
Viale et al. Annals of Intensive Care           (2023) 13:52  
https://doi.org/10.1186/s13613-023-01146-5

REVIEW Open Access

© The Author(s) 2023. 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/.

Annals of Intensive Care

Treatment of critically ill patients 
with cefiderocol for infections caused 
by multidrug-resistant pathogens: review 
of the evidence
Pierluigi Viale1,2, Christian E. Sandrock3*, Paula Ramirez4, Gian Maria Rossolini5,6 and Thomas P. Lodise7 

Abstract 

Appropriate antibiotic treatment for critically ill patients with serious Gram-negative infections in the intensive 
care unit is crucial to minimize morbidity and mortality. Several new antibiotics have shown in vitro activity against 
carbapenem-resistant Enterobacterales (CRE) and difficult-to-treat resistant Pseudomonas aeruginosa. Cefiderocol is 
the first approved siderophore beta-lactam antibiotic with potent activity against multidrug-resistant, carbapenem-
resistant, difficult-to-treat or extensively drug-resistant Gram-negative pathogens, which have limited treatment 
options. The spectrum of activity of cefiderocol includes drug-resistant strains of Acinetobacter baumannii, P. aerugi-
nosa, Stenotrophomonas maltophilia, Achromobacter spp. and Burkholderia spp. and CRE that produce serine- and/or 
metallo-carbapenemases. Phase 1 studies established that cefiderocol achieves adequate concentration in the epi-
thelial lining fluid in the lung and requires dosing adjustment for renal function, including patients with augmented 
renal clearance and continuous renal-replacement therapy (CRRT); no clinically significant drug–drug interactions are 
expected. The non-inferiority of cefiderocol versus high-dose, extended-infusion meropenem in all-cause mortality 
(ACM) rates at day 14 was demonstrated in the randomized, double-blind APEKS–NP Phase 3 clinical study in patients 
with nosocomial pneumonia caused by suspected or confirmed Gram-negative bacteria. Furthermore, the efficacy 
of cefiderocol was investigated in the randomized, open-label, pathogen-focused, descriptive CREDIBLE–CR Phase 3 
clinical study in its target patient population with serious carbapenem-resistant Gram-negative infections, including 
hospitalized patients with nosocomial pneumonia, bloodstream infection/sepsis, or complicated urinary tract infec-
tions. However, a numerically greater ACM rate with cefiderocol compared with BAT led to the inclusion of a warning 
in US and European prescribing information. Cefiderocol susceptibility results obtained with commercial tests should 
be carefully evaluated due to current issues regarding their accuracy and reliability. Since its approval, real-world 
evidence in patients with multidrug-resistant and carbapenem-resistant Gram-negative bacterial infections suggests 
that cefiderocol can be efficacious in certain critically ill patient groups, such as those requiring mechanical ventila-
tion for COVID-19 pneumonia with subsequently acquired Gram-negative bacterial superinfection, and patients with 
CRRT and/or extracorporeal membrane oxygenation. In this article, we review the microbiological spectrum, pharma-
cokinetics/pharmacodynamics, efficacy and safety profiles and real-world evidence for cefiderocol, and look at future 
considerations for its role in the treatment of critically ill patients with challenging Gram-negative bacterial infections.
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Introduction
Healthcare-associated infections, including hospital-
acquired pneumonia (HAP), ventilator-associated 
pneumonia (VAP), bloodstream infection (BSI), and 
catheter-associated complicated urinary tract infections 
(CA-UTI) are leading causes of morbidity and mortal-
ity in critically ill patients [1–3]. A driving factor in poor 
outcomes is a delay in the administration of appropriate 
antibiotics, particularly in patients with serious multi-
drug-resistant (MDR) infections [4–7], underlining the 
importance of recognizing risk factors for MDR patho-
gens [8]. In critically ill patients, the most concerning 
MDR pathogens are: carbapenem-resistant (CR) and 
difficult-to-treat resistant (DTR, i.e., not susceptible to 
all high-efficacy and low-toxicity antibiotics [4]) Pseu-
domonas aeruginosa; CR Acinetobacter baumannii; 
extended-spectrum beta-lactamase (ESBL)-producing 
and CR Enterobacterales (CRE); and Stenotrophomonas 
maltophilia [9–15].

In recent years, several new agents based on combina-
tions of old beta-lactams and new beta-lactamase inhibi-
tors with activity against highly resistant Gram-negative 
pathogens have been approved (e.g., ceftazidime–avibac-
tam, meropenem–vaborbactam, imipenem–relebactam) 
[13]. Against this backdrop, we look at the role of the 
first siderophore cephalosporin antibiotic to be approved, 
cefiderocol. Developed specifically to target CR Gram-
negative bacterial infections [16, 17], cefiderocol binds 
iron, an essential nutrient for bacterial growth, and enters 
bacterial cells not only by passive diffusion through porin 
channels but also through iron transport channels [16, 
17]. Cefiderocol is mostly stable against a broad range of 
serine- and metallo-beta-lactamases (MBLs), although 
it can be weakly hydrolyzed by certain mutant isoforms 
of these enzymes [18–21]. Unlike for carbapenems and 
other standard-of-care beta-lactam antibiotics, porin loss 
and efflux pump upregulation mechanisms of antimicro-
bial resistance in Gram-negative bacteria have limited 
effect on the overall in  vitro activity of cefiderocol [19, 
22].

This review summarizes the published literature on 
the in  vitro susceptibility of cefiderocol against highly 
resistant Gram-negative bacterial isolates across sur-
veillance programs, mechanisms of resistance, phar-
macokinetics (PK), PK/pharmacodynamics (PK/PD) in 
preclinical models of infections, and clinical data. It also 
discusses the characteristics of cefiderocol relative to 
recently approved beta-lactam–beta-lactamase inhibitor 

(BL–BLI) combinations, and covers overlapping and dif-
ferential potential roles of cefiderocol and BL–BLIs in 
therapy within the current antibiotic landscape. Finally, 
consideration is given to future studies that would help 
to better define the role of cefiderocol relative to recently 
approved BL–BLIs in the treatment of patients with 
highly resistant infections.

Microbiology and spectrum of activity 
of cefiderocol
Cefiderocol has a broad spectrum of activity against 
aerobic Gram-negative bacteria frequently found in the 
intensive care unit (ICU), including MDR and CR strains 
of Enterobacterales, P. aeruginosa, A. baumannii, and S. 
maltophilia, the latter of which is intrinsically resistant to 
carbapenems [19, 23]. Cefiderocol has no in vitro activity 
against Gram-positive bacteria and anaerobes [19]. Clini-
cal breakpoints for interpretation of the results of cefider-
ocol susceptibility testing are available from Clinical and 
Laboratory Standards Institute (CLSI), the US Food and 
Drug Administration (FDA) and the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST) 
(Table 1) [24–26]. The interpretive criteria are not identi-
cal, which may result in discrepancies in categorization 
of isolates of the same species exhibiting the same cefi-
derocol minimum inhibitory concentration (MIC) values, 
depending on the breakpoint system adopted.

The in  vitro activity of cefiderocol was investigated 
in large surveillance studies and in smaller independ-
ent investigations. Among 800 Gram-negative clinical 
isolates derived from ICU patients with infections of 
the lower respiratory tract (LRTI) and urinary tract 
(UTI), or with wound infection or BSI, cefiderocol MICs 
were ≤ 4  μg/mL against all isolates, including carbap-
enem–non-susceptible Enterobacterales, P. aeruginosa, 
and A. baumannii [27].

The 5-year multinational SIDERO surveillance pro-
gram, based on CLSI breakpoints for all species, showed 
that 96.7% of CREs, 99.8% of CR strains of P. aeruginosa, 
94.2% of CR strains of A. baumannii, and 98.6% of S. 
maltophilia were susceptible to cefiderocol [28]. Bur-
kholderia spp. do not have CLSI susceptibility break-
points; however, cefiderocol  MIC90 was 0.5  μg/mL, 
suggesting low MIC values for most isolates [28]. For 
carbapenem–non-susceptible Achromobacter spp., the 
cefiderocol  MIC90 was 4 μg/mL in a global collection of 
isolates [29].
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High in vitro activity of cefiderocol against Enterobac-
terales, P. aeruginosa, A. baumannii, and S. maltophilia 
was also observed in the 2020 SENTRY multinational 
surveillance program. In addition, cefiderocol was the 
most potent antibiotic against the different resistance 
phenotypes (Table 2) [30]. Overall, 89.2–95.9% of Entero-
bacterales isolates resistant to imipenem–relebactam, 
meropenem–vaborbactam, or ceftazidime–avibactam 
were susceptible to cefiderocol according to CLSI crite-
ria and 54.1–70.7% of the same isolates were susceptible 
to cefiderocol based on EUCAST criteria (Table 2) [30], 
reflecting the different breakpoints established by the two 
committees. Among P. aeruginosa isolates resistant to 
ceftolozane–tazobactam, imipenem–relebactam, or cef-
tazidime–avibactam, susceptibility rates of 88.3%, 100%, 
and 91.6% of isolates, respectively, were reported for 

cefiderocol by CLSI criteria and of 85%, 100%, and 89.2% 
of isolates by EUCAST criteria, respectively (Table  2) 
[30].

Cefiderocol susceptibility testing issues
The mechanism of cefiderocol entry into the bacterial 
cell requires expression of specific siderophore (iron 
transport) uptake systems under low iron concentra-
tions encountered in infected tissues in  vivo, which 
accounts for the remarkable spectrum of antimicrobial 
activity. This implies that the reference broth microdilu-
tion (BMD) for cefiderocol susceptibility testing must use 
iron-depleted medium to avoid misleading results (i.e., 
false resistance) [31–33]. While this prevented an easy 
addition of cefiderocol to panels used by several antimi-
crobial susceptibility testing (AST) platforms, some com-
mercial systems for cefiderocol MIC testing have been 
developed. However, these systems were shown to be 
affected by accuracy, reproducibility, and bias issues [34–
37]. According to EUCAST, disk diffusion can be used as 
a starting approach to cefiderocol testing by diagnostic 
laboratories, but results falling into the area of technical 
uncertainty (ATU) should either be confirmed by the ref-
erence BMD with iron-depleted, cation-adjusted Muel-
ler–Hinton medium or cautionary considered indicative 
of resistance [37, 38], leading to an overall overestimation 
of resistance. In fact, it was shown that more than 20% 
of isolates of MDR Gram-negatives may yield cefiderocol 
results falling into the ATU when tested by disk diffu-
sion [35]. Moreover, disk diffusion can also be affected by 
remarkable variability depending on the various combi-
nations of disks and agar media manufacturers [34, 37]. 
Additional commercial systems for cefiderocol suscepti-
bility testing have recently been developed, and evalua-
tions of the available systems are underway with variable 
results [39–43].

Pharmacokinetics in healthy subjects and critically 
ill patients
In two Phase 1 studies in healthy subjects, single and 
multiple intravenous doses of cefiderocol up to 4000 mg 
were well-tolerated and exhibited a linear PK profile [44, 
45]. Dose-proportional increases in maximum serum 
concentration (Cmax) and area under the concentration–
time curve (AUC 0-∞) were observed between 100 to 
4000 mg [44, 45]. The mean plasma half-life of cefiderocol 
was 1.98–2.74 h and the PK of cefiderocol did not change 
with multiple dosing in healthy subjects [44]. Protein 
binding was estimated at approximately 58% in healthy 
subjects and was not significantly altered with renal 
impairment [46, 47]. Cefiderocol (1 g, 1-h infusion, radio-
labeled) was primarily excreted unchanged in the urine, 

Table 1 Cefiderocol clinical breakpoints for interpretation of 
in vitro susceptibility testing results  by Clinical and Laboratory 
Standards Institute (CLSI) [24], US Food and Drug Administration 
(FDA) [25], and European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) [26] for Gram-negative 
pathogens

a S: susceptible for CLSI and FDA; susceptible, standard dosing regimen for 
EUCAST.
b I: intermediate for CLSI and FDA; susceptible, increased exposure for EUCAST; 
EUCAST does not foresee an "I" category for cefiderocol for Enterobacterales or 
P. aeruginosa.
c R: resistant.
d EUCAST has not set clinical breakpoints for cefiderocol for Acinetobacter and S. 
maltophilia due to insufficient evidence (IE).
e CLSI does not foresee “I” and “R” categories for S. maltophilia.
f FDA does not foresee clinical breakpoints for S. maltophilia.

Interpretive criteria according to
Minimum inhibitory concentration (µg/mL)

Sa Ib Rc

Enterobacterales

CLSI  ≤ 4 8  ≥ 16

FDA  ≤ 4 8  ≥ 16

EUCAST  ≤ 2 –  > 2

Pseudomonas aeruginosa

CLSI  ≤ 4 8  ≥ 16

FDA  ≤ 1 2  ≥ 4

EUCAST  ≤ 2 –  > 2

Acinetobacter baumannii

CLSI  ≤ 4 8  ≥ 16

FDA  ≤ 1 2  ≥ 4

EUCASTd IE – IE

Stenotrophomonas maltophilia

CLSIe  ≤ 1 – –

FDAf – – –

EUCASTd IE – IE
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with metabolic pathways providing only minor excre-
tion routes [48]. Following administration of cefiderocol 
2 g, in 1-h infusion, the AUC (212.0 to 872.5 µg • h/mL) 
and half-life (2.8 to 9.6 h) increased and renal clearance 
decreased (4.7 to 1.1 L/h) in patients with mild, moderate 
or severe renal impairment (including those patients with 
or without hemodialysis) compared with subjects with 
normal renal function [47], suggesting that cefiderocol 
dose adjustment is needed with renal function. In  vitro 
data demonstrating no interactions of cefiderocol with 
drug transporter systems have been confirmed in studies 
using furosemide, metformin, and rosuvastatin in healthy 
volunteers [49, 50]. In vitro data indicate that cefiderocol 
may induce CYP3A4 in the liver; thus, patients should be 
monitored for potential reduced efficacy when substrates 
of CYP3A4 enzyme are co-administered with cefiderocol 
[51]. Studies on epithelial lining fluid (ELF) penetration 
of cefiderocol confirmed its effective tissue penetration 
into the lung. In healthy volunteers, a single 2 g 1-h infu-
sion resulted in ~ 24% ELF to plasma ratio of free cefider-
ocol [46].

Data are also available on the PK of cefiderocol in 
plasma and ELF in critically ill patients. In a small 
French study in seven ICU patients, mainly with VAP 
(six patients), the PK profile of cefiderocol at steady state 
was investigated after multiple dosing of 2  g, 3-h infu-
sions [52]. The mean (± standard deviation [SD]) mini-
mum serum concentration (Cmin) of cefiderocol prior 
to the start of infusion (C0) was 42.1 ± 20.1  mg/L, the 
mean Cmax was 77.1 ± 12.9 mg/L, the mean AUC 0–8 h was 
448 ± 155 mg •  h/L and the half-life was 13 ± 11.3 h [52]. 
In one patient with augmented renal clearance (ARC), 
the half-life of cefiderocol was lower (1.4 h) than in the 
rest of the ICU population [52]. The PK of cefiderocol 
in critically ill patients has also been reported for five 
patients with septic shock due to MDR Gram-negative 
bacteria, all of whom had varying degrees of acute renal 
injury; three required continuous renal replacement 
therapy (CRRT), one required an additional cytokine 
adsorber, and two patients also required extracorporeal 
membrane oxygenation (ECMO) [53]. With a target of 
100% for the percentage of time during the dosing period 
that the free drug concentration in the plasma exceeds 
the MIC (%fT>1×MIC; overall Cmin > 4 μg/mL), none of the 
initial or renally adapted dosing regimens were subopti-
mal. Cmin levels ranged between 25 and 70 μg/mL; how-
ever, there was a reduction in Cmin in a patient receiving 
cytokine adsorber therapy [53]. Cefiderocol half-life was 
prolonged for at least 8 h in all patients [53]. In a Phase 
1b study in hospitalized patients with pneumonia under 
mechanical ventilation, the ELF penetration at steady 
state increased to ~ 54% after multiple dosing of cefidero-
col 2 g in 3-h infusions [54].

The PK of cefiderocol have been further investigated 
to support dosing under CRRT and ECMO. A recent 
ex vivo investigation suggested that the effluent rate was 
the significant parameter determining the clearance of 
cefiderocol during CRRT. Based on these findings, dos-
ing recommendations according to the effluent rate were 
incorporated into the cefiderocol prescribing information 
[49, 55, 56]. In an ex  vivo investigation that compared 
the PK of cefiderocol relative to baseline conditions, cefi-
derocol concentrations in blood samples collected post-
oxygenation were reduced in a similar trend between 
closed-loop ECMO circuits and the control chambers 
without an oxygenator [57]. In another study, samples 
collected from the ECMO circuit on day 9 suggested < 5% 
loss of cefiderocol, and plasma and lung trough concen-
trations also remained above the MIC of P. aeruginosa 
[58]. Collectively, these data suggest that there was no 
significant cefiderocol adsorption to the oxygenator 
membrane in the ECMO circuit and cefiderocol PK is not 
expected to be altered in patients with ECMO support 
[57].

Preclinical PK/PD investigations
Dose fractionation in  vivo preclinical studies in neutro-
penic murine thigh and lung infection models demon-
strated that the PD parameter most closely correlated 
with the efficacy of cefiderocol was the time the free 
concentration remained above the MIC (%fT>MIC) [59]. 
Based on the efficacy variable of 1-log reduction in bac-
terial growth, the PD target required to achieve in  vivo 
efficacy differed by bacterial species (i.e., Enterobacte-
rales 64% and 73% [lung, thigh], P. aeruginosa 70% and 
72% [lung, thigh], A. baumannii 88% [lung], and S. malt-
ophilia 54% [lung]) [59]. In another series of experiments 
investigating cefiderocol doses up to 250  mg/kg against 
P. aeruginosa in the neutropenic murine thigh infection 
model, in which 32% protein binding was applied to cor-
rect for free drug exposure, ~ 76%, 82%, or 88%  T>MIC was 
required to achieve in vivo bacteriostatic effects, 1-log10, 
or 2-log10 killing, respectively [60].

The neutropenic murine thigh infection model was 
also used to investigate the potential susceptibility break-
point for cefiderocol at humanized dosing (replicat-
ing exposures of 2 g, 3-h infusion every 8 h in humans) 
against various Gram-negative bacterial species with 
cefiderocol MICs of 0.12 to > 256 μg/mL [61]. Over 24 h, 
among isolates with cefiderocol MIC values up to 4 μg/
mL, cefiderocol led to bacterial stasis or ≥ 1-log reduc-
tion in colony-forming unit (CFU) in 77% of Enterobac-
terales, 88% of A. baumannii, and 85% of P. aeruginosa 
isolates [61]. The suppression of bacterial growth (from 
stasis to cidal effects [i.e., ≥ 2-log10 reduction in CFU]) 
was sustained for up to 72  h against a total of four 
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meropenem-susceptible and six meropenem-resistant 
strains of Enterobacterales, A.  baumannii, and P.  aer-
uginosa with cefiderocol MIC values up to 4  μg/mL in 
another neutropenic murine thigh infection model study 
[62]. Additional studies in the same model confirmed 
that sustained in vivo efficacy (up to 72 h) with cefidero-
col can be obtained against CR A. baumannii without the 
emergence of in vivo resistance [63]. Humanized dosing 
of cefiderocol in this model was also efficacious against 
P.  aeruginosa isolates with cefiderocol MIC values of 
0.063–0.5  μg/mL, with a ≥ 2-log10 reduction in CFU at 
24  h compared with vehicle-treated controls against all 
except one isolate [64]. Furthermore, the infusion dura-
tion selected for cefiderocol in Phase 3 trials was based 
on results from an immunocompetent rat respiratory 
tract infection model, which showed that a 3-h infusion 
of cefiderocol at humanized dosing showed enhanced 
efficacy against some isolates of A.  baumannii and 
K. pneumoniae compared with a 1-h infusion of cefidero-
col [65].

Synergism between cefiderocol and avibactam, amika-
cin, meropenem, and ampicillin–sulbactam at concen-
trations replicating exposures have been observed in an 
in  vitro chemostat infection model against A. bauman-
nii strains that were resistant to cefiderocol [66–68]. In 
a different in vitro study in time-kill curve experiments, 
against A.  baumannii strains with cefiderocol MICs 
of 16–32  µg/mL, the combination of cefiderocol with 
generic drugs sulbactam, amikacin, and minocycline also 
showed synergism in suppression of bacterial growth 
[68]. In a recent investigation in the neutropenic murine 
thigh infection model, cefiderocol at humanized dos-
ing in combination with meropenem, ceftazidime–avi-
bactam, or ampicillin–sulbactam was more efficacious 
against cefiderocol-susceptible A.  baumannii isolates 
(MIC = 2 µg/mL) relative to cefiderocol alone [69].

Dosing and population PK analyses
Based on the preclinical investigations, the standard 
dosing and infusion time of cefiderocol in patients with 
normal renal function was modeled as a 2  g, 3-h infu-
sion every 8 h (q8h), which provided > 90% probability of 
target attainment (PTA) for Gram-negative bacteria with 
cefiderocol MIC values up to 4 µg/mL [70, 71]. Cefider-
ocol dosing for patients with renal impairment, initially 
modeled using PTAs for 75% fT>MIC, are as follows (all as 
a 3-h intravenous infusion): mild impairment (creatinine 
clearance [CrCl] estimated using Cockcroft–Gault equa-
tion in the final model as 60 to < 90  mL/min), 2  g q8h; 
moderate impairment (30 to < 60  mL/min), 1.5  g q8h; 
severe impairment (15 to < 30 mL/min), 1 g q8h; and end-
stage renal disease (< 15  mL/min), 0.75  g q12h [70, 71]. 

Modeling suggests that a dose of 2 g q6h can provide the 
same PTA for patients with ARC (CrCl > 120  mL/min) 
as a dose of 2 g q8h in critically ill patients with normal 
renal function (Table 3) [71].

The abovementioned cefiderocol dosing regimens were 
utilized in critically ill patients with nosocomial pneu-
monia (NP), BSI, and cUTI in the randomized Phase 3 
APEKS–NP and CREDIBLE–CR studies, the results of 
which studies are discussed below [72, 73]. In these Phase 
3 studies, cefiderocol doses for treatment were based on 
renal function determined at screening and during ther-
apy on days 3–4 [72, 73]. An analysis of 187 cefiderocol-
treated patients, 120 of whom were in the ICU and > 20% 
of whom had ARC, reported no significant difference in 
 Cmax and daily AUC according to renally adjusted dos-
ing [74]. Geometric means of fCmin and %fT > MIC≤4  μg/

mL were > 9  μg/mL and > 93%, respectively, indicating 
adequate exposure for the treatment of susceptible path-
ogens based on CLSI breakpoint (i.e., MIC ≤ 4  μg/mL), 
regardless of renal function, infection site, body size, and 
disease severity [74].

The PTA for cefiderocol was investigated in a popu-
lation PK modeling study, developed using data from 
Phase 1–3 studies [71, 75] and involving 3427 plasma 
concentrations from 516 subjects (91 patients with-
out infection and 425 patients with infection [i.e., 

Table 3 Cefiderocol dosing recommendations

Adapted from [49]
a Creatinine clearance estimated by Cockcroft–Gault formula
b Cefiderocol is removed by hemodialysis; cefiderocol dose should be 
administered immediately after hemodialysis for patients who require 
intermittent hemodialysis
c Includes patients receiving continuous venovenous hemofiltration, continuous 
venovenous hemodialysis, continuous venovenous hemodiafiltration
d Ultrafiltrate flow rate for continuous venovenous hemofiltration, dialysis flow 
rate for continuous venovenous hemodialysis, ultrafiltrate flow rate plus dialysis 
flow rate for continuous venovenous hemodiafiltration

CRRT  continuous renal replacement therapy

Dosing recommendation

Creatinine clearance, mL/mina

 ≥ 120 2 g, every 6 h, infused over 3 h

90–120 2 g, every 8 h, infused over 3 h

60–90 2 g, every 8 h, infused over 3 h

30–59 1.5 g, every 8 h, infused over 3 h

15–29 1 g, every 8 h, infused over 3 h

 < 15 (with or without intermittent 
 hemodialysisb)

0.75 g, every 12 h, infused over 3 h

CRRT c—effluent flow rated, L/h

 ≥ 4.1 2 g, every 8 h, infused over 3 h

3.1–4 1.5 g, every 8 h, infused over 3 h

2.1–3 2 g, every 12 h, infused over 3 h

 ≤ 2 1.5 g, every 12 h, infused over 3 h



Page 7 of 25Viale et al. Annals of Intensive Care           (2023) 13:52  

pneumonia, BSI/sepsis, cUTI]) [71]. Cefiderocol plasma 
concentrations were described by a three-compartment 
model with a proportional error model for intraindi-
vidual variability [71]. The effects of CrCl and infection 
sites on clearance, body weight on volume of distribu-
tion in the central and peripheral compartments, albu-
min concentration and any infection site on the volume 
of distribution in the peripheral compartment were 
included in the final model [71]. CrCl was the most sig-
nificant covariate on cefiderocol PK. The %fT>MIC was 
100% in 97% of patients in both Phase 3 studies and the 
PTA for 100% fT>MIC was > 90% with MICs of ≤ 4 mg/mL 
for most infection sites and renal function groups [71]. 
No PK/PD correlation was found between plasma expo-
sures and clinical outcomes, microbiological outcomes, 
or vital status, because the exposure level was very high 
in most patients [71, 75]. For simulated patients with 
infections caused by pathogens with cefiderocol MICs 
of ≤ 4  µg/mL, the PTA for 75% fT>MIC was > 95% for 
all infection sites and renal function groups, while for 
100% fT>MIC, the PTA was > 90% for all infection sites 
and renal function groups, except for patients with BSI 
and normal renal function, in whom the PTA was 85% 
[71].

ELF concentrations were also explored in the popula-
tion PK analysis of the Phase 3 studies. The estimated 
%fT>MIC,ELF was 100% in 89.3% of patients in CREDIBLE–
CR and 97.9% of patients in APEKS–NP [75], supporting 
the adequacy of cefiderocol ELF concentrations to treat 
Gram-negative bacterial pneumonia caused by pathogens 
with a cefiderocol MIC of ≤ 4  mg/L [54, 76]. In Monte 
Carlo simulations for patients with NP, the PTA in ELF 
was found as > 99.5% for pathogens with cefiderocol MIC 
values ≤ 2 µg/mL and > 87% for MIC values of ≤ 4 µg/mL, 
across all renal function groups [76].

Compatibility and solubility for intravenous 
infusion
Cefiderocol has shown good compatibility with fre-
quently used intravenous infusions for hospitalized 
patients, with a compatibility rate of 69% of 91 medici-
nal products in a Y-site simulated investigation [77]. 
Where medications (e.g., dobutamine hydrochloride, 
lorazepam, methylprednisolone acetate, propofol, 
rocuronium bromide, tobramycin sulfate, vancomycin 
hydrochloride) are not compatible with cefiderocol, 
separate intravenous catheter administration should be 
used [77]. The MINI-BAG Plus Container System and 
VIAL-MATE Adaptor (Baxter HealthCare Co., Deer-
field, IL, USA) are both compatible with the cefiderocol 
1 g vial, facilitating cefiderocol ease of use and minimiz-
ing the risk of contamination and environmental expo-
sure [78].

Clinical experience
Efficacy
Cefiderocol has demonstrated efficacy in patients with 
serious infections in one randomized, prospective, Phase 
2 (APEKS–cUTI) and two randomized, prospective, 
active-controlled or parallel-group Phase 3 (APEKS–NP, 
CREDIBLE–CR) clinical studies in critically ill patients 
with NP, BSI/sepsis, and cUTI, who were at risk of or 
were infected by MDR and CR Gram-negative pathogens 
(Additional file 1: Table S1) [72, 73, 79]. It should be noted 
that the APEKS–cUTI and APEKS–NP studies excluded 
patients with pathogens known to be CR at study entry 
as the comparator agent was a carbapenem. Upon report-
ing carbapenem resistance in the baseline pathogens by 
the local laboratory, physicians were permitted to discon-
tinue the blinded treatment if patients did not respond 
to treatment [72, 79]. De-escalation of therapy was not 
feasible in the randomized APEKS–cUTI and APEKS–
NP studies as patients received monotherapy [72, 79]. 
In the randomized CREDIBLE–CR study, de-escalation 
of adjunctive therapy was permitted based on local sus-
ceptibility reports; escalation of therapy after the early 
assessment visit was not permitted and administration of 
any other agent would be considered as “rescue therapy” 
for a patient without clinical improvement [73].

APEKS–cUTI
The randomized APEKS–cUTI study was designed to 
demonstrate the non-inferiority of cefiderocol (2 g, q8h, 
infused over 1  h) to imipenem–cilastatin (1  g/1  g, q8h, 
infused over 1  h) in hospitalized patients with compli-
cated urinary tract infection [79]. The enrolled patient 
population was at risk of being infected by MDR Gram-
negative bacteria, including P. aeruginosa. Most patients 
were aged > 65  years, > 50% of patients had moderate or 
severe renal impairment, and the study design allowed 
the enrollment of patients with immunosuppression and 
renal transplant [79]. The study results showed that cefi-
derocol treatment was non-inferior to imipenem–cilas-
tatin treatment in the primary endpoint of composite of 
microbiological eradication and clinical cure at the test-
of-cure visit (Additional file  1: Table  S1) [79]. Serious 
adverse events were reported in 5% and 8% of patients in 
the cefiderocol and imipenem–cilastatin arms, respec-
tively [79].

APEKS–NP
The randomized APEKS–NP study was conducted to 
demonstrate the non-inferiority of treatment with cefi-
derocol (2 g, q8h, 3-h infusion, 7–14 days) to high-dose, 
extended-infusion meropenem (2  g, q8h, 3-h infusion, 
7–14  days) in day 14 all-cause mortality (ACM) rates 
among patients with Gram-negative NP [72]. A large 
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proportion of the 292 patients included were critically 
ill, as shown by ICU admission (cefiderocol 70%, mero-
penem 66%), mechanical ventilation (cefiderocol 61%, 
meropenem 59%), Acute Physiology and Chronic Health 
Evaluation (APACHE) II scores ≥ 20 (cefiderocol 28%, 
meropenem 31%), age ≥ 75 years (cefiderocol 28%, mero-
penem 30%), and CrCl ≤ 50  mL/min (cefiderocol 33%, 
meropenem 35%) [72].

The study met its primary endpoint, with day 14 ACM 
rates of 12.4% with cefiderocol and 11.6% with merope-
nem (adjusted treatment difference 0.8%, 95% confidence 
interval (CI) –6.6 to 8.2) (Additional file 1: Table S1). In 
subgroup analyses, day 14 ACM rates were statistically 
comparable between treatments for patients with VAP, 
ventilated HAP, high APACHE II score and high Clinical 
Pulmonary Infection Score (CPIS), and ICU at randomi-
zation [72]. Comparable intertreatment-arm ACM rates 
were also seen at day 28, both overall (cefiderocol 21%, 
meropenem 21%) and for the most severely ill patients 
[72]. Furthermore, similar clinical cure and microbiologi-
cal eradication rates were found between cefiderocol and 
meropenem arms by baseline Gram-negative pathogen 
(i.e., K. pneumoniae, P. aeruginosa, A. baumannii [includ-
ing a proportion of meropenem-resistant isolates] and E. 
coli) [72].

CREDIBLE–CR
The randomized, open-label, pathogen-focused, descrip-
tive, Phase 3 CREDIBLE–CR study investigated the effi-
cacy of cefiderocol and best available therapy (BAT) in 
150 patients with serious infections (NP, BSI/sepsis, or 
cUTI) caused by CR pathogens, including non-ferment-
ers, such as CR P. aeruginosa or CR A. baumannii [73]. 
Being designed with relatively few exclusion criteria, the 
CREDIBLE–CR study was able to enroll patients with 
underlying conditions who would normally be excluded 
from randomized, non-inferiority, double-blind Phase 3 
studies, such as the APEKS–NP study. The heterogene-
ous nature of a population comprising different infection 
types necessitated the use of primary endpoints defined 
by infection type [73, 80]. The critically ill status of the 
population was reflected in the rates of ICU admission 
at randomization (cefiderocol 56%, BAT 43%), mechani-
cal ventilation (cefiderocol 50%, BAT 53%), APACHE II 
scores ≥ 20 (cefiderocol 29%, BAT 27%), age ≥ 75  years 
(cefiderocol 29%, BAT 29%), CrCl ≤ 50 mL/min (cefider-
ocol 43%, BAT 30%), and shock (cefiderocol 19%, BAT 
12%) [73]. There was a similarity between the cefidero-
col and BAT treatment arms at randomization in CPIS 
scores among ventilated patients, Sequential Organ Fail-
ure Assessment (SOFA) scores, and Charlson Comorbid-
ity Index [73].

Clinical cure rates, as primary endpoint, at the test-of-
cure visit were similar for cefiderocol and BAT in patients 
with NP (50% and 53%, respectively) and BSI/sepsis (43% 
in each arm) [73]. The primary endpoint of microbiologi-
cal eradication rate for baseline pathogen from urine for 
patients with cUTI was numerically higher in patients 
treated with cefiderocol (cefiderocol 53%, BAT 20%) [73]. 
Despite similar rates of clinical and microbiological out-
comes between treatment arms, overall mortality rates 
were numerically higher in the cefiderocol arm than in 
the BAT arm by day 28 (25% and 18%, respectively) and 
end of study (34% and 18%, respectively) (Additional 
file 1: Table S1) [73].

Sensitivity and subgroup analyses of the Phase 3 studies
Due to the higher observed ACM with cefiderocol 
relative to BAT in the CREDIBLE–CR study, several 
post-hoc analyses were performed. No single specific 
mortality risk factor was identified as a significant covari-
ate on logistic regression modeling for the overall popu-
lation [73]. The higher mortality rate in the cefiderocol 
arm was most apparent among patients with A.  bau-
mannii infections (cefiderocol 38%, BAT 18% at day 28; 
cefiderocol 50%, BAT 18% at end of study) [73]. Among 
patients without Acinetobacter spp. at randomization, 
mortality rates were similar between the cefiderocol and 
BAT arms at all visits (cefiderocol 15%, BAT 19% at day 
28; cefiderocol 22%, BAT 19% at end of study) [73]. It is 
possible that imbalances in baseline factors within the 
heterogeneous population, together with limited strati-
fication factors, contributed to the mortality differences 
between treatment arms [73, 81, 82]. The numerical dif-
ferences between the treatment arms in ICU admission 
(cefiderocol 81%, BAT 47%), age ≥ 65  years (cefiderocol 
62%, BAT 41%), Charlson Comorbidity Index ≥ 6 (cefi-
derocol 50%, BAT 35%), moderate or severe renal impair-
ment (cefiderocol 33%, BAT 18%), and ongoing or prior 
shock (cefiderocol 26%, BAT 6%), point to the inclu-
sion of more severely ill patients with CR Acinetobac-
ter spp. in the cefiderocol arm compared with the BAT 
arm [73]. Most patients in the cefiderocol arm received 
monotherapy, while most patients in the BAT arm were 
treated with a combination of two or three antibiotics 
[73]. It is notable that the increased mortality rate in the 
cefiderocol arm was not linked to toxicity; the compos-
ite endpoint of survival and no change in antibiotic due 
to lack of therapeutic efficacy or emerging toxicity was 
reported in a similar proportion of patients in both treat-
ment arms [73]. Furthermore, the observed mortality 
rate in the BAT arm for patients with CR A. baumannii 
infections was relatively low compared with rates in the 
control arms of previous randomized, controlled studies 
[82]. A post-hoc analysis of pneumonia patients infected 
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by Acinetobacter spp. with meropenem MIC > 8 µg/mL in 
the double-blind, randomized APEKS–NP study showed 
comparable mortality rates at days 14 (cefiderocol: 28%, 
meropenem: 28%) and 28 (cefiderocol: 33%, meropenem: 
39%) between cefiderocol and meropenem arms, respec-
tively [72].

Based on the findings from the CREDIBLE–CR study, 
a “Warning and Precaution” (i.e., “Increase in all-cause 
mortality in patients with carbapenem-resistant Gram-
negative bacterial infections: an increase in all-cause 
mortality was observed in cefiderocol-treated patients 
compared to those treated with best available therapy 
[BAT]) was added to the US prescribing information for 
cefiderocol. Although the cause of the increase in mor-
tality has not been established, clinicians are advised 
to “closely monitor the clinical response to therapy in 
patients with cUTI and HABP/VABP" [49]. In addition, a 
special warning was included in the European Summary 
of Product Characteristics [51].

A subgroup analysis of the randomized APEKS–NP 
and CREDIBLE–CR studies confirmed the efficacy of 
cefiderocol in infections caused by CR Gram-negative 
pathogens harboring MBL enzymes (i.e., clinical cure: 
70.8% and microbiological eradication: 58.3%), and no 
increased mortality was observed in these infections 
[83]. Among patients treated with comparators, clini-
cal cure (40.0%) and microbiological eradication (30.0%) 
rates were lower than with cefiderocol [83]. The clinical 
benefit of cefiderocol treatment was consistent between 
the APEKS–NP and the CREDIBLE–CR studies [83]. 
K. pneumoniae harboring OXA-48 oxacillinase enzyme 
was detected across the CREDIBLE–CR and APEKS–NP 
studies in ten patients with cUTI, BSI/sepsis or pneumo-
nia treated with cefiderocol [84]. All ten patients survived 
by day 28 and clinical cure at test of cure was reported for 
seven patients [84].

Given the role of iron channels in mediating cefiderocol 
entry into bacterial cells, the impact of patient iron lev-
els on the clinical activity of cefiderocol merits attention. 
Anemia is not uncommon among critically ill patients 
and was reported for 8% of patients in each of the Phase 
3 studies (see Safety section, below). A subgroup analysis 
of the APEKS–NP study showed that cefiderocol efficacy 
in critically ill patients with NP was not compromised by 
low serum iron levels at randomization [85] or by admin-
istration of iron supplementation in the form of blood 
transfusion or iron medications [85]. Of note, the major-
ity of patients (~ 80%) had low baseline iron levels and 
this was most frequent among patients with ICU admis-
sion at randomization (71.9%) and those who were venti-
lated (63.2%) [85].

A post-hoc analysis of 84 patients with second-
ary bacteremia from the APEKS–cUTI, APEKS–NP, 

CREDIBLE–CR studies suggested that cefiderocol treat-
ment may be an effective treatment in eradication of 
blood isolates of both carbapenem-susceptible and car-
bapenem-resistant Gram-negative species with low rates 
of persistence or recurrence [86].

Safety
As would be expected in a critically ill patient population, 
rates of treatment-emergent adverse events (TEAEs) 
were relatively high in both treatment arms in the ran-
domized APEKS–NP and CREDIBLE–CR studies. In 
the APEKS–NP study, the most common TEAE occur-
ring with cefiderocol among 148 patients in the safety 
population was cUTI (15.5%), followed by hypokalemia 
(10.8%), diarrhea (8.8%), anemia (8.1%), pneumonia 
(7.4%), aspartate aminotransferase increase and pleural 
effusion (6.8%, each), alanine aminotransferase increase 
(6.1%), and hypomagnesemia (5.4%). Discontinuation 
due to drug-related adverse events was rare in both treat-
ment arms [72]. In the CREDIBLE–CR study, nearly all 
patients had at least one TEAE [73]. The most common 
TEAEs occurring among 101 patients receiving cefidero-
col in the safety population were diarrhea (19%), pyrexia 
(14%), septic shock and vomiting (13% each), decubitus 
ulcer (10%), and hypokalemia (9%), with abnormal liver 
function test, constipation, hypotension, anemia, aspar-
tate aminotransferase increase, and pleural effusion each 
being reported in 8% of patients, acute kidney injury, 
dyspnea, nausea, pneumonia, and alanine aminotrans-
ferase increase each occurring in 7% of patients, and 
abdominal pain, hypomagnesemia, thrombocytopenia, 
and chest pain each being reported in 6% of patients 
[73]. Three patients (3%) receiving cefiderocol and two 
patients (4%) receiving BAT discontinued study drug due 
to drug-related TEAEs [73]. Drug-related serious adverse 
events occurred in one patient (1%) in the cefiderocol 
arm and five patients (10%) in the BAT arm [73]. In the 
cefiderocol arm, 30% of patients had liver-related TEAEs, 
but many of these patients had confounding factors (e.g., 
hepatitis) [73].

Across all three clinical studies, seizures were reported 
in one patient receiving cefiderocol (with a history of epi-
lepsy) in the APEKS–cUTI study, three events (one event 
of which was deemed a serious adverse event [SAE]) in 
the cefiderocol arm and two events in the meropenem 
arm in the APEKS–NP study, and one mild event in 
the cefiderocol arm and one SAE in the BAT arm in the 
CREDIBLE–CR study [87]. Clostridioides difficile infec-
tion was observed in similar proportions of patients in 
the cefiderocol and comparator treatment arms in the 
APEKS–NP study (four patients [3%] in both the cefi-
derocol and meropenem arms, respectively) [72], in 
the CREDIBLE–CR study (three patients [3%] in the 
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cefiderocol arm and one patient [2%] in the BAT arm) 
[87], and in one patient (< 1%) in the cefiderocol arm and 
five patients (3%) in the imipenem–cilastatin arm of the 
APEKS–cUTI study [87]. C. difficile SAEs were reported 
only in the APEKS–cUTI study, in one patient receiv-
ing cefiderocol and in two patients receiving imipenem–
cilastatin [87].

As well as looking at the role of iron-related param-
eters in terms of efficacy, as discussed earlier, consid-
eration has been given to their impact on safety. In the 
CREDIBLE–CR study, 78.4% of the 134 patients rand-
omized who had baseline serum iron data available had 
low iron levels (cefiderocol 76.2%, BAT 57.1%) [88]. Iron 
levels did not appear to influence safety. Day 28 ACM 
rates were similar in the subset of patients who received 
either blood transfusion or iron supplementation during 
antibiotic treatment (cefiderocol 23.8%, BAT 27.8%) and 
did not increase among patients without any supplemen-
tation (cefiderocol 25.4%, BAT 12.9%) [89]. In all three 
randomized clinical trials, safety parameters related to 
iron homeostasis (i.e., hepcidin, iron, total iron-binding 
capacity, transferrin saturation) were similar between 
treatment arms [72, 73, 85, 87, 89].

Real‑world evidence
Several cases have been reported in which critically ill 
patients, often complicated with end-stage renal disease 
requiring CRRT, respiratory failure requiring ECMO, 
transplantation, hematological or solid cancer, other 
forms of immunosuppression, presence of coronavirus 
disease 2019 (COVID-19), burn wounds, or concurrent 
bacteremia, were successfully treated with cefidero-
col either as monotherapy or in combination treatment 
(Table  4). Most patients had CR or extensively drug 
resistant (XDR) A. baumannii, CR or MDR P. aerugi-
nosa, with CR K. pneumoniae and/or S. maltophilia co-
infections, and clinical improvement or resolution was 
reported for the majority of patients. The mortality rates 
in case series reports (i.e., 23–55%) (Table 4) were similar 
to those observed in clinical studies [53, 58, 90–115].

The two largest real-world, observational, retrospec-
tive studies involved patients with CR A. baumannii 
infections, who received either cefiderocol or colistin-
containing regimens [90, 91] (Table  4). In one of these 
two studies, 124 patients were diagnosed mainly with BSI 
(63.7%) and VAP (28.2%), approximately 90% of patients 
were in the ICU and 40% had COVID-19 pneumonia, 
and a small percentage required ECMO (~ 15% among 
cefiderocol-treated patients) or CRRT (~ 12%) during 
sepsis. Patients receiving cefiderocol had a significantly 
lower 30-day mortality rate than those receiving colistin 
therapy (34% versus 55.8%, respectively, p = 0.018). The 
lower mortality rate with cefiderocol treatment at days 

14 and 28 was still significant for patients with BSI, but 
not for patients with VAP [90]. A multivariate analysis 
showed that septic shock, higher SOFA score, and age 
were linked with increased risk, and cefiderocol-contain-
ing treatment with lower risk of mortality [90]. The sec-
ond study included 107 critically ill patients in the ICU 
with COVID-19 pneumonia requiring mechanical ven-
tilation, who were colonized by CR A. baumannii prior 
to infection, and had high median SOFA score (cefidero-
col 9, colistin-based 8). Patients had LRTI (41%) or BSI 
(58%). The clinical and microbiological cure rates were 
similar at day 14 in cefiderocol-treated patients and those 
receiving other antibiotics [91]. Despite clinical improve-
ment by day 14 as indicated by improvements in SOFA 
score in both treatment groups, the 14-day and 28-day 
mortality rates were similar with cefiderocol monother-
apy (40% and 55%, respectively) and colistin-based ther-
apy (51% and 58%, respectively) [91].

Further real-world evidence on cefiderocol use and 
outcomes is provided by the ongoing PROVE retrospec-
tive chart review study in US and European hospitals 
[116, 117]. Among 76 patients with A. baumannii infec-
tions recorded as receiving cefiderocol, 18% had at least 
four major comorbid conditions, 13% had COVID-19 
infection during index hospitalization, 54% were in the 
ICU, and 41% were receiving mechanical ventilation 
[116]. Altogether, 36% of infections were polymicrobial, 
with P. aeruginosa as the main accompanying pathogen 
(33%). Most (96%) A. baumannii isolates tested were CR. 
Cefiderocol was administered as monotherapy in 55% of 
patients and following failure on another Gram-negative 
antibiotic in 11% of patients. The overall clinical cure rate 
was 63% and the 30-day ACM rate was 21%; among the 
76% of patients receiving cefiderocol within the first week 
of positive culture, the cure rate was 64% and the 30-day 
ACM rate was 21% [116]. An overall clinical cure rate of 
63% and a 30-day ACM rate of 21% were also reported 
among 120 patients receiving cefiderocol for P. aerugi-
nosa infections caused mainly by CR isolates (97% of 114 
isolates tested) [117]. Among 85 (71%) patients receiving 
cefiderocol within a week of positive culture, the clinical 
cure and 30-day ACM rates were 65% and 21%, respec-
tively. Of the total cohort of patients with P. aeruginosa 
infections, one-quarter of patients (23%) had at least four 
major comorbid conditions, 14% had COVID-19 infec-
tion during index hospitalization, 76% were in the ICU, 
and 55% were receiving mechanical ventilation. Polymi-
crobial infections were recorded in 36% of cases, mainly 
with A. baumannii (23%). Cefiderocol was adminis-
tered mostly as monotherapy (68%) and 12% of patients 
received it following failure on another Gram-negative 
antibiotic [117].
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Viale et  al. conducted a systematic literature review 
involving 150 cefiderocol-treated patients in the real-
world setting from 44 studies/reports [118]. The most 
frequent clinical diagnosis was pneumonia (22%), and 
P. aeruginosa and A. baumannii were the two most fre-
quent pathogens [118]. The duration of cefiderocol treat-
ment ranged between 2  weeks and > 6  weeks, although 
it was not reported for 35% of patients. Across all stud-
ies, the overall clinical response, microbiological cure, 
and mortality rates were 80%, 72%, and 35%, respectively 
[118].

A case series of patients with VAP and/or BSI caused by 
A. baumannii aimed to find an association between cefi-
derocol  Cmin/MIC ratio and microbiological outcomes. 
In this investigation, four patients received ECMO sup-
port (one also received CRRT) and had either optimal or 
quasi-optimal Cmin/MIC ratios. ECMO support did not 
appear to have an influence on the microbiological result 
following cefiderocol treatment [94]. In a recent report, 
one patient without comorbid conditions, who developed 
VAP and sepsis, received ECMO and was infected by 
XDR/DTR A. baumannii, New Delhi metallo-beta-lac-
tamase (NDM)-producing K. pneumoniae, and Candida 
auris. Following cefiderocol treatment with dose adjust-
ment, clinical cure, microbiological cure was reported for 
the patient with survival at day 30 [112].

Resistance emergence on‑therapy
Although clinical cases of resistance emerging dur-
ing therapy have been reported [90, 101, 105, 119–121], 
resistance to cefiderocol remains relatively uncommon. 
It is likely that on-therapy resistance requires a variety 
of concurrently present mechanisms, such as increased 
expression of specific MBLs (e.g., NDM), mutations in 
AmpC beta-lactamase, siderophore receptors, and regu-
lators of iron transport channels, and/or target (penicil-
lin-binding protein-3) modifications [122, 123]. Reports 
indicate that certain mutations in iron-transport genes, 
which are species specific, do not increase cefiderocol 
MIC values consistently above the susceptibility break-
points [19], unless other resistance mechanisms are 
also present [123]. A cefiderocol-resistant NDM-pro-
ducing K. pneumoniae strain obtained in  vitro and due 
to functional loss of the iron transporter gene cirA was 
outcompeted by the parent strain in  vitro, thus show-
ing a fitness defect that suggests this resistance mecha-
nism has low propensity to disseminate in the absence of 
strong selective pressure [124]. However, an outbreak of 
highly cefiderocol-resistant NDM-producing K. pneumo-
niae causing clinical infections, and due mainly to clonal 
expansion of a mutant with an inactivated cirA gene, has 
recently been observed in the absence of strong selective 
pressure [125].

Increases of ≥ four-fold in the MICs emerged in simi-
lar proportions of patients receiving cefiderocol and 
comparator antibiotics in both the randomized CRED-
IBLE–CR study (cefiderocol 15% [A. baumannii, K. pneu-
moniae, P. aeruginosa and S. maltophilia] and BAT 13% 
[K. pneumoniae, A. baumannii, E. coli]) and the rand-
omized APEKS–NP study (cefiderocol 5% [Enterobacter 
aerogenes, K. pneumoniae, E. cloacae and S. marcescens] 
and meropenem 4% [K. pneumoniae, P. aeruginosa and C. 
freundii]), although in most cases the elevated cefidero-
col MIC did not reach resistance [72, 73, 126]. To date in 
real-world cases, on-therapy resistance during or after 
cefiderocol treatment were reported for two patients with 
CR P. aeruginosa infections [101, 105], three patients with 
CRE infections [119, 120, 127], and five patients with CR 
or XDR A. baumannii infections [90, 121]. Regular moni-
toring of resistance emergence is needed for clinical use 
of cefiderocol.

Role of cefiderocol in the ICU
Overall, published data indicate that cefiderocol is a use-
ful addition to the antibiotic armamentarium against 
CRE, DTR-P. aeruginosa, CR A. baumannii, and rare 
species, such as Achromobacter spp., S. maltophilia or 
Burkholderia spp. [13, 14, 19, 23, 30, 72, 73]. Preclinical 
studies confirm that standard dosing leads to bactericidal 
activity of cefiderocol and population PK analyses show 
adequate exposure in plasma and ELF for the treatment 
of infections with cefiderocol MIC values up to 4 µg/mL 
across all renal function groups [71, 76]. Phase 3 clini-
cal studies showed similar or statistically comparable 
efficacy in critically ill patients between cefiderocol and 
comparator antibiotics at standard and renal function-
adjusted doses, including patients with ARC [72, 73]. 
In addition, clinical studies and real-world case reports 
in critically ill patients also confirm the similar safety of 
cefiderocol to other beta-lactams, and that an increase 
in ACM rates in the cefiderocol arm of the randomized 
CREDIBLE–CR study was not due to toxicity. In the ran-
domized CREDIBLE–CR study, notable baseline imbal-
ances were observed between the two treatment arms 
among patients with CR A. baumannii infections, mak-
ing interpretation of efficacy and ACM findings difficult 
[73]. This is further complicated by the finding that ACM 
among patients in the BAT arm with CR A. baumannii 
infections was substantially lower relative to the rates 
observed with other treatments in previous randomized, 
controlled studies [82]. Further studies are required to 
clarify the role of cefiderocol treatment for the patient 
population in which it is intended to be used.

Comparative clinical data with cefiderocol and other 
newer beta-lactam antibiotics are scarce. Surveillance 
studies have demonstrated that a large proportion of 
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Gram-negative isolates are susceptible to cefiderocol 
even if they are non-susceptible to the newer BL–BLI 
agents (Table 2) [28, 30]. Cross-resistance between cefi-
derocol and the new BL–BLIs has been observed to be 
rare. Pathogens are also likely to remain susceptible to 
cefiderocol when the isolates carry an MBL gene or porin 
mutations [19]. Furthermore, cefiderocol is the only beta-
lactam antibiotic that has activity against most clini-
cally relevant, problematic non-fermenter species such 
as P. aeruginosa, A. baumannii complex, S. maltophilia, 
Achromobacter spp., and B. cepacia complex frequently 
encountered in the ICU or in certain patient groups (e.g., 
colonization in patients with cystic fibrosis [CF]) [19, 28]. 
Against P. aeruginosa resistant or not susceptible to a 
range of common antipseudomonal antibiotics, cefidero-
col MICs ranged between ≤ 0.06 and 4 μg/mL for 98.3% 
of all isolates, and susceptibility rates were 97.4% and 
97.9% against XDR and MDR isolates, respectively [128]. 
Thus, cefiderocol has the broadest spectrum in terms of 
species and resistance mechanisms present in CR Gram-
negative pathogens (Table 5) [13, 19, 28, 30].

Positioning within expert guidelines is another useful 
way to assess the relative merits of newer and established 
agents [129–134]. The European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID) guide-
lines [129] reviewed all available clinical evidence for 
each antibiotic through PICO questions (i.e., patients, 
intervention, comparator, outcome). However, because 
current recommendations by ESCMID for or against 
newer antibiotics in the treatment of severe CRE infec-
tions, DTR P.  aeruginosa, and CR A. baumannii infec-
tions are often supported by low-quality evidence, the 
role of some of the newer antibiotics remains unclear 
[129]. Gatti et  al. have developed different treatment 
algorithms based on types of resistance mechanism and 
infection [132–134]. These Italian recommendations are 
aligned in general with the ESCMID guidelines in that 
the recommendations for cefiderocol are cautious and its 
use in critically ill patients should be targeted to CRE, CR 
P. aeruginosa, and CR A. baumannii infections with cer-
tain resistance mechanisms when in vitro activity is con-
firmed [132–134]. The two Infectious Diseases Society 
of America (IDSA) guidances are based on anatomical 
infection site, resistance mechanisms, and species [130, 
131]. Cefiderocol is recommended as an alternative treat-
ment option for patients with complicated UTIs caused 
by CRE, for infections outside the urinary tract caused 
by MBL-producing CRE, or as an alternative agent for 
CRE infections outside the urinary tract due to KPC-
producers [130]. In UTIs caused by DTR P. aeruginosa, 
cefiderocol is one of the preferred treatment options, 
and for infections outside the urinary tract, cefiderocol is 
an alternative option [130]. For the treatment of CR A. 

baumannii and moderate/severe S.  maltophilia infec-
tions, cefiderocol is recommended in combination with 
other agents [131].

Consistent with best antibiotic stewardship practices, 
cefiderocol use should be considered as an early targeted 
treatment option in patients in whom an XDR, DTR, CR, 
or MDR infection is highly suspected or documented 
given the deleterious outcomes associated with delayed 
receipt of effective therapy [99]. However, susceptibil-
ity testing even for cefiderocol is highly recommended 
to ensure treatment of susceptible pathogens [99, 100]. 
Among the testing methods that have been developed, 
currently, the BMD method with iron-depleted medium 
provides consistently accurate susceptibility results for 
cefiderocol [24, 26]. Patients with an increased likelihood 
of MDR Gram-negative bacterial infection include those 
with prior hospitalization, prior antibiotic use within 
90 days, previous infection or colonization with a drug-
resistant bacteria in the gut, urinary tract or respiratory 
tract, age > 70  years, diabetes mellitus, chronic obstruc-
tive pulmonary disease, or malignancy; poor infection 
control in hospital, travel to endemic areas, and high rate 
of local antimicrobial resistance are also contributing fac-
tors [9, 10, 135, 136]. For ICU-acquired pneumonia or 
VAP, individual patient factors such as septic shock at the 
time of VAP, acute respiratory distress syndrome or acute 
renal replacement therapy prior to VAP, and chronic liver 
disease are also linked with increased risk of MDR infec-
tions [9, 10, 136, 137]. Real-world data show that over 
10% of critically ill patients in the ICU with A. bauman-
nii and P. aeruginosa infections, in whom cefiderocol is 
expected to also be an appropriate antibiotic choice [28, 
30], currently receive cefiderocol as a last-resort antibi-
otic [116, 117]. Because cefiderocol susceptibility testing 
may lengthen times to obtain MIC results, the initiation 
of therapy in some clinical settings should not be delayed 
given the high susceptibility rates among most Gram-
negative pathogens, which could be followed by de-esca-
lation of therapy. Further clinical experience is needed to 
explore whether cefiderocol treatment, administered to 
at-risk patients prior to treatment failure with other anti-
biotics, is associated with improved outcomes.

Like other antibiotics for patients with VAP, optimal 
duration of cefiderocol merits further investigation. In 
the randomized APEKS–NP and CREDIBLE–CR Phase 3 
studies, patients with pneumonia and BSI/sepsis received 
cefiderocol treatment on average of 10–11 days [72, 73]. 
However, data are conflicting on the optimal duration 
of therapy for patients with VAP. According to the ATS/
IDSA guidelines, a 7-day treatment is recommended for 
patients with HAP or VAP when improvement in signs 
and symptoms can be detected early. However, prolonged 
treatment should be considered for patients without 
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clinical improvement or for those complicated with sec-
ondary bacteremia [138]. In a prospective controlled 
study in France, the non-inferiority of short-term (8 days) 
versus long-term (15 days) antibiotic treatment could not 
be established in patients with VAP caused by P. aerugi-
nosa, and the study was stopped early due to slow enrol-
ment. A tendency was seen towards a more frequent 
recurrence among patients receiving a short-term treat-
ment, but no impact was found on 28-day mortality rate, 
length of ICU stay, and duration of mechanical ventila-
tion [139]. In contrast, in a meta-analysis of randomized 
clinical studies comparing the outcomes after short-term 
and long-term antibiotic treatment courses in patients 
with VAP, and specifically in the subgroup of patients 
with non-fermenting Gram-negative bacteria, no signifi-
cant differences in the rates of recurrence or relapse were 
found [140]. However, delay in appropriate antibiotics is 
known to impact mortality rates in such at-risk patient 
populations. A recent study has shown that improvement 
in identification of MDR Gram-negative pathogens with 
specific resistance profile through a streamlined micro-
biology workflow shortens the time to select appropri-
ate antibiotics [141]. Such intervention, combined with 
shorter treatment duration, potentially can have a favora-
ble impact on patient outcomes and may result in equal 
rates of overall clinical and microbiological response as 
longer treatment duration. However, after end of anti-
biotic treatment, monitoring of patients is warranted to 
detect any relapse or superinfection that would require 
additional courses of antibiotic treatment, particularly 
among patients with risk factors for drug-resistant patho-
gens [138].

Future directions
Future studies are needed to better define the clinical 
role of cefiderocol for critically ill patients with highly 
resistant Gram-negative infections. One area concerns 
combination therapy. Despite limited randomized Phase 
3 clinical trial data (with cefiderocol being delivered 
exclusively as monotherapy in APEKS–NP and mainly 
as monotherapy [70–80%] in CREDIBLE–CR [72, 73]), 
real-world evidence supports the use of cefiderocol both 
as monotherapy and in combination [53, 58, 90–117]. 
This needs to be further investigated in clinical trials and 
optimal combination partners should be determined. 
Previous work with the in vitro chemostat model and the 
in vivo murine infection models point to the use of avi-
bactam, amikacin and ampicillin/sulbactam [66–69].

Accurate systems for easy and ready-to-use suscep-
tibility testing of cefiderocol by diagnostic laboratories 
are needed for improving drug prescription practice for 
definitive chemotherapy of infections caused by Gram-
negative pathogens with limited treatment options. 

While initial testing by disk diffusion followed by con-
firmation of uncertain results by reference BMD with 
iron-depleted medium can be an acceptable option, eval-
uations of novel commercial testing systems will eventu-
ally indicate reliable alternatives in the future.

The need for routine therapeutic drug monitoring 
(TDM) in the ICU is still being debated [142–145]. Data 
from more than 500 patients in the Phase 1–3 clinical 
studies and population PK modeling suggest that in gen-
eral routine TDM is not essential, because the current 
cefiderocol dosing recommendations are likely to achieve 
the PD target predicted by preclinical animal studies with 
very high probability in all infection types [70, 71, 76]. 
However, certain patient groups, such as those requir-
ing CRRT and/or ECMO, may benefit from routine TDM 
[145], particularly when beta-lactam antibiotics are used 
for their treatment [142, 143]. Currently, data from cefi-
derocol TDM studies for cefiderocol are sparse [94, 97] 
and the contribution of host factors to outcomes cannot 
be discounted [94]. Two ongoing Phase 1 clinical stud-
ies (clinicaltrials.gov NCT04995835 and NCT05373615) 
may clarify dosing needs for these specific patient 
populations.

The emergence of resistance in clinical practice is a 
consideration for all new antibiotics. While the current 
level of non-susceptibility to cefiderocol based on CLSI 
breakpoints is very low (i.e., CRE 1.8%, XDR P. aerugi-
nosa 2.8%, CR A. baumannii 4.2%) [30], resistant isolates 
may develop and spread [121]. On-therapy resistance 
development should be monitored, especially for patients 
with recurrent infections or for non-responders. Rapid 
diagnostic testing to identify the causative pathogen 
and underlying carbapenem resistance mechanisms [8] 
should be more widely adopted and used together with 
risk factor assessment to ensure an appropriate targeted 
approach in patient populations for whom timing of 
appropriate antibiotic treatment is critical.

Future clinical trials are required to help refine the 
role of cefiderocol in the management of seriously ill 
patients with CR Gram-negative bacterial infections. For 
example, the ongoing phase 2 GAMECHANGER trial 
is investigating the efficacy of cefiderocol versus inves-
tigator-determined BAT (within 48 h of the index blood 
culture) for patients with healthcare-associated and 
hospital-acquired Gram-negative BSI [146]. The trial is 
due to be completed in the first quarter of 2023. Addi-
tional information will also be provided by ongoing PK 
studies in patients with CF and pulmonary exacerbation 
(NCT05314764), as well as critically ill patients requir-
ing ECMO (NCT04995835) or CRRT (NCT05373615). 
Finally, it will be essential to continue to monitor the 
benefits of cefiderocol opposite newer antibiotics as they 
enter the clinical arena.
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Conclusions
Based on the reviewed clinical evidence, dosing recom-
mendations, including for patients with severe renal 
impairment, CRRT or ARC, as well as PK/PD and safety 
profiles, cefiderocol can be regarded as one of the treat-
ment options available for CR Gram-negative infections 
in critically ill patients in the ICU, either as monother-
apy or in combination. Consideration should be given to 
the severity of illness and/or the potential for resistance 
emergence. Risk factors associated with mortality should 
be carefully considered when antibiotic treatment, 
including cefiderocol, is selected for patients in the ICU.
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