group. Furthermore, the Fine and Gray model
show a higher risk of PA-VAP recurrence considering the competing risk of death in 8-day
group versus 15-day group. While patients in the 8-day group were indeed less exposed to
antibiotics during the ICU stay, we did not find more multidrug-resistant pathogen acquisition
in the 15-day group.

Although antibiotic duration for the treatment of VAP remains a challenge, only few
randomized controlled trials have addressed this issue. Two studies compared 8 vs. 15 days of

14,15

antibiotic durations>!3, two others compared 7 vs. 10 days'*!> and one study compared 8 vs.
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12 days'®. Two published systematic reviews found no difference between short and long
durations of antibiotic therapy with regard to day-28 mortality®, duration of mechanical
ventilation or length of ICU stay®!’. However, in the subset of patients with non-fermenting
Gram-negative bacteria, there was a trend toward lower recurrence for the long duration arms.
In the study conducted by Capellier et al.'3, focusing on early-onset VAP, the rate of secondary
infection was higher in the 8-day group than the 15-day group. In the PneumA study, patients
with VAP caused by NF-GNB treated for 8 days had a higher recurrence-infection rate (40-6%
versus 25-4%). Finally, among 274 patients with late-onset VAP, a randomized controlled trial
shown that a 7-day course was found to have non-significant higher rates of clinical failure and
28-day mortality compared to a fixed 10-day course'. In our trial, the percentage of patients
who died or had a recurrence of PA-VAP was 35.2 % in the 7-day group (ITT population),
close that the mortality and/or recurrence of PA-VAP rate of 35.7 % observed by Planquette et
al. in a retrospective study of 393 PA-VAP!! in which the median antibiotic duration in
survivors was 9 days (IQR, 6-12).

Despite a higher recurrence rate, the short duration strategy was not associated with an
increased mortality, a longer duration of mechanical ventilation or length of ICU stay in our
study. Thus, more research seems needed before any definitive conclusions about the best
duration of antibiotic therapy for VAP due to non-fermenting GNB can be drawn. A duration
of 8 days of treatment cannot be ruled out but our findings invite to a prudent approach based
on a close clinical and biological monitoring, although this was not tested in our study.
Biomarkers could be assessed to monitor specifically the duration of treatment in this setting.

To our knowledge, this study is the first randomized controlled trial specifically focused on
PA-VAP. In our trial, the expected incidences of components of primary outcome were

correctly estimated: the percentage of patients who died or had a recurrence of PA-VAP was
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27-5% in the 15-day group and 40-3% in the 8-day group. These proportions are in agreement
with results of available studies!”. Protocol of planned antibiotic durations has been fully
respected with median duration of 15 days and 8 days in 15-day and 8-day groups, respectively,
and as expected. Compliance with the planned duration of antibiotic therapy was acceptable
(around 80%) (See Supplemental Table 2).

The main limitation is that the study ultimately included only 33% of the patients initially
planned despite the participation of 30 centres throughout France, including medical, surgical
and general intensive care units in university and non-university hospitals. Indeed, because of
the late-onset of PA-VAP during the ICU stay, many patients were already included in other
interventional studies and as such could not be included in our trial. A post hoc sensitivity
Bayesian analysis suggests that the probability of non-inferiority was close to 55% in the ITT
population and 40% in the PP population (Supplementary File 2).

In conclusion, in this trial of patients with Pseudomonas aeruginosa ventilator-associated
pneumonia, we showed no difference for mortality and PA-VAP recurrence between 8 days
and 15 days durations of antibiotic therapy. However, the lack of power limits the interpretation

of our study.

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5
14



Intensive Care Medicine
Original article Un-edited accepted proof

Acknowledgements

We wish to thank Moreno Ursino, Ph.D., from the Clinical Research Unit of Robert-Debré
hospital (AP-HP), Inserm CIC-EC 1426, for the post hoc Bayesian analysis.

Declaration of interests

Declaration of interests
The authors declare no conflict of interests.

Role of the funding source

The sponsor was Assistance Publique — Hopitaux de Paris (Département de la Recherche
Clinique et du Développement, Clinical Research and Development Department). The
research was funded by a grant from Programme Hospitalier de Recherche Clinique - PHRC
2014 (Ministere de la Santé).

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5
15



Intensive Care Medicine
Original article Un-edited accepted proof

References

1. Kalil AC, Metersky ML, Klompas M, et al. Management of Adults With Hospital-acquired
and Ventilator-associated Pneumonia: 2016 Clinical Practice Guidelines by the Infectious
Diseases Society of America and the American Thoracic Society. Clin Infect Dis.
2016;63(5):e61-el111. doi:10.1093/cid/ciw353

2. Torres A, Niederman MS, Chastre J, et al. International ERS/ESICM/ESCMID/ALAT
guidelines for the management of hospital-acquired pneumonia and ventilator-associated
pneumonia: Guidelines for the management of hospital-acquired pneumonia
(HAP)/ventilator-associated pneumonia (VAP) of the European Respiratory Society
(ERS), European Society of Intensive Care Medicine (ESICM), European Society of
Clinical Microbiology and Infectious Diseases (ESCMID) and Asociacion
Latinoamericana del Térax (ALAT). Eur Respir J. 2017;50(3).
doi:10.1183/13993003.00582-2017

3. Leone M, Bouadma L, Bouhemad B, et al. Hospital-acquired pneumonia in ICU. Anaesth
Crit Care Pain Med. 2018;37(1):83-98. doi:10.1016/j.accpm.2017.11.006

4. Hurley JC. Worldwide variation in Pseudomonas associated ventilator associated
pneumonia. A meta-regression. J Crit Care. 2019;51:88-93.
doi:10.1016/j.jcrc.2019.02.001

5. Chastre J, Wolff M, Fagon JY, et al. Comparison of 8 vs 15 Days of Antibiotic Therapy
for Ventilator-Associated Pneumonia in Adults: A Randomized Trial. JAMA.

2003;290(19):2588. doi:10.1001/jama.290.19.2588

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5
16



Intensive Care Medicine
Original article Un-edited accepted proof

6. Pugh R, Grant C, Cooke RPD, Dempsey G. Short-course versus prolonged-course
antibiotic therapy for hospital-acquired pneumonia in critically ill adults. Cochrane
Database Syst Rev. 2015;(8):CD007577. doi:10.1002/14651858.CD007577.pub3

7. Combes A, Luyt CE, Fagon JY, Wolff M, Trouillet JL, Chastre J. Early predictors for
infection recurrence and death in patients with ventilator-associated pneumonia. Crit Care
Med. 2007;35(1):146-154. doi:10.1097/01.CCM.0000249826.81273.E4

8. Bouglé A, Foucrier A, Dupont H, et al. Impact of the duration of antibiotics on clinical
events in patients with Pseudomonas aeruginosa ventilator-associated pneumonia: study
protocol for a randomized controlled study. Trials. 2017;18(1):37. doi:10.1186/s13063-
017-1780-3

9. Toulouse E, Lafont B, Granier S, Mcgurk G, Bazin JE. French legal approach to patient
consent in clinical research. Anaesth Crit Care Pain Med. 2020;39(6):883-885.
doi:10.1016/j.accpm.2020.10.012

10.  European Medicines Agency. Addendum to the guideline on the evaluation of
medicinal products indicated for treatment of bacterial infections. Committee for Human
Medicinal Products. Published online 2013.

11. Planquette B, Timsit JF, Misset BY, et al. Pseudomonas aeruginosa ventilator-
associated pneumonia. predictive factors of treatment failure. Am J Respir Crit Care Med.
2013;188(1):69-76. doi:10.1164/rccm.201210-18970C

12. Berry DA. Statistics: A Bayesian Perspective.; 1996.

13.  Capellier G, Mockly H, Charpentier C, et al. Early-onset ventilator-associated
pneumonia in adults randomized clinical trial: comparison of 8 versus 15 days of antibiotic

treatment. PLoS One. 2012;7(8):¢41290. doi:10.1371/journal.pone.0041290

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5
17



Intensive Care Medicine
Original article Un-edited accepted proof

14, Fekih Hassen M, Ayed S, Ben Sik Ali H, Gharbi R, Marghli S, Elatrous S. [Duration
of antibiotic therapy for ventilator-associated pneumonia: comparison of 7 and 10 days. A
pilot study]. Ann Fr Anesth Reanim. 2009;28(1):16-23. doi:10.1016/j.annfar.2008.10.021

15. Kollef MH, Chastre J, Clavel M, et al. A randomized trial of 7-day doripenem versus
10-day imipenem-cilastatin for ventilator-associated pneumonia. Crit Care.
2012;16(6):R218. doi:10.1186/cc11862

16. Medina J, Perez Protto S, Paciel D, Pontet J, Saldun P, Berro M. Antibiotic treatment
for the ventilator-associated pneumonia: 8 vs. 12 days randomized trial preliminary data.
In: Vol 361. ; 2007.

17. Dimopoulos G, Poulakou G, Pneumatikos IA, Armaganidis A, Kollef MH, Matthaiou
DK. Short- vs long-duration antibiotic regimens for ventilator-associated pneumonia: a
systematic review and meta-analysis. Chest. 2013;144(6):1759-1767.

doi:10.1378/chest.13-0076

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5
18



Intensive Care Medicine
Original article Un-edited accepted proof

TABLES

Table 1. Baseline Characteristics of the Intention-to-Treat Population.

15-DAY GROUP (N=98) 8-DAY GROUP (N=88)
Demographic characteristics
Age — yr, mtsd 59.2+18.3 59.6 £16.4
Male sex — no (%) 71 (72.4) 70 (79.5)
Body mass index', msd 27.3+6.3 26.5+6.1
Medical history
Hypertension — no (%) 31 (31.6) 16 (18.2)
Diabetes — no (%) 10 (10.2) 8(9.1)
Heart failure — no (%) 17 (17.3) 8(9.1)
Main diagnosis at admission — no (%)
Sepsis 13 (13.3) 10 (11.4)
Neurologic impairment 10 (10.2) 2(2.3)
Hemodynamic failure 20 (20.4) 21 (23.9)
Trauma 19 (194) 16 (18.2)
Acute Respiratory Failure 22 (22.4) 13 (14.8)
Acute Kidney Injury 0(0) 1.1
Hemorrhagic shock 330 4 (4.5)
Metabolic impairment 0(0) 2(2.3)
Burn 33.D 0(0)
Postoperative 7(@.1) 16 (18.2)
Other 1(1.0) 3349
Reason for ICU admission — no (%)
Medical 42 (42.9) 32 (36.4)
Urgent surgery 37 (37.8) 29 (33.0)
Elective surgery 19 (19.4) 27 (30.7)
3;;:‘;‘1‘:: d‘;::e(i‘g;:;i‘m before inclusion, 14.0 (9.0-18.0) 11.0 (7.5-18.5)
SOFA score at inclusion, m+sd 7.8+3.7 7.1+4.1
SAPS2, m+sd 459 +£17.7 44.2 £16.6
ilzitli::it,snnfiih(lgﬁ, c)atecholamines at 58 (59.2) 48 (54.5)
}’IaQC;;;liiOz ratio at inclusion, median 227 (130-340) 250 (158-377)
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! Data are available for 91 in “15-day” group and 86 patients in “8-day” group
2 Data available: n=87 in “15-day” group, n=79 in “8-day” group

Table 2. Primary Outcome and its components, According to Study Group.

OUTCOME OR

EVENT 15-DAY GROUP (N=98) 8-DAY GROUP (N=88) DIFFERENCE (90% CI)

Death or PA-VAP
recurrence rate at day
90 during hospitalization 25/98 (25.5) 31/88 (35.2) 9.7% (0.0% to 21.2%)
in the ICU in ITT
population — no. (%)
Death or PA-VAP
recurrence rate at day
90 during hospitalization 22/80 (27.5) 29/72 (40.3) 12.8% (0.0% to 25.6%)
in the ICU in PP
population — no. (%)

PA-VAP recurrence rate
during hospitalization in
the ICU in ITT
population — no. (%)

9/98 (9.2) 15/88 (17.0) 7.9% (0.0% to 16.8%)

PA-VAP denotes Pseudomonas aeruginosa ventilator-associated pneumonia, ICU denotes Intensive Care Unit, PP denotes

per protocol, ITT denotes Intention-to-Treat.
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Table 3. Secondary Outcomes, According to Study Group.

OUTCOME OR
EVENT

15-DAY GROUP (N=98)

8-DAY GROUP (N=88)

DIFFERENCE (95% CI)

Duration of mechanical
ventilation, days'

25.0 (15.5-35.0)

22.0 (12.0-41.0)

-3.0 (9.0 to 5.0)

Duration of ICU stay,
days

34.0 (23.0-56.0)

34.0 (20.0-54.0)

0.0 (-7.0 to 6.0)

Exposure to antibiotics
during ICU stay, days

23.0 (15.0-34.0)

18.0 (11.5-28.5)

-5.0 (9.0 to 0.0)

Number of extra

stay — no. (%)

pull.nonary mfectlmns 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.0 (-1.0 to 1.0)
during ICU stay

Acquisition of MDR

pathogens during ICU 24/97 (24.7) 17/84 (20.2)

-4.5% (-16.8% to 8.3%)

Data are no. (%) or median (IQR)

! Data available: n=96 in “15-day” group, n=84 in “8-day” group
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FIGURES LEGENDS

Figure 1: Study flow chart.

196 patients with patients with
Pseudomonas aeruginosa
ventilator-associated pneumonia
were included
|

190 patients were randomized

4 Excluded
2 under guardianship
" 2 declined to
participate
v \4
98 Allocated to control (15 days of 88 Allocated to intervention (8 days of
antibiotics) antibiotics)
5 Discontinued intervention 2 Discontinued intervention
12 Prolongation of |e— l—»| 16 Prolongation of
intervention intervention
\4 A
98 completed follow-up and were 88 completed follow-up and were
included in the intention-to-treat included in the intention-to-treat
analysis analysis

14 Excluded from analysis
(wrongly included)

> 2 Excluded from analysis
(non-compliance of
antibiotic duration)

18 Excluded from analysis
(wrongly included)

\4 A

80 were included in the per protocol 72 were included in the per protocol
analysis analysis
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Figure 2: Event-free survival curves of the survival probability for VAP recurrence or death

in ICU (Kaplan-Meier estimates) in the ITT population. Survival probability is for the 90 days

since the start of effective antibiotic therapy as a function of the duration of antibiotic therapy.
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Supplementary Figure 1: Overall survival curves in ICU (Kaplan-Meier estimates) in the

ITT population. Survival probability is for the 90 days since the start of effective antibiotic

therapy as a function of the duration of antibiotic therapy.
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Supplementary Figure 2: Cumulative incidence curves for recurrence of VAP in the ITT

population.

Cumulative incidence of recurrence of VAP is for the 90 days since the start of effective

antibiotic therapy by group (Fine and Gray method). Cumulative incidence of VAP

recurrence is for the 90 days since the start of effective antibiotic therapy as a function of the

duration of antibiotic therapy.
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SUPPLEMENTARY FILE 1

CAUSES OF WRONGLY INCLUSION
32 patients did not meet the eligibility criteria and were wrongly included, 18 in the 15-days group and 14 in the
8-days group:
e 13 patients had been ventilated for less than 48 hours,
e 6 patients finally had no Pseudomonas aeruginosa VAP,
e 5 patients had been included in another interventional study,
e 2 patients had been ventilated for less than 48 hours and finally had no Pseudomonas aeruginosa VAP,
e 2 patients had been ventilated for less than 48 hours and had been included in another interventional
study,
e | patient had been ventilated for less than 48 hours and was chronically colonized with Pseudomonas
aeruginosa,
e 1 patient had been ventilated for less than 48 hours and was immunosuppressed,
e | patient had been ventilated for less than 48 hours, had been included in another interventional study
and received an antibiotic therapy active on Pseudomonas aeruginosa for extra-pulmonary infection,
e | patient finally had no Pseudomonas aeruginosa VAP and had been included in another interventional
study.

SUPPLEMENTARY FILE 2

Bayesian sensitivity post hoc analysis

The analysis is performed adopting a beta-binomial model (Berry D A. Statistics,
1996). The Bayesian approach is to consider the event rate as a random variable with
prior density centered on the expected event rate.

Two identical beta densities are chosen, one for each arm, defined by two parameters
a and b considering the sample size computation hypotheses (mean rate of 35.7%).

The a priori expected mean of each density is 4 = ﬁ, with a variance given by
Var = ——2 _ The Effective Sample Size (ESS — Morita et al. 2008), a tool
(a+b)2(a+b+1)

that quantify the prior information in terms of equivalent number of patients, for a
beta distribution is computed as a + b. For the sensitivity analysis, several ESS values
will be tested; this analysis will allow giving more or less weight on observations
relative to the initial a priori on the event rate (more the ESS is small, more the
weight of observations increases and the variance of prior increases).
The Bayesian estimator of the event rate is the expected value of the a posteriori
distribution, whose parameters are defined after n inclusions by a, = a + r and b,, =
b + n — r, in each arm, where r is the number of events observed on n inclusions. So,
we obtain the following expected value:

a; + T
B a; + bi + n; ’
where i represent the arm indicator, with 0 referring to the control arm.
The difference between the event rates in both arms of randomization is modeled by the
random variable A = fi; — fi,. We study the random variable A, i.e. its distribution

i i=01
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(computed via MCMC technique), credibility intervals (90% Crl, equal tails), and the
probability of non-inferiority, computed as P(A < 0.1).

The Bayesian statistical analysis was performed by Dr Moreno Ursino on R version 4.1.1
(2021-08-10) -- "Kick Things", Copyright (C) 2021 The R Foundation for Statistical
Computing, Platform: x86_64-apple-darwinl7.0 (64-bit).

Results
ITT population
ESS for each 15-day group 8-day group Difference P(A
arm fo (90% Crl) i1 (90% Crl) A (90% Crl) <0.1)
10
_ _ 0.265 0.353 0.088 (-
a 3’6% b (0.198.0336) | (0.275.0.433) 0.017.0.193) 0.577
5
_ _ 0.260 0.353 0.092 (-
a= :1,);?2 b (0.192,0333) | (0.273.0.435) 0.015.0.200) 0.548
PP population
ESS for each 15-day group 8-day group Difference P(A
arm o (95% Crl) i1 (95% Crl) A (95% Crl) <0.1)
10
_ _ 0.284 0.397 0.113 (-
a 36%: b (0.209,0.365) (0.310,0.487) 0.005,0.229) 0.428
5
_ _ 0.280 0.400 0.120 (-
a ;;?2’ b (0.203,0.362) (0.310,0.493) 0.001,0.240) 0.394
References:

Berry D A. Statistics: a Bayesian perspective. Duxbury, Belmont Californie 1996.

Morita S, Thall PF, Miiller P. Determining the effective sample size of a parametric prior.
Biometrics. 2008 Jun;64(2):595-602. doi: 10.1111/1.1541-0420.2007.00888.x.
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SUPPLEMENTARY TABLE 1. CHARACTERISTICS OF ANTIBIOTIC THERAPY, ACCORDING

TO STUDY GROUP

15 DAYS OF ANTIBIOTIC THERAPY

8 DAYS OF ANTIBIOTIC THERAPY

CHARACTERISTIC
(N=98) (N=88)

?Eﬁigﬁgf{gﬁ?ﬁ?{:ﬁl oR) 15.0 (14.0-16.0) 8.0 (8.0-8.5)

COMPLIANCE WITH THE PLANNED DURATION OF ANTIBIOTIC THERAPY, N (%)

YES 81 (82.7) 70 (79.5)

NO 17 (17.3) 18 (20.5)

TYPE OF NON-COMPLIANCE WITH THE PLANNED DURATION OF ANTIBIOTIC THERAPY, N (%)

PREMATURE DISCONTINUATION OF

THE ANTIBIOTIC THERAPY S17@294) 21871
ﬁg;?;gAHON THE ANTIBIOTIC 12/17 (70.6) 16/18 (88.9)
REASON FOR PREMATURE DISCONTINUATION OF THE ANTIBIOTIC THERAPY, N(%)

CLINICAL CURE OF PA-VAP 3/5 0/2
DEATH 2/5 212
REASON FOR PROLONGATION OF THE ANTIBIOTIC THERAPY, N (%)

PA-VAP PERSISTENCE 5/17 (41.7) 7/18 (43.8)
SUPERINFECTION 3/17 (25.0) 0/18 (0)
EXTRAPULMONARY INFECTION 2/17 (16.7) 4/18 (25.0)
PATIENT’S SEVERITY 2/17 (16.7) 1/18 (6.3)
OTHER REASON 0/17 (0) 4/18 (25.0)
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SUPPLEMENTARY TABLE 2. ANTIMICROBIALS USED IN THE PRESCRIBED EMPIRICAL
THERAPY, EFFECTIVE EMPIRICAL THERAPY, AND DEFINITIVE REGIMENS, ACCORDING
TO STUDY GROUP

VARIABLE INTENTION-TO-TREAT 15 DAYS OF 8 DAYS OF
POPULATION ANTIBIOTIC ANTIBIOTIC
N=186 THERAPY THERAPY
N=98 N=88
N (%)
N N N

EMPIRICAL ANTIMICROBIAL THERAPY 183 9 87
AMOXICILLIN 1(0.5) 0 (0) 1(1.1)
AMOXICILLIN + CLAVULANATE 7(3.8) 33.1) 4(4.6)
CEFOTAXIME 7(3.8) 33.1) 4(4.6)
PIPERACILLIN 12 (6.6) 6(6.3) 6(6.9)
PIPERACILLIN + TAZOBACTAM 67 (36.6) 38 (39.6) 29 (33.3)
CEFEPIME 30 (16.4) 13 (13.5) 17 (19.5)
CEFTAZIDIME 31(16.9) 18 (18.8) 13 (14.9)
IMIPENEM 14(7.7) 7(7.3) 7(8.0)
MEROPENEM 11(6.0) 5(5.2) 6(6.9)
CEFTOLOZANE + TAZOBACTAM 1(0.5) 1(1.0) 0 (0)
CIPROFLOXACINE 1(0.5) 1(1.0) 0 (0)
AZTREONAM 1(0.5) 1(1.0) 0 (0)

COMPANION MOLECULE 183 9 87
AMINOGLYCOSIDE 118 (64.5) 59 (61.5) 59 (67.8)
FLUOROQUINOLONE 11 (6.0) 8(8.3) 3(3.4)
AMINOSIDE + FLUOROQUINOLONE 1(0.5) 1(1.0) 0 (0)
NO 53(29.0) 28 (29.2) 25(28.7)

EFFECTIVE EMPIRICAL ANTIMICROBIAL 161 86 75

THERAPY
PIPERACILLIN 12(7.5) 6 (7.0) 6 (8.0)
PIPERACILLIN + TAZOBACTAM 64 (39.8) 36 (41.9) 28 (37.3)
CEFEPIME 29 (18.0) 13 (15.1) 16 (21.3)
CEFTAZIDIME 29 (18.0) 16 (18.6) 13 (17.3)
IMIPENEM 13 8.1) 7(8.1) 6 (8.0)
MEROPENEM 10 (6.2) 4(4.7) 6 (8.0)
CEFTOLOZANE + TAZOBACTAM 1(0.6) 1(1.2) 0 (0)
CIPROFLOXACINE 2(12) 2(2.3) 0 (0)
AZTREONAM 1(0.6) 1(1.2) 0 (0)

DEFINITIVE ANTIMICROBIAL THERAPY 186 98 88
PIPERACILLIN 49 (26.3) 28 (28.6) 21(23.9)
PIPERACILLIN + TAZOBACTAM 38 (20.4) 20 (20.4) 18 (20.5)
CEFEPIME 17 9.1) 8(8.2) 9(10.2)
CEFTAZIDIME 50 (26.9) 24 (24.5) 26 (29.5)
IMIPENEM 11(5.9) 4(4.1) 7(8.0)
MEROPENEM 7(3.8) 5(5.1) 2(2.3)
CEFTOLOZANE TAZOBACTAM 3(1.6) 2(2.0) 1(1.1)
CEFTAZIDIME AVIBACTAM 1(0.5) 1(1.0) 0 (0)
CIPROFLOXACINE 9 (4.8) 5(5.1) 4(4.5)
COLISTIN 1(0.5) 1(1.0) 0 (0)
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Pr. Jean-Frangois Payen

CHU Grenoble, Grenoble

Dr. Walter Picard

Centre Hospitalier de Pau, Pau

Dr. Pascale Poéte

Hopitaux Universitaires Pitié-Salpétriére, APHP, Paris

Dr. Julien Pottecher

Nouvel Hopital Civil, CHRU Strasbourg, Strasbourg

Dr. Christophe Quesnel
Pr. Muriel Fartoukh

Hopital Tenon, APHP, Paris

Pr. Anoine Tesniere
Dr. Mélanie Fromentin

Hopital Cochin, APHP, Paris

Pr. Jean-Jacques Rouby
Dr. Qin Lu
Pr. Olivier Langeron

Hopitaux Universitaires Pitié-Salpétriére, APHP, Paris

Dr. Pierre Squara

Clinique Ambroise Paré, Neuilly-sur-Seine

Dr. Eric Levesque

Hopital Henri Mondor, APHP, Créteil

Dr. Nicolas Mongardon

Hopital Henri Mondor, APHP, Créteil

Methodology and biostatistics team

Pr. Tabassome Simon

Dr. Laurence Berard

Marine Cachanado

Paris

Nora Soussi

Unité de Recherche Clinique du GH HUEP (URC-Est), Hopital Saint-Antoine, APHP,

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5

31



Intensive Care Medicine
Original article Un-edited accepted proof

Bouglé A. et al. Comparison of 8 versus 15 days of antibiotic therapy for Pseudomonas
aeruginosa ventilator-associated pneumonia in adults: a randomized, controlled, open-label
trial. Intensive Care Medicine (2022). DOI : 10.1007/s00134-022-06690-5
32



