
BACTÉRIÉMIE À BACILLE GRAM NÉGATIF NON 
FERMENTANT

AURÉLIEN DINH

MALADIES INFECTIEUSES

HÔPITAL RAYMOND-POINCARÉ

APHP. PARIS SACLAY

SÉMINAIRE DES BACTÉRIÉMIES ET CHOC SEPTIQUE -CONFÉRENCE N° 3



Articles

6 www.thelancet.com/infection   Published online December 21, 2017   http://dx.doi.org/10.1016/S1473-3099(17)30753-3

The survey ranking was reviewed by the coordinating 
group and an external advisory board of experts to evaluate 
the results and the sensitivity analyses, and to plan 

dissemination of the results. To simplify the presentation 
of the results, and comply with the research and 
development focus, bacteria of the same species with 

Figure 2: Final ranking of antibiotic-resistant bacteria 
Mean (SD) pathogen weights were derived by the software from the survey participants’ preferences. The segments represent the contribution of each criterion to 
each pathogen’s final weight. CR=carbapenem resistant. 3GCR=third-generation cephalosporin resistant. VR=vancomycin resistant. MR=meticillin resistant. 
ClaR=clarithromycin resistant. FQR=fluoroquinolone resistant. PNS=penicillin non-susceptible. AmpR=ampicillin resistant.
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Figure 3: Subgroup analysis of criteria by geographical origin of the experts 
The weights of the ten criteria from the survey participants, stratified according to the geographical origin of the survey participants. There was no significant 
difference in the weights given to the ten criteria among the WHO regions, with the exception of community burden, which had been attributed a higher importance 
for research and development of new antibiotics from the survey participants working in Africa. AFR=African region. AMR=Americas region. 
EMR=eastern Mediterranean region. EUR=European region. WPR=western Pacific region. SEAR=southeast Asian region.
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Discovery, research, and development of new antibiotics: 
the WHO priority list of antibiotic-resistant bacteria and 
tuberculosis
Evelina Tacconelli, Elena Carrara*, Alessia Savoldi*, Stephan Harbarth, Marc Mendelson, Dominique L Monnet, Céline Pulcini, 
Gunnar Kahlmeter, Jan Kluytmans, Yehuda Carmeli, Marc Ouellette, Kevin Outterson, Jean Patel, Marco Cavaleri, Edward M Cox, Chris R Houchens, 
M Lindsay Grayson, Paul Hansen, Nalini Singh, Ursula Theuretzbacher, Nicola Magrini, and the WHO Pathogens Priority List Working Group†

Summary
Background The spread of antibiotic-resistant bacteria poses a substantial threat to morbidity and mortality worldwide. 
Due to its large public health and societal implications, multidrug-resistant tuberculosis has been long regarded by 
WHO as a global priority for investment in new drugs. In 2016, WHO was requested by member states to create a 
priority list of other antibiotic-resistant bacteria to support research and development of effective drugs.

Methods We used a multicriteria decision analysis method to prioritise antibiotic-resistant bacteria; this method 
involved the identification of relevant criteria to assess priority against which each antibiotic-resistant bacterium was 
rated. The final priority ranking of the antibiotic-resistant bacteria was established after a preference-based survey was 
used to obtain expert weighting of criteria.

Findings We selected 20 bacterial species with 25 patterns of acquired resistance and ten criteria to assess priority: 
mortality, health-care burden, community burden, prevalence of resistance, 10-year trend of resistance, transmissibility, 
preventability in the community setting, preventability in the health-care setting, treatability, and pipeline. We stratified 
the priority list into three tiers (critical, high, and medium priority), using the 33rd percentile of the bacterium’s 
total scores as the cutoff. Critical-priority bacteria included carbapenem-resistant Acinetobacter baumannii and 
Pseudomonas aeruginosa, and carbapenem-resistant and third-generation cephalosporin-resistant Enterobacteriaceae. 
The highest ranked Gram-positive bacteria (high priority) were vancomycin-resistant Enterococcus faecium and 
meticillin-resistant Staphylococcus aureus. Of the bacteria typically responsible for community-acquired infections, 
clarithromycin-resistant Helicobacter pylori, and fluoroquinolone-resistant Campylobacter spp, Neisseria gonorrhoeae, 
and Salmonella typhi were included in the high-priority tier.

Interpretation Future development strategies should focus on antibiotics that are active against multidrug-resistant 
tuberculosis and Gram-negative bacteria. The global strategy should include antibiotic-resistant bacteria responsible 
for community-acquired infections such as Salmonella spp, Campylobacter spp, N gonorrhoeae, and H pylori.

Funding World Health Organization.

Introduction
Despite the fact that the spread of antibiotic-resistant 
bacteria poses a substantial threat to morbidity and 
mortality worldwide, pharmaceutical research and 
development has failed to meet the clinical need for new 
antibiotics.1,2 In particular, the need for investments in 
research and development of new anti-tuberculosis 
drugs has been highlighted by WHO for several years3 
with dedicated and prioritised programmes.4,5 As for 
other antibiotic-resistant bacteria, in the past 20 years, 
only two new antibiotic classes (lipopeptides and 
oxazolidinones) have been developed and approved by 
international drug agencies (US Food and Drug 
Administration and European Medicines Agency)—
both of which provide coverage against Gram-positive 
bacteria.6 The quinolones, discovered in 1962, was the 
last novel drug class identified to be active against 
Gram-negative bacteria. Of the 44 new antibiotics in the 
pipeline for clinical intravenous use, only 15 show some 

activity against Gram-negative bacteria and only five (all 
modified agents of known antibiotic classes) have 
progressed to phase 3 testing.7

The decreased interest in antibiotic research and 
development of pharmaceutical companies in the past 
few decades is probably related to difficulties in clinical 
development and scientific, regulatory, and economic 
issues. The discovery of new antibiotic classes that 
are highly active, have acceptable pharmacokinetic 
properties, and are reasonably safe is complex. 
Clinical antibiotic trials evaluating the efficacy of new 
antibiotics can be difficult and expensive, especially 
when targeting multidrug-resistant Gram-negative 
bacteria, because of the near absence of rapid 
diagnostic tests to facilitate patient recruitment, and 
Mycobacterium tuberculosis, because of the complex 
combination therapy and prolonged patients’ follow-
up. When widely used, modified agents of old drug 
classes might face the challenge of rapid development 
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Epidémiologie bactérienne en réanimation en 2020  

- 17.2% P. aeruginosa (2e)
- 0.6% A. baumannii 

Merci à Katy Jeannot !



European Centre for Disease Prevention and Control. Antimicrobial resistance in the EU/EEA (EARS-Net) 
Annual Epidemiological Report 2020. Stockholm: ECDC; nov 2021. 

12.8 % 12.6 %

CarbapénèmesR (16.5%)CeftazidimeR (12.1%)

Situation épidémiologique en Europe en 2020 chez P. aeruginosa

(n=3 574)
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Evolution de la résistance chez P. aeruginosa en France

2011         2012 2013 2014 2015 2016 2017
(n=1 113)       (n=1 278) (n=1 107) (n=1 084) (n=2 075) (n= 2 339) (n=2 199)

CeftazidimeR 28.5 % 23.6% 20.8% 17.1% 18.7% 19.4% 21.6%
ImipénèmeR 22.6 % 23.4% 24.6% 19.7%             18.4% 23.3% 19.6%

Réseau REA-Raisin 

En Réanimation

2019: n= 41 748 souches
- CAZR = 14.5%
- IMPR = 15.2%
- MERR = 15.7%

Mission SPARES, Mars 2022

2020: n= 47 958 souches
- CAZR = 18.2%
- IMPR = 19.0%
- MERR = 17.3%

Merci à Katy Jeannot !
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were also those with the highest prevalence of Gram-negative resistance, probably due to 
shared risk factors. 

 

Figure 1. Prevalence of Pseudomonas aeruginosa resistance to common antimicrobials/classes in 
Europe. Abbreviations: AG, aminoglycosides; CTZ, ceftazidime; CRP, carbapenems; FLQ, 
fluoroquinolones; TZP, piperacillin-tazobactam; R, resistant, ECDC, European Centre for Disease 
Prevention and Control; R, resistant [12]. 

Usually, the most common infections due to PA are respiratory tract infections, 
including hospital-acquired pneumonia (HAP)/ventilator-associated pneumonia (VAP), 
urinary tract infections (UTI), bloodstream (BSI), and skin and soft tissue infections. The 
most common types of P. aeruginosa infection are lower respiratory tract infections; it has 
a prevalence of 10–20% in VAP, which is the second most common pathogen after S. 
aureus. Mortality in VAP and bloodstream infections due to P. aeruginosa may be as high 
as 40% [13] (Figure 2). P. aeruginosa is the most common cause of otitis externa and keratitis 
and is also a common pathogen in diabetic foot infections and endocarditis [14–16]. 
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Abbreviations: AG, aminoglycosides; CTZ, ceftazidime; CRP, carbapenems; FLQ, fluoroquinolones;
TZP, piperacillin-tazobactam; R, resistant, ECDC, European Centre for Disease Prevention and
Control; R, resistant [12].
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3.2. P. aeruginosa Diagnosis
3.2.1. Planktonic form: Bacterial Identification and Antibiotic Susceptibility Testing

Samples presumptively positive for P. aeruginosa are grown and developed on a routine
basis from a MacConkey medium; if they exhibit lactose non-fermenting, pale colonies
and are oxidase-positive, they can be considered suspects for P. aeruginosa. Suspected
colonies can be rapidly identified using matrix-assisted laser desorption/ionization time
of flight (MALDI-TOF). Antimicrobial susceptibility tests (ASTs) can be performed using
disk diffusion (Kirby–Bauer) and broth microdilution (BMD) according to current guide-
lines of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) or
Clinical and Laboratory Standards Institute (CLSI) [17,18]. Moreover, AST can be per-
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PRÉVALENCE DE LA RÉSISTANCE DE PSEUDOMONAS



DÉFINITIONS RÉSISTANCE

¡ MDR : R au moins 1 molécule parmi 
3 familles

¡ XDR : R à au moins 1 molécule dans 
toutes les familles sauf 2

¡ PDR : R à tout

¡ DTR : Difficult to treat P. aeruginosa :  
R aux bétalactamines + FQ 
(ceftazidime, cefepime, piperacilline
tazobactam, imipeneme-cilastatien, 
meropeneme, ciprofloxacine, 
levofloxacine, et aztreonam)

Magiorakos AP. et al. CMI 2012 Kadri SS. et al CID 2018
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SENSIBLES A FORTE POSOLOGIE ?

Merci à Katy Jeannot !



SENSIBLES A FORTES POSOLOGIE !

Molécules Posologie standard Forte posologie
Piperacilline-tazobactam 4gX3/j IV 4gX4/j IV

Ticarcilline 3gX4/j IV 3gX6/j IV

Ceftazidime 1gX3/j IV 2gX3/j IV ou 1gX6/j IV

Imipénème 0,5X4/j IV 1gX4/j IV

Méropénème 1gX3/j IV 2gX3/j IV (3h)

CPF 500mgX2/j po 750mgX2/j po

CA SFM-EUCAST



FACTEURS DE RISQUE DE RÉSISTANCE

Basseti et al. Drug in Context 2018 



CEFTOLOZANE TAZOBACTAM



¡ Avantages

Moins affectée par système d’efflux et 
imperméabilité

Meilleur affinité pour PBPs (PBP1b, 
PBP1c et PBP3)

Peu d’hydrolyse par AmpC

¡ Limites

Résistance in vivo rapportée

Par hyper expression ou modification 
de l’AmpC chromosomique

Et acquisition horizontale de béta 
lactamase

Pas d’activité sur bactérie sécrétrices 
de carbapénémase

CEFTOLOZANE TAZOBACTAM
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RESEARCH

Ceftolozane/tazobactam versus meropenem 
in patients with ventilated hospital-acquired 
bacterial pneumonia: subset analysis 
of the ASPECT-NP randomized, controlled phase 
3 trial
Jean-François Timsit1, Jennifer A. Huntington2, Richard G. Wunderink3, Nobuaki Shime4, Marin H. Kollef5, 
Ülo Kivistik6, Martin Nováček7, Álvaro Réa-Neto8, Ignacio Martin-Loeches9,10, Brian Yu2, Erin H. Jensen2, 
Joan R. Butterton2, Dominik J. Wolf2, Elizabeth G. Rhee2 and Christopher J. Bruno2* 

Abstract 
Background: Ceftolozane/tazobactam is approved for treatment of hospital-acquired/ventilator-associated bacterial 
pneumonia (HABP/VABP) at double the dose approved for other infection sites. Among nosocomial pneumonia sub-
types, ventilated HABP (vHABP) is associated with the lowest survival. In the ASPECT-NP randomized, controlled trial, 
participants with vHABP treated with ceftolozane/tazobactam had lower 28-day all-cause mortality (ACM) than those 
receiving meropenem. We conducted a series of post hoc analyses to explore the clinical significance of this finding.

Methods: ASPECT-NP was a multinational, phase 3, noninferiority trial comparing ceftolozane/tazobactam with 
meropenem for treating vHABP and VABP; study design, efficacy, and safety results have been reported previously. 
The primary endpoint was 28-day ACM. The key secondary endpoint was clinical response at test-of-cure. Participants 
with vHABP were a prospectively defined subgroup, but subgroup analyses were not powered for noninferiority test-
ing. We compared baseline and treatment factors, efficacy, and safety between ceftolozane/tazobactam and mero-
penem in participants with vHABP. We also conducted a retrospective multivariable logistic regression analysis in this 
subgroup to determine the impact of treatment arm on mortality when adjusted for significant prognostic factors.

Results: Overall, 99 participants in the ceftolozane/tazobactam and 108 in the meropenem arm had vHABP. 28-day 
ACM was 24.2% and 37.0%, respectively, in the intention-to-treat population (95% confidence interval [CI] for dif-
ference: 0.2, 24.8) and 18.2% and 36.6%, respectively, in the microbiologic intention-to-treat population (95% CI 2.5, 
32.5). Clinical cure rates in the intention-to-treat population were 50.5% and 44.4%, respectively (95% CI − 7.4, 19.3). 
Baseline clinical, baseline microbiologic, and treatment factors were comparable between treatment arms. Multivari-
able regression identified concomitant vasopressor use and baseline bacteremia as significantly impacting ACM 
in ASPECT-NP; adjusting for these two factors, the odds of dying by day 28 were 2.3-fold greater when participants 
received meropenem instead of ceftolozane/tazobactam.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  christopher.bruno@merck.com
2 MRL, Merck & Co., Inc., Kenilworth, NJ, USA
Full list of author information is available at the end of the article
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gain in ROC was obtained when additional variables 
were included. The initial, variable selection step of 
this multivariable analysis therefore showed that the 

four most important factors influencing 28-day ACM 
in the vHABP subgroup were: concomitant vasopres-
sor use (categorical variable), baseline age (continuous 
variable), baseline bacteremia (categorical variable), 
and baseline  PaO2/FiO2 (continuous variable) (Addi-
tional file 1: Figure S1).

"e four factors, in combination with treatment (i.e., 
ceftolozane/tazobactam vs meropenem), were fur-
ther evaluated in a backward elimination logistic main 
effects regression model. Treatment, bacteremia, and 
vasopressor use remained significant (p < 0.05) in the 
final regression model, while age and baseline  PaO2/
FiO2 were removed from the model due to lack of sig-
nificant impact on 28-day all-cause mortality. Since this 
was a main effects model, no interaction terms were 
included. "e final model had an area under the ROC 
curve of 0.74, indicating that successful classification 
of mortality is achieved with this fitted model. ORs for 
death by day 28 (Table 5) were 5.4 for vasopressor use 
(adjusting for treatment and bacteremia) and 2.7 for 
bacteremia (adjusting for treatment and vasopressor 
use). Treatment was also significantly associated with 
mortality (adjusting for vasopressor use and bactere-
mia): the OR with meropenem treatment (vs ceftolo-
zane/tazobactam) was 2.3 (95% CI 1.2, 4.5). Results of 
the sensitivity analysis were fully consistent with those 
of the main multivariable analysis, with treatment, 
vasopressor use, and bacteremia as the only factors sig-
nificantly associated with mortality (Additional file  1: 
Table S7).

Table 3 Primary and secondary efficacy outcomes in ASPECT-NP participants with ventilated hospital-acquired bacterial pneumonia 
by treatment arm

CE, clinically evaluable. CI, con"dence interval. C/T, ceftolozane/tazobactam. ITT, intent-to-treat. ME, microbiologically evaluable. mITT, microbiological intent-to-treat. 
TOC, test-of-cure

*Patients with missing/indeterminate data are reported as deceased or as failures, depending on the endpoint
‡ Not all ITT patients had con"rmed baseline pathogens and susceptibility data available
§ Data reported as observed, i.e., patients with missing/indeterminate responses excluded from analysis
¶ Per-patient microbiologic eradication

**Unstrati"ed Newcombe CIs; positive di#erences are in favor of ceftolozane/tazobactam, negative di#erences are in favor of meropenem

Endpoint C/T
n/N (%)

Meropenem
n/N (%)

% Di!erence (95% CI)**

28-day all-cause mortality (ITT)* 24/99 (24.2%) 40/108 (37.0%) 12.8% (0.2, 24.8)

 All LRT pathogens susceptible to randomized study  drug‡ 7/38 (18.4%) 20/55 (36.4%) 17.9% (− 0.9, 34.0)

 ≥ 1 LRT pathogen non-susceptible to randomized study  drug‡ 10/37 (27.0%) 11/26 (42.3%) 15.3% (− 7.9, 37.3)

28-day all-cause mortality (mITT)* 10/55 (18.2%) 26/71 (36.6%) 18.4% (2.5, 32.5)

 Monomicrobial 5/33 (15.2%) 16/40 (40.0%) 24.8% (4.0, 42.4)

 Polymicrobial 5/22 (22.7%) 10/31 (32.3%) 9.5% (− 15.3, 31.2)

Clinical cure at TOC (ITT)* 50/99 (50.5%) 48/108 (44.4%) 6.1% (− 7.4, 19.3)

Clinical cure at TOC (CE)§ 34/59 (57.6%) 32/49 (65.3%) − 7.7% (− 25.0, 10.6)

Microbiologic eradication at TOC (mITT)*,¶ 43/55 (78.2%) 44/71 (62.0%) 16.2% (− 0.1, 30.8)

Microbiologic eradication at TOC (ME)*,¶ 15/21 (71.4%) 16/25 (64.0%) 7.4% (− 19.1, 31.9)
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Fig. 2 Time to death in participants with vHABP (ITT population). 
C/T, ceftolozane/tazobactam. ITT, intention to treat population (all 
randomized patients). vHABP, ventilated hospital-acquired bacterial 
pneumonia

¡ Sous groupe d’ASPECT-NP : PAVM
¡ 99 patients sous ceftolozane/tazobactam vs 

108 sous méropénem

¡ Analyse ajustée sur facteurs confondants : 
mortalité 2 X plus élevée avec méropénem vs 
ceftolozane tazobactam

¡ Facteurs de mauvais pronostic en analyse 
multivariée : vasopresseur et bactériémie
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A Multicenter Evaluation of Ce!olozane/Tazobactam 
Treatment Outcomes in Immunocompromised Patients With 
Multidrug-Resistant Pseudomonas aeruginosa Infections
Delaney E. Hart,1 Jason C. Gallagher,2 Laura A. Puzniak,3 and Elizabeth B. Hirsch1; for the C/T Alliance to deliver Real-world Evidence (CARE)
1University of Minnesota College of Pharmacy, Minneapolis, Minnesota, USA, 2Temple University School of Pharmacy, Philadelphia, Pennsylvania, USA, and 3Merck & Co., Inc., Kenilworth, New 
Jersey, USA

Background. Real-world data assessing outcomes of immunocompromised patients treated with ce!olozane/tazobactam (C/T) 
are limited. "is study evaluated treatment and clinical outcomes of immunocompromised patients receiving C/T for multidrug-
resistant (MDR) Pseudomonas aeruginosa.

Methods. "is was a 14-center retrospective cohort study of adult immunocompromised inpatients treated for ≥24 hours with 
C/T for MDR P. aeruginosa infections. Patients were de#ned as immunocompromised if they had a history of previous solid organ 
transplant (SOT), disease that increased susceptibility to infection, or received immunosuppressive therapies. "e primary outcomes 
were all-cause 30-day mortality and clinical cure.

Results. Sixty-nine patients were included; 84% received immunosuppressive agents, 68% had a history of SOT, and 29% had 
diseases increasing susceptibility to infection. "e mean patient age was 57 ± 14 years, and the median (interquartile range) patient 
Acute Physiology and Chronic Health Evaluation II and Charlson Comorbidity Index scores were 18 (13) and 5 (4), respectively, 
with 46% receiving intensive care unit care at C/T initiation. "e most frequent infection sources were respiratory (56%) and wound 
(11%). All-cause 30-day mortality was 19% (n = 13), with clinical cure achieved in 47 (68%) patients. Clinical cure was numerically 
higher (75% vs 30%) in pneumonia patients who received 3-g pneumonia regimens vs 1.5-g regimens.

Conclusions. Of 69 immunocompromised patients treated with C/T for MDR P. aeruginosa, clinical cure was achieved in 68% 
and mortality was 19%, consistent with other reports on a cross-section of patient populations. C/T represents a promising agent for 
treatment of P. aeruginosa resistant to traditional antipseudomonal agents in this high-risk population.

Keywords.  ce!olozane/tazobactam; immunocompromised; multidrug-resistant; P. aeruginosa; pneumonia.

Ceftolozane/tazobactam (C/T) was approved for use in the 
United States in 2014 [1]. C/T is approved for treatment of 
complicated urinary tract infections (cUTIs) including pye-
lonephritis using a 1.5-g-based regimen and for complicated 
intra-abdominal infections in combination with metronida-
zole. In 2019, C/T was also approved for hospital-acquired and 
ventilator-associated bacterial pneumonia (HABP/VABP) at 
an increased 3-g-based regimen [1–3]. C/T has demonstrated 
activity against multidrug-resistant (MDR) Pseudomonas 
aeruginosa and ESBL-producing Enterobacterales via nu-
merous in vitro studies [4–7].

Complex patient populations are o!en excluded from phase 
3 clinical trials to ensure homogeneity of the patient population. 

A  large subset of patients that are o!en at higher risk of MDR 
infections includes immunocompromised patients; however, the 
outcomes of this patient population with novel agents are o!en 
not studied or reported in registration trials. In particular, pa-
tients with hematologic malignancies and transplant recipients 
have a particularly high risk of gram-negative bacteremia due to 
gastrointestinal mucositis, neutropenia for prolonged periods, 
and frequent health care exposure [8, 9]. Data analyzing the use 
of C/T among immunocompromised patient populations are still 
very limited, despite this agent being in clinical use since 2014. 
Notably, most of the publications include small sample sizes, case 
reports, and case reviews [10–15]. A recent review of 7 adult pa-
tients with hematologic malignancies or hematopoietic cell trans-
plant recipients treated with C/T demonstrated a 100% 30-day 
survival and 71.4% clinical cure rate [10]. Several of the larger re-
cent cohort studies evaluating outcomes of patients treated with 
C/T for MDR P. aeruginosa infections included limited patients 
(21% or less) with immunocompromising conditions.

In light of the limited data available for this patient popu-
lation, we aimed to evaluate treatment patterns and clinical 
outcomes of immunocompromised patients treated with C/T 
for multidrug-resistant P. aeruginosa infections in an e%ort to 
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upon C/T initiation. The CART analysis identifying the 30-day 
mortality split at APACHE II score >25 demonstrates that the 
most critically ill patients with a high APACHE II score were 
at greatest risk for mortality. Furthermore, these patients had 
prolonged hospital stays, as demonstrated by a median hospital 
length of stay of 38 days, although many factors can confound 
hospital length of stay in immunocompromised patients.

In the present study of 69 immunocompromised patients, 
morbidity and clinical cure rates were similar to previous, larger 
studies conducted within nonimmunocompromised patient 
populations. Patients receiving 1.5-g C/T dosing plus metro-
nidazole in the ASPECT-cIAI trial had a clinical cure rate of 
76.9% in patients receiving C/T, and patients treated with the 
3-g C/T dose in the phase 3 ASPECT-NP clinical trial had a 
28-day all-cause mortality rate of 24.0% and clinical cure rate of 
54% [3, 19]. In addition to the phase 3 trials evaluating C/T, 1 
of the largest studies evaluating use of C/T speci"cally for MDR 
P. aeruginosa reported clinical success in 73.7% of patients and 
30-day mortality in 19% of patients [20]. #is study included 
205 patients, with a median age (IQR) of 60 (48–70) years and 
the most frequent infection source being pneumonia (59%). 
#e median CCI (IQR) was 4 (3–6), and the median APACHE 
II score (IQR) was 19 (11–24), which was similar to the comor-
bidity and severity of illness of patients in the present study. Of 
the 205 patients, 35 (17.1%) had a history of organ transplanta-
tion and 33 (16.1%) had a history of cancer, although outcomes 
were not reported speci"c to disease states. A recent observa-
tional cohort study of C/T use for MDR or XDR P. aeruginosa 
in comparison with aminoglycoside or polymyxin included 100 
patients treated with C/T. Clinical cure was observed in 81% 
of C/T-treated patients; of these, only 14 patients were noted 

to be immunosuppressed [13]. A  third observational study of 
C/T use for treatment of MDR and XDR P. aeruginosa evaluated 
58 patients, noting a 63.8% clinical cure rate and 27.6% 30-day 
mortality; however, only 7 (12%) of the included patients were 
reported to be immunosuppressed [13, 21]. In comparison to 
these larger studies, immunocompromised individuals in the 
present study had very similar clinical success (68%) and all-
cause 30-day mortality (19%) rates.

When evaluating clinical outcomes by infection source in 
this cohort, clinical cure was achieved most o$en in patients 
with UTI, bloodstream infections, and intra-abdominal in-
fections. #irty-day all-cause mortality rates ranged from 0% 
to 25% overall and were lowest in patients with bone/joint in-
fections and CNS infections; however, these groups were very 
small, making the data di%cult to extrapolate. A primary source 
of pneumonia encompassed slightly over half (n = 39; 56%) of 
the patient cohort. Clinical cure was achieved in only 62% of 
these patients; however, upon analysis of clinical cure strati"ed 
by FDA-approved 3-g pneumonia dosing of C/T, clinical cure 
was numerically higher in those who received the appropriate 
pneumonia dose (75% vs 30%), and 30-day mortality was nu-
merically lower (18% vs 30%) in the pneumonia patients re-
ceiving pneumonia dosing. #is higher 3-g dose/indication 
was approved in 2019 while data from this retrospective cohort 
date back to 2015, so it is reasonable that the higher 3-g pneu-
monia dosing was not universally used o&-indication. While 
this cohort is small, these results demonstrate the importance 
of utilizing the FDA-approved dosing of 3 g for patients with 
pneumonia.

Other smaller studies examining the outcomes of C/T use ex-
clusively among immunocompromised patients have consisted 

Bone/joint (n = 4)PNA (n = 39)

62%

21%

50%

25%

83%

100%

Clinical cure All-cause 30-day mortality

17% 17%

100%

17%

75%

67%

0%

Wound (n = 8) IAI (n = 6) BSI (n = 6) UTI (n = 6) CNS (n = 3)

0%

Figure 1. Clinical outcomes by source of infection. Abbreviations: BSI, primary bloodstream infection; CNS, central nervous system; IAI, intra-abdominal infection; PNA, 
pneumonia; UTI, urinary tract infection.
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most frequent infection sources were respiratory (57%) and 
wound (12%). Four patients had multiple infection sources: 
1 had a CNS, bone/joint, and wound infection; 1 had pneu-
monia and wound infection; 2 had concurrent CNS and 
bone/joint infections.

Treatment Characteristics

Overall, 36% of patients had a polymicrobial culture, with 45% of 
patients receiving combination antimicrobial therapy. The most 
commonly used concurrent antibiotics were aminoglycosides 
in 15 patients (48% of concurrent antibiotics), followed by 

fluoroquinolones in 9 patients (29%), polymyxins in 7 patients 
(23%), and beta-lactams in 2 patients (6%). Of the 39 patients 
with pneumonia, 28 (71.8%) received 3-g pneumonia dosing, 
10 (25.6%) received 1.5-gram (nonpneumonia) dosing, and 1 
patient had incomplete dosing data.

Outcomes

All-cause 30-day mortality among all patients was 19% (13/69), 
with clinical cure achieved in 68% (47/69) of patients (Table 2). 
Clinical cure and all-cause 30-day mortality rates varied by in-
fection source, with the highest rates of clinical cure in patients 
with UTI (100%; 6/6) and bloodstream infections (100%; 6/6) 
and the lowest all-cause 30-day mortality rates in patients with 
central nervous system and bone/joint infections (both 0%) 
(Figure 1). In patients with pneumonia, clinical cure was 75% 
(21/28) in the 3-g pneumonia dosing group vs 30% (3/10) in the 
nonpneumonia dosing group, and 30-day mortality was 18% 
(5/28) in those who received the pneumonia-dose C/T vs 30% 
(3/10) in those who did not. The mean length of C/T therapy 
was 13 ± 10.8 days, and the median (IQR) length of hospital stay 
was 38 (55) days. CART analysis identified the 30-day mortality 
split at APACHE II score >25 (76% vs 24%; P = 0.002).

DISCUSSION

This 14-center study aimed to evaluate real-world treatment pat-
terns and clinical outcomes of immunocompromised patients 
treated with C/T for multidrug-resistant P.  aeruginosa infec-
tions. As a majority of current clinical data exclude immuno-
compromised patients or these patients make up a small subset 
of the studied patient population, it is pertinent to describe out-
comes in this high-risk group. Patients in our cohort were char-
acterized as immunocompromised for a variety of conditions. 
A majority of patients were taking immunosuppressive agents 
(84%), a subset had a history of SOT (68%), and a smaller 
subset of patients had diseases conferring susceptibility to in-
fection such as active malignancies (29%). In addition to an im-
munocompromised status of all included patients, many were 
considered critically ill, demonstrated by a median APACHE 
II score of 18, with 46% of patients receiving ICU-level care 

Table 1. Baseline Characteristics of the Patients

Characteristic Total (n = 69)

Age, mean ± SD, y 57 ± 14
In ICU on day 1, No. (%) 32 (46)
APACHE II score, median (IQR) 18 (13)
Charlson comorbidity index, median (IQR) 5 (4)
Immunocompromised type,a No. (%)  
 Receiving immunosuppressive agents 58 (84)
 Solid organ transplant recipient 47 (68)
 Immunocompromising disease stateb 20 (29)
  Leukemia 6 (9)
  Lymphoma 3 (4)
  Diffuse metastatic cancer 9 (13)
Comorbidities, No. (%)  
 Chronic pulmonary disease 32 (46)
 Chronic kidney disease 28 (41)
 Diabetes 17 (25)
 Myocardial infarction 10 (14)
 Heart failure 10 (14)
 Peptic ulcer disease 9 (13)
 Liver dysfunction 9 (13)
 Peripheral vascular disease 8 (12)
 Cerebrovascular disease 5 (7)
 Metastatic solid tumor 5 (7)
 Cystic fibrosis 4 (6)
 Hemiplegia/paraplegia 2 (3)
Infection source,c No. (%)  
 Pneumonia 39 (57)
 Wound 8 (12)
 Intra-abdominal 6 (10)
 Primary bloodstream infection 6 (10)
 Urinary tract 6 (10)
 Bone/joint 4 (6)
 Central nervous system 3 (4)
Concurrent antibiotics, No. (%) 31 (45)
 Aminoglycoside 15 (48)
 Fluoroquinolone 9 (29)
 Polymyxin 7 (23)
 Beta-lactam 2 (6)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive 
care unit; IQR, interquartile range.
aPatients could have multiple reasons for immunocompromised classification.
bTwo patients with unspecified disease characterized as sufficiently advanced to suppress 
resistance to infection, for example, leukemia, lymphoma, diffuse metastatic cancer.
cPatients could have multiple sources of infection.

Table 2. Clinical Outcomes

Outcome

Clinical cure, all infection sources (n = 69), No. (%) 47 (68)
 Pneumonia, receiving pneumonia dosing (n = 28) 21 (75)
 Pneumonia, receiving nonpneumonia dosing (n = 10) 3 (30)
30-d all-cause mortality, all infection sources (n = 69), No. (%) 13 (19)
 Pneumonia, receiving pneumonia dosing (n = 28) 5 (18)
 Pneumonia, receiving nonpneumonia dosing (n = 10) 3 (30)
Length of C/T therapy, mean ± SD, d 13 ± 11
Length of hospital stay, median (IQR), d 38 (54)

Abbreviations: C/T, ceftolozane/tazobactam; IQR, interquartile range.
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¡ Etude rétrospective multicentrique (n=14)

¡ Patients immunodéprimés traités  ≥24 avec C/T

¡ P. aeruginosa MDR 

¡ 66 patients 

¡ USI : 46% 

¡ Infection respiratoire : 56% 

¡ Mortalité J30 : 19% 
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Ce!derocol Activity Against Clinical Pseudomonas 
aeruginosa Isolates Exhibiting Ce"olozane-Tazobactam 
Resistance
Patricia J. Simner,1 Stephan Beisken,2 Yehudit Bergman,1 Andreas E. Posch,2 Sara E. Cosgrove,3,  and Pranita D. Tamma4,
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Background. Mutations in the AmpC-AmpR region are associated with treatment-emergent ce"olozane-tazobactam (TOL-
TAZ) and ce"azidime-avibactam (CAZ-AVI) resistance. We sought to determine if these mutations impact susceptibility to the 
novel cephalosporin-siderophore compound ce!derocol.

Methods. #irty-two paired isolates from 16 patients with index P.  aeruginosa isolates susceptible to TOL-TAZ and subse-
quent P. aeruginosa isolates available a"er TOL-TAZ exposure from January 2019 to December 2020 were included. TOL-TAZ, 
CAZ-AVI, imipenem-relebactam (IMI-REL), and ce!derocol minimum inhibitory concentrations (MICs) were determined using 
broth microdilution. Whole-genome sequencing of paired isolates was used to identify mechanisms of resistance to ce!derocol that 
emerged, focusing on putative mechanisms of resistance to ce!derocol or earlier siderophore-antibiotic conjugates based on the pre-
viously published literature.

Results. Analyzing the 16 pairs of P. aeruginosa isolates, ≥4-fold increases in ce!derocol MICs occurred in 4 of 16 isolates. 
Ce!derocol nonsusceptibility criteria were met for only 1 of the 4 isolates, using Clinical and Laboratory Standards Institute criteria. 
Speci!c mechanisms identi!ed included the following: AmpC E247K (2 isolates), MexR A66V and L57D (1 isolate each), and AmpD 
G116D (1 isolate) substitutions. For both isolates with AmpC E247K mutations, ≥4-fold MIC increases occurred for both TOL-TAZ 
and CAZ-AVI, while a ≥4-fold reduction in IMI-REL MICs was observed.

Conclusions. Our !ndings suggest that alterations in the target binding sites of P. aeruginosa–derived AmpC β-lactamases 
have the potential to reduce the activity of 3 of 4 novel β-lactams (ie, ce"olozane-tazobactam, ce"azidime-avibactam, and 
ce!derocol) and potentially increase susceptibility to imipenem-relebactam. #ese !ndings are in need of validation in a larger 
cohort.

Keywords.  AmpC; antimicrobial resistance; ce"azidime-avibactam; omega loop.

Pseudomonas aeruginosa with difficult-to-treat resistance 
(DTR; ie, P.  aeruginosa resistant to all traditional β-lactams 
and fluoroquinolones) poses significant clinical challenges [1]. 
Several novel β-lactam agents have become Food and Drug 
Administration (FDA) approved with activity against DTR 
P.  aeruginosa, including ceftolozane-tazobactam (TOL-TAZ), 
ceftazidime-avibactam (CAZ-AVI), imipenem-cilastatin-
relebactam (IMI-REL), and cefiderocol. Unreliable baseline 
susceptibility of DTR P. aeruginosa to the novel agents, as well 

as reports of resistance emerging during therapy, has tempered 
enthusiasm for several of these agents [2].

TOL-TAZ remains a preferred agent for the treatment of 
DTR P. aeruginosa infections [1]. We previously reported that 
in a cohort of 28 patients infected with DTR P. aeruginosa and 
paired clinical isolates before and a"er receipt of TOL-TAZ, 
half of patients had isolates that developed ≥4-fold increases 
in TOL-TAZ minimum inhibitory concentrations (MICs) a"er 
exposure to this agent [3].

Before the clinical use of ce!derocol, there was widespread 
belief that resistance would primarily result from mutations 
in TonB-dependent receptors (TBDRs), a series of bacterial 
outer membrane proteins that mediate siderophore–iron com-
plex transport [4-6]. While such mutations have been identi-
!ed [7, 8], there have also been isolated reports of changes in 
the ampC region contributing to ce!derocol resistance among 
the Enterobacterales [9, 10]. #is may occur a"er exposure to 
oxyminocephalosporins, such as CAZ-AVI or cefepime, in the 
absence of exposure to ce!derocol. It is unknown what role 
exposure to TOL-TAZ, also an oxyminocephalosporin, has 
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Table 1. Continued

Isolateb Clinical Summaryc

TOL-TAZ 
MIC, 

mcg/mL

CAZ-AVI 
MIC, 

mcg/mL

IMI-REL 
MIC, 
mcg/
mL

Cefiderocol 
MIC, mcg/

mL
Potential Resistance Targets for Siderophore–Antibiotic Conjugates Identified in 
Subsequent Isolates but NOT Index Isolatesd

PDCa  b a b a b a b AmpC AmpR AmpD MexR OprD TBDR PBP3 PvdS

12a-b 16 yo M, ventilator-dependent with P. aeruginosa pneu-
monia. Received TOL-TAZ 3g q8h × 6d (no HD); other 
β-lactams: meropenem (7d). Alive at day 30: yes.

4 2 32 4 8 8 0.25 0.25 -- -- -- -- -- -- -- -- PDC-
34

13a-b 53 yo M, 60% body surface area burns with P. aeruginosa 
pneumonia. Received TOL-TAZ 3g q8h × 6d (no HD); 
other β-lactams: meropenem (10d). Alive at day 30: no.

1 0.5 16 4 4 4 0.5 0.5 -- -- -- -- -- -- -- -- PDC-8

14a-b 55 yo F, anoxic brain injury with P. aeruginosa pneu-
monia. Received TOL-TAZ 3g q8h × 7d (no HD); other 
β-lactams: meropenem (3d). Alive at day 30: yes.

2 8 16 16 8 4 0.5 1 -- -- -- -- -- -- PBP3 
E466K

-- PDC-5

15a-b 74 yo M, ventilator-dependent with P. aeruginosa pneu-
monia. Received TOL-TAZ 3g q8h × 6d (HD); other 
β-lactams: none. Alive at day 30: yes.

1 256 2 256 4 32 0.12 0.25 -- -- AmpD 
G148A

-- OprD stop 
mutation 
E384

-- -- -- PDC-
19a

16a-b 65 yo M, ventricular assist device with P. aeruginosa bac-
teremia and device-associated infection, device not 
removed. Received TOL-TAZ 3g q8h × 16d (HD); other 
β-lactams: meropenem (1d). Alive at day 30: yes.

1 256 8 32 32 4 0.12 1 AmpC 
E247K

-- -- -- -- -- -- -- PDC-3

Abbreviations: CAZ-AVI, ceftazidime-avibactam; HD, hemodialysis; IMI-REL, imipenem-relebactam; MIC, minimum inhibitory concentration; PDC, Pseudomonas-derived cephalosporinase; TBDR, TonB-dependent receptor; TOL-TAZ, ceftolozane-tazobactam.
aGreen represents antibiotic MIC in susceptible range. Red represents antibiotic MIC not in susceptible range.
bBold isolate numbers indicate ≥4-fold change in cefiderocol MIC against index to subsequent paired P. aeruginosa isolates.
c“Other β-lactams” includes β-lactam agents administered within 7 days before the index isolate was collected up to the time the subsequent isolate was collected. As all index isolates were resistant to ceftazidime, cefepime, piperacillin-tazobactam, and 
meropenem, there was limited use of “traditional” β-lactams.
dAs only changes from index to subsequent isolates are included, mutations present in both index and subsequent isolates are not included. As an example, 9 of 13 index isolates not susceptible to imipenem-relebactam contained oprD mutants.
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¡ Mutations dans région AmpC-AmpR
associées à résistance à ceftolozane-
tazobactam (TOL-TAZ ) et ceftazidime-
avibactam (CAZ-AVI)

¡ 32 paires d'isolats de 16 patients 

• isolats index de P. aeruginosa sensibles à 
TOL-TAZ 

• isolats après traitement par TOL-TAZ

¡ 4/16 paires : ì ≥4x CMI au cefiderocol 

¡ Mutations AmpC E247K : ì ≥4x CMI à 
TOL-TAZ et CAZ-AVI + î ≥4x CMI à 
IMI-REL 

¡ Altérations sites de liaison d'AmpC β-
lactamases dérivées de P. aeruginosa : 

• Peuvent réduire l'activité de 3 sur 4 
nouveaux β-lactamines (ie, ceftolozane-
tazobactam, ceftazidime-avibactam, et 
cefiderocol) 

• Peuvent augmenter susceptibilité à  
imipenem-relebactam
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¡ Avantages

Avibactam inhibe les betalactamases de 
classe A (KPC),  AmpC, and OXA-48. 

Avibactam active in vitro vis-à-vis des 
enzymes GES.

ERACE-PA global study : montre 
sensibilité à ceftazidime-avibactam
• 91% des pyo Carba S 

• 72% des pyo Carba R

¡ Limites

Pas d’activité sur métallo beta 
lactamase
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Emergence de résistance chez KPC
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de Pseudomonas aeruginosa
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ESSAIS CLINIQUES

Essais Design Durée de 
l’étude

Sites Indications
N de patients 

Cefiderocol        Comparateur

Posologie

Cefiderocol        Comparateur

Portsmouth et 
al.

Non infériorité 
double aveugle 

(phase 2)
2015-2016 65 hôpitaux

15 pays
IU compliquées 300 148 2g X3 (1h)

7-14j

Imipenème 
cilastatine
1g X3 (1h)

7-14j

APEKS-NP
Wunderink et al

Non infériorité 
double aveugle 

(phase 3)
2017-2019 76 hôpitaux

17 pays

Pneumonies 
nosocomiales à 

BGN
148 150 2g X3 (3h)

7-14j

Méropénème
2g X3 (3h)

7-14j

CREDIBLE-CR
Basseti et al

Essai randomisé 
descriptif 

ouvert ciblé sur 
le pathogène

2016-2019 95 hôpitaux
16 pays

Pneumonies 
nosocomiales, 
bactériémies, 

sepsis, IU 
compliquées

101 49 2g X3 (3h)
7-14j

Meilleur 
traitement 
disponible

7-14j



ESSAIS RANDOMISÉS

revealed similar results. Moreover, cefiderocol exhibited a higher
microbiological eradication rate against E. coli than the compara-
tor. The favourable microbiological response of cefiderocol has
been supported by many in vitro studies [12,13,30,31]. In previous
surveillance reports, the concentrations of cefiderocol inhibiting
90% of isolates tested (MIC90) were 0.5 mg/L and 1 mg/L for clinical
isolates of Enterobacterales from North America and Europe,
respectively [13,30]. In addition, the MIC90 values of cefiderocol
against P. aeruginosa and A. baumannii were only 0.5 mg/L and
1 mg/L, respectively [30]. Another global surveillance showed
similar findings, with MIC90 values of cefiderocol against E. coli, K.
pneumoniae, Serratia marcescens, Citrobacter freundii, Enterobacter
aerogenes and Enterobacter cloacae isolates all !1 mg/L, and only 8

isolates (1.3%) among these 617 clinical isolates had MICs of "8 mg/
L [31]. Moreover, cefiderocol exhibited good in vitro activity
against MDR- or carbapenem-resistant Gram-negative pathogens
[14,30–33], and the activity (MIC90) of cefiderocol was even more
potent than other novel antibiotics such as ceftolozane/tazobac-
tam and ceftazidime/avibactam against imipenem-resistant P.
aeruginosa (1, 4 and 16 mg/L, respectively) and imipenem-resistant
A. baumannii (8, >64 and >64 mg/L, respectively) [12].

Finally, thismeta-analysis assessed therisk ofAEsassociatedwith
cefiderocol. We found that cefiderocol had a similar risk of AEs (i.e.
TEAEs, serious AEs, treatment discontinuation owing to TEAE, drug-
related AEs and discontinuation of study drug owing to drug-related
AE) to the comparators. In the study by Portsmouth et al. [25],
gastrointestinal disorders such as diarrhoea (4%) and constipation
(3%) were the most common AEs in the cefiderocol group. In the
CREDIBLE-CR trial [27], the most frequently reported TEAEs in the
cefiderocol group were diarrhoea (19%), followed by pyrexia (14%),
septic shock (13%) and vomiting (13%). In the APEKS-NP trial [26], the
two most common TEAEs in the cefiderocol group were urinary tract
infection (16%) and hypokalaemia (11%). Thus, these findings suggest
that cefiderocol is as tolerable as other antibiotics.

This meta-analysis had several limitations. First, the number of
studies and patients was limited. More large-scale RCTs are needed
to confirm our findings. Second, cefiderocol was developed to
manage infections caused by MDR- or carbapenem-resistant
Gram-negative pathogens. Because the associated data were
limited, we did not assess the association between in vitro activity
and clinical response for each specific pathogen, particularly for
MDR micro-organisms. However, this deficit could be partially
compensated for by the results of the CREDIBLE-CR trial [27], in
which all pathogens were carbapenem-resistant Gram-negative
bacteria. In addition, the APEKS-NP trial [26] reported that the
clinical cure at TOC in the subgroup of patients with meropenem
MICs of >8 mg/L was 57% (17/30) and 58% (15/26) in the cefiderocol
and meropenem groups, respectively (treatment difference,–1.0,
95% CI–27.0 to 25.0). Moreover, the microbiological eradication
rate in this subgroup was 40% (12/30) and 31% (8/26) in the
cefiderocol and meropenem groups, respectively (treatment
difference, 9.2, 95% CI–15.7 to 34.2). Finally, numerically more
mortalities occurred in the cefiderocol group than the best-
available therapy group, which was largely driven by patients with

Fig. 2. Summary of the risk of bias in each domain.

Fig. 3. Forest plot of clinical response rate between cefiderocol and comparators.

Fig. 4. Forest plot of microbiological eradication rate between cefiderocol and comparators.
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Efficacy and safety of cefiderocol or best available 
therapy for the treatment of serious infections caused by 
carbapenem-resistant Gram-negative bacteria 
(CREDIBLE-CR): a randomised, open-label, multicentre, 
pathogen-focused, descriptive, phase 3 trial
Matteo Bassetti, Roger Echols, Yuko Matsunaga, Mari Ariyasu, Yohei Doi, Ricard Ferrer, Thomas P Lodise, Thierry Naas, Yoshihito Niki, 
David L Paterson, Simon Portsmouth, Julian Torre-Cisneros, Kiichiro Toyoizumi, Richard G Wunderink, Tsutae D Nagata

Summary
Background New antibiotics are needed for the treatment of patients with life-threatening carbapenem-resistant 
Gram-negative infections. We assessed the efficacy and safety of cefiderocol versus best available therapy in adults 
with serious carbapenem-resistant Gram-negative infections.

Methods We did a randomised, open-label, multicentre, parallel-group, pathogen-focused, descriptive, phase 3 study 
in 95 hospitals in 16 countries in North America, South America, Europe, and Asia. We enrolled patients aged 18 years 
or older admitted to hospital with nosocomial pneumonia, bloodstream infections or sepsis, or complicated urinary 
tract infections (UTI), and evidence of a carbapenem-resistant Gram-negative pathogen. Participants were randomly 
assigned (2:1 by interactive web or voice response system) to receive either a 3-h intravenous infusion of cefiderocol 
2 g every 8 h or best available therapy (pre-specified by the investigator before randomisation and comprised of a 
maximum of three drugs) for 7–14 days. For patients with pneumonia or bloodstream infection or sepsis, cefiderocol 
treatment could be combined with one adjunctive antibiotic (excluding polymyxins, cephalosporins, and 
carbapenems). The primary endpoint for patients with nosocomial pneumonia or bloodstream infection or sepsis 
was clinical cure at test of cure (7 days [plus or minus 2] after the end of treatment) in the carbapenem-resistant 
microbiological intention-to-treat population (ITT; ie, patients with a confirmed carbapenem-resistant Gram-negative 
pathogen receiving at least one dose of study drug). For patients with complicated UTI, the primary endpoint was 
microbiological eradication at test of cure in the carbapenem-resistant microbiological ITT population. Safety was 
evaluated in the safety population, consisting of all patients who received at least one dose of study drug. Mortality 
was reported through to the end of study visit (28 days [plus or minus 3] after the end of treatment). Summary 
statistics, including within-arm 95% CIs calculated using the Clopper-Pearson method, were collected for the primary 
and safety endpoints. This trial is registered with ClinicalTrials.gov (NCT02714595) and EudraCT (2015-004703-23).

Findings Between Sept 7, 2016, and April 22, 2019, we randomly assigned 152 patients to treatment, 101 to cefiderocol, 
51 to best available therapy. 150 patients received treatment: 101 cefiderocol (85 [85%] received monotherapy) and 
49 best available therapy (30 [61%] received combination therapy). In 118 patients in the carbapenem-resistant 
microbiological ITT population, the most frequent carbapenem-resistant pathogens were Acinetobacter baumannii (in 
54 patients [46%]), Klebsiella pneumoniae (in 39 patients [33%]), and Pseudomonas aeruginosa (in 22 patients [19%]). In 
the same population, for patients with nosocomial pneumonia, clinical cure was achieved by 20 (50%, 95% CI 
33·8–66·2) of 40 patients in the cefiderocol group and ten (53%, 28·9–75·6) of 19 patients in the best available 
therapy group; for patients with bloodstream infection or sepsis, clinical cure was achieved by ten (43%, 23·2–65·5) 
of 23 patients in the cefiderocol group and six (43%, 17·7–71·1) of 14 patients in the best available therapy group. For 
patients with complicated UTIs, microbiological eradication was achieved by nine (53%, 27·8–77·0) of 17 patients in 
the cefiderocol group and one (20%, 0·5–71·6) of five patients in the best available therapy group. In the safety 
population, treatment-emergent adverse events were noted for 91% (92 patients of 101) of the cefiderocol group and 
96% (47 patients of 49) of the best available therapy group. 34 (34%) of 101 patients receiving cefiderocol and 
nine (18%) of 49 patients receiving best available therapy died by the end of the study; one of these deaths (in the best 
available therapy group) was considered to be related to the study drug.

Interpretation Cefiderocol had similar clinical and microbiological efficacy to best available therapy in this 
heterogeneous patient population with infections caused by carbapenem-resistant Gram-negative bacteria. 
Numerically more deaths occurred in the cefiderocol group, primarily in the patient subset with Acinetobacter spp 
infections. Collectively, the findings from this study support cefiderocol as an option for the treatment of carbapenem-
resistant infections in patients with limited treatment options.
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lable therapy) had at least one carbapenem-
resistant pathogen at baseline and comprised the 
carbapenem-resistant micro biological ITT population 
(figure, table 2; appendix pp 13–14). A baumannii, 

Klebsiella pneumoniae, and P aeruginosa were the most 
frequent carbapenem-resistant pathogens in both treat-
ment groups (A baumannii in 54 patients [46%], 
K pneumoniae in 39 patients [33%], and P aeruginosa in 

Cefiderocol 
(n=101)

Best available 
therapy (n=49)

Sex

Male 66 (65%) 35 (71%)

Female 35 (35%) 14 (29%)

Age (years)

Mean (SD) 63·1 (19·0) 63·0 (16·7)

Median (range; IQR) 69 (19–92; 52–77) 62 (19–92; 51–76)

<65 37 (37%) 27 (55%)

≥65 64 (63%) 22 (45%)

<75 72 (71%) 35 (71%)

≥75 29 (29%) 14 (29%)

BMI (kg/m²)* 25·0 (12·0–52·4; 
21·3–27·8)

23·5 (14·3–48·9; 
20·3–29·2)

Region

Europe 57 (56%) 28 (57%)

Asia-Pacific 29 (29%) 14 (29%)

North America 6 (6%) 3 (6%)

South America 9 (9%) 4 (8%)

Race

White 63 (62%) 32 (65%)

Asian 29 (29%) 14 (29%)

Black or African American 0 0

Other 9 (9%) 3 (6%)

Clinical diagnosis

Nosocomial pneumonia 45 (45%) 22 (45%)

HAP 20 (20%) 7 (14%)

VAP 24 (24%) 13 (27%)

HCAP 1 (1%) 2 (4%)

Bloodstream infections or 
sepsis†

30 (30%) 17 (35%)

Bloodstream infection 22 (22%) 9 (18%)

Complicated intra-
abdominal infection

3 (3%) 2 (4%)

Skin and skin structure 
infection

1 (1%) 0

Intravenous line 
infection

4 (4%) 2 (4%)

Other‡ 5 (5%) 1 (2%)

Unknown 9 (9%) 4 (8%)

Sepsis 8 (8%) 8 (16%)

Complicated intra-
abdominal infection

2 (2%) 1 (2%)

Skin and skin structure 
infection

4 (4%) 3 (6%)

Intravenous line 
infection

0 3 (6%)

Other‡ 2 (2%) 1 (2%)

Complicated urinary tract 
infection

26 (26%) 10 (20%)

Ventilation at randomisation 50 (50%) 26 (53%)

(Table 1 continues in next column)

Cefiderocol 
(n=101)

Best available 
therapy (n=49)

(Continued from previous column)

Creatinine clearance (mL/min)

Mean (SD), 85·8 (79·3) 88·9 (64·2)

Median (range; IQR) 59·2 (9·4–539·26; 
33·9–107·9)

69·4 (4·6–270·8; 
47·6–119·8)

≥120 20 (20%) 12 (24%)

>80 to <120 18 (18%) 10 (20%)

>50 to ≤80 20 (20%) 12 (24%)

≥30 to ≤50 23 (23%) 8 (16%)

<30 20 (20%) 7 (14%)

Empirical treatment failure 58 (57%) 27 (55%)

Previous therapy§

Antibiotics¶ 93 (92%) 49 (100%)

Carbapenems 60 (59%) 26 (53%)

Systemic corticosteroids 44 (44%) 17 (35%)

ICU at randomisation 57 (56%) 21 (43%)

Shock 19 (19%) 6 (12%)

Immunocompromised 27 (27%) 10 (20%)

Positive blood culture 25 (25%) 13 (27%)

APACHE II score

Mean (SD) 15·3 (6·5) 15·4 (6·2)

Median (range; IQR) 15 (2–29; 11–20) 14 (2–28; 11–20)

≤15 55 (54%) 27 (55%)

16–19 17 (17%) 9 (18%)

≥20 29 (29%) 13 (27%)

CPIS score||

Mean (SD) 4·9 (1·7) 4·6 (1·5)

Median (range; IQR) 5 (2–9; 4–6) 5 (0–7; 4–5)

≤5 30/45 (67%) 16/22 (73%)

≥6 14/45 (31%) 5/22 (23%)

Missing 1/45 (2%) 1/22 (5%)

SOFA score**

Mean (SD) 5·1 (4·0) 5·1 (3·8)

Median (range) 4 (0–17; 2–8) 4 (0–16; 2–8)

≤6 67 (66%) 32 (65%)

≥7 33 (33%) 17 (35%)

≤9 84 (83%) 43 (88%)

≥10 16 (16%) 6 (12%)

Missing 1 (1%) 0

CCI score

Mean (SD) 5·5 (3·1) 5·4 (3·1)

Median (range; IQR) 5 (0–12; 3–8) 6 (0–13; 3–7)

Medical history based on CCI 
components

101 (100%) 49 (100%)

Renal disease 40 (40%) 20 (41%)

Chronic pulmonary disease 40 (40%) 16 (33%)

Diabetes 35 (35%) 17 (35%)

(Table 1 continues in next column)
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(Table 1 continues in next column)
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≥6 14/45 (31%) 5/22 (23%)

Missing 1/45 (2%) 1/22 (5%)

SOFA score**

Mean (SD) 5·1 (4·0) 5·1 (3·8)

Median (range) 4 (0–17; 2–8) 4 (0–16; 2–8)

≤6 67 (66%) 32 (65%)

≥7 33 (33%) 17 (35%)

≤9 84 (83%) 43 (88%)

≥10 16 (16%) 6 (12%)

Missing 1 (1%) 0

CCI score

Mean (SD) 5·5 (3·1) 5·4 (3·1)

Median (range; IQR) 5 (0–12; 3–8) 6 (0–13; 3–7)

Medical history based on CCI 
components

101 (100%) 49 (100%)

Renal disease 40 (40%) 20 (41%)

Chronic pulmonary disease 40 (40%) 16 (33%)

Diabetes 35 (35%) 17 (35%)

(Table 1 continues in next column)

¡ Essai clinique ouvert, randomisé avec un contrôle actif (2:1) et une 
analyse descriptive

¡ Patients en état critique et souffrant d’infections diverses (IU, PN, BSI) 
résistantes aux carbapénèmes 

¡ 29 régimes de contrôle différents utilisés dans 95 centres
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22 patients [19%]; table 2, appendix p 17). The distribution 
of the most frequent Gram-negative pathogens was simi-
lar in the carba penem-resistant microbiological ITT and 
microbiological ITT popu lations (table 2; appendix p 17). 
Cefiderocol MIC90 values were 1 µg/mL for carbapenem-
resistant A bau mannii, 4 µg/mL for carbapenem-resistant 
K pneu moniae, and 2 µg/mL for carbapenem-resistant 
P aeruginosa in the carbapenem-resistant microbiological 
ITT population, with similar values in the microbiological 
ITT population (appendix p 18). Four pathogens had 
cefiderocol MICs of greater than 4 µg/mL (ie, the 
provisional Clinical and Laboratory Standards Institute 
breakpoint), and an additional six pathogens had 
MICs of 4 µg/mL, in both the carbapenem-resistant 
microbiological ITT and microbiological ITT populations 
(appendix p 18).

In the cefiderocol group, 83% (66/80) of patients 
received monotherapy; in the best available therapy 
group, 71% (27/38) received combination therapy. 
25 patients (66%) of 38 in the best available therapy 
group received colistin-based treatment (appendix 
pp 19–20). For patients with HAP, VAP, HCAP, or 
bloodstream infection or sepsis (who generally have 

more severe disease than patients with complicated 
UTIs), median treatment duration was 11·0 days 
(IQR 8·0–14·0) with cefiderocol and 13·0 days 
(10·0–15·0) with best available therapy, with a maximum 
duration of 22 days in each group. In patients with 
complicated UTIs, median treatment duration was 
10·5 days (IQR 8·0–15·0) with cefiderocol and 6·5 days 
(6·0–11·0) with best available therapy, with a maximum 
duration of 29 days in the cefiderocol group and 14 days 
in the best available therapy group (appendix p 21).

Cefiderocol 
(n=101)

Best available 
therapy (n=49)

(Continued from previous column)

Cancer 24 (24%) 13 (27%)

Congestive heart failure 12 (12%) 10 (20%)

Peripheral vascular disease 11 (11%) 5 (10%)

Moderate or severe liver 
disease

11 (11%) 4 (8%)

Hepatitis 12 (12%) 2 (4%)

Severity of infection††

Mild 5 (5%) 4 (8%)

Moderate 41 (41%) 22 (45%)

Severe 55 (55%) 23 (47%)

Data are n (%), n/N (%), mean (SD), or median (range; IQR). BMI=body-mass 
index. HAP=hospital-acquired pneumonia. VAP=ventilator-associated 
pneumonia. HCAP=health care-associated pneumonia. ICU=intensive care unit. 
APACHE II=Acute Physiology and Chronic Health Evaluation II. CPIS=Clinical 
Pulmonary Infection Score. SOFA=Sequential Organ Failure Assessment. 
CCI=Charlson Comorbidity Index. *Data available for 99 patients assigned 
cefiderocol and 49 assigned best available therapy. †Definitions of bloodstream 
infection and sepsis are in the appendix (p 6). Sepsis diagnoses were based on 
Systemic Inflammatory Response Syndrome criteria that were valid at the time of 
study design. ‡Including biliary tract infection, pelvic infection, respiratory tract 
infections other than infection sites identified as HAP, VAP, HCAP (eg, 
community-acquired pneumonia, lung abscess, pleural space, or empyema). §A 
patient taking two or more medications was counted only once within a 
treatment classification; however, the same patient might have contributed to 
two or more Preferred Terms in the same classification, according to the Medical 
Dictionary for Regulatory Activities (version 18.1). ¶Previous antimicrobial 
therapy taken within 2 weeks before randomisation.  ||Shown only for patients 
with nosocomial pneumonia; data available for 44 patients assigned cefiderocol 
and 21 assigned best available therapy. **Data available for 100 patients assigned 
cefiderocol and 49 assigned best available therapy. ††Based on the investigators’ 
clinical judgement (ie, there were no pre-defined criteria for infection severity).

Table 1: Baseline characteristics of the intention-to-treat and safety 
populations

Cefiderocol 
(n=80)

Best available 
therapy (n=38)

Number of carbapenem-resistant Gram-negative pathogens from 
appropriate specimens*

One 62 (78%) 30 (79%)

Two 13 (16%) 8 (21%)

Three 4 (5%) 0

Four 1 (1%) 0

Type of carbapenem-resistant Gram-negative pathogen

All patients N=87† N=40‡

Acinetobacter baumannii 37 (46%) 17 (45%)

Klebsiella pneumoniae 27 (34%) 12 (32%)

Pseudomonas aeruginosa 12 (15%) 10 (26%)

Stenotrophomonas 
maltophilia

5 (6%) 0

Acinetobacter nosocomialis 2 (3%) 0

Enterobacter cloacae 2 (3%) 0

Escherichia coli 2 (3%) 1 (3%)

Nosocomial pneumonia

A baumannii 26/40 (65%) 10/19 (53%)

P aeruginosa 6/40 (15%) 5/19 (26%)

K pneumoniae 6/40 (15%) 5/19 (26%)

S maltophilia 5/40 (13%) 0

A nosocomialis 2/40 (5%) 0

E cloacae 2/40 (5%) 0

E coli 0 1/19 (5%)

Bloodstream infections or sepsis

K pneumoniae 10/23 (44%) 4/14 (29%)

A baumannii 10/23 (44%) 7/14 (50%)

P aeruginosa 2/23 (9%) 3/14 (21%)

E coli 1/23 (4%) 0

Complicated urinary tract infections

K pneumoniae 11/17 (65%) 3/5 (60%)

P aeruginosa 4/17 (24%) 2/5 (40%)

A baumannii 1/17 (6%) 0

E coli 1/17 (6%) 0

Data are n (%) or n/N (%), where N is the total number of patients with at least one 
Gram-negative pathogen at baseline. *Based on data from the central 
microbiology laboratory  if available. Polymicrobial infections could include 
carbapenem-resistant and carbapenem-susceptible bacteria present at the primary 
infection site. †Total number of baseline carbapenem-resistant Gram-negative 
pathogens in the cefiderocol group. ‡Total number of baseline carbapenem-
resistant Gram-negative pathogens in the best available therapy group.

Table 2: Baseline carbapenem-resistant Gram-negative pathogen 
distribution in the carbapenem-resistant microbiological 
intention-to-treat population
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In the carbapenem-resistant microbiological ITT 
popu lation, the proportions of patients with HAP, VAP, 
or HCAP achieving a clinical cure at test of cure were 
50% (95% CI 33·8–66·2; 20 of 40) of the cefiderocol 
group and 53% (28·9–75·6; ten of 19) of the best 
available therapy group (table 3). For patients with 
bloodstream infection or sepsis, a clinical cure at test of 
cure was achieved by 43% (23·2–65·5; ten of 23) of the 
cefiderocol group and 43% (17·7–71·1; six of 14) of the 
best available therapy group (table 3). For patients with 

complicated UTIs, micro biological eradication at test of 
cure was achieved by 53% (27·8–77·0; nine of 17) of the 
cefiderocol group and 20% (0·5–71·6; one of five) of the 
best available therapy group (table 3). In subgroup 
analyses of clinical and microbiological outcomes at test 
of cure, numerical differences were noted by age 
(ie, <65 years or ≥65 years), pathogen group (ie, 
Enterobacterales), region (ie, North America and South 
America), race (ie, white, other, etc), and APACHE II 
score (ie, ≤15; appendix p 22).

Nosocomial pneumonia Bloodstream infections or 
sepsis

Complicated urinary tract 
infections

Overall

Cefiderocol 
(n=40)

Best available 
therapy (n=19)

Cefiderocol 
(n=23)

Best available 
therapy (n=14)

Cefiderocol 
(n=17)

Best available 
therapy (n=5)

Cefiderocol 
(n=80)

Best available 
therapy (n=38)

Clinical outcomes

End of treatment

Clinical cure 24 (60%; 
43·3–75·1)

12 (63%; 
38·4–83·7)

16 (70%; 
47·1–86·8)

7 (50%; 
23·0–77·0)

13 (77%; 
50·1–93·2)

3 (60%; 
14·7–94·7)

53 (66%; 
54·8–76·4)

22 (58%; 
40·8–73·7)

Clinical failure 13 (33%) 7 (37%) 6 (26%) 7 (50%) 1 (6%) 1 (20%) 20 (25%) 15 (40%)

Indeterminate 3 (8%) 0 1 (4%) 0 3 (18%) 1 (20%) 7 (9%) 1 (3%)

Test of cure

Clinical cure* 20 (50%; 
33·8–66·2)

10 (53%; 
28·9–75·6)

10 (43%; 
23·2–65·5)

6 (43%; 
17·7–71·1)

12 (71%; 
44·0–89·7)

3 (60%; 
14·7–94·7)

42 (53%; 
41·0–63·8)

19 (50%; 
33·4–66·6)

Clinical failure 16 (40%) 6 (32%) 9 (39%) 7 (50%) 2 (12%) 1 (20%) 27 (34%) 14 (37%)

Indeterminate 4 (10%) 3 (16%) 4 (17%) 1 (7%) 3 (18%) 1 (20%) 11 (14%) 5 (13%)

Follow-up

Sustained 
clinical cure

20 (50%; 
33·8–66·2)

6 (32%; 
12·6–56·6)

9 (39%; 
19·7–61·5)

4 (29%; 
8·4–58·1)

9 (53%; 
27·8–77·0)

3 (60%; 
14·7–94·7)

38 (48%; 
36·2–59·0)

13 (34%; 
19·6–51·4)

Relapse 0 3 (16%) 1 (4%) 1 (7%) 1 (6%) 0 2 (3%) 4 (11%)

Clinical failure 16 (40%) 6 (32%) 9 (39%) 7 (50%) 2 (12%) 1 (20%) 27 (34%) 14 (37%)

Indeterminate 4 (10%) 4 (21%) 4 (17%) 2 (14%) 5 (29%) 1 (20%) 13† (16%) 7† (18%)

Microbiological outcomes

End of treatment

Eradication 12 (30%; 
16·6–46·5)

5 (26%; 
9·1–51·2)

14 (61%; 
38·5–80·3)

4 (29%; 
8·4–58·1)

12 (71%; 
44·0–89·7)‡

1 (20%; 
0·5–71·6)‡

38 (48%; 
36·2–59·0)

10 (26%; 
13·4–43·1)

Persistence 15 (38%) 9 (47%) 1 (4%) 1 (7%) 0 0 16 (20%) 10 (26%)

Indeterminate 13 (33%) 5 (26%) 8 (35%) 9 (64%) 5 (29%) 4 (80%) 26 (33%) 18 (47%)

Test of cure

Eradication§ 9 (23%; 
10·8–38·5)

4 (21%; 
6·1–45·6)

7 (30%; 
13·2–52·9)

4 (29%; 
8·4–58·1)

9 (53%; 
27·8–77·0)‡

1 (20%; 
0·5–71·6)‡

25 (31%; 
21·3–42·6)

9 (24%; 
11·4–40·2)

Persistence 8 (20%) 7 (37%) 3 (13%) 2 (14%) 5 (29%) 1 (20%) 16 (20%) 10 (26%)

Indeterminate 23 (58%) 8 (42%) 13 (57%) 8 (57%) 3 (18%) 3 (60%) 39 (49%) 19 (50%)

Follow-up

Sustained 
eradication

8 (20%; 
9·1–35·6)

3 (16%; 
3·4–39·6)

6 (26%; 
10·2–48·4)

3 (21%; 
4·7–50·8)

7 (41%; 
18·4–67·1)‡

1 (20%; 
0·5–71·6)‡

21 (26%; 
17·0–37·3)

7 (18%; 
7·7–34·3)

Recurrence 0 1 (5%) 0 0 0 0 0 1 (3%)

Persistence 8 (20%) 7 (37%) 3 (13%) 2 (14%) 5 (29%) 1 (20%) 16 (20%) 10 (26%)

Indeterminate 24 (60%) 8 (42%) 14 (61%) 9 (64%) 5 (29%) 3 (60%) 43¶ (54%) 20¶ (53%)

Data are n (%) or n (%, 95% CI), categorised by clinical diagnosis and visit. *Primary endpoint for patients with nosocomial pneumonia, or bloodstream infections or sepsis. 
†Indeterminate clinical responses were reported as either deaths (for seven patients assigned cefiderocol and three assigned best available therapy), or missing 
(for six patients assigned cefiderocol and four assigned best available therapy [definitions in the appendix, p 8]). ‡Eradication was defined as reduction of urine culture Gram-
negative uropathogens from at least 105 colony forming units (CFU) per mL at baseline to less than 103 CFU per mL. §Primary endpoint for patients with complicated urinary 
tract infections. ¶Indeterminate microbiological responses were reported as deaths (21 patients assigned cefiderocol and six assigned best available therapy); additional 
therapy required (for ten patients assigned cefiderocol and seven assigned best available therapy); or missing (for 12 patients assigned cefiderocol and seven assigned best 
available therapy [definitions in the appendix, p 10]).

Table 3: Clinical and microbiological secondary outcomes in the carbapenem-resistant microbiological intention-to-treat population

• PN : Guérison clinique dans le 
groupe céfidérocol 50.0% (20/40) 
vs 52.6% (10/19) 

• BSI/Sepsis : Guérison clinique 
dans le groupe céfidérocol 43.5% 
(10/23) vs 42.9% (6/14) 

• IU : Eradication microbiologique 
dans le groupe céfidérocol 52.9% 
(9/17) vs 20.0% (1/5)

• Mortalité J28 (toute cause) :
33% (13/40) dans le groupe
cefiderocol vs 16% (3/19)
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Efficacy and safety of cefiderocol or best available 
therapy for the treatment of serious infections caused by 
carbapenem-resistant Gram-negative bacteria 
(CREDIBLE-CR): a randomised, open-label, multicentre, 
pathogen-focused, descriptive, phase 3 trial
Matteo Bassetti, Roger Echols, Yuko Matsunaga, Mari Ariyasu, Yohei Doi, Ricard Ferrer, Thomas P Lodise, Thierry Naas, Yoshihito Niki, 
David L Paterson, Simon Portsmouth, Julian Torre-Cisneros, Kiichiro Toyoizumi, Richard G Wunderink, Tsutae D Nagata

Summary
Background New antibiotics are needed for the treatment of patients with life-threatening carbapenem-resistant 
Gram-negative infections. We assessed the efficacy and safety of cefiderocol versus best available therapy in adults 
with serious carbapenem-resistant Gram-negative infections.

Methods We did a randomised, open-label, multicentre, parallel-group, pathogen-focused, descriptive, phase 3 study 
in 95 hospitals in 16 countries in North America, South America, Europe, and Asia. We enrolled patients aged 18 years 
or older admitted to hospital with nosocomial pneumonia, bloodstream infections or sepsis, or complicated urinary 
tract infections (UTI), and evidence of a carbapenem-resistant Gram-negative pathogen. Participants were randomly 
assigned (2:1 by interactive web or voice response system) to receive either a 3-h intravenous infusion of cefiderocol 
2 g every 8 h or best available therapy (pre-specified by the investigator before randomisation and comprised of a 
maximum of three drugs) for 7–14 days. For patients with pneumonia or bloodstream infection or sepsis, cefiderocol 
treatment could be combined with one adjunctive antibiotic (excluding polymyxins, cephalosporins, and 
carbapenems). The primary endpoint for patients with nosocomial pneumonia or bloodstream infection or sepsis 
was clinical cure at test of cure (7 days [plus or minus 2] after the end of treatment) in the carbapenem-resistant 
microbiological intention-to-treat population (ITT; ie, patients with a confirmed carbapenem-resistant Gram-negative 
pathogen receiving at least one dose of study drug). For patients with complicated UTI, the primary endpoint was 
microbiological eradication at test of cure in the carbapenem-resistant microbiological ITT population. Safety was 
evaluated in the safety population, consisting of all patients who received at least one dose of study drug. Mortality 
was reported through to the end of study visit (28 days [plus or minus 3] after the end of treatment). Summary 
statistics, including within-arm 95% CIs calculated using the Clopper-Pearson method, were collected for the primary 
and safety endpoints. This trial is registered with ClinicalTrials.gov (NCT02714595) and EudraCT (2015-004703-23).

Findings Between Sept 7, 2016, and April 22, 2019, we randomly assigned 152 patients to treatment, 101 to cefiderocol, 
51 to best available therapy. 150 patients received treatment: 101 cefiderocol (85 [85%] received monotherapy) and 
49 best available therapy (30 [61%] received combination therapy). In 118 patients in the carbapenem-resistant 
microbiological ITT population, the most frequent carbapenem-resistant pathogens were Acinetobacter baumannii (in 
54 patients [46%]), Klebsiella pneumoniae (in 39 patients [33%]), and Pseudomonas aeruginosa (in 22 patients [19%]). In 
the same population, for patients with nosocomial pneumonia, clinical cure was achieved by 20 (50%, 95% CI 
33·8–66·2) of 40 patients in the cefiderocol group and ten (53%, 28·9–75·6) of 19 patients in the best available 
therapy group; for patients with bloodstream infection or sepsis, clinical cure was achieved by ten (43%, 23·2–65·5) 
of 23 patients in the cefiderocol group and six (43%, 17·7–71·1) of 14 patients in the best available therapy group. For 
patients with complicated UTIs, microbiological eradication was achieved by nine (53%, 27·8–77·0) of 17 patients in 
the cefiderocol group and one (20%, 0·5–71·6) of five patients in the best available therapy group. In the safety 
population, treatment-emergent adverse events were noted for 91% (92 patients of 101) of the cefiderocol group and 
96% (47 patients of 49) of the best available therapy group. 34 (34%) of 101 patients receiving cefiderocol and 
nine (18%) of 49 patients receiving best available therapy died by the end of the study; one of these deaths (in the best 
available therapy group) was considered to be related to the study drug.

Interpretation Cefiderocol had similar clinical and microbiological efficacy to best available therapy in this 
heterogeneous patient population with infections caused by carbapenem-resistant Gram-negative bacteria. 
Numerically more deaths occurred in the cefiderocol group, primarily in the patient subset with Acinetobacter spp 
infections. Collectively, the findings from this study support cefiderocol as an option for the treatment of carbapenem-
resistant infections in patients with limited treatment options.
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MORTALITÉ SELON BACTÉRIE

Cefiderocol
n/N (%)

(95%IC (%))

MTD
n/N (%)

(95%IC (%))
Tous les patients 34/101 (33,7)

(24,6- 43,8)
10/49 (20,4)
(10,2-34,3)

Patients avec une infection à Acinetobacter 
spp. 

21/42 (50)
(34,2- 65,8)

3/17 (17,6)
(3,8-43,4)

Patients avec une infection sans 
Acinetobacter (comprenant entérobactéries ou
P. aeruginosa…)

Entérobactérales
P. aeruginosa

13/59 (22)
(12,3-34,7)

6/28 (21,4)
2/11 (18,2)

6/32 (18,8)
(7,2- 36,4)

4/15 (26,7)
2/11 (18,2)

*Parmi ces patients, 30% (16) avaient des souches ayant une CMI au méropénème supérieure à 64 mg/L. 
Bassetti 2020 Lancet ID et rapport de l’étude CREDIBLE-CR; 2: Wunderick 2020 Lancet ID



Patient 1 2 3 4 5 6 7 8 9 10 11 12

Type d'infection Respiratoire Vasculaire
Respiratoire

+ Abdominale
+ Vasculaire

Respiratoire Respiratoire IPOA Respiratoire
Respiratoire

+ Abdominale
Respiratoire

Respiratoire
+ Urinaire

IOA + 
cutanée

Respiratoire

Isolat P. aeruginosa A. baumannii A. baumannii P. aeruginosa P. aeruginosa Enterobacter 
hormaechei

K. pneumoniae P. aeruginosa P. aeruginosa P. aeruginosa P. aeruginosa P. aeruginosa P. aeruginosa

Carbapénémase VIM-4 OXA-23 OXA-23 - VIM-2 - OXA-48 NDM-1 VIM-2 OXA-836 - VIM-2 -

Céfiderocol S (2) S (1) S (0.5) S (4) S (2) S (1) S (0.5) S (4) I (8) R (16) R (16) R (>32) R (16)

Outcome Guérison Guérison Guérison Guérison Guérison Guérison Echec Décès
(infection)

Décès
(infection)

Echec Echec Traitement
suppressif

Bleibtreu et al. 2021
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Abstract: Cefiderocol is a novel siderophore cephalosporin, which has proven in vitro activity against
carbapenem-resistant (CR) Gram-negative pathogens and stability towards all carbapenemases. The
aim of this study was to describe the first cases of prescriptions and the efficacy of cefiderocol for
compassionate use in the 2 months following its access in France. We performed a national retrospective
study of all patients who received at least one dose of cefiderocol from 2 November 2018 to 5 November
2019. We collected clinical characteristics and outcome through a standard questionnaire. Bacterial
isolates from 12 patients were centralized and analyzed in the French National Reference Center for
Antimicrobial Resistance, and sequenced using Illumina technology. Finally, 13 patients from 7 French
university hospitals were included in the study. The main type of infection treated by cefiderocol was
respiratory tract infections (RTI, n = 10). The targeted bacteria were Pseudomonas aeruginosa (n = 12),
including carbapenemase-producing P. aeruginosa (n = 9), Acinetobacter baumannii (n = 2), Klebsiella

pneumoniae (n = 1), and Enterobacter hormaechei (n = 1). Overall, of the 12 patients whose samples were
analyzed, 5 P. aeruginosa strains were not susceptible to cefiderocol (4 categorized as resistant and
1 as intermediate) according to Clinical and Laboratory Standards Institute (CLSI) breakpoints. If
considering susceptible strains, the cure rate was 6/7, while being 0/5 among not-susceptible strains.
This study underlines the necessity to test strains in adequate conditions.

Keywords: cefiderocol; bacterial resistance; carbapenem; respiratory tract infection; Pseudomonas

aeruginosa
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a b s t r a c t 
Objectives: To compare the clinical and microbiological outcomes of patients treated with beta-lactam 
monotherapy or combination therapy for Pseudomonas aeruginosa infections. 
Data sources: MEDLINE, Google Scholar and the Cochrane Library. 
Study eligibility criteria and interventions: Experimental and observational studies published as full papers 
up to December 2020 that compared the efficacy of beta-lactams used as monotherapy or in combination 
with other active agents as empirical or targeted therapy for bloodstream infections or hospital-acquired 
pneumonia/ventilator-associated pneumonia due to P. aeruginosa were included in this meta-analysis. The 
outcomes evaluated were in-hospital mortality rate, 14-day- or 30-day-mortality rate, microbiological 
cure rate and clinical cure rate. 
Results: Of 8363 citations screened, six randomized controlled trials, six prospective cohort studies and 
21 retrospective cohort studies were included in the analysis, accounting for a total of 3861 subjects. 
Considering the 14 studies evaluating empirical therapy, no significant difference in mortality rate was 
observed between the two groups [relative risk (RR) 1.06, 95% confidence interval (CI) 0.86–1.30; P = 0.6]. 
Similar findings were obtained among the 18 studies analysing targeted therapy (RR 1.04, 95% CI 0.83–

1.31; P = 0.708); however, grouping the studies by design, higher mortality was observed among patients 
receiving monotherapy in five prospective studies (RR 1.37, 95% CI 1.06–1.79; P = 0.018). Finally, no differ- 
ence was observed between groups in terms of microbiological cure and clinical cure. 
Conclusions: This meta-analysis demonstrated no difference in mortality rate, clinical cure rate and mi- 
crobiological cure rate in patients treated with beta-lactam monotherapy or combination therapy for P. 
aeruginosa infections. 

© 2021 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 

1. Introduction 
Pseudomonas aeruginosa represents a leading cause of 

healthcare-associated infections [1] with significant consequences 
in terms of morbidity and mortality [2] . Its innate arsenal of 
antibiotic resistance mechanisms, coupled with the well-known 
ability to acquire resistance genes, has made this pathogen a 
serious threat to human health worldwide [3] . Not surprisingly, in 
2017, the World Health Organization listed carbapenem-resistant 
P. aeruginosa in the ‘critical’ group of pathogens for which new 
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antibiotic treatments are needed urgently [4] . In fact, according 
to the European Antimicrobial Resistance Surveillance Network, 
32.1% of clinical isolates of P. aeruginosa tested in the European 
Union/European Economic Area in 2018 showed resistance to 
at least one of the antimicrobials under surveillance, including 
antipseudomonal beta-lactams, aminoglycosides and fluoro- 
quinolones, and 19.2% were resistant to two or more classes 
[5] . 

Several preclinical studies have demonstrated synergistic activ- 
ity of the combination of a beta-lactam with different antibiotic 
classese against clinical isolates of multi-drug-resistant P. aerugi- 
nosa [6–8] ; furthermore, some studies have reported reduced 30- 
day mortality in patients with P. aeruginosa bloodstream infection 
(BSI) treated with double active combination therapy compared 
with active monotherapy [ 9 , 10 ]. Taking into account these data, 
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Figure 2. Forest plot of RRs of mortality in patients treated with empirical combination or monotherapy 
[ 9 , 10 , 28 , 32 , 33 , 40–42 , 45–47 , 51 ], four studies reported microbiologi- 
cal cure [ 23 , 37 , 38 , 51 ], five studies reported clinical cure defined as 
the resolution of infection without relapse [ 21 , 22 , 31 , 32 , 34 ], three 
studies reported clinical cure defined as the absence of clinical de- 
terioration requiring treatment change [ 25 , 37 , 51 ], and two studies 
reported clinical cure defined as the resolution of infection with 
negative cultures [ 20 , 48 ]. The incidence of adverse drug reactions 
in the two treatment groups was reported in four studies ( Table 1 ) 
[ 37–39 , 51 ]. In two of these studies, no adverse events requiring 
the discontinuation of treatment occurred [ 37 , 38 ]. In Bliziotis et al. 
[39] , 3 patients receiving combination therapy had to interrupt 
treatment because of toxicity, while no subjects in the monother- 
apy group experienced serious adverse events. In Babich et al. [51] , 
seven patients receiving monotherapy (0.9%) and five patients re- 
ceiving combination therapy (1.9%) had to interrupt treatment be- 
cause of adverse drug reactions. For this reason, evaluation of the 
incidence of adverse drug reactions in patients in the monotherapy 
and combination therapy groups was not possible. 

Regarding antibiotic treatment, all studies included in the 
present meta-analysis used a beta-lactam with an aminoglycoside 
as combination therapy, and 14 of them included also patients 
treated with a beta-lactam in combination with a fluoroquinolone 
[ 28 , 31 , 33 , 36 , 39 , 40 , 42 , 44 , 45 , 47 , 49 –51 ]. In total, 83 patients in four 
studies [ 29 , 42 , 47 , 50 ] were excluded because they were not treated 
with a beta-lactam. 
3.3. Quality assessment 

Regarding the quality assessment of randomized controlled tri- 
als, three [ 21 , 23 , 25 ] were judged to have overall high risk of bias 

and the other three [ 32 , 37 , 38 ] were judged to have intermedi- 
ate risk of bias. Regarding critical appraisal of the cohort studies, 
13 studies had a score of 5 or 6 and were judged to have inter- 
mediate risk of bias [ 20 , 22 , 24 , 26 , 27 , 30 , 31 , 34 , 35 , 43 , 44 , 47 , 48 ], while 
the remaining 15 studies had a score of 7–9 and were judged 
to have low risk of bias [ 9 , 10 , 28 , 29 , 33 , 36 , 39 , 41–43 , 45 , 47 , 49 , 50 , 51 ]. 
The quality assessment is shown in Tables S1 and S2 (see online 
supplementary material). 
3.4. Meta-analysis of the data 

The results of the meta-analysis for the three outcomes evalu- 
ated are reported in Tables 2 and 3 . 

Regarding patients who received empirical combination therapy 
or monotherapy, considering the 14 studies that evaluated mor- 
tality rate [ 9 , 10 , 46 , 47 , 49 , 50 , 27 , 30 , 32 , 33 , 35 , 36 , 42 , 43 ], no significant 
difference in outcome was observed between the two groups (RR 
1.06; 95% CI 0.86–1.30; P = 0.6) ( Table 2 and Fig. 2 ); the same re- 
sults were obtained for the six [ 27 , 30 , 35 , 36 , 49 , 50 ] studies report- 
ing in-hospital mortality (RR 0.93, 95% CI 0.70–1.22; P = 0.598), the 
study [43] evaluating 14-day mortality (RR 1.32, 95% CI 0.62–2.79: 
P = 0.472) and the seven [ 9 , 10 , 32 , 33 , 42 , 46 , 47 ] studies reporting 30- 
day mortality (RR 1.23, 95% CI 0.83–1.82; P = 0.298) ( Table 2 and 
Fig. 2 ). When the studies were grouped by design, no difference 
between the groups was observed in the 10 retrospective studies 
[ 9 , 10 , 46 , 47 , 50 , 30 , 33 , 35 , 36 , 43 ] (RR 1.13, 95% CI 0.86–1.50; P = 0.374), 
the three prospective studies [ 27 , 42 , 49 ] (RR 0.93, 95% CI 0.67–1.28; 
P = 0.657), and the only randomized controlled trial [ 32 ] included in 
this analysis (RR 0.61, 95% CI 0.08–4.52; P = 0.626) ( Table 2 ). No sig- 
nificant heterogeneity was observed ( I 2 = 12.3%; P = 0.319) ( Table 2 ). 
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Figure 3. Forest plot of RRs of mortality in patients treated with definitive combination or monotherapy 
results are consistent with the findings of a meta-analysis of ran- 
domized controlled trials published in 2013 [52] , comparing beta- 
lactam monotherapy and beta-lactam–aminoglycoside combination 
therapy for empirical treatment of febrile neutropenia; no differ- 
ence in mortality was observed in the subanalysis including 71 pa- 
tients with P. aeruginosa infections. 

Evaluation of the studies that assessed mortality and clinical 
cure rates of patients treated with targeted monotherapy or combi- 
nation therapy revealed no difference between the treatment reg- 
imens, with the exception being a significantly higher mortality 
rate found among patients receiving monotherapy in the subanal- 
ysis including prospective studies alone. Although several studies 
[3] have demonstrated synergistic activity in vitro among beta- 
lactams and other antimicrobial classes, mainly aminoglycosides, 
fluoroquinolones and polymyxins, none of them has led to defi- 
nite recommendations for clinical practice. Furthermore, no spe- 
cific drug combination has been investigated sufficiently in clini- 
cal studies. Previous meta-analyses on this topic [ 12 , 53 ] failed to 
demonstrate a lower mortality rate in patients receiving targeted 
combination therapy, both among retrospective and prospective 
studies. 

Finally, the subanalysis assessing microbiological cure showed 
no difference between the treatment regimens, although only 
four studies, with a total of 1207 patients, were included. 
A recent in-vivo study [54] on a murine model of multi- 
drug-resistant pseudomonas infection reported increased bacte- 
rial killing for the combination of imipenem–tobramycin com- 
pared with both drugs as monotherapy. Again, the synergistic ac- 
tivity of combination therapy demonstrated in preclinical mod- 
els has not been confirmed in clinical studies. Furthermore, a 

previous meta-analysis reported similar microbiological outcomes 
and selection of resistance in patients treated with combinations 
of aminoglycosides and beta-lactams compared with beta-lactam 
monotherapy [55] . 

This meta-analysis had some limitations. Firstly, as mentioned 
above, most of the data included were from retrospective obser- 
vational studies. Only a few randomized controlled trials, all pre- 
senting intermediate or high risk of bias, were available in the lit- 
erature, and half of them were published more than 30 years ago, 
which could undermine the reliability of the results. Moreover, no 
specific combination of drugs was tested, so it is difficult to draw 
clear indications for clinical practice. Furthermore, significant sta- 
tistical heterogeneity was observed for some subanalyses, probably 
due to wide variation in study design, clinical characteristics of pa- 
tients enrolled, type of infections, duration of treatment, and defi- 
nition of outcomes. Indeed, when the studies evaluating mortality 
rate in subjects receiving targeted therapy were grouped by de- 
sign, significant differences were found between retrospective and 
prospective studies. As such, the findings of this study highlight 
the need for further evaluation of the efficacy of specific drug com- 
binations in prospective studies evaluating the optimal targeted 
therapy for pseudomonas infections. Considering the high hetero- 
geneity among the studies included in this meta-analysis, it would 
have been desirable to perform several subgroup analyses evaluat- 
ing patients with different clinical severity and sources of infection. 
It is possible that specific subpopulations, such as patients with 
septic shock, could actually benefit from a combination regimen. 
However, insufficient data were reported in the papers to perform 
most of these analyses. Furthermore, the duration of treatments 
used in the different studies varied significantly, and this may have 
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(See the Editorial Commentary by Daneman and Fowler on pages 1099–100.)

Background. Gram-negative bacteremia is a major cause of morbidity and mortality in hospitalized patients. Data to guide the 
duration of antibiotic therapy are limited.

Methods. !is was a randomized, multicenter, open-label, noninferiority trial. Inpatients with gram-negative bacteremia, who 
were afebrile and hemodynamically stable for at least 48 hours, were randomized to receive 7 days (intervention) or 14 days (con-
trol) of covering antibiotic therapy. Patients with uncontrolled focus of infection were excluded. !e primary outcome at 90 days 
was a composite of all-cause mortality; relapse, suppurative, or distant complications; and readmission or extended hospitalization 
(>14 days). !e noninferiority margin was set at 10%.

Results. We included 604 patients (306 intervention, 298 control) between January 2013 and August 2017 in 3 centers in Israel 
and Italy. !e source of the infection was urinary in 411 of 604 patients (68%); causative pathogens were mainly Enterobacteriaceae 
(543/604 [90%]). A 7-day di#erence in the median duration of covering antibiotics was achieved. !e primary outcome occurred in 
140 of 306 patients (45.8%) in the 7-day group vs 144 of 298 (48.3%) in the 14-day group (risk di#erence, –2.6% [95% con$dence 
interval, –10.5% to 5.3%]). No signi$cant di#erences were observed in all other outcomes and adverse events, except for a shorter 
time to return to baseline functional status in the short-course therapy arm.

Conclusions. In patients hospitalized with gram-negative bacteremia achieving clinical stability before day 7, an antibiotic 
course of 7 days was noninferior to 14 days. Reducing antibiotic treatment for uncomplicated gram-negative bacteremia to 7 days is 
an important antibiotic stewardship intervention.

Clinical Trials Registration. NCT01737320.
Keywords. duration; bacteremia; gram-negative; antibiotics.

Shortening the duration of antibiotic therapy is an impor-
tant strategy for reducing unnecessary antibiotic use in the 
hospital setting, where antibiotic pressure is the most intense 
[1]. Shorter courses of antibiotics may reduce drug-related 
adverse events, duration of hospitalization, emergence of 

antibacterial resistance, and superinfections, including fungal 
and Clostridium difficile infections [2].

Several randomized controlled trials (RCTs) demonstrated no 
signi$cant di#erence between short and long antibiotic courses 
in the treatment of mainly gram-negative infections such as pye-
lonephritis [3] and complicated intra-abdominal infections [4, 5]. 
However, patients with bacteremia were rarely enrolled in these 
trials. A meta-analysis of mostly nonrandomized studies demon-
strated no signi$cant di#erence in the outcome of 155 patients with 
bloodstream infections treated with short vs long antibiotic courses 
[6]. A recent pilot RCT randomized 115 critically ill patients with 
gram-negative bacteremia to 7 vs 14  days of antibiotics, but re-
ported only on feasibility and patients’ characteristics [7].

Gram-negative bacteremia is frequent with pyelonephritis, 
occurring in 10%–60% of patients [8], and intra-abdominal 
infections (<10% to 75% of patients depending on the type of 
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Table 1. Baseline Characteristics of Included Patients

Variable
Short-duration Arm (7 d)

(n = 306)
Long-duration Arm (14 d)  

(n = 298)

Patient characteristics
 Age, y, median (IQR) 71 (61.8–81) 71 (61–80)
 Sex, female 156 (51.0) 163 (54.7)
Center   
 Rambam Hospital, Israel 133 (43.5) 118 (39.6)
 Beilinson Hospital, Israel 131 (42.8) 143 (48.0)
 Hospital of Modena, Italy 42 (13.7) 37 (12.4)
Charlson comorbidity score, median (IQR) 2 (1–3) 2 (1–4)
Malignancy   
 None 222 (72.5) 223 (74.8)
 Solid 64 (20.9) 58 (19.5)
 Hematological 20 (6.5) 17 (5.7)
Immunosuppressiona   
 Any 69 (22.5) 81 (27.2)
 Solid organ transplantation 25 (8.2) 26 (8.7)
 Stem cell transplantation 2 (0.7) 3 (1.0)
Functional capacity   
 Independent 186 (61.1) 189 (63.4)
 Needs assistance in ADL 53 (17.3) 44 (14.8)
 Dependent in ADL 40 (13.1) 51 (17.1)
 Bedridden 26 (8.5) 14 (4.7)
Devices at baseline   
 Urinary deviceb 61 (19.9) 72 (24.2)
 Central venous catheter 22 (7.2) 19 (6.4)
 Endotracheal tube 8 (2.6) 8 (2.7)
 Prosthetic valve/intracardiac implantable device 14 (4.6) 13 (4.4)
Infection characteristics   
 Hospital-acquired infection 81 (26.5) 95 (31.9)
Presentation of infection   
 SOFA score at presentation, median (IQR) 2 (1–3) 2 (1–3)

 Leukocytes at presentation, cells/μL, median (IQR) 10.6 (7.4–15.4) (n = 306) 11.3 (7.8–15.2) (n = 297)

 Creatinine at presentation, mg/dL, median (IQR) 1.2 (0.9–1.7) (n = 304) 1.3 (0.8–1.8) (n = 297)
 Albumin at presentation, g/dL, median (IQR) 3.3 (2.7–3.8) (n = 195) 3.3 (2.9–3.8) (n = 197)
 SOFA score at randomization, median (IQR) 1 (0–2) 1 (0–2)
 Systolic blood pressure at randomization, mm Hg, median (IQR) 128.0 (115.0–144.3) 126.0 (110.0–140.0)
 Temperature at randomization, °C, median (IQR) 36.8 (36.6–37.1) (n = 304) 36.8 (36.6–37.0) (n = 298)
 Appropriate empirical therapy administered within 48 h 260 (85.0) 242 (81.2)
 Bacteria typec   
  Escherichia coli 186 (60.8) 194 (65.1)
  Klebsiella spp 47 (15.3) 33 (11.1)
  Other Enterobacteriaceae 40 (13.1) 43 (14.4)
  Acinetobacter spp 2 (0.7) 4 (1.3)
  Pseudomonas spp 28 (9.2) 20 (6.7)
  Other 3 (1) 4 (1.3)
 MDR gram-negative bacteremiad 58 (18.9) 51 (17.1)
 Source of bacteremia   
  Urinary tract 212 (69.3) 199 (66.8)
  Primary bacteremia 23 (7.5) 28 (9.4)
  Abdominal 37 (12.1) 34 (11.4)
  Respiratory 14 (4.6) 10 (3.4)
  Central venous catheter 15 (4.9) 23 (7.7)
  Skin and soft tissue 5 (1.6) 4 (1.3)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: ADL, activities of daily living; IQR, interquartile range; MDR, multidrug-resistant; SOFA, Sequential Organ Failure Assessment.
aImmunosuppression indicates any immunosuppressive drugs, including prednisone ≥20 mg/day or equivalent.
bIncluding urinary catheter (58/298 long-duration arm, 42/306 short-duration arm) and nephrostomy tubes or double-J catheters (14/298 long-duration arm, 19/306 short-duration arm).
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Patient characteristics
 Age, y, median (IQR) 71 (61.8–81) 71 (61–80)
 Sex, female 156 (51.0) 163 (54.7)
Center   
 Rambam Hospital, Israel 133 (43.5) 118 (39.6)
 Beilinson Hospital, Israel 131 (42.8) 143 (48.0)
 Hospital of Modena, Italy 42 (13.7) 37 (12.4)
Charlson comorbidity score, median (IQR) 2 (1–3) 2 (1–4)
Malignancy   
 None 222 (72.5) 223 (74.8)
 Solid 64 (20.9) 58 (19.5)
 Hematological 20 (6.5) 17 (5.7)
Immunosuppressiona   
 Any 69 (22.5) 81 (27.2)
 Solid organ transplantation 25 (8.2) 26 (8.7)
 Stem cell transplantation 2 (0.7) 3 (1.0)
Functional capacity   
 Independent 186 (61.1) 189 (63.4)
 Needs assistance in ADL 53 (17.3) 44 (14.8)
 Dependent in ADL 40 (13.1) 51 (17.1)
 Bedridden 26 (8.5) 14 (4.7)
Devices at baseline   
 Urinary deviceb 61 (19.9) 72 (24.2)
 Central venous catheter 22 (7.2) 19 (6.4)
 Endotracheal tube 8 (2.6) 8 (2.7)
 Prosthetic valve/intracardiac implantable device 14 (4.6) 13 (4.4)
Infection characteristics   
 Hospital-acquired infection 81 (26.5) 95 (31.9)
Presentation of infection   
 SOFA score at presentation, median (IQR) 2 (1–3) 2 (1–3)

 Leukocytes at presentation, cells/μL, median (IQR) 10.6 (7.4–15.4) (n = 306) 11.3 (7.8–15.2) (n = 297)

 Creatinine at presentation, mg/dL, median (IQR) 1.2 (0.9–1.7) (n = 304) 1.3 (0.8–1.8) (n = 297)
 Albumin at presentation, g/dL, median (IQR) 3.3 (2.7–3.8) (n = 195) 3.3 (2.9–3.8) (n = 197)
 SOFA score at randomization, median (IQR) 1 (0–2) 1 (0–2)
 Systolic blood pressure at randomization, mm Hg, median (IQR) 128.0 (115.0–144.3) 126.0 (110.0–140.0)
 Temperature at randomization, °C, median (IQR) 36.8 (36.6–37.1) (n = 304) 36.8 (36.6–37.0) (n = 298)
 Appropriate empirical therapy administered within 48 h 260 (85.0) 242 (81.2)
 Bacteria typec   
  Escherichia coli 186 (60.8) 194 (65.1)
  Klebsiella spp 47 (15.3) 33 (11.1)
  Other Enterobacteriaceae 40 (13.1) 43 (14.4)
  Acinetobacter spp 2 (0.7) 4 (1.3)
  Pseudomonas spp 28 (9.2) 20 (6.7)
  Other 3 (1) 4 (1.3)
 MDR gram-negative bacteremiad 58 (18.9) 51 (17.1)
 Source of bacteremia   
  Urinary tract 212 (69.3) 199 (66.8)
  Primary bacteremia 23 (7.5) 28 (9.4)
  Abdominal 37 (12.1) 34 (11.4)
  Respiratory 14 (4.6) 10 (3.4)
  Central venous catheter 15 (4.9) 23 (7.7)
  Skin and soft tissue 5 (1.6) 4 (1.3)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: ADL, activities of daily living; IQR, interquartile range; MDR, multidrug-resistant; SOFA, Sequential Organ Failure Assessment.
aImmunosuppression indicates any immunosuppressive drugs, including prednisone ≥20 mg/day or equivalent.
bIncluding urinary catheter (58/298 long-duration arm, 42/306 short-duration arm) and nephrostomy tubes or double-J catheters (14/298 long-duration arm, 19/306 short-duration arm).
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the bacteremia. !e perception of illness while taking antibiot-
ics might have biased this outcome in favor of the short-course 
treatment. However, we believe this bias re"ects a true advan-
tage to short-course treatment with respect to patients’ percep-
tion of well-being and functional performance. Adverse events 
that were not captured might have occurred, explaining this 
di#erence.

Shortening antibiotic treatment is expected to result in fewer 
adverse events, mainly antibiotic-associated diarrhea and C.  dif-
"cile infection. !e $nding of fewer antibiotic days during the 
3 months following randomization in the short-duration arm was 
not re"ected in these outcomes in our trial. !is could possibly be 
explained by low rates of C.  di#cile infection and other adverse 
events in our patients. !e main spur for shortening antibiotic 
treatment duration is the basic assumption that shorter duration 
will reduce resistance selection and development. In our trial, this 
was assessed through monitoring of secondary infections caused by 
bacteria resistant to the antibiotics used for the index bacteremia, 
and we did not detect an advantage to the shorter treatment. !is 
could have occurred as we did not monitor for ESBLs or other re-
sistant bacteria uniformly in both groups and because we did not 
perform surveillance sampling for colonization by such bacteria. 
However, the timescale of development and spread of resistance 
are not compatible with that of an RCT. !ese outcomes should be 
assessed on a longer timescale within a setting (hospital, unit) in 
which antibiotic treatment duration is shortened as a policy.

There are several strengths and limitations to this study. Our 
study is the first RCT assessing antibiotic duration in gram-neg-
ative bacteremia. Strengths of the trial, in addition to its design, 
are the nonrestrictive inclusion criteria allowing a representative 
cohort of eligible patients, including a large population of elderly 
patients (aged ≥65 years; 404/604 [66.9%]) and immunocompro-
mised patients (150/604 [24.8%], mainly solid organ transplant 
recipients and patients treated for malignancy). However, this 
trial’s cohort is not comparable to other bacteremia cohorts, as it 
starts from 7-day survivors of gram-negative bacteremia achiev-
ing hemodynamic stability for at least 48 hours before day 7 with 
no uncontrolled source of infection. Its results are valid for these 
patients. Our primary outcome is composed of the outcomes rel-
evant to early survivors of bacteremia, namely long-term survival, 
without complications and discharged from hospital. Among 
secondary outcomes, we considered all those later suggested for 
the Desirability of Outcome Ranking and Response Adjusted for 
Duration of Antibiotic Risk (DOOR/RADAR), including func-
tional capacity and exposure to antibiotics [20].

Limitations include the dominance of Enterobacteriaceae 
as the o#ending pathogens (~90%), which limits the applica-
bility of the results for gram-negative nonfermenters such as 
Pseudomonas aeruginosa and Acinetobacter baumannii. We 
could not show the impact of reducing antibiotic use on re-
sistance. !e potential of shorter antibiotic courses to shorten 
the length of hospital stay was not fully realized in our trial, 

Figure 2. Primary outcome according to patient subgroups. Empirical antibiotic treatment indicates covering antibiotics to the specific pathogen according to susceptibility 
pattern administered within 48 hours. The multidrug-resistant (MDR) subgroup includes 105 patients with an extended-spectrum β-lactamase Enterobacteriaceae and 4 addi-
tional patients with another MDR bacteria (2 Pseudomonas aeruginosa, 1 Acinetobacter baumannii, and 1 Chryseobacterium meningosepticum). Abbreviations: CI, confidence 
interval; MDR, multidrug-resistant; M–H, Mantel–Haenszel; UTI, urinary tract infection.
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(See the Editorial Commentary by Daneman and Fowler on pages 1099–100.)

Background. Gram-negative bacteremia is a major cause of morbidity and mortality in hospitalized patients. Data to guide the 
duration of antibiotic therapy are limited.

Methods. !is was a randomized, multicenter, open-label, noninferiority trial. Inpatients with gram-negative bacteremia, who 
were afebrile and hemodynamically stable for at least 48 hours, were randomized to receive 7 days (intervention) or 14 days (con-
trol) of covering antibiotic therapy. Patients with uncontrolled focus of infection were excluded. !e primary outcome at 90 days 
was a composite of all-cause mortality; relapse, suppurative, or distant complications; and readmission or extended hospitalization 
(>14 days). !e noninferiority margin was set at 10%.

Results. We included 604 patients (306 intervention, 298 control) between January 2013 and August 2017 in 3 centers in Israel 
and Italy. !e source of the infection was urinary in 411 of 604 patients (68%); causative pathogens were mainly Enterobacteriaceae 
(543/604 [90%]). A 7-day di#erence in the median duration of covering antibiotics was achieved. !e primary outcome occurred in 
140 of 306 patients (45.8%) in the 7-day group vs 144 of 298 (48.3%) in the 14-day group (risk di#erence, –2.6% [95% con$dence 
interval, –10.5% to 5.3%]). No signi$cant di#erences were observed in all other outcomes and adverse events, except for a shorter 
time to return to baseline functional status in the short-course therapy arm.

Conclusions. In patients hospitalized with gram-negative bacteremia achieving clinical stability before day 7, an antibiotic 
course of 7 days was noninferior to 14 days. Reducing antibiotic treatment for uncomplicated gram-negative bacteremia to 7 days is 
an important antibiotic stewardship intervention.

Clinical Trials Registration. NCT01737320.
Keywords. duration; bacteremia; gram-negative; antibiotics.

Shortening the duration of antibiotic therapy is an impor-
tant strategy for reducing unnecessary antibiotic use in the 
hospital setting, where antibiotic pressure is the most intense 
[1]. Shorter courses of antibiotics may reduce drug-related 
adverse events, duration of hospitalization, emergence of 

antibacterial resistance, and superinfections, including fungal 
and Clostridium difficile infections [2].

Several randomized controlled trials (RCTs) demonstrated no 
signi$cant di#erence between short and long antibiotic courses 
in the treatment of mainly gram-negative infections such as pye-
lonephritis [3] and complicated intra-abdominal infections [4, 5]. 
However, patients with bacteremia were rarely enrolled in these 
trials. A meta-analysis of mostly nonrandomized studies demon-
strated no signi$cant di#erence in the outcome of 155 patients with 
bloodstream infections treated with short vs long antibiotic courses 
[6]. A recent pilot RCT randomized 115 critically ill patients with 
gram-negative bacteremia to 7 vs 14  days of antibiotics, but re-
ported only on feasibility and patients’ characteristics [7].

Gram-negative bacteremia is frequent with pyelonephritis, 
occurring in 10%–60% of patients [8], and intra-abdominal 
infections (<10% to 75% of patients depending on the type of 
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Bactériémies non compliquées 
sans porte d’entrée retrouvée

• Bacilles à Gram négatif (dont entérobactéries 
et BGN non fermentant), streptocoques, 
entérocoques : 7 jours

• Staphylococcus aureus et Staphylococcus 
lugdunensis : 14 jours
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Comparison of 8 versus 15 days of antibiotic 
therapy for Pseudomonas aeruginosa 
ventilator-associated pneumonia in adults: a 
randomized, controlled, open-label trial
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Julien Amour1, Claire Dahyot-Fizelier6, François Barbier7, Charles-Edouard Luyt8, Olivier Langeron5, 
Bernard Cholley10, Julien Pottecher11, Tarik Hissem12, Jean-Yves Lefrant13, Benoit Veber14, Matthieu Legrand15, 
Alexandre Demoule9, Pierre Kalfon16, Jean-Michel Constantin17, Alexandra Rousseau2, Tabassome Simon2 
and Arnaud Foucrier18 on behalf of the iDIAPASON Trial Investigators
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Abstract 
Purpose: Duration of antibiotic therapy for ventilator-associated pneumonia (VAP) due to non-fermenting Gram-
negative bacilli (NF-GNB), including Pseudomonas aeruginosa (PA) remains uncertain. We aimed to assess the non-infe-
riority of a short duration of antibiotics (8 days) vs. prolonged antibiotic therapy (15 days) in VAP due to PA (PA-VAP).

Methods: We conducted a nationwide, randomized, open-labeled, multicenter, non-inferiority trial to evaluate opti-
mal 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 intensive care unit (ICU) within 90 days.

Results: The study was stopped after 24 months due to slow inclusion rate. 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% confidence interval (CI) −1.9%–21.2%). The percentage 
of recurrence of PA-VAP during the ICU stay was 9.2% in the 15-day group versus 17% 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 multidrug-resistant (MDR) pathogens during ICU stay.

*Correspondence:  adrien.bougle@aphp.fr 
1 Department of Anesthesiology and Critical Care Medicine, Cardiology 
Institute, Sorbonne University, GRC 29, AP-HP, Pitié-Salpêtrière Hospital, 
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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 days (15–34) versus 
18 days (11.5–28.5), difference − 5% (95% CI − 9 to 0%).

Discussion
In this prospective randomized controlled trial, 
non-inferiority of a short duration strategy (8 days) 
compared to a long duration strategy (15 days) for 
the composite endpoint of mortality and PA-VAP 

Table 1 Baseline characteristics of the intention-to-treat population

ICU, intensive care unit; m, median; SAPS II, Simpli!ed Acute Physiology Score II; sd, standard deviation; SOFA, Sequential Organ Failure Assessment
a Data are available for 91 in “15-day” group and 86 patients in “8-day” group
b Data available: n = 87 in “15-day” group, n = 79 in “8-day” group

15-day group (N = 98) 8-day group (N = 88)

Demographic characteristics
Age—year, m ± sd 59.2 ± 18.3 59.6 ± 16.4

Male sex—no (%) 71 (72.4) 70 (79.5)

Body mass  indexa, m ± sd 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 (19.4) 16 (18.2)

Acute respiratory failure 22 (22.4) 13 (14.8)

Acute kidney injury 0 (0) 1 (1.1)

Hemorrhagic shock 3 (3.1) 4 (4.5)

Metabolic impairment 0 (0) 2 (2.3)

Burn 3 (3.1) 0 (0)

Postoperative 7 (7.1) 16 (18.2)

Other 1 (1) 3 (3.4)

Reason for ICU admission—no (%)
Medical 42 (42.9) 32 (36.4)

Urgent surgery 37 (37.8) 29 (33)

Elective surgery 19 (19.4) 27 (30.7)

Duration of ventilation before inclusion, days, median (IQR) 14 (9–18) 11 (7.5–18.5)

SOFA score at inclusion, m ± sd 7.8 ± 3.7 7.1 ± 4.1

SAPS II, m ± sd 45.9 ± 17.7 44.2 ± 16.6

Patients needing catecholamines at inclusion—no (%) 58 (59.2) 48 (54.5)

PaO2/FiO2 ratio at inclusion, median (IQR)b 227 (130–340) 250 (158–377)

Table 2 Primary outcome and its components, according to study group

PA-VAP, pseudomonas aeruginosa ventilator-associated pneumonia; ICU, Intensive Care Unit; PP, per protocol; ITT, intention-to-treat

Outcome or event 15-day group  
(N = 98)

8-day group  
(N = 88)

Di!erence  
(90% CI)

Death or PA-VAP recurrence rate at day 90 during hospitalization in the ICU in 
ITT population—no. (%)

25/98 (25.5) 31/88 (35.2) 9.7% (− 1.9–21.2%)

Death or PA-VAP recurrence rate at day 90 during hospitalization in the ICU in 
PP population—no. (%)

22/80 (27.5) 29/72 (40.3) 12.8% (− 0.4–25.6%)

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

9/98 (9.2) 15/88 (17) 7.9% (− 0.5–16.8%)
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Abstract

Background

Research priorities in Antimicrobial Stewardship (AMS) have rapidly evolved in the last

decade. The need for a more efficient use of antimicrobials have fueled plenty of studies to

define the optimal duration for antibiotic treatments, and yet, there still are large areas of

uncertainty in common clinical scenarios. Pseudomonas aeruginosa has been pointed as a

priority for clinical research, but it has been unattended by most randomized trials tackling

the effectiveness of short treatments. The study protocol of the SHORTEN-2 trial is pre-

sented as a practical example of new ways to approach common obstacles for clinical

research in AMS.

Objective

To determine whether a 7-day course of antibiotics is superior to 14-day schemes for treat-

ing bloodstream infections by P. aeruginosa (BSI-PA).

Methods

A superiority, open-label, randomized controlled trial will be performed across 30 Spanish

hospitals. Adult patients with uncomplicated BSI-PA will be randomized to receive a 7 ver-

sus 14-day course of any active antibiotic. The primary endpoint will be the probability for
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Table 1
Summary of recommendations

Recommendation Strength of recommendation Level of evidence

Third-generation cephalosporin-resistant Enterobacterales (3GCephRE)
Recommendations on the choice of antibiotic treatment for 3GCephRE
For patients with BSI and severe infection due to 3GCephRE, we recommend a carbapenem

(imipenem or meropenem) as targeted therapy
Strong Moderate

For patients with BSI due to 3GCephRE without septic shock, ertapenem instead of imipenem or
meropenem may be used.

Conditional Moderate

For patients with low-risk, non-severe infections due to 3GCephRE, under the consideration of
antibiotic stewardship, we suggest piperacillin-tazobactam, amoxicillin/clavulanic acid or
quinolones. It may be good practice to consider cotrimoxazole for non-severe cUTI.

Conditional/good practice statement Moderate/expert opinion

For cUTI in patients without septic shock, we conditionally recommend aminoglycosides when
active in vitro for short durations of therapy, or IV fosfomycin.

Conditional/strong Moderate/high

Among all patients with 3GCephRE infections, stepdown targeted therapy following
carbapenems once patients are stabilized, using old BLBLI, quinolones, cotrimoxazole or other
antibiotics based on the susceptibility pattern of the isolate, is good clinical practice.

Good practice statement Expert opinion

We do not recommend tigecycline for infections caused by 3GCephRE. Strong Very low
Among all patients with 3GCephRE infections the new BLBLI are reserved antibiotics for

extensively resistant bacteria and therefore, we consider it good clinical practice to avoid
their use for infections caused by 3GCephRE, due to antibiotic stewardship considerations.

Good practice statement Expert opinion

We suggest that cephamycins (e.g. cefoxitin, cefmetazole, flomoxef) and cefepime not be used
for 3GCephRE infections.

Conditional Very low

For cefoperazone-sulbactam, ampicillin-sulbactam, ticarcillin-clavulanic acid, temocillin and
mecillinam there is insufficient evidence for the management of patients with 3GCephRE
infections at the time of writing and therefore no recommendation can be issued.

No recommendation

Carbapenem-resistant Enterobacterales (CRE)
Recommendations on the choice of antibiotic treatment for CRE
For patients with severe infections due to CRE, we suggest meropenem-vaborbactam or

ceftazidime-avibactam if active in vitro.
Conditional Moderate/low

For patients with severe infections due to CRE carrying metallo-b-lactamases and/or resistant to
all other antibiotics, including ceftazidime-avibactam and meropenem-vaborbactam, we
conditionally recommend treatment with cefiderocol.

Conditional Low

For patients with non-severe infections due to CRE, under the consideration of antibiotic
stewardship, we consider the use of an old antibiotic, chosen from among the in vitro active
on an individual basis and according to the source of infection, as good clinical practice. For
patients with cUTI, we suggest aminoglycosides, including plazomicin, over tigecycline.

Good practice statement/conditional Expert opinion/low

We suggest that tigecycline not be used for BSI and HAP/VAP; if necessary, in patients with
pneumonia, clinicians may use high-dose tigecycline.

Conditional Low

There is no evidence to recommend for or against the use of imipenem-relebactam and
fosfomycin monotherapies for CRE at the time of writing.

No recommendation

Recommendations on combination therapy for CRE
For patients with CRE infections susceptible to and treated with ceftazidime-avibactam,

meropenem-vaborbactam or cefiderocol, we do not recommend combination therapy.
Strong Low

For patients with severe infections caused by CRE carrying metallo-b-lactamases and/or
resistant to new antibiotic monotherapies, we suggest aztreonam and ceftazidime-avibactam
combination therapy.

Conditional Moderate

For patients with severe infections caused by CRE susceptible in vitro only to polymyxins,
aminoglycosides, tigecycline or fosfomycin, or in the case of non-availability of new BLBLI, we
suggest treatment with more than one drug active in vitro. No recommendation for or against
specific combinations can be provided.

Conditional Moderate

We suggest that clinicians avoid carbapenem-based combination therapy for CRE infections,
unless the meropenem MIC is ! 8 mg/L, where high-dose extended-infusion meropenem
may be used as part of combination therapy if the new BLBLI are not used.

Conditional Low

In patients with non-severe infections or among patients with low-risk infections, under the
consideration of antibiotic stewardship, we consider the use of monotherapy chosen from
among the in vitro active old drugs, on an individual basis and according to the source of
infection as good clinical practice

Good practice statement Expert opinion

Carbapenem-resistant Pseudomonas aeruginosa (CRPA)
Recommendations on the choice of antibiotic treatment for CRPA
In patients with severe infections due to difficult to treat CRPA, we suggest therapy with

ceftolozane-tazobactam if active in vitro. Insufficient evidence is available for imipenem-
relebactam, cefiderocol and ceftazidime-avibactam at this time.

Conditional Very low

In patients with non-severe or low-risk CRPA infections, under the consideration of antibiotic
stewardship, we consider it good clinical practice to use the old antibiotics, chosen from
among the in vitro active antibiotics on an individual basis and according to the source of
infection.

Good practice statement Expert opinion

Recommendations on combination therapy for CRPA
Lacking evidence, we cannot recommend for or against the use of combination therapy with the

new BLBLI (ceftazidime-avibactam and ceftolozane-tazobactam) or cefiderocol for CRPA
infections.

No recommendation

When treating severe infections caused by CRPA with polymyxins, aminoglycosides, or
fosfomycin, we suggest treatment with two in vitro active drugs. No recommendation for or
against specific combinations can be provided.

Conditional Very low

In patients with non-severe or low-risk CRPA infections, under the consideration of antibiotic
stewardship, we consider it good clinical practice to use monotherapy chosen from among
the drugs active in vitro, on an individual basis and according to the source of infection.

Good practice statement Expert opinion
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For patients with BSI and severe infection due to 3GCephRE, we recommend a carbapenem

(imipenem or meropenem) as targeted therapy
Strong Moderate

For patients with BSI due to 3GCephRE without septic shock, ertapenem instead of imipenem or
meropenem may be used.

Conditional Moderate

For patients with low-risk, non-severe infections due to 3GCephRE, under the consideration of
antibiotic stewardship, we suggest piperacillin-tazobactam, amoxicillin/clavulanic acid or
quinolones. It may be good practice to consider cotrimoxazole for non-severe cUTI.

Conditional/good practice statement Moderate/expert opinion

For cUTI in patients without septic shock, we conditionally recommend aminoglycosides when
active in vitro for short durations of therapy, or IV fosfomycin.

Conditional/strong Moderate/high

Among all patients with 3GCephRE infections, stepdown targeted therapy following
carbapenems once patients are stabilized, using old BLBLI, quinolones, cotrimoxazole or other
antibiotics based on the susceptibility pattern of the isolate, is good clinical practice.

Good practice statement Expert opinion

We do not recommend tigecycline for infections caused by 3GCephRE. Strong Very low
Among all patients with 3GCephRE infections the new BLBLI are reserved antibiotics for

extensively resistant bacteria and therefore, we consider it good clinical practice to avoid
their use for infections caused by 3GCephRE, due to antibiotic stewardship considerations.

Good practice statement Expert opinion

We suggest that cephamycins (e.g. cefoxitin, cefmetazole, flomoxef) and cefepime not be used
for 3GCephRE infections.

Conditional Very low

For cefoperazone-sulbactam, ampicillin-sulbactam, ticarcillin-clavulanic acid, temocillin and
mecillinam there is insufficient evidence for the management of patients with 3GCephRE
infections at the time of writing and therefore no recommendation can be issued.

No recommendation

Carbapenem-resistant Enterobacterales (CRE)
Recommendations on the choice of antibiotic treatment for CRE
For patients with severe infections due to CRE, we suggest meropenem-vaborbactam or

ceftazidime-avibactam if active in vitro.
Conditional Moderate/low

For patients with severe infections due to CRE carrying metallo-b-lactamases and/or resistant to
all other antibiotics, including ceftazidime-avibactam and meropenem-vaborbactam, we
conditionally recommend treatment with cefiderocol.

Conditional Low

For patients with non-severe infections due to CRE, under the consideration of antibiotic
stewardship, we consider the use of an old antibiotic, chosen from among the in vitro active
on an individual basis and according to the source of infection, as good clinical practice. For
patients with cUTI, we suggest aminoglycosides, including plazomicin, over tigecycline.

Good practice statement/conditional Expert opinion/low

We suggest that tigecycline not be used for BSI and HAP/VAP; if necessary, in patients with
pneumonia, clinicians may use high-dose tigecycline.

Conditional Low

There is no evidence to recommend for or against the use of imipenem-relebactam and
fosfomycin monotherapies for CRE at the time of writing.

No recommendation

Recommendations on combination therapy for CRE
For patients with CRE infections susceptible to and treated with ceftazidime-avibactam,

meropenem-vaborbactam or cefiderocol, we do not recommend combination therapy.
Strong Low

For patients with severe infections caused by CRE carrying metallo-b-lactamases and/or
resistant to new antibiotic monotherapies, we suggest aztreonam and ceftazidime-avibactam
combination therapy.

Conditional Moderate

For patients with severe infections caused by CRE susceptible in vitro only to polymyxins,
aminoglycosides, tigecycline or fosfomycin, or in the case of non-availability of new BLBLI, we
suggest treatment with more than one drug active in vitro. No recommendation for or against
specific combinations can be provided.

Conditional Moderate

We suggest that clinicians avoid carbapenem-based combination therapy for CRE infections,
unless the meropenem MIC is ! 8 mg/L, where high-dose extended-infusion meropenem
may be used as part of combination therapy if the new BLBLI are not used.

Conditional Low

In patients with non-severe infections or among patients with low-risk infections, under the
consideration of antibiotic stewardship, we consider the use of monotherapy chosen from
among the in vitro active old drugs, on an individual basis and according to the source of
infection as good clinical practice

Good practice statement Expert opinion

Carbapenem-resistant Pseudomonas aeruginosa (CRPA)
Recommendations on the choice of antibiotic treatment for CRPA
In patients with severe infections due to difficult to treat CRPA, we suggest therapy with

ceftolozane-tazobactam if active in vitro. Insufficient evidence is available for imipenem-
relebactam, cefiderocol and ceftazidime-avibactam at this time.

Conditional Very low

In patients with non-severe or low-risk CRPA infections, under the consideration of antibiotic
stewardship, we consider it good clinical practice to use the old antibiotics, chosen from
among the in vitro active antibiotics on an individual basis and according to the source of
infection.

Good practice statement Expert opinion

Recommendations on combination therapy for CRPA
Lacking evidence, we cannot recommend for or against the use of combination therapy with the

new BLBLI (ceftazidime-avibactam and ceftolozane-tazobactam) or cefiderocol for CRPA
infections.

No recommendation

When treating severe infections caused by CRPA with polymyxins, aminoglycosides, or
fosfomycin, we suggest treatment with two in vitro active drugs. No recommendation for or
against specific combinations can be provided.

Conditional Very low

In patients with non-severe or low-risk CRPA infections, under the consideration of antibiotic
stewardship, we consider it good clinical practice to use monotherapy chosen from among
the drugs active in vitro, on an individual basis and according to the source of infection.

Good practice statement Expert opinion

(continued on next page)

M. Paul et al. / Clinical Microbiology and Infection 28 (2022) 521e547 523

Mica Paul et al CMI 2022



I D S A  F E A T U R E S

AMR Treatment Guidance • CID 2021:72 (1 April) • 1109

Clinical Infectious Diseases

 

Received 23 September 2020; editorial decision 23 September 2020; published online 
27 October 2020.

Correspondence: P. D. Tamma, Department of Pediatrics, 200 North Wolfe St, Room 3149 
Baltimore, MD 21287 (ptamma1@jhmi.edu).

Clinical Infectious Diseases®  2021;72(7):1109–16
© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciab295

Infectious Diseases Society of America Guidance on the 
Treatment of Extended-Spectrum β-lactamase Producing 
Enterobacterales (ESBL-E), Carbapenem-Resistant 
Enterobacterales (CRE), and Pseudomonas aeruginosa with 
Di"cult-to-Treat Resistance  
(DTR-P. aeruginosa)
Pranita D. Tamma,1 Samuel L. Aitken,2 Robert A. Bonomo,3 Amy J. Mathers,4 David van Duin,5 and Cornelius J. Clancy6

1Department of Pediatrics, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA, 2Division of Pharmacy, The University of Texas MD Anderson Cancer Center, Houston, Texas, 
USA, 3Medical Service, Louis Stokes Cleveland Department of Veterans Affairs Medical Center, University Hospitals Cleveland Medical Center and Departments of Medicine, Pharmacology, 
Molecular Biology, and Microbiology, Case Western Reserve University, Cleveland, Ohio, USA, 4Departments of Medicine and Pathology, University of Virginia, Charlottesville, Virginia, USA, 
5Department of Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina, USA, and 6Department of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Background. Antimicrobial-resistant infections are commonly encountered in US hospitals and result in signi#cant morbidity 
and mortality. $is guidance document provides recommendations for the treatment of infections caused by extended-spectrum 
β-lactamase–producing Enterobacterales (ESBL-E), carbapenem-resistant Enterobacterales (CRE), and Pseudomonas aeruginosa 
with di"cult-to-treat resistance (DTR-P. aeruginosa). 

Methods. A panel of 6 infectious diseases specialists with expertise in managing antimicrobial-resistant infections formulated 
common questions regarding the treatment of ESBL-E, CRE, and DTR-P. aeruginosa infections. Based on review of the published litera-
ture and clinical experience, the panel provide recommendations and associated rationale for each recommendation. Because of signi#cant 
di&erences in the molecular epidemiology of resistance and the availability of speci#c anti-infective agents globally, this document focuses 
on treatment of antimicrobial-resistant infections in the United States.

Results. Approaches to empiric treatment selection, duration of therapy, and other management considerations are brie'y dis-
cussed. $e majority of guidance focuses on preferred and alternative treatment recommendations for antimicrobial-resistant in-
fections, assuming that the causative organism has been identi#ed and antibiotic susceptibility testing results are known. Treatment 
recommendations apply to both adults and children.

Conclusions. $e #eld of antimicrobial resistance is dynamic and rapidly evolving, and the treatment of antimicrobial-resistant 
infections will continue to challenge clinicians. $is guidance document is current as of 17 September 2020. Updates to this guid-
ance document will occur periodically as new data emerge. Furthermore, the panel will expand recommendations to include other 
problematic gram-negative pathogens in future versions. $e most current version of the guidance including the date of publication 
can be found at www.idsociety.org/practice-guideline/amr-guidance/.

The rise in antimicrobial resistance (AMR) continues to be a 
global crisis [1, 2]. Collectively, antimicrobial-resistant patho-
gens cause more than 2.8 million infections and more than 
35  000 deaths annually in the United States, according to 
the 2019 Centers for Disease Control and Prevention (CDC) 
Antibiotic Resistant Threats Report [2]. Although there has 

been an increase in the availability of novel antibiotics to 
combat resistant infections in recent years [3], resistance to a 
number of these agents has been observed [4]. Three groups 
of antimicrobial-resistant gram-negative bacteria pose partic-
ular therapeutic challenges: extended-spectrum β-lactamase–
producing Enterobacterales (ESBL-E), carbapenem-resistant 
Enterobacterales (CRE), and Pseudomonas aeruginosa with 
difficult-to-treat resistance (DTR-P. aeruginosa) [5]. The CDC 
has designated these pathogens as urgent or serious threats [2]. 
They are encountered in US hospitals of all sizes and cause a 
wide range of serious infections that carry significant morbidity 
and mortality. Treatment options against ESBL-E, CRE, and 
DTR-P. aeruginosa infections remain limited despite approval 
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as P.  aeruginosa that exhibits nonsusceptibility to all of the 
following: piperacillin-tazobactam, ceftazidime, cefepime, 
aztreonam, meropenem, imipenem-cilastatin, ciprofloxacin, 
and levofloxacin. Table  4 outlines preferred and alternative 
treatment recommendations for DTR-P.  aeruginosa infec-
tions. Treatment recommendations for DTR-P. aeruginosa in-
fections assume in vitro activity of preferred and alternative 
antibiotics has been demonstrated.

Question 1: What are preferred antibiotics for the treatment 
of uncomplicated cystitis caused by DTR-P. aeruginosa?

Recommendation: Ce"olozane-tazobactam, ce"azidime-
avibactam, imipenem-cilastatin-relebactam, ce#derocol, or a 
single dose of an aminoglycoside are the preferred treatment 
options for uncomplicated cystitis caused by DTR-P. aeruginosa.

Question 2: What are preferred antibiotics for the treat-
ment of pyelonephritis and complicated urinary tract infections 
(cUTI) caused by DTR-P. aeruginosa?

Recommendation: Ce"olozane-tazobactam, ce"azidime-
avibactam, imipenem-cilastatin-relebactam, and ce#derocol 
are the preferred treatment options for pyelonephritis and 
cUTIs caused by DTR-P. aeruginosa.

Question 3: What are preferred antibiotics for the treat-
ment of infections outside of the urinary tract caused by 
DTR-P. aeruginosa?

Recommendation: Ce"olozane-tazobactam, ce"azidime-
avibactam, and imipenem-cilastatin-relebactam as mono-
therapy are the preferred treatment options for the 
treatment of infections outside of the urinary tract caused by 
DTR-P. aeruginosa.

Question 4: What is the role of combination antibiotic therapy 
for the treatment of infections caused by DTR-P. aeruginosa?

Recommendation: Combination antibiotic therapy is not rou-
tinely recommended for infections caused by DTR-P. aeruginosa 
if in vitro susceptibility to a #rst-line antibiotic (ie, ce"olozane-
tazobactam, ce"azidime-avibactam, or imipenem-cilastatin-
relebactam) has been con#rmed.

Rationale: Although empiric combination antibiotic therapy 
(ie, the addition of an aminoglycoside or polymyxin to a β-lactam 
agent) to broaden the likelihood of at least 1 active therapeutic 
agent for patients at risk for DTR-P. aeruginosa infections is rea-
sonable, data do not indicate that continued combination therapy, 
once the β-lactam agent has demonstrated in vitro activity, o%ers 
any additional bene#t over monotherapy with the β-lactam [91]. 
Rather, the continued use of a second agent increases the likeli-
hood of antibiotic-associated adverse events [91].

CONCLUSIONS

The field of AMR is dynamic and rapidly evolving, and the 
treatment of antimicrobial-resistant infections will continue 
to challenge clinicians. As newer antibiotics against resistant 
pathogens are incorporated into clinical practice, we are 
learning more about their effectiveness and propensity to de-
velop  resistance. This AMR Treatment Guidance will be up-
dated through an iterative review process that will incorporate 
new evidence-based data. Furthermore, the panel will expand 
recommendations to include other problematic gram-negative 
pathogens in future versions of this guidance document.
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Table 4. Recommended Antibiotic Treatment Options for Difficult-to-Treat Pseudomonas aeruginosa, Assuming In Vitro Susceptibility to Agents in Table

Source of Infection Preferred Treatment
Alternative Treatment if First-line Options not Available 
or Tolerated

Cystitis Ceftolozane-tazobactam, ceftazidime-avibactam, 
imipenem-relebactam, cefiderocol, or a single 
dose of an aminoglycoside 

Colistin

Pyelonephritis or complicated  
urinary tract infectiona

Ceftolozane-tazobactam, ceftazidime-avibactam, 
imipenem-cilastatin-relebactam, and 
cefiderocol

Once-daily aminoglycosides 

Infections outside of the  
urinary tract

Ceftolozane-tazobactam, ceftazidime-avibactam, 
or imipenem-cilastatin-relebactam

Cefiderocol
Aminoglycoside monotherapy: limited to uncomplicated 

bloodstream infections with complete source controlb

aA complicated urinary tract infection (UTI) is defined as a UTI that occurs in association with a structural or functional abnormality of the genitourinary tract, or any UTI in a male patient.
bUncomplicated bloodstream infections include a bloodstream infection that is due to a urinary source or a catheter-related bloodstream infection with removal of the infected vascular 
catheter.
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Quelle est l’antibiothérapie de choix pour traiter les infections à 
Pseudomonas aeruginosa résistant aux carbapénèmes (CRPa) ? 

§ Ceftolozane-tazobactam est recommandé

§ En cas de résistance à Ceftolozane-tazobactam les alternatives sont : Imipénème-relebactam, 
Céfidérocol et Ceftazidime-avibactam.

§ En l’absence d’autre alternative, Colimycine, Aminosides ou Fosfomycine peuvent être 
discutées sur avis spécialisé

Traitement des infections graves

Traitement des infections non graves
Ou pour les infections urinaires ou biliaires, bactériémiques ou non, après contrôle de la source

L'utilisation d'antibiotiques anciens, choisi parmi ceux actifs in-vitro, est de bonne pratique 
clinique, pour des considérations de politique de bon usage des antibiotiques. 



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Pseudomonas aeruginosa résistant aux carbapénèmes (CRPa) ?

Associations d’antibiotiques

§ En l'absence de données probantes, il n’est pas possible de recommander ou déconseiller 
l'utilisation d’associations avec les nouveaux ßL/IßL (Ceftazidime-avibactam et Ceftolozane-
tazobactam) ou le Céfidérocol.

§ En cas d’utilisation de Colimycine, Aminoside ou Fosfomycine, une association de 2 
antibiotiques est recommandée.
Aucune recommandation pour ou contre des combinaisons spécifiques ne peut être fournie.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Acinetobacter baumannii résistant aux carbapénèmes (CRAB) ?

Ampicilline-sulbactam est le traitement de référence (forte dose : ampicilline 6g/sulbactam 3g 
IV toutes les 8h)

Traitement des infections graves ou à haut risque

Une association est recommandée, comportant 2 antibiotiques actifs in vitro en privilégiant 
une association à base d’Ampicilline-sulbactam, parmi :
- Ampicilline-sulbactam,
- Colimycine, 
- Aminoglycosides, 
- Tigécycline, 
- Meropénème (si CMI< 8mg/L, à dose élevée en perfusion prolongée)

Les associations Colimycine-Carbapénèmes et Colimycine-Rifampicine ne sont pas 
recommandées. 

Le Céfidérocol ne doit être utilisé qu’en l’absence d’autre alternative et en association.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Acinetobacter baumannii résistant aux carbapénèmes (CRAB) ?

Traitement des infections non graves

Une monothérapie est possible

§ Ampicilline-sulbactam est le traitement de référence
§ Colimycine ou Tigécycline à forte dose peuvent être utilisées



online survey allowed to gather real-time data which proved to be useful for designing the pro-
tocol and planning the kick-off visits (http://shorturl.at/bcezF, S4 File), and for defining more
homogeneous clinical management among centers (Fig 3).
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risk of nephrotoxicity or ototoxicity [82,83]. However, because 
in Europe !uoroquinolone resistance rate in P. aeuruginosa 
exceeds 30% [84], we suggest the use of combination therapy 
including aminoglycosides for empirical therapy of serious VAP, 
if it is appropriately tailored on the basis of susceptibility data 
(Figure 1). As for aerosol therapy, we do not routinely recommend 
the use of inhaled antibiotics for the treatment of P. aeruginosa 
VAP. However, they may be considered as an adjunctive to 
intravenous therapy in cases of infections due to MDR strains.

Management of P. aeruginosa CAP
P. aeruginosa has been reported as a rare cause of community-
acquired pneumonia (CAP), a"ecting 1.1–8.3% of the patients 
requiring ICU admission [85–89]. Despite this, P. aeruginosa is 
actually considered the pathogen with the highest attributable 
mortality rate, ranging from 50 to 100% [85–89]. The survival 
of these patients is related to early diagnosis and prompt 
initiation of adequate antibiotic therapy [90]. Since antibiotic 
therapy for P. aeruginosa is completely di"erent from the 
standard therapy to treat common pathogens in CAP, current 
guidelines stratify therapy recommendations on the basis 

of pseudomonal risk factors [91]. CAP due to P. aeruginosa 
should be considered in immunocompromised subjects 
(i.e. HIV patients, solid organ transplant) who received prior 
antibiotic use and with structural abnormalities such as cystic 
#brosis, bronchiectasis and COPD (especially those requiring 
frequent corticosteroid therapy and/or antibiotic use) [91–93]. 
Additional risk factors include male sex, low C-reactive protein 
and PSI risk class IV and V [90]. Risk factors associated with the 
isolation of MDR P. aeruginosa in CAP have been recently studied 
in a recent article including more than 2000 patients with CAP, 
where the only risk factor was previous antibiotic therapy [90].

Therefore, from a clinical point of view, we suggest use of 
antibiotics covering MDR P. aeruginosa in CAP only when  
P. aeruginosa is highly suspected. 

Management of P. aeruginosa 
urinary tract infection
Patients with P. aeruginosa urinary tract infection (UTI)  
are more likely to have chronic underlying disease  
(e.g. hypertension, cognitive impairment, diabetes 

Figure 1. Clinical approach to patients with suspected P. aeruginosa infection.
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online survey allowed to gather real-time data which proved to be useful for designing the pro-
tocol and planning the kick-off visits (http://shorturl.at/bcezF, S4 File), and for defining more
homogeneous clinical management among centers (Fig 3).
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Ces recommandations concernent les traitements d’infections microbiologiquement 
documentées. Elles ne sont pas applicables aux antibiothérapies probabilistes.

La gravité est définie par la présence d’un sepsis ou d’un choc septique (définitions 
Sepsis3).

Sont considérés comme « nouveaux antibiotiques » ceux qui ont été règlementairement 
approuvés après 2010.

Les choix sont hiérarchisés selon les critères cliniques suivants : 

• Gravité

• Localisation de l’infection : infection urinaire/biliaire ou non

• Sont exclues les infections osseuses, neurologiques, et sur matériel étranger.

La résistance aux antibiotiques ne change pas la durée du traitement.



Questions  
§ Quelle est l’antibiothérapie de choix pour traiter les infections à enterobacterales

résistantes aux C3G (C3G-R) ?

§ Quelle est l’antibiothérapie de choix pour traiter les infections à enterobacterales
sensibles aux C3G, et à risque moyen ou haut de production d’AmpC ?

§ Quelle est l’antibiothérapie de choix pour traiter les infections à enterobacterales
résistantes aux carbapénèmes (ERC) ?

§ Quelle est l’antibiothérapie de choix pour traiter les infections à Pseudomonas 
aeruginosa résistant aux carbapénèmes (CRPa) ?

§ Quelle est l’antibiothérapie de choix pour traiter les infections à Acinetobacter 
baumanii résistant aux carbapénèmes (CRAB) ?



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Pseudomonas aeruginosa résistant aux carbapénèmes (CRPa) ? 

§ Ceftolozane-tazobactam est recommandé

§ En cas de résistance à Ceftolozane-tazobactam les alternatives sont : Imipénème-relebactam, 
Céfidérocol et Ceftazidime-avibactam.

§ En l’absence d’autre alternative, Colimycine, Aminosides ou Fosfomycine peuvent être 
discutées sur avis spécialisé

Traitement des infections graves

Traitement des infections non graves
Ou pour les infections urinaires ou biliaires, bactériémiques ou non, après contrôle de la source

L'utilisation d'antibiotiques anciens, choisi parmi ceux actifs in-vitro, est de bonne pratique 
clinique, pour des considérations de politique de bon usage des antibiotiques. 



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Pseudomonas aeruginosa résistant aux carbapénèmes (CRPa) ?

Associations d’antibiotiques

§ En l'absence de données probantes, il n’est pas possible de recommander ou déconseiller 
l'utilisation d’associations avec les nouveaux ßL/IßL (Ceftazidime-avibactam et Ceftolozane-
tazobactam) ou le Céfidérocol.

§ En cas d’utilisation de Colimycine, Aminoside ou Fosfomycine, une association de 2 
antibiotiques est recommandée.
Aucune recommandation pour ou contre des combinaisons spécifiques ne peut être fournie.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Acinetobacter baumannii résistant aux carbapénèmes (CRAB) ?

Ampicilline-sulbactam est le traitement de référence (forte dose : ampicilline 6g/sulbactam 3g 
IV toutes les 8h)

Traitement des infections graves ou à haut risque

Une association est recommandée, comportant 2 antibiotiques actifs in vitro en privilégiant 
une association à base d’Ampicilline-sulbactam, parmi :
- Ampicilline-sulbactam,
- Colimycine, 
- Aminoglycosides, 
- Tigécycline, 
- Meropénème (si CMI< 8mg/L, à dose élevée en perfusion prolongée)

Les associations Colimycine-Carbapénèmes et Colimycine-Rifampicine ne sont pas 
recommandées. 

Le Céfidérocol ne doit être utilisé qu’en l’absence d’autre alternative et en association.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Acinetobacter baumannii résistant aux carbapénèmes (CRAB) ?

Traitement des infections non graves

Une monothérapie est possible

§ Ampicilline-sulbactam est le traitement de référence
§ Colimycine ou Tigécycline à forte dose peuvent être utilisées


