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ABSTRACT

Carbapenem-resistant Acinetobacter baumannii (CRAB) has been classified by the World Health Orga-
nization as being in the critical category of pathogens requiring urgent new antibiotic treatment op-
tions. Cefiderocol, the first approved siderophore cephalosporin, was designed for the treatment of
carbapenem-resistant Gram-negative pathogens, particularly the non-fermenting species A. baumannii
and Pseudomonas aeruginosa. Cefiderocol is mostly stable against hydrolysis by serine S-lactamases and
metallo-B-lactamases, which are leading causes of carbapenem resistance. This review collates the avail-
able evidence on the in vitro activity, pharmacokinetics/pharmacodynamics, and efficacy and safety of
cefiderocol, and outlines its current role in the management of CRAB infections. In vitro surveillance
data show susceptibility rates of >90% for cefiderocol against CRAB isolates as well as in vitro syner-
gism with a variety of antibiotics recommended in guidelines. Clinical efficacy of cefiderocol monother-
apy against CRAB infections has been demonstrated in the descriptive, open-label CREDIBLE-CR and the
non-inferiority, double-blind APEKS-NP randomised clinical trials as well as in real-world cases in pa-
tients with underlying health problems. To date, the frequency of on-therapy development of cefiderocol
resistance in A. baumannii appears to be low, but monitoring is highly recommended. Within current
treatment guidelines for moderate-to-severe CRAB infections, cefiderocol is recommended for infections
in which other antibiotics failed and in combination with other active antibiotics. In vivo pre-clinical data
support the combination of sulbactam or avibactam with cefiderocol to enhance efficacy and to suppress
the emergence of cefiderocol resistance. The benefit of combination therapy in the clinical setting is yet
to be determined in prospective studies.
© 2023 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

tutions and hospitals [1]. The World Health Organization (WHO)
has classified carbapenem-resistant A. baumannii (CRAB) under the

Acinetobacter baumannii complex is an opportunistic pathogen
that has successfully developed multiple antibiotic resistance
mechanisms and frequently causes outbreaks in healthcare insti-
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critical category requiring urgent new antibiotic treatments [2].
The prognosis of critically ill patients infected by CRAB is of-
ten very poor and mortality rates are higher than for infections
caused by carbapenem-susceptible A. baumannii [3,4]. Studies have
shown that host factors (e.g. immunosuppression, higher Charl-
son comorbidity index), severity of illness [e.g. severe sepsis or
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septic shock, Pitt bacteraemia score, Sequential Organ Failure As-
sessment (SOFA) score], specific clone types, infection source and
inappropriate antibiotics for multidrug-resistant (MDR) A. bau-
mannii or CRAB are independently associated with increased all-
cause mortality [1,5,6]. There is an urgent need for newer, more-
effective antibiotics for infections caused by CRAB [2]. Despite ad-
ministration of active antibiotics, high 28-day mortality rates have
been shown in large randomised controlled trials (RCTs) in pa-
tients with nosocomial pneumonia (NP) and bloodstream infection
(BSI) caused by CRAB [7]. Furthermore, the risk of 28-day mortal-
ity was not reduced by treatment with combinations of colistin
with meropenem, rifampicin or fosfomycin (42-52.2%) compared
with colistin alone (42.9-57.4%) [7,8]. As the activity of generic
agents (e.g. polymyxins, aminoglycosides, tetracyclines and ampi-
cillin/sulbactam) against CRAB varies across regions, new potent
antibiotics with favourable safety profiles are required [9,10].

Cefiderocol is the first approved siderophore cephalosporin and
was designed for the treatment of carbapenem-resistant Gram-
negative pathogens, including Enterobacterales but particularly the
non-fermenting species A. baumannii and Pseudomonas aeruginosa.
Cefiderocol does not have in vitro activity against Gram-positive
bacteria or anaerobes. Cefiderocol is intrinsically stable against hy-
drolysis by most extended-spectrum S-lactamases (ESBLs), class A,
B and D carbapenemases and class C cephalosporinases. As cefide-
rocol enters bacteria mainly through iron transport channels via
siderophore receptors, with a smaller fraction entering via porin
channels, mutations in porin genes have a minimal impact on ce-
fiderocol minimum inhibitory concentrations (MICs) [11,12]. Re-
cent reports have shown the potent in vitro activity and efficacy
of cefiderocol against carbapenem-resistant Enterobacterales (CRE),
both of which have been confirmed in clinical studies [13]. These
data suggest that patients with NP, BSI or complicated urinary tract
infection (cUTI) caused by CRE harbouring metallo-S-lactamases,
0XA-48 oxacillinase, or Klebsiella pneumoniae carbapenemase (KPC)
could benefit from cefiderocol treatment [13].

In this article, we aim to review the evidence on the in vitro
activity, pharmacokinetics/pharmacodynamics (PK/PD), and efficacy
and safety of cefiderocol, along with its role in the management of
CRAB infections.

2. Cefiderocol
2.1. In vitro activity and synergism with other antibiotics

Susceptibility data for cefiderocol against CRAB and
carbapenem-susceptible A. baumannii are shown in Table 1,
and the current susceptibility breakpoints for cefiderocol by the
US Food and Drug Administration (FDA), Clinical and Laboratory
Standards Institute (CLSI) and European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) against A. baumannii are given
in Table 2. The multinational SIDERO surveillance programme,
conducted between 2014 and 2019, systematically collected non-
consecutive Gram-negative bacterial isolates from hospitalised
patients with BSI, respiratory tract infection, UTI, intra-abdominal
infection or wound infection in North America and European
countries [14-19]. Susceptibility testing was performed consis-
tently by the CLSI-approved reference broth microdilution (BMD)
method using iron-depleted cation-adjusted Mueller-Hinton broth
(ID-CAMHB) [14-19]. Cefiderocol MICs against A. baumannii overall
or against CRAB ranged between <0.002 pg/mL and >256 pg/mL,
with MICqy values (MIC required to inhibit 90% of the isolates)
of 1-2 pg/mL (Table 1) [14-19]. In the SENTRY surveillance pro-
gramme, the cefiderocol MICqy was similar to that in the 5-year
SIDERO surveillance programme against 306 meropenem-resistant
A. baumannii isolates collected in 2020 [20]. Cefiderocol suscepti-
bility rates were >90% according to both CLSI and EUCAST criteria
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in the USA and Europe [20]. Susceptibility rates for carbapenem-
non-susceptible A. baumannii were between 77.9% and 97.2% across
different countries and regions (Table 1).

Of 5225 CRAB isolates collected in the SIDERO surveillance pro-
gramme, 204 (3.9%) had high (i.e. =8 pg/mL) cefiderocol MICs
without prior exposure to this antibiotic. The ESBL Pseudomonas-
extended resistance (PER) enzyme, which is involved in mediat-
ing cefiderocol resistance when combined with other factors [21],
was detected in most of these isolates [22-26]. PER-expressing iso-
lates were found mainly in Russia, with a small number in Sweden
and Turkey, but also in Taiwan, China, Bangladesh, Egypt and Saudi
Arabia, in regions without access to cefiderocol [22-29]. However,
PER-harbouring A. baumannii isolates are rarely found in North
America or Europe [26,30-33].

Heteroresistance in A. baumannii has been described for a num-
ber of antibiotic classes, including cefiderocol [34], although the
clinical significance is not clear. In an in vitro study of ten differ-
ent A. baumannii strains with different susceptibilities to cefidero-
col, including strains resistant to colistin and/or meropenem, bac-
tericidal activity was followed by re-growth in four strains with
10% CFU/mL at the highest cefiderocol concentration (32 pg/mL).
Heteroresistant populations (those with ratio >1/10% colonies at
32 pg/mL of cefiderocol concentration compared with those grow-
ing on antibiotic-free plates) were unstable and returned to ini-
tial MIC values in antibiotic-free media. The addition of serine-
B-lactamase inhibitors, such as avibactam, to cefiderocol restored
cefiderocol antimicrobial activity against resistant and heteroresis-
tant strains [34]. A high level of in vitro cefiderocol heteroresis-
tance, recently described in 108 US CRAB isolates, has been pro-
posed as a potential contributing factor to the observed increased
mortality in the CREDIBLE-CR study [35,36]. However, a recent
analysis of baseline CRAB isolates collected in the CREDIBLE-CR
study did not confirm this hypothesis [37]. Of 38 CRAB isolates
in the cefiderocol arm, nearly one-half (47%) displayed heterore-
sistance by population analysis profiling method, despite nearly
all isolates being susceptible by the BMD method [36,37]. How-
ever, most heteroresistant CRAB isolates collected at randomisa-
tion were found in patients who survived by end of study, and
no correlation was found between heteroresistance and mortality
[37].

In vitro synergism has been demonstrated between cefiderocol
and other antibiotics against A. baumannii. Using humanised doses
against isolates with increased cefiderocol MICs (i.e. 16 pg/mL)
in the chemostat model, sustained bactericidal activity against
PER-1-producing A. baumannii was found with the combination
of cefiderocol and each of avibactam, sulbactam, meropenem and
amikacin [38]. In another study, using disk stacking methodology,
synergism between cefiderocol and ceftazidime/avibactam against
cefiderocol-resistant strains of A. baumannii was demonstrated by
the increase in zone diameter irrespective of PER production [39].
The synergy of cefiderocol plus avibactam at a fixed concentra-
tion of 4 pg/mL was confirmed using the BMD method, with a
64-512-fold reduction in cefiderocol MIC values [39]. Another se-
ries of experiments in A. baumannii strains with cefiderocol MICs
of 16-32 ng/mL confirmed the synergism between cefiderocol and
avibactam, sulbactam, amikacin and minocycline, but not colistin
or ceftazidime [40]. Avibactam does not lead to a reduction in ce-
fiderocol MICs against cefiderocol-susceptible A. baumannii isolates
[41].

Currently, the CLSI has a warning about the reproducibility and
accuracy of the BMD method and the disk diffusion (DD) method
for susceptibility testing against Acinetobacter spp. [42]. These con-
cerns emerged due to difficult-to-interpret MICs and DD endpoints
caused by trailing with BMD or emerging colonies within the
predominant zones of growth inhibition, respectively, for isolates
with cefiderocol MIC > 2 pg/mL. In addition, minor variability in
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Table 1
Regional in vitro activity of cefiderocol against carbapenem-susceptible or -non-susceptible Acinetobacter baumannii
Surveillance Collection period N MIC range MICyg % with MIC %S Susceptibility Reference
programme or region (pg/mL) (pg/mL) <4 pg/mL criteria
SIDERO - overall 2014-2015 (North America) 309 <0.002-8 1 99.0 N/A N/A [14]
SIDERO * 2014-2015 (North America) 173 <0.002-8 1 98.3 N/A N/A [14]
SIDERO - overall 2014-2015 (Europe) 839 0.004-64 1 97.0 N/A N/A [14]
SIDERO * 2014-2015 (Europe) 595 0.004-64 1 96.5 N/A N/A [14]
SIDERO - overall 2014-2019 (North 5225 <0.002 to 1 96.0 96.0 CLSI [19]
America + Europe) >256 94.1 EUCAST
SIDERO * 2014-2019 (North 2810 <0.002 to 2 94.2 94.2 CLSI [19]
America + Europe) >256 91.1 EUCAST ©
SENTRY - overall 2020 650 <0.004 to 1 97.7 97.7 CLSI [20]
>64 95.7 EUCAST
SENTRY ¢ 2020 306 0.015 to >64 2 95.8 95.8 CLSI [20]
91.5 EUCAST ?
Greece © 2010-2016 107 <0.03-2 0.5 100 N/A N/A [113]
Switzerland ¢ 2000-2016 85 0.03-64 4 N/A N/A N/A [114]
Canada © 2015-2017 11 <0.03-0.25 N/A 100 100 CLSI [115]
Taiwan ' 2016-2017 100 0.06 to >64 8 88 N/A N/A [116]
Taiwan ¢ 2018-2020 255 0.06 to >64 2 N/A 94.9 CLSI [117]
Germany " 2013-2014 13 0.06-0.12 0.12 100 N/A N/A [118]
Germany ' 2014-2021 39 0.016-24 N/A 84.6 77.9 EUCAST [119]
UK (England) J 2014-2018 70 0.008 to 1 94.3 94.3 EUCAST [15]
>256
France © 2014-2018 16 0.008-8 2 N/A 93.8 EUCAST [16]
Spain © 2014-2018 175 0.015-4 1 100 96.6 EUCAST [17]
Italy © 2014-2018 354 <0.004 to 2 N/A 95.2 EUCAST © [18]
>256
Italy * 2019-2021 70 N/A 1 N/A 97.2 EUCAST [120]

CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility Testing; MIC, minimum inhibitory concentration; MICqg, MIC

required to inhibit 90% of the isolates; N/A, not available; %S, percent susceptible.
2 All meropenem-non-susceptible.

b EUCAST species-independent pharmacokinetic-pharmacodynamic (PK/PD) breakpoint.

¢ All meropenem-resistant.

4 All carbapenemase producers.

¢ All meropenem-susceptible.

f All imipenem-resistant.

€ 99.2% carbapenem-resistant.

h 38.5% meropenem-resistant.

1 76.9% carbapenem-non-susceptible.
12.9% meropenem-non-susceptible.
k 95.7% imipenem-resistant.

Table 2

Cefiderocol susceptibility breakpoints by US Food and Drug Administration (FDA), Clinical and Laboratory Standards Institute (CLSI) and European Committee on Antimi-

crobial Susceptibility Testing (EUCAST)

MIC (pg/mL)

Disk zone diameter (mm) (for 30 pg disk)

S 1 R S I R
FDA [121] <1 2 >4 >19 12-18 <11
CLSI [122] <4 8 >16 >15 - -
EUCAST [44] IE - IE IE - IE
EUCAST PK/PD (non-species related) breakpoints ® [44] <2 - >2 - - _

, intermediate; IE, insufficient evidence; MIC, minimum inhibitory concentration; PK/PD, pharmacokinetic/pharmacodynamic; R, resistant; S, susceptible.

2 Broth microdilution MIC determination must be performed in iron-depleted Mueller-Hinton broth, and specific reading instructions must be followed.

the inoculum level caused major differences in cefiderocol MICs.
They recommend the use of a nephelometer to confirm the colony
counts [42]. For Enterobacterales and Pseudomonas, EUCAST recom-
mends starting susceptibility testing with DD, and if the zone di-
ameter falls within the area of technical uncertainty (ATU) range,
another test should be performed [43]. However, EUCAST has not
yet established clinical breakpoints or ATU for Acinetobacter spp.
[44], but zone diameters >17 mm by DD corresponded with MICs
of <2 ng/mL for all but one isolate [43], which is equivalent with
the PK/PD breakpoint [44]. Thus, isolates showing ambiguous re-
sults by DD should be re-tested by disk or a broth-based method,
which could be the reference ID-CAMHB method or commercial
broth tests such as ComASP® (Liofilchem) or UMIC (Bruker). Both
of these commercial broth tests use ID-CAMHB and seem to pro-
vide reliable MIC values, which correlate with the zone diameters
provided by the DD method [45]. Currently, other commercially

available methods such as gradient strips are not reliable to con-
firm cefiderocol susceptibility for Acinetobacter spp.

Although data are limited currently, cefiderocol appears to have
in vitro activity in the biofilm setting for a number of Gram-
negative pathogens, including A. baumannii [46]. At a concentration
of 4 ng/mL, cefiderocol reduced biofilm mass formation by 67-80%
against A. baumannii and the effect was comparable with that of
other tested antibiotics [46G]. However, a retrospective, multicentre
study conducted in Taiwan has shown that there was no differ-
ence in all-cause mortality (ACM) rates or carbapenem susceptibil-
ity status between patient populations infected by biofilm-forming
and non-biofilm-forming forms of A. baumannii, but it highlighted
some important differences in the clinical characteristics of pa-
tients between these two populations [47]. Thus, currently the role
of biofilm formation in the clinical setting regarding patient out-
comes remains unclear.
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2.2. Pre-clinical in vivo effectiveness and combination treatment

The bactericidal activity of cefiderocol was investigated in sev-
eral pre-clinical infection models. Dose fractionation studies in
neutropenic murine thigh and lung infection models showed that
the percentage of the dosing interval during which the free cefide-
rocol concentration remains above the MIC (%fT.pc) is the main
PD driver of carbapenem-resistant Gram-negative bacteria killing
[48]. Using the neutropenic murine lung infection model caused by
three different A. baumannii isolates, the mean %fT. \c of the dos-
ing interval required to achieve a 1 log reduction in the growth of
CRAB isolates was 88% [48]. In an immunocompetent rat lung in-
fection model, humanised cefiderocol exposure with 3-h infusions
every 8 h over 96 h resulted in bactericidal effects against CRAB
strains, with at least a 3 logg reduction in bacterial load [49].

The susceptibility breakpoint for cefiderocol was suggested as 4
pg/mL based on results from a neutropenic murine thigh infection
model under 24-h humanised exposure of cefiderocol, which was
applicable to all Gram-negative species tested, including A. bau-
mannii. Across 35 A. baumannii strains with cefiderocol MICs rang-
ing from 0.12 pg/mL to >256 ng/mL, bacterial stasis or >1 log CFU
reduction in growth was achieved for 87% of isolates with cefidero-
col MICs of <2 pg/mL and 88% of isolates with cefiderocol MICs of
<4 pg/mL. In contrast, growth of isolates with cefiderocol MICs of
>8 pg/mL was not reduced over 24 h [50]. In a subsequent inves-
tigation in the same pre-clinical PD model, sustained bacterial kill
or stasis over 72 h was demonstrated against CRAB isolates with
cefiderocol MICs of 0.5, 1 and 4 pg/mL, but not 16 pg/mL [51].

In vivo efficacy was also investigated for seven A. bauman-
nii strains that showed re-growth and resistance development in
the in vitro chemostat model [52]. While post-exposure MICs of
these isolates were elevated (from 1-2 pg/mL to 8-128 pg/mlL)
in the in vitro system, clinically relevant exposures of cefidero-
col that simulated the 2 g every 8 h 3-h infusion regimen in
the in vivo translational murine thigh model did not display MIC
elevations, and sustained bacterial killing was found over 72 h
for five of seven strains [52]. The resistance to cefiderocol ob-
served in vitro was linked to mutations emerging in the tonB
gene and a reduction in mRNA levels of exbB and exbD, genes
that are linked to iron transport [52]. Importantly, an investiga-
tion in the neutropenic murine thigh infection model previously
demonstrated that the in vivo efficacy and bactericidal effects of
cefiderocol humanised exposures against A. baumannii are not di-
minished under iron overload conditions compared with standard
iron level conditions [53]. Furthermore, cefiderocol in combination
with meropenem, ceftazidime/avibactam or ampicillin/sulbactam
more effectively reduced the bacterial load in vivo against three
cefiderocol-susceptible A. baumannii isolates (MIC 2 pg/mL) than
cefiderocol alone at humanised exposures. Additionally, cefiderocol
combined with ceftazidime/avibactam or ampicillin/sulbactam also
prevented the development of resistance [54].

Among A. baumannii defined as non-susceptible to cefidero-
col (MIC 8 pg/mL or >32 pg/mL), humanised exposures of ce-
fiderocol in combination with ceftazidime/avibactam and ampi-
cillin/sulbactam resulted in profound in vivo bactericidal activity
(mean changes in log;q CFU/thigh of up to -5.55) in all 12 isolates
tested, whereas synergistic activity was observed in 8/12 isolates
with the cefiderocol-meropenem combination regimen [54,55].

2.3. Cefiderocol pharmacokinetics, population pharmacokinetics and
exposure

In healthy subjects, a linear PK profile has been demonstrated
for ascending single doses of cefiderocol between 100 mg and
4000 mg [56,57]. Following multiple dosing of cefiderocol up to
2000 mg in 1-h infusions in healthy subjects, there was no ac-
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cumulation of cefiderocol and the terminal elimination half-life
ranged from 2 h to 3 h [56]. Protein binding was ~60% in healthy
subjects [58].

The majority of cefiderocol in plasma is excreted via the kid-
neys [59] and no clinically relevant metabolites have been iden-
tified [59]. Compared with subjects with normal renal function,
subjects with mild, moderate or severe renal impairment as well
as with end-stage renal disease without haemodialysis showed an
increase in cefiderocol area under the concentration-time curve
(AUC) (from 212.0 pg-h/mL to 872.5 pg-h/mL) and half-life (from
2.8 h to 9.6 h) and a decrease in renal clearance (from 4.7 L/h to
1.1 L/h) [58]. Additionally, the volume of distribution ranged be-
tween 13.5 L and 16.4 L [58]. Thus, cefiderocol dose adjustment is
required for patients with renal impairment. The standard dosing
of cefiderocol is 2 g infused over 3 h every 8 h in patients with
creatinine clearance of 60-89 mL/min (mild impairment) and 90-
119 mL/min (normal renal function). Cefiderocol dosing for patients
with moderate and severe renal impairment is 1.5 g infused over 3
h every 8 h and 1 g infused over 3 h every 8 h, respectively. For pa-
tients with end-stage renal disease, the cefiderocol dose is reduced
to 0.75 g infused over 3 h every 12 h [60]. Critically ill patients
who require continuous renal replacement therapy (CRRT) are at
risk of suboptimal antibiotic dosing and therefore potential treat-
ment failure. A recent analysis identified effluent flow rate during
CRRT as the covariate requiring adjustment by cefiderocol dosing
regimen [61]; thus, FDA-validated recommendations have been in-
corporated into the cefiderocol prescribing information [62,63]. Ce-
fiderocol dosing for patients with augmented renal clearance (ARC)
is 2 g infused over 3 h every 6 h [60], and this was confirmed in
the phase 3 clinical trials and incorporated into the product label.

Effective lung penetration of cefiderocol has been demonstrated
both in healthy subjects and in patients with pneumonia requiring
mechanical ventilation [64,65]. Population PK modelling, based on
healthy subjects and patients with Gram-negative cUTI, NP or BSI
receiving approved doses of cefiderocol in phase 2 and phase 3
studies, adequately described cefiderocol plasma concentrations,
with creatinine clearance as the most significant covariate [60].
The probability of target attainment (PTA) for 100% fT._pc was
>90% across all infection sites and renal function groups for
pathogens with cefiderocol MICs of <4 ng/mL, with the exception
of those with BSI and normal renal function, in whom the PTA
was 85% [60]. The estimated free minimum plasma concentration
in patients with ARC was >4 pg/mL, making the current approved
dosing regimen adequate for the treatment of such patients [60].
Interesting findings from a PK/PD study reported no correlation
between clinical outcome, microbiological outcome or vital status
and PD target levels (i.e. 100% fT.pc) [60] and showed that a more
conservative target (%fT.4 . mic) was achieved by 83% of patients
in the two cefiderocol phase 3 RCTs, namely CREDIBLE-CR and
APEKS-NP [36,60,66]. Among patients with pneumonia, the esti-
mated maximum concentrations of cefiderocol and the AUC were
similar in ventilated and non-ventilated patients [60], and the ep-
ithelial lining fluid to plasma penetration ratio was 34%, with a PTA
of 100%fT. \ic being estimated in most patients; >99.5% for Gram-
negative pathogens with cefiderocol MIC < 2 pg/mL and >87%
with cefiderocol MIC < 4 pg/mL across all renal function groups
[67].

3. Clinical evidence
3.1. Randomised controlled trials
To date, two phase 3 RCTs have been conducted in critically

ill patients with NP, BSI or cUTI that included patients with
carbapenem-susceptible A. baumannii or CRAB [36,66].
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The CREDIBLE-CR study was an open-label, international, de-
scriptive (i.e. no inferential hypothesis testing), parallel-group,
phase 3 study that enrolled hospitalised patients with serious
carbapenem-resistant Gram-negative bacterial infections, including
NP, BSI or cUTI [36]. The exclusion criteria were very limited,
enabling enrolment of patients with carbapenem-resistant Gram-
negative bacterial infections or with prior treatment failure and se-
rious underlying medical co-morbidities. Patients were stratified at
the time of randomisation for infection site, Acute Physiology and
Chronic Health Evaluation (APACHE) II score and region, but not
for specific pathogens. Nearly one-half of the patient population
had pneumonia and ~30% had BSI, which were caused primarily
by CRAB [NP: cefiderocol 65%, best available therapy (BAT) 53%;
BSI: cefiderocol 44%, BAT 50%) [36].

Clinical cure (NP: cefiderocol 50%, BAT 60%; BSI: cefiderocol
30%, BAT 43%) and microbiological eradication (NP: cefiderocol
31%, BAT 30%; BSI: cefiderocol 20%, BAT 29%) rates at test of cure
(i.e. 7 £ 2 days following end of treatment) were generally simi-
lar in the cefiderocol and BAT arms for patients with CRAB [36].
Although administration of a second agent in combination with
cefiderocol was permitted for patients with NP and BSI, ~78% of
these patients received cefiderocol monotherapy. In the BAT arm,
76% of these patients with CRAB infections received combination
therapy, which was usually colistin-based [7,36].

Bassetti et al. reported a numerically increased ACM in the
cefiderocol arm at each study visit, mainly among patients with
NP or BSI caused by Acinetobacter spp.; Day 28 ACM was 38%
in the cefiderocol arm and 18% in the BAT arm [7,36]. The ACM
rate with cefiderocol was within the range seen in other ran-
domised, controlled and retrospective observational studies (i.e.
15-52%) [7,8,68-71], possibly due to similarities in the vulnerabil-
ity, host factors and site of infection of the enrolled patient pop-
ulations [7]. Among patients with CRAB and other Acinetobacter
spp. at randomisation in the CREDIBLE-CR study, patients in the
cefiderocol arm were generally older, with slightly higher median
APACHE 1I score, and moderate or severe renal impairment and a
Charlson comorbidity index >6 were more frequent [36]. Perhaps
most importantly, there were substantial numerical differences in
patients with ongoing/prior shock and intensive care unit (ICU) ad-
mission (cefiderocol 26% and 81% and BAT 6% and 47%, respec-
tively) [36]. The severity of illness was reflected by multiple un-
derlying co-morbidities (e.g. pulmonary or cerebral haemorrhage,
burns, malignancy, cirrhosis) in all patients who died [36].

APEKS-NP was a registrational, double-blind, international, non-
inferiority, controlled RCT in patients with ventilator-associated
pneumonia (VAP), hospital-acquired pneumonia or healthcare-
associated pneumonia comparing cefiderocol 2 g by 3-h infusion
every 8 h with meropenem 2 g by 3-h infusion every 8 h [66]. The
study tested the null hypothesis that cefiderocol was non-inferior
to meropenem for ACM at Day 14 with a non-inferiority margin
of 12.5% [66]. Exclusion criteria included cystic fibrosis, bronchiec-
tasis, refractory septic shock, concomitant central nervous sys-
tem (CNS) infection or mould infection, APACHE II score >35 and
knowledge that a baseline qualifying Gram-negative pathogen at
randomisation was carbapenem-resistant [66].

High-dose, extended-infusion meropenem was selected as the
comparator arm to treat Gram-negative pathogens, including A.
baumannii, with meropenem MIC up to 8 pg/mL, which is the
EUCAST high-dose meropenem susceptibility breakpoint [44]. A
recent pre-clinical study, combined with PD modelling, demon-
strated that meropenem 2 g every 8 h infused over 3 h could
provide adequate/sufficient exposure against A. baumannii isolates
with meropenem MICs up to 16 pg/mL [72]. Monte Carlo simula-
tions confirmed that meropenem at higher doses (i.e. 2 g every 8
h in continuous infusion) would achieve a PTA of 100%fT. 3 wic for
Gram-negative pathogens with meropenem MICs of 8 pg/mL for
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patients with ARC, a PTA of 100%fT>5,ic up to 16 pg/mL for pa-
tients with normal renal function, and a PTA of 100%fT>5, mic up
to 32 pg/mL for patients with severe renal impairment [73].

The baseline characteristics in APEKS-NP in the two treatment
arms were balanced at randomisation both among ventilated and
non-ventilated patients, including those with Acinetobacter spp.;
approximately 70% and 66% were being treated in the ICU, 33%
and 32% had empirical treatment failure, and <10 patients per
treatment arm had shock [66]. Acinetobacter baumannii and other
Acinetobacter spp. at randomisation were isolated in 26 (18%) and
27 (18%) patients in the cefiderocol and meropenem arms, respec-
tively [66].

The study met the primary endpoint, with ACM rates at Day 14
of 12.4% in the cefiderocol arm and 11.6% in the meropenem arm
[treatment difference 0.8, 95% confidence interval (CI) -6.6 to 8.2]
[66]. Among patients with A. baumannii, 5 (22%) of 23 patients and
4 (17%) of 24 patients died by Day 14 (treatment difference 5.1, 95%
Cl -17.4 to 27.6). By Day 28, 7 (32%) of 22 patients and 6 (25%)
of 24 patients had died (treatment difference 6.8, 95% CI -19.2
to 32.9) [66]. Rates of clinical cure (cefiderocol 52%, meropenem
58%) and microbiological eradication (cefiderocol 39%, meropenem
33%) were similar between treatment arms at test of cure among
patients with A. baumannii [66]. A post-hoc analysis showed that
Day 28 ACM was comparable (cefiderocol 33%, meropenem 39%)
for patients who had meropenem-resistant (i.e. meropenem MIC >
8 ng/mL) Acinetobacter spp., however mortality tended to be higher
for the meropenem arm when meropenem MICs were >32 pg/mL
[66].

3.2. Controlled observational studies and case reports

Since approval in 2019 by the FDA and in 2020 by the European
Medicines Agency (EMA), cefiderocol has been used for the treat-
ment of MDR, carbapenem-resistant or extensively drug-resistant
(XDR) Gram-negative infections, including patients with A. bau-
mannii, mainly during the period of the COVID-19 (coronavirus dis-
ease 2019) pandemic. Some patients have been treated as part of
the pre-regulatory approval, compassionate-use programme in the
USA, Canada and Europe.

In a retrospective, multicentre, observational, cohort study of
ICU patients who developed CRAB infections between January
2020 and April 2021, a total of 46 received cefiderocol as com-
passionate use (i.e. patients had no alternative treatment option
due to prior treatment failure or toxicity) and 82 patients received
colistin-based treatment [74]. Most patients had COVID-19 pneu-
monia (cefiderocol 42, colistin-based treatment 65), who were the
basis of the analysis, and required mechanical ventilation (cefide-
rocol 42, colistin-based treatment 63) during this period. Patients
had lower respiratory tract infection or BSI caused by CRAB. Me-
dian SOFA scores were similar at admission (cefiderocol 9, other
antibiotics 8), and septic shock was present in 46% and 38% of
patients receiving cefiderocol or colistin-based treatment, respec-
tively [74]. Clinical cure within 14 days was reported for 40% and
36% of patients, with a reduction in median SOFA score to 1 and
0, in patients receiving cefiderocol or colistin-based treatment, re-
spectively [74]. Despite clinical improvement, at Day 14 40% of
cefiderocol-treated patients and 51% of patients receiving other an-
tibiotics had died; at Day 28, mortality had increased to 55% and
58%, respectively [74].

The second retrospective, observational cohort study enrolled
124 consecutive critically ill patients with CRAB infection, mainly
BSI or VAP, between June 2019 and August 2021 [75]. Among
47 patients receiving cefiderocol, ~68% received it in combina-
tion with other antibiotics (including tigecycline, fosfomycin, ampi-
cillin/sulbactam, meropenem/vaborbactam or ertapenem, and ex-
cluding colistin). Similarly, among 77 patients receiving colistin-
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based regimens, 83% received combination therapy [75]. Illness
severity was reflected by high SOFA and APACHE II scores, ~40%
with underlying COVID-19 pneumonia, 60% with septic shock and
25% with acute kidney injury at the time of sepsis. Extracorporeal
membrane oxygenation was significantly more frequent among
cefiderocol-treated patients (14.9% and 2.6%, respectively), who
also had a significantly longer duration of hospital stay (median
28 days and 13 days, respectively). By Day 30, 34% of patients re-
ceiving cefiderocol and 56% receiving colistin-based treatment had
died [75]. The authors reported more frequent microbiological fail-
ure among patients receiving cefiderocol than patients receiving
colistin-based regimens [17.4% (8/46) and 6.8% (5/74); not signifi-
cant], 4 of whom developed resistance on therapy [75]. ACM at Day
14 was significantly lower with cefiderocol for BSI patients (7.4%
and 42.3%; P = 0.001) but not VAP patients (33.3% and 52.2%). In
multivariate analysis, septic shock, SOFA score and age were inde-
pendent predictors of Day 30 mortality, and cefiderocol treatment
was an independent protective factor [75].

In a single-centre, retrospective, observational study, outcomes
were compared following cefiderocol- or colistin-containing treat-
ment in patients with COVID-19 pneumonia requiring mechanical
ventilation and who developed VAP and secondary bacteraemia
caused by XDR or pandrug-resistant A. baumannii [76]. Patients
hospitalised in the ICU between March 2020 and August 2022 were
included. Nearly all (91.7%) of the 73 patients had septic shock,
but baseline clinical characteristics were generally similar between
the two treatment groups. For all 19 patients treated with cefide-
rocol, also fosfomycin, tigecycline and/or meropenem was applied
in combination therapy [76]. In this study, cefiderocol-containing
treatment, particularly in combination with fosfomycin, was in-
dependently associated with 30-day survival [76]. Another single-
centre, retrospective investigation in patients with CRAB infections,
either pneumonia or BSI, found similar clinical cure, microbio-
logical eradication and mortality rates between cefiderocol- and
colistin-based therapies; however, 30 of 60 patients received ce-
fiderocol as monotherapy [77].

Cefiderocol has also been used in a number of case reports/case
series as a last-resort antibiotic in 150 patients with serious in-
fections involving XDR A. baumannii, MDR A. baumannii, CRAB or
difficult-to-treat resistance (DTR) A. baumannii (Table 3) [78-100].
Cefiderocol monotherapy or combination therapy was used suc-
cessfully in patients aged between 18 years and 92 years with a
variety of infection types, including NP, BSI, meningitis and pros-
thetic joint infection, which were complicated by sepsis, COVID-19
pneumonia or other co-morbidities. Among these reported cases,
one patient had CNS infection [90], but to date no paediatric cases
were reported with A. baumannii or CRAB infections. Most patients
were successfully treated with cefiderocol (approximately 55-65%),
although clinical or microbiological failure and deaths due to any
cause were also reported (Table 3) in concordance with previous
reports [7,8,68,69].

4. Emergence of on-therapy resistance

On-therapy resistance development in the phase 3 RCTs was
monitored by central laboratory confirmation of cefiderocol MICs
in cultures collected at randomisation and during and following
treatment. In the CREDIBLE-CR study, 5 (12.8%) of 39 patients with
CRAB had isolates with 4-16-fold on-treatment increases in ce-
fiderocol MICs, although post-treatment isolates remained suscep-
tible by CLSI criteria (MICs 1, 1 and 4 pg/mL) for three patients
and had MICs of 8 pg/mL in two patients [36]. In the BAT arm,
2 (11.8%) of 17 patients with CRAB showed >16-fold increases in
the MICs of the antibiotics they were receiving (colistin and tige-
cycline) [36]. Only three of the five baseline isolates were genet-
ically linked to the post-treatment isolates with higher cefidero-
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col MICs, and whole-genome sequencing identified a point muta-
tion in penicillin-binding protein 3 (n = 1), two point mutations
in OXA-23 (n = 1) and no mutations in the third CRAB isolate
[101]. On-therapy resistance among patients receiving cefiderocol
monotherapy was also reported in four patients in an Italian ob-
servational retrospective study [during (n = 2) or following (n = 2)
cefiderocol treatment] [75], in one critically ill patient in an Ital-
ian case series [82], and in one patient in a burn ICU that led
to an outbreak of cefiderocol-resistant CRAB isolates with muta-
tions in piuA, a TonB-dependent siderophore receptor, or pirA, a
siderophore gene [102]. Russo et al. have recently reported that ce-
fiderocol resistance emerged during therapy in two patients who
received cefiderocol in combination therapy [76].

5. Role of cefiderocol in the management of
carbapenem-resistant Acinetobacter baumannii infections

Management of patients with CRAB infections is challeng-
ing due to limited treatment options [10,103,104] combined with
the multiplicity of host factors. The most frequently used agents
include colistin, polymyxin B, tigecycline, minocycline, ampi-
cillin/sulbactam and meropenem in extended infusion at high dose
if the meropenem MIC is <8 pg/mL for CRAB (Fig. 1); however,
important limitations of some of these agents regarding safety and
tissue levels have been recognised [10].

Several studies have highlighted that ICU patients with CRAB
infections can be highly vulnerable [68,70,71,105]; thus, the safety
profile of antibiotics selected for treatment is critical. Among the
treatment options, colistin and polymyxin B use are often asso-
ciated with acute kidney injury within 14 days in 30-50% of pa-
tients [8,68-70,106]. Colistin use also led to the emergence of
other adverse events such as hyponatraemia, hypomagnesaemia,
hypokalaemia and hypophosphataemia [106]. Tigecycline use is not
recommended for patients with BSI because of the low plasma
concentrations and lack of established susceptibility breakpoints
[10]. Both the polymyxins and some tetracyclines have limited pen-
etration into certain infections sites (e.g. lung or urine). Cefiderocol
is a siderophore cephalosporin with a safety profile similar to that
of other B-lactams and achieves appropriate drug exposure for use
in critically ill patients [36,66,107].

Therapeutic drug monitoring has been investigated for infec-
tions caused by CRAB or MDR A. baumannii for a more opti-
mal application of tigecycline [108], colistin [106] and meropenem
[109]. According to these studies, treatment with an initial load-
ing dose of tigecycline or colistin followed by a maintenance dose,
or continuous infusion of high-dose meropenem was necessary to
achieve more favourable clinical outcomes and to obtain antibi-
otic exposures for these antibiotics above target MIC values. How-
ever, use of a colistin loading dose was associated with increased
nephrotoxicity [106]. Routine therapeutic drug monitoring for S-
lactam antibiotics has been proposed to support adequate plasma
concentrations [110], however correct dosing for the right antibi-
otic appears to be a more practical approach in the management
of critically ill patients [111]. Cefiderocol dosing recommendations
(in monotherapy) have been extensively investigated, including pa-
tients with ARC or severe renal impairment requiring CRRT, and
PK data derived from clinical trials suggest that cefiderocol dosing
recommendations in the label provide coverage against all Gram-
negative pathogens with MICs up to 4 pg/mL [58,60,64,65,67].

Among generic antibiotics, ampicillin/sulbactam is currently the
preferred agent of the European Society of Clinical Microbiology
and Infectious Diseases (ESCMID), the Infectious Diseases Society
of America (IDSA) and the Society of Infectious Diseases Pharma-
cists (SIDP) (Fig. 1) [10,103,104,112]. For moderate-to-severe CRAB
infections, the IDSA and SIDP recommend combination treatment,
which could include high-dose ampicillin/sulbactam and minocy-
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Table 3
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Outcomes with cefiderocol treatment for extensively drug-resistant (XDR) Acinetobacter baumannii, carbapenem-resistant A. baumannii (CRAB) and difficult-to-treat resis-
tance A. baumannii (DTR-AB) infections in 150 real-world cases

Reference No. of patients, Infection type(s) Combination therapy Clinical outcome Microbiological Note
age/underlying and duration of outcome
conditions treatment
[91] 13 patients, 35-79 Polymicrobial 5 patients received 7 patients had N/R No adverse
years HAP/VAP for 12 combination cure events reported
COPD, obesity, patients caused by treatment 6 patients died 46% died by Day
hypertension, and CRAB [plus Cefiderocol: median 30
other types of Pseudomonas 10 days (range 7-27 Nearly all
co-morbidities, 12/13 aeruginosa (6), days) patients had
with COVID-19 Klebsiella pneumoniae COVID-19
pneumonia and 1/13 (6), other pneumonia at
with recurrent Enterobacterales (4)] baseline
pneumonia
[88] 13 patients (8 male, 13 patients with VAP 3 patients received 9 patients All BSI patients fCiin=mic Was the
5 female) and/or BSI caused by combination survived, 4 achieved PD parameter
Severe COVID-19 XDR A. baumannii; all treatment patients died by eradication, associated with
pneumonia, 13 patients had (colistin + AMP/SUL; Day 30 except 1, 4 VAP outcomes
mechanical monomicrobial fosfomycin; patients achieved
ventilation infection AMP/SUL) eradication
6 patients with Cefiderocol: median 7 patients had
VAP + BSI; 2 patients duration 10 days microbiological
with BSI; 5 patients failure
with VAP
[84] 10 patients (8 male, CRAB infections 10 patients received 7 patients had All 10 patients 2 patients (1
2 female), 25-78 included: combination success, 3 deaths had eradication immunocompro-
years monomicrobial BSI (7 treatment (with mised) died from
Multiple patients), colistin, tigecycline, COVID-19
co-morbidities, monomicrobial VAP fosfomycin, pneumonia
COVID-19 in 7 (1 patient), meropenem) 1 immunocom-
patients monomicrobial Duration 5-21 days promised patient
VAP + BSI (1 died from new
patient), Gram-positive
polymicrobial bacterial and
perihepatic abscess fungal infection
(with MDR
Enterobacter cloacae
complex, Morganella
morganii,
Enterococcus faecium;
1 patient)
[82] 8 patients (3 male, 5 Monomicrobial BSI 1 patient received 5 patients with 2 patients had 1 patient died by
female), 33-82 years (6), monomicrobial combination clinical cure, 1 microbiological Day 30
Burns in 4 patients, VAP (2) caused by treatment (plus death and 2 failure due to
COVID-19 in 3 CRAB fosfomycin) relapses skin and rectal
patients, Cefiderocol: median persistence
hypertension in 6 duration 14 days
patients, ICU and
mechanical
ventilation for 8
patients
[80] Male, 29 years Polymicrobial Yes (colistin, Cure No persistence Polytrauma
SSI osteomyelitis caused CAZ|AVI) occurred to the
by CRAB (plus E. Cefiderocol: 2 weeks patient prior to
cloacae, P. aeruginosa) infection
[80] Male, 64 years Monomicrobial Yes (colistin, Cure No recurrent Polytrauma
Post-operative osteomyelitis caused CAZ|AVI) infection occurred to the
implant-associated by XDR A. baumannii Cefiderocol: 6 weeks patient prior to
infection infection,
colistin-
associated AKI
occurred
[80] Male, 62 years Polymicrobial HAP Yes (colistin) Cure Eradication Thoracic trauma
Haemothorax and rib caused by XDR A. Cefiderocol: 8 weeks Two courses of
fractures baumannii (plus K. cefiderocol were
pneumoniae), and administered due
subsequent to recurrent XDR
osteomyelitis, UTI A. baumannii
caused by XDR A.
baumannii
[81] Male, 60 years VAP caused by No Favourable Favourable Death due to
Hypertension and CAZ-resistant K. Cefiderocol: 2 weeks response response non-infectious

haemorrhagic
tamponade

pneumoniae;
secondary
bacteraemia caused
by PDR A. baumannii

cause 30 days
following
discharge

(continued on next page)
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Reference No. of patients, Infection type(s) Combination therapy Clinical outcome Microbiological Note
age/underlying and duration of outcome
conditions treatment
[81] Female, 70 years Polymicrobial BSI No Failure Eradication for Death due to
DM, septic shock, caused by XDR A. Cefiderocol: 2 weeks XDR A. disseminated
pyelonephritis baumannii (plus XDR baumannii, HSV-1 infection
P. aeruginosa) persistence for P. on Day 14
aeruginosa
[81] Female, 55 years Monomicrobial No Clinical Eradication Minocycline oral
Severe scoliosis spondylodiscitis Cefiderocol: 3 weeks improvement and treatment was
caused by XDR A. no relapse given for 6 weeks
baumannii
[93] 3 male patients (56, (i) Monomicrobial (i) No, (ii) yes (i) Clinical Microbiological No patients died
71 and 45 years) sepsis caused by (fosfomycin) and (iii) improvement, (ii) eradication in all by Day 30
(i) lung transplant, DTR-AB VAP, (ii) yes (colistin and cure and (iii) cases Patient (iii)
(ii) COVID-19 and polymicrobial BSI linezolid) cure developed
(iii) pneumonia, caused by DTR-AB, Cefiderocol: 7 days significant
hypertension Enterococcus faecalis, maculopapular
All patients received E. faecium, rash, which
CVVHDF monomicrobial VAP resolved followed
due to DTR-AB and antibiotic
(iii) polymicrobial discontinuation.
VAP due to DTR-AB Cefiderocol was
and MRSA, and administered at
monomicrobial BSI 2g q8h, and TDM
due to DTR-AB showed high
plasma
concentrations
(>100%fT.mc for
DTR-AB) in two
patients
[83] 1 patient, 37 years (i) Monomicrobial (i) No and (ii) yes (i) Cure and (ii) N/R Both cases were
1 patient, 54 years catheter-related BSI (plus colistin, cure caused by XDR A.
Not provided caused by XDR A. tigecycline) baumannii
baumannii and (ii) Duration not clearly
monomicrobial specified
RTI + IAI + catheter-
related BSI caused by
XDR A. baumannii
[78] Adult male Polymicrobial BSI, No Complete N/R Prior treatment
Acute influenza and VAP caused by XDR Cefiderocol: 2 weeks resolution, failure and
ventilator-associated A. baumannii (plus discharge colistin-
bilateral pneumonia, KPC-K. pneumoniae) associated acute
BSI, ECMO kidney failure
[79] Male, 57 years Polymicrobial No Cure Eradication Prior treatment
Tibia and fibula osteomyelitis caused Cefiderocol: 109 days failure and side
fractures, surgical by XDR A. baumannii effects on
debridements (plus E. faecalis, polymyxin B,
Corynebacterium vancomycin,
striatum) minocycline and
daptomycin
therapy
[85] Female, 81 years Polymicrobial Yes (oral Clinical N/R Acute interstitial
Asthma, hardware-associated ciprofloxacin for P. improvement, nephritis and
hypertension, wound infection aeruginosa) cure, wound peripheral
osteoporosis caused by XDR A. Cefiderocol: 32 days healing complete eosinophilia as
baumannii (plus adverse events
pan-sensitive P. emerged,
aeruginosa) resolved after
discontinuation
of treatment
after 32 days
[86] Female, 66 years Monomicrobial Yes (tigecycline) Clinical cure, N/R No toxicity was
Fracture, prosthetic joint Cefiderocol: 25 days wound healing reported
hypertension, infection caused by
hypothyroidism CRAB
[87] Female, 55 years Polymicrobial VAP Yes (sulbac- Clinical cure, N/R Hospitalised with

Metabolic syndrome,
obesity, acute
COVID-19 infection,
ARDS, pneumothorax

and septic shock
caused by XDR A.
baumannii (plus
pan-sensitive P.
aeruginosa)

tam/durlobactam)
Cefiderocol: 14 days

fever resolved

COVID-19
pneumonia and
developed XDR A.
baumannii
superinfection
under mechanical
ventilation

(continued on next page)
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Reference No. of patients, Infection type(s) Combination therapy Clinical outcome Microbiological Note
age/underlying and duration of outcome
conditions treatment
[89] Male, 50 years Polymicrobial Yes (daptomycin) Clinical N/R Repeated
Paraplegia, wound, osteomyelitis caused Cefiderocol: 109 days improvement debridement was
right hip dislocation, by MDR A. baumannii performed
UTI, decubitus ulcer (plus Proteus Candida albicans
mirabilis, P. superinfection in
aeruginosa) the wound
[90] Female, 61 years Monomicrobial Yes (intraventricular Cure Eradication CSF
Epilepsy, meningitis caused by gentamicin) concentration
schizophrenia, CRAB Cefiderocol: 21 days measurement
tracheostomy, indicated
hypertension penetration into
the CSF
[92] Male, 65 years Polymicrobial Yes (minocycline, and Eradication and N/R XDR A.
Hypertension, COPD, pneumonia caused tigecy- re-infection baumannii,
aortic aneurysm by XDR A. baumannii cline + AMP/SUL) PK-driven
repair (plus pan-susceptible Cefiderocol: 8 days in analysis, CVWHDF
Escherichia coli) first course was received
Synergistic
effects between
cefiderocol,
sulbactam and
tigecycline
[102] 11 patients (6 male, Burn patients with Yes (2 patients Clinical Microbiological Outbreak due to
5 female), 18-67 VAP, BSI or received polymyxin improvement in failure in 7 on-therapy
years ventilator-associated B) 64% of patients patients resistance
tracheobronchitis and success in Relapse or
caused by CRAB 36% of patients respiratory
colonisation
within 90 days
occurred in 7
patients
3 patients died
[94] 28 patients (22 male, 13 patients with Yes, 6 patients Overall clinical Overall 77.8% 3 patients had
6 female), 25-83 MDR A. baumannii (colistin 2, amikacin success 64.3% at (14/18) among COVID-19
years (plus P. aeruginosa 9, 2, CAZ/AVI 2, Day 7, 50% at patients with 9 patients had
Myocardial Stenotrophomonas tigecycline 1, Day 14 follow-up Gram-positive or
infarction, COPD, DM, maltophilia 7, fosfomycin 1) Clinical samples, and fungal
CKD Enterobacterales 14), Cefiderocol: 10 days improvement in 87.5% (7/8) co-infection
overall RTI 38%, UTI 6/13 patients among patients Median duration
22%, 1Al 20%, BSI with A. with follow-up of cefiderocol
24.4%, SSI 15.5%, baumannii samples among treatment was 10
infection in >1 sites infections A. baumannii (range 1-32)
42% infections days
11 patients
(39.3%) died
[95] 24 patients (17 male, 14 MDR A. baumannii Yes, 6 A. baumannii Clinical success 7 patients had Patients were
7 female), 32-92 (plus P. aeruginosa 3, patients (colistin 1, in 5 patients recurrence treated with
years K. pneumoniae 1, S. tigecycline 4, (35.7%) among A. cefiderocol due
maltophilia + K. minocycline 1) baumannii to documented
pneumoniae 1), Cefiderocol: 4.9-17.6 infections resistance of A.
pneumonia 10, days baumannii, or
BSI + pneumonia 2, treatment failure,
BSI + wound 1, UTI 1 or history of CR
infection
Mortality 6
patients (42.9%)
among MDR A.
baumannii
infections
[96] 1 patient, 44 years VAP caused by Yes (nebulised Clinical cure Microbiological Haemodialysis,
No co-morbidities XDR/DTR A. colistin, nebulised cure ECMO support
reported baumannii, tobramycin), No recurrence was given
ESBL-NDM K. Cefiderocol: 25 days No adverse event
pneumoniae and during treatment
Candida auris Survival at Day
30 and died by
Day 90
[97] Male, 76 years VAP + BSI due to Yes (tigecy- Clinical failure Microbiological CVVH, COVID-19
MDR A. baumannii cline + colistin). failure pneumonia, ARDS

Cefiderocol duration:
not clearly specified

Death on Day 15

(continued on next page)
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Reference No. of patients, Infection type(s) Combination therapy Clinical outcome Microbiological Note
age/underlying and duration of outcome
conditions treatment
[98] 18 patients (15 male, 15 patients with Yes, 14 patients Overall clinical Overall Nearly all
3 female), median CRAB (VAP, BSI or [colistin-sparing cure 66.7% microbiological patients in the
age 57 years Fournier gangrene) agents 8, colistin 6 (12/18) failure 22.2% ICU, 6 patients
Multiple (aerosolised colistin (4/18) received
co-morbidities (DM, 4)] haemodialysis, 3
smoking, malignancy, Cefiderocol: median patients received
obesity, 9.5 days ECMO support
cardiovascular Mortality at Day
disease) 30: 27.8%
(monotherapy
25%, combination
therapy 28.6%)
[99] Female, 49 years VAP + BSI caused by Yes (colistin) Clinical success Microbiological HIV-positive
Smoker, drug abuser, MDR/CR A. baumannii Cefiderocol: 3 weeks eradication without
HIV infection antiretroviral
treatment
COVID-19
pneumonia —
unvaccinated at
the time of
hospitalisation
[100] 41 patients (20 male, 31 patients with Yes, 6 patients with Among patients Among patients 30-day mortality

21 female), median

CRAB (HAP, cIAl

CRAB (fosfomycin or

monotherapy for
80.6% of patients

age 70 years cUTI, SSTI, CNS colistin);
Median CCI, 5 infection,

osteomyelitis,

secondary

bacteraemia)

Cefiderocol median
duration: 9 (IQR

with CRAB,
clinical response
within 72 h:
90.4%; clinical
cure at EOT:
64.5%

with CRAB,
microbiological
eradication at
EOT: 80.6%

was 35.5% among
patients with
CRAB

Resistance on
therapy was not
reported

7-21) days

AKI, acute kidney injury; AMP/SUL, ampicillin/sulbactam; ARDS, acute respiratory distress syndrome; BSI, bloodstream infection; CAZ/AVI, ceftazidime/avibactam; CCI,
Charlson comorbidity index; cIAl, complicated intra-abdominal infection; CKD, chronic kidney disease; CNS, central nervous system; COPD, chronic obstructive pulmonary
disease; COVID-19, coronavirus disease 2019; CR, carbapenem-resistant; CSF, cerebrospinal fluid; CVVH, continuous venovenous haemofiltration; CVVHDF, continuous ven-
ovenous haemodiafiltration; DM, diabetes mellitus; ECMO, extracorporeal membrane oxygenation; EOT end of therapy; ESBL, extended-spectrum B-lactamase; fCpin-mic,
fraction of time that the minimum concentration of the free drug was above the MIC; %fT.yc, percentage of the dosing interval during which the free cefiderocol con-
centration remains above the MIC; HAP, hospital-acquired pneumonia; HSV-1, herpes simplex virus type 1; HIV, human immunodeficiency virus; IAl, intra-abdominal
infection; ICU, intensive care unit; IQR, interquartile range; KPC, Klebsiella pneumoniae carbapenemase; MDR, multidrug-resistant; MIC, minimum inhibitory concentration;
MRSA, methicillin-resistant Staphylococcus aureus; N/R, not reported; PD, pharmacodynamic; PDR, pandrug-resistant; PK, pharmacokinetic; q8h, every 8 h; RTI, respiratory
tract infection; SSI, surgical site infection; SSTI, skin and soft-tissue infection; TDM, therapeutic drug monitoring; UTI, urinary tract infection; VAP, ventilator-associated

pneumonia.

cline, tigecycline or polymyxin B, or cefiderocol depending on in
vitro activity [10,103]. Cefiderocol use is suggested for infections in
which other antibiotics resulted in treatment failure and only in
combination with other antibiotics that are active in vitro [103].
The SIDP recommend a combination of meropenem, polymyxin B
and ampicillin/sulbactam for the treatment of CRAB pneumonia,
with either meropenem plus minocycline or combination treat-
ment with cefiderocol as alternative options [10]. Currently, there
is no evidence on the efficacy of cefiderocol in combination ther-
apy from randomised, prospective trials; however, future clini-
cal studies are needed, which include other agents that demon-
strated synergism with cefiderocol, such as sulbactam or avibac-
tam, as part of cefiderocol combination therapy to address this
point.

Local susceptibility testing for antibiotics is recommended prior
to selecting combination therapy for at-risk patients with CRAB
infections. In the SENTRY surveillance programme, contemporary
susceptibility rates to ampicillin/sulbactam, minocycline, amikacin
and ciprofloxacin for CRAB range between 2% and 56% in North
America and between 0% and 32% Europe (Supplementary Ta-
bles S1 and S2), suggesting that the use of many conventional
antibiotics may fail to provide benefit in approximately one-half
of cases. The SENTRY surveillance data also showed that cefide-
rocol has potent in vitro activity against >90% of carbapenem-
resistant, colistin-resistant and ampicillin/sulbactam-resistant A.
baumannii isolates (Supplementary Table S3). In one study, the
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cefiderocol MICgy was 0.5 pg/mL both for colistin-resistant and
colistin-susceptible A. baumannii isolates [113]. Since prospective
clinical studies of specific cefiderocol combination treatments are
needed, selection of cefiderocol as part of combination therapy
for moderate-to-severe infections seems reasonable based on in
vitro potency and the enhanced in vivo bactericidal activity ob-
served both with cefiderocol-susceptible and -non-susceptible A.
baumannii. The added benefit has been demonstrated in the trans-
lational murine model infected with CRAB and exposed to hu-
manised plasma profiles in combination with ampicillin/sulbactam,
ceftazidime/avibactam or meropenem [54,55,112]. Thus, future
prospective clinical studies may build on the results of these inves-
tigations to employ combination of cefiderocol with agents show-
ing synergism in animal models, such as ampicillin/sulbactam or
ceftazidime/avibactam, or other agents showing high susceptibility
rates, such as sulbactam/durlobactam [112]. Clinical data on com-
bination therapy are limited to retrospective observational stud-
ies, however some combinations show promising results in terms
of clinical cure and/or mortality (e.g. cefiderocol plus fosfomycin)
[76].

Finally, the clinical efficacy data for cefiderocol, not just from
phase 3 clinical trials but also from published data of 318 patients
treated in the real-world setting to date, provides valuable infor-
mation suggesting both efficacy and safety benefits for seriously ill
patients with XDR A. baumannii, DTR A. baumannii and CRAB in-
fections.
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| CRARB infection confirmed by culture ‘

Yoa

» No

’ History of CRAB infection |

Other risk factors for CRAB infection

Yes

* Elderly age

m *  Prior carbapenem use or prior hospitalisation
*  High local CR rate

+  Colonisation

*  Prolonged hospitalisation, previous sepsis

Critical illness or
haemodynamic instability

+  Comorbid conditions (diabetes, glucose
intolerance, immunosuppression, cancer)

A

A k.

Recommended antibiotic regimen by SIDP, IDSA and ESCMID

* Invasive devices, procedures, mechanical
ventilation, urinary catheter, nasogastric tube

Yes

Consider antibiotic
treatment targeting
CRAB

Avoid antibiotic
treatment targeting
CRAB

Site of infection SIDP [10] IDSA [103]

ESCMID [104]

HAP, VAP Preferred: MEM + PMXB + AMP/SUL
Alternative: MEM + MINO or CFDC in combination
Consider inhaled colistin on a case by case basis
Avoid monotherapy with any agent
CFDC
BSI Preferred: MEM + PMXB + AMP/SUL
Alternative: MEM + MINO + AMP/SUL or CFDC in
combination
Avoid TIG, ERAV

cUTI AG or COL or CFDC
Avoid TIG, ERAV

clAl TIG = MEM or ERAV + MEM
Avoid AG

CNS MEM + PMXB + AMP/SUL
MEM + TIG + AMP/SUL
Avoid AG

For mild infections (e.g., cUTI, SSSI):

Preferred: AMP/SUL
Alternative: MINO or TIG or PMXB/COL or

For moderate or severe infections (e.g.,
pneumonia, bloodstream infections, intra-
abdominal infections):

Combination of high-dose AMP/SUL plus MINO
or TIG or PMXB or extended-infusion
meropenem or CFDC

Avoid combination of meropenem + colistin or
rifampicin + colistin

Inhaled or nebulized antibiotics are not
recommended

For mild infections:

High-dose AMP/SUL (if active in vitro)
PMX or high-dose TIG (if AMP/SUL not active
in vitro)

For severe and high-risk infections:

Combination of 2 in vitro active antibiotics:
PMX, AG, TIG, AMP/SUL

High-dose meropenem to be used for CRAB
with meropenem MIC <8 pg/mL

Avoid combination of meropenem + colistin or
rifampicin + colistin

Figure 1. Treatment algorithm for carbapenem-resistant Acinetobacter baumannii (CRAB) based on culture and susceptibility, risk factors, and comparison of antibiotic rec-
ommendations by US and European professional societies [10,103,104]. AG, aminoglycoside; AMP/SUL, ampicillin/sulbactam; BSI, bloodstream infection; CFDC, cefiderocol;
cIAl, complicated intra-abdominal infection; CNS, central nervous system; COL, colistin; CR, carbapenem resistance; cUTI, complicated urinary tract infection; ERAV, erava-
cycline; ESCMID, European Society of Clinical Microbiology and Infectious Diseases; HAP, hospital-acquired pneumonia; IDSA, Infectious Diseases Society of America; MEM,
meropenem; MIC, minimum inhibitory concentration; MINO, minocycline; PMX, polymyxin; PMXB, polymyxin B; SIDP, Society of Infectious Diseases Pharmacists; SSSI, skin

and skin-structure infection; TIG, tigecycline; VAP, ventilator-associated pneumonia.

6. Conclusions

Cefiderocol represents an important treatment option for CRAB
infections in critically ill patients. Notable for its stability against
hydrolysis by ESBLs, class A and D carbapenemases, class C
cephalosporinases and class B metallo-f-lactamases, cefiderocol
demonstrates potent in vitro activity against CRAB isolates from
a variety of infection sources, with susceptibility rates of >90%.
It has a well-defined PK/PD profile, with effective tissue penetra-
tion in healthy subjects and in patients with infections, and has
shown a target attainment for 100%fT.pc of >90% across infec-
tion sites and renal function groups for pathogens with cefiderocol
MICs of <4 pg/mL. Cefiderocol monotherapy has established effi-
cacy in CRAB infections, as shown in randomised clinical trials and
real-world investigations. Furthermore, its safety profile, which is
similar to that of other S-lactam antibiotics, is commensurate with
its use for the treatment of critically ill patients. Cefiderocol shows
enhanced killing in vitro with some guideline-recommended an-
tibiotics (e.g. tigecycline, meropenem) and also in in vivo stud-
ies incorporating exposures achievable in humans using the cur-
rently approved dosing regimen for ampicillin/sulbactam and cef-

1

tazidime/avibactam. While in vivo enhancements in bactericidal
activity and resistance suppression have been demonstrated both
for cefiderocol-susceptible and -non-susceptible A. baumannii using
the translational murine thigh model with meropenem or certain
B-lactam/B-lactamase inhibitors (e.g. clinically achievable plasma
profiles of cefiderocol in combination with ampicillin/sulbactam,
ceftazidime/avibactam), these antibiotics are not usually active in
vitro. Clinical studies are needed to corroborate the potential of
such combination therapy in the future, potentially expanding the
investigations with currently approved or investigational agents
with a more favourable safety profile. Finally, since on-therapy re-
sistance has been reported in only a few cases, continuous moni-
toring of emerging resistance should be considered as part of rou-
tine clinical practice and antibiotic stewardship to prevent out-
breaks and to preserve its potent in vitro activity.

Declaration of Competing Interest: MK is supported by the
Barnes-Jewish Hospital Foundation; HD receives fees from Shionogi
for conferences and expert advisory boards; DEG has received re-
search grants from Shionogi; DPN is a consultant, speakers bureau
member or has received research funding from AbbVie, Cepheid,



M. Kollef, H. Dupont, D.E. Greenberg et al.

Merck, Paratek, Pfizer, Wockhardt and Shionogi; YY is an employee
of Shionogi; RE is a consultant for Shionogi and has received con-
sultancy fees. PV declares no competing interests.

Acknowledgments: The authors thank Dee Shortridge (JMI Labs,
North Liberty, IA, USA) for support in preparation of the sup-
plementary material. Editorial and medical writing support was
provided by Adrienn Kis, PhD, and Joanne Shrewsbury-Gee, PhD
(Highfield, Oxford, UK) and this support was funded by Shionogi
& Co., Ltd. (Osaka, Japan). Shionogi reviewed this manuscript from
a medical, legal and regulatory perspective.

Funding: Open access for this manuscript was funded by Shionogi
& Co,, Ltd. (Osaka, Japan).

Ethical approval: Not required.

Sequence information: Not applicable.
Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jjantimicag.2023.
106882.

References

[1] Nutman A, Glick R, Temkin E, Hoshen M, Edgar R, Braun T, et al. A
case-control study to identify predictors of 14-day mortality following
carbapenem-resistant Acinetobacter baumannii bacteraemia. Clin Microbiol In-
fect 2014;20:01028-34. doi:10.1111/1469-0691.12716.

Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al.

WHO Pathogens Priority List Working Group. Discovery, research, and de-

velopment of new antibiotics: the WHO priority list of antibiotic-resistant

bacteria and tuberculosis. Lancet Infect Dis 2018;18:318-27. doi:10.1016/
$1473-3099(17)30753-3.

Pogue JM, Zhou Y, Kanakamedala H, Cai B. Burden of illness in carbapenem-

resistant Acinetobacter baumannii infections in US hospitals between 2014 and

2019. BMC Infect Dis 2022;22:36. doi:10.1186/s12879-021-07024-4.

Cai B, Echols R, Magee G, Arjona Ferreira JC, Morgan G, Ariyasu M, et al.

Prevalence of carbapenem-resistant Gram-negative infections in the United

States predominated by Acinetobacter baumannii and Pseudomonas aeruginosa.

Open Forum Infect Dis 2017;4:0fx176. doi:10.1093/ofid/ofx176.

Appaneal HJ, Lopes VV, LaPlante KL, Caffrey AR. Treatment, clinical out-

comes, and predictors of mortality among a national cohort of admitted pa-

tients with Acinetobacter baumannii infection. Antimicrob Agents Chemother
2022;66:e0197521. doi:10.1128/AAC.01975-21.

Lee CM, Kim CJ, Kim SE, Park KH, Bae ]Y, Choi HJ, et al., Korea Infectious

Diseases (KIND) Study Group Risk factors for early mortality in patients with

carbapenem-resistant Acinetobacter baumannii bacteraemia. ] Glob Antimicrob

Resist 2022;31:45-51. doi:10.1016/j.jgar.2022.08.010.

Lodise TP, Bassetti M, Ferrer R, Naas T, Niki Y, Paterson DL, et al. All-

cause mortality rates in adults with carbapenem-resistant Gram-negative

bacterial infections: a comprehensive review of pathogen-focused, prospec-
tive, randomized, interventional clinical studies. Expert Rev Anti Infect Ther
2022;20:707-19. doi:10.1080/14787210.2022.2020099.

Kaye KS, Marchaim D, Thamlikitkul V, Carmeli Y, Chiu CS, Daikos G, et al.

Colistin monotherapy versus combination therapy for carbapenem-resistant

organisms. NEJM Evid 2022;2. doi:10.1056/EVID0a2200131.

[9] Doi Y. Treatment options for carbapenem-resistant Gram-negative bacterial
infections. Clin Infect Dis 2019;69(Suppl 7):S565-75. doi:10.1093/cid/ciz830.

[10] Abdul-Mutakabbir JC, Griffith NC, Shields RK, Tverdek FP, Escobar ZK. Con-
temporary perspective on the treatment of Acinetobacter baumannii infec-
tions: insights from the Society of Infectious Diseases Pharmacists. Infect Dis
Ther 2021;10:2177-202. doi:10.1007/s40121-021-00541-4.

[11] Sato T, Yamawaki K. Cefiderocol: discovery, chemistry, and in vivo profiles of
a novel siderophore cephalosporin. Clin Infect Dis 2019;69(Suppl 7):5538-43.
doi:10.1093/cid/ciz826.

[12] Yamano Y. In vitro activity of cefiderocol against a broad range of clinically

important Gram-negative bacteria. Clin Infect Dis 2019;69(Suppl 7):S544-51.

doi:10.1093/cid/ciz827.

Kaye KS, Naas T, Pogue JM, Rossolini GM. Cefiderocol, a siderophore

cephalosporin, as a treatment option for infections caused by carbapenem-

resistant Enterobacterales. Infect Dis Ther 2023;12:777-806. doi:10.1007/
s40121-023-00773-6.

Hackel MA, Tsuji M, Yamano Y, Echols R, Karlowsky JA, Sahm DF. In

vitro activity of the siderophore cephalosporin, cefiderocol, against a recent

collection of clinically relevant Gram-negative bacilli from North America

[2

[3

[4

[5

(6

(7

[8

[13]

[14]

12

International Journal of Antimicrobial Agents 62 (2023) 106882

and Europe, including carbapenem-nonsusceptible isolates (SIDERO-WT-2014
Study). Antimicrob Agents Chemother 2017;61:e00093-17. doi:10.1128/AAC.
00093-17.
Gant V, Hussain A, Bain M, Longshaw C, Henriksen AS. In vitro activity of
cefiderocol and comparators against Gram-negative bacterial isolates from a
series of surveillance studies in England: 2014-2018. ] Glob Antimicrob Resist
2021;27:1-11. doi:10.1016/j.jgar.2021.07.014.
Naas T, Lina G, Santerre Henriksen A, Longshaw C, Jehl F. In vitro activity
of cefiderocol and comparators against isolates of Gram-negative pathogens
from a range of infection sources: SIDERO-WT-2014-2018 studies in France.
JAC Antimicrob Resist 2021;3:dlab081. doi:10.1093/jacamr/dlab081.
Cercenado E, Cardenoso L, Penin R, Longshaw C, Henriksen AS, Pascual A.
In vitro activity of cefiderocol and comparators against isolates of Gram-
negative bacterial pathogens from a range of infection sources: SIDERO-
WT-2014-2018 studies in Spain. ] Glob Antimicrob Resist 2021;26:292-300.
doi:10.1016/j.jgar.2021.06.011.
Stracquadanio S, Torti E, Longshaw C, Henriksen AS, Stefani S. In vitro activity
of cefiderocol and comparators against isolates of Gram-negative pathogens
from a range of infection sources: SIDERO-WT-2014-2018 studies in Italy. ]
Glob Antimicrob Resist 2021;25:390-8. doi:10.1016/j.jgar.2021.04.019.
Karlowsky JA, Hackel MA, Takemura M, Yamano Y, Echols R, Sahm DF. In
vitro susceptibility of Gram-negative pathogens to cefiderocol in five consec-
utive annual multinational SIDERO-WT surveillance studies, 2014 to 2019. An-
timicrob Agents Chemother 2022;66:€0199021 Erratum: Antimicrob Agents
Chemother 2023;67:e0042723. doi: 10.1128/aac.00427-23. doi:10.1128/AAC.
01990-21.
Shortridge D, Streit JM, Mendes R, Castanheira M. In vitro activity of cefide-
rocol against U.S. and European Gram-negative clinical isolates collected in
2020 as part of the SENTRY. Antimicrobial Surveillance Program. Microbiol
Spectr 2022;10:e0271221. doi:10.1128/spectrum.02712-21.
Poirel L, Sadek M, Nordmann P. Contribution of PER-type and NDM-type -
lactamases to cefiderocol resistance in Acinetobacter baumannii. Antimicrob
Agents Chemother 2021;65:e0087721. doi:10.1128/AAC.00877-21.
Yamano Y, Tsuji M, Echols R. Synergistic effect of cefiderocol combined
with other antibiotics against cefiderocol high MIC isolates from the multi-
national SIDERO-WT studies. Open Forum Infect Dis 2019;6(Suppl 2):5325.
doi:10.1093/ofid/0fz360.791.
Yamano Y, Takemura M, Kazmierczak K, Wise MG, Hackel MM, Sahm DF,
et al. Molecular profile of S-lactamase genes and siderophore-dependent iron
transporter genes of cefiderocol high MIC isolates from SIDERO-WT studies.
Open Forum Infect Dis 2020;7(Suppl 1):S728-9. doi:10.1093/ofid/ofaa439.
1633.
Kohira N, Hackel MA, Ishioka Y, Kuroiwa M, Sahm DF, Sato T, et al. Reduced
susceptibility mechanism to cefiderocol, a siderophore cephalosporin, among
clinical isolates from a global surveillance programme (SIDERO-WT-2014). ]
Glob Antimicrob Resist 2020;22:738-41. doi:10.1016/j.jgar.2020.07.009.
Wang Y, Li Y, Zhao ], Guan ], Ni W, Gao Z. Susceptibility of cefiderocol and
other antibiotics against carbapenem-resistant, Gram-negative bacteria. Ann
Transl Med 2022;10:261. doi:10.21037/atm-22-889.
Takemura M, Kazmierczack K, Wise M, Hackel M, Sahm D, Yamano Y.
Profile of cefiderocol high MIC isolates from multi-national surveillance
SIDERO-WT-2014 to -2019 studies. 33rd European Congress of Clinical Mi-
crobiology and Infectious Diseases (ECCMID), 15-18 April 2023, Copenhagen,
Denmark; 2023. ESCMID [poster P0128].
Farzana R, Swedberg G, Giske CG, Hasan B. Molecular and genetic characteri-
zation of emerging carbapenemase-producing Acinetobacter baumannii strains
from patients and hospital environments in Bangladesh. Infect Prev Pract
2022;4:100215. doi:10.1016/j.infpip.2022.100215.
Aly MM, Abu Alsoud NM, Elrobh MS, Al Johani SM, Balkhy HH. High preva-
lence of the PER-1 gene among carbapenem-resistant Acinetobacter bauman-
nii in Riyadh, Saudi Arabia. Eur ] Clin Microbiol Infect Dis 2016;35:1759-66.
doi:10.1007/s10096-016-2723-8.
Al-Agamy MH, Khalaf NG, Tawfick MM, Shibl AM, El Kholy A. Molecular char-
acterization of carbapenem-insensitive Acinetobacter baumannii in Egypt. Int ]
Infect Dis 2014;22:49-54. doi:10.1016/].ijid.2013.12.004.
Iovleva A, Mustapha MM, Griffith MP, Komarow L, Luterbach C, Evans DR,
et al. Carbapenem-resistant Acinetobacter baumannii in U.S. hospitals: di-
versification of circulating lineages and antimicrobial resistance. mBio
2022;13:e0275921. doi:10.1128/mbio.02759-21.
Lukovic B, Gajic I, Dimkic I, Kekic D, Zornic S, Pozder T, et al. The first nation-
wide multicenter study of Acinetobacter baumannii recovered in Serbia: emer-
gence of OXA-72, OXA-23 and NDM-1-producing isolates. Antimicrob Resist
Infect Control 2020;9:101. doi:10.1186/s13756-020-00769-8.
Stoczynska A, Wand ME, Tyski S, Laudy AE. Analysis of blacyp; genes and in-
sertion sequences related to carbapenem resistance in Acinetobacter bauman-
nii clinical strains isolated in Warsaw, Poland. Int J Mol Sci 2021;22:2486.
doi:10.3390/ijms22052486.
Potron A, Poirel L, Nordmann P. Emerging broad-spectrum resistance in Pseu-
domonas aeruginosa and Acinetobacter baumannii: mechanisms and epidemi-
ology. Int J Antimicrob Agents 2015;45:568-85. doi:10.1016/j.ijjantimicag.
2015.03.001.
Stracquadanio S, Bonomo C, Marino A, Bongiorno D, Privitera GF, Bivona DA,
et al. Acinetobacter baumannii and cefiderocol, between cidality and adapt-
ability. Microbiol Spectr 2022;10:e0234722. doi:10.1128/spectrum.02347-22.
[35] Choby JE, Ozturk T, Satola SW, Jacob JT, Weiss DS. Does cefiderocol het-
eroresistance explain the discrepancy between the APEKS-NP and CREDIBLE-

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

[23]

(24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

(33]

[34]


https://doi.org/10.1016/j.ijantimicag.2023.106882
https://doi.org/10.1111/1469-0691.12716
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1186/s12879-021-07024-4
https://doi.org/10.1093/ofid/ofx176
https://doi.org/10.1128/AAC.01975-21
https://doi.org/10.1016/j.jgar.2022.08.010
https://doi.org/10.1080/14787210.2022.2020099
https://doi.org/10.1056/EVIDoa2200131
https://doi.org/10.1093/cid/ciz830
https://doi.org/10.1007/s40121-021-00541-4
https://doi.org/10.1093/cid/ciz826
https://doi.org/10.1093/cid/ciz827
https://doi.org/10.1007/s40121-023-00773-6
https://doi.org/10.1128/AAC.00093-17
https://doi.org/10.1016/j.jgar.2021.07.014
https://doi.org/10.1093/jacamr/dlab081
https://doi.org/10.1016/j.jgar.2021.06.011
https://doi.org/10.1016/j.jgar.2021.04.019
https://doi.org/10.1128/AAC.01990-21
https://doi.org/10.1128/spectrum.02712-21
https://doi.org/10.1128/AAC.00877-21
https://doi.org/10.1093/ofid/ofz360.791
https://doi.org/10.1093/ofid/ofaa439.1633
https://doi.org/10.1016/j.jgar.2020.07.009
https://doi.org/10.21037/atm-22-889
http://refhub.elsevier.com/S0924-8579(23)00161-9/sbref0026
https://doi.org/10.1016/j.infpip.2022.100215
https://doi.org/10.1007/s10096-016-2723-8
https://doi.org/10.1016/j.ijid.2013.12.004
https://doi.org/10.1128/mbio.02759-21
https://doi.org/10.1186/s13756-020-00769-8
https://doi.org/10.3390/ijms22052486
https://doi.org/10.1016/j.ijantimicag.2015.03.001
https://doi.org/10.1128/spectrum.02347-22

M. Kollef, H. Dupont, D.E. Greenberg et al.

CR clinical trial results? Lancet Microbe
S2666-5247(21)00271-8.
Bassetti M, Echols R, Matsunaga Y, Ariyasu M, Doi Y, Ferrer R, et al. Effi-
cacy and safety of cefiderocol or best available therapy for the treatment
of serious infections caused by carbapenem-resistant Gram-negative bacte-
ria (CREDIBLE-CR): a randomised, open-label, multicentre, pathogen-focused,
descriptive, phase 3 trial. Lancet Infect Dis 2021;21:226-40. doi:10.1016/
$1473-3099(20)30796-9.

Longshaw C, Santerre Henriksen A, Dressel D, Malysa M, Silvestri C, Take-

mura M, et al. Heteroresistance to cefiderocol in Acinetobacter baumannii is

not a cause of the imbalance in mortality observed in CREDIBLE-CR 33rd Eu-
ropean Congress of Clinical Microbiology and Infectious Diseases (ECCMID),

15-18 April 2023, Copenhagen, Denmark; 2023. ESCMID [poster 0423].

Yamano Y, Takemura M, Anan N, Nakamura R, Echols R. Synergistic effect of

cefiderocol with other antibiotics against PER-producing Acinetobacter bau-

mannii isolates from the multinational SIDERO-WT studies. Open Forum In-
fect Dis 2020;7(Suppl 1):5S805. doi:10.1093/ofid/ofaa439.1806.

Yamano Y, Takemura M, Anan N, Longshaw C, Echols R. Double disk diffusion

study to evaluate the synergistic effect between cefiderocol and ceftazidime-

avibactam against cefiderocol-non-susceptible Acinetobacter baumannii. Open

Forum Infect Dis 2021;8(Suppl 1):S732-3. doi:10.1093/ofid/ofab466.1479.

Abdul-Mutakabbir JC, Nguyen L, Maassen PT, Stamper KC, Kebriaei R, Kaye KS,

et al. In vitro antibacterial activity of cefiderocol against multidrug-resistant

Acinetobacter baumannii. Antimicrob Agents Chemother 2021;65:0264620.

doi:10.1128/AAC.02646-20.

Yamano Y, Ishibashi N, Kuroiwa M, Takemura M, Sheng WH, Hsueh PR. Char-

acterisation of cefiderocol-non-susceptible Acinetobacter baumannii isolates

from Taiwan. ] Glob Antimicrob Resist 2022;28:120-4. doi:10.1016/j.jgar.2021.

12.017.

Simner PJ, Palavecino EL, Satlin MJ, Mathers AJ, Weinstein MP, Lewis JS 2nd,

et al. Potential of inaccurate cefiderocol susceptibility results: a CLSI AST

Subcommittee Advisory. ] Clin Microbiol 2023;61:e0160022. doi:10.1128/jcm.

01600-22.

Matuschek E, Longshaw C, Takemura M, Yamano Y, Kahlmeter G. Cefiderocol:

EUCAST criteria for disc diffusion and broth microdilution for antimicrobial

susceptibility testing. ] Antimicrob Chemother 2022;77:1662-9. doi:10.1093/

jac/dkac080.

European Committee on Antimicrobial Susceptibility Testing (EUCAST). Clin-

ical breakpoints 2023. EUCAST https://www.eucast.org/clinical_breakpoints

[accessed 30 January 2023].

[45] Bianco G, Boattini M, Comini S, Banche G, Cavallo R, Costa C. Disc diffu-
sion and ComASP® cefiderocol microdilution panel to overcome the challenge
of cefiderocol susceptibility testing in clinical laboratory routine. Antibiotics
(Basel) 2023;12:604. doi:10.3390/antibiotics12030604.

[46] Pybus CA, Felder-Scott C, Obuekwe V, Greenberg DE. Cefiderocol retains an-
tibiofilm activity in multidrug-resistant Gram-negative pathogens. Antimicrob
Agents Chemother 2021;65:e01194-20. doi:10.1128/AAC.01194-20.

[47] Chiang TT, Huang TW, Sun JR, Kuo SC, Cheng A, Liu CP, et al. Biofilm forma-
tion is not an independent risk factor for mortality in patients with Acine-
tobacter baumannii bacteremia. Front Cell Infect Microbiol 2022;12:964539.
doi:10.3389/fcimb.2022.964539.

[48] Nakamura R, Ito-Horiyama T, Takemura M, Toba S, Matsumoto S, Ikehara T,
et al. In vivo pharmacodynamic study of cefiderocol, a novel parenteral
siderophore cephalosporin, in murine thigh and lung infection models. An-
timicrob Agents Chemother 2019;63:e02031-18. doi:10.1128/AAC.02031-18.

[49] Matsumoto S, Singley CM, Hoover ], Nakamura R, Echols R, Ritten-
house S, et al. Efficacy of cefiderocol against carbapenem-resistant Gram-
negative bacilli in immunocompetent-rat respiratory tract infection models
recreating human plasma pharmacokinetics. Antimicrob Agents Chemother
2017;61:e00700-17. doi:10.1128/AAC.00700-17.

[50] Monogue ML, Tsuji M, Yamano Y, Echols R, Nicolau DP. Efficacy of human-
ized exposures of cefiderocol (S-649266) against a diverse population of
Gram-negative bacteria in a murine thigh infection model. Antimicrob Agents
Chemother 2017;61:e01022-17. doi:10.1128/AAC.01022-17.

[51] Stainton SM, Monogue ML, Tsuji M, Yamano Y, Echols R, Nicolau DP. Efficacy
of humanized cefiderocol exposures over 72 hours against a diverse group of
Gram-negative isolates in the neutropenic murine thigh infection model. An-
timicrob Agents Chemother 2019;63:e01040-18. doi:10.1128/AAC.01040-18.

[52] Gill CM, Abdelraouf K, Oota M, Nakamura R, Kuroiwa M, Ishioka Y, et al.
Assessment of sustained efficacy and resistance emergence under human-
simulated exposure of cefiderocol against Acinetobacter baumannii using in
vitro chemostat and in vivo murine infection models. JAC Antimicrob Resist
2022;4:dlac047. doi:10.1093/jacamr/dlac047.

[53] Kidd JM, Abdelraouf K, Nicolau DP. Efficacy of humanized cefiderocol expo-
sure is unaltered by host iron overload in the thigh infection model. Antimi-
crob Agents Chemother 2019;64:e01767-19. doi:10.1128/AAC.01767-19.

[54] Gill CM, Santini D, Takemura M, Longshaw C, Yamano Y, Echols R, et al. In
vivo efficacy of human simulated exposures of cefiderocol (FDC) in combi-
nation with ceftazidime/avibactam (CZA) or meropenem (MEM) using in a
72 hour murine thigh infection model. Open Forum Infect Dis 2022;9(Suppl
2):0fac492.661. doi:10.1093/ofid/ofac492.661.

[55] Gill CM, Santini D, Takemura M, Longshaw C, Yamano Y, Echols R, Nicolau DP.
In vivo efficacy & resistance prevention of cefiderocol in combination with
ceftazidime/avibactam, ampicillin/sulbactam, or meropenem using human-
simulated regimens versus Acinetobacter baumannii. ] Antimicrob Chemother
2023;78:983-90. doi:10.1093/jac/dkad032.

2021;2:e648-9. doi:10.1016/

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

(44]

13

International Journal of Antimicrobial Agents 62 (2023) 106882

[56] Saisho Y, Katsube T, White S, Fukase H, Shimada ]. Pharmacokinetics,
safety, and tolerability of cefiderocol, a novel siderophore cephalosporin for
Gram-negative bacteria, in healthy subjects. Antimicrob Agents Chemother
2018;62:e02163-17. doi:10.1128/AAC.02163-17.

Sanabria C, Migoya E, Mason JW, Stanworth SH, Katsube T, Machida M,

et al. Effect of cefiderocol, a siderophore cephalosporin, on QT/QTc interval in

healthy adult subjects. Clin Ther 2019;41:1724-36.e4. doi:10.1016/j.clinthera.

2019.07.006.

Katsube T, Echols R, Arjona Ferreira JC, Krenz HK, Berg JK, Galloway C. Ce-

fiderocol, a siderophore cephalosporin for Gram-negative bacterial infections:

pharmacokinetics and safety in subjects with renal impairment. J Clin Phar-
macol 2017;57:584-91. doi:10.1002/jcph.841.

Miyazaki S, Katsube T, Shen H, Tomek C, Narukawa Y. Metabolism, excre-

tion, and pharmacokinetics of [™C]-cefiderocol (S-649266), a siderophore

cephalosporin, in healthy subjects following intravenous administration. ] Clin

Pharmacol 2019;59:958-67. doi:10.1002/jcph.1386.

Kawaguchi N, Katsube T, Echols R, Wajima T. Population pharmacokinetic

and pharmacokinetic/pharmacodynamic analyses of cefiderocol, a parenteral

siderophore cephalosporin, in patients with pneumonia, bloodstream in-
fection/sepsis, or complicated urinary tract infection. Antimicrob Agents

Chemother 2021;65:e01437-20. doi:10.1128/AAC.01437-20.

[61] Wenzler E, Butler D, Tan X, Katsube T, Wajima T. Pharmacokinetics, phar-
macodynamics, and dose optimization of cefiderocol during continuous renal
replacement therapy. Clin Pharmacokinet 2022;61:539-52 Erratum in: Clin
Pharmacokinet 2022;61:1069. doi: 10.1007/s40262-022-01146-x. doi:10.1007/
s40262-021-01086-y.

[62] Wei X, Naseer S, Weinstein EA, larikov D, Nambiar S, Reynolds KS, et al. Ce-
fiderocol dosing for patients receiving continuous renal replacement therapy.
Clin Pharmacol Ther 2022;112:1004-7. doi:10.1002/cpt.2703.

[63] Shionogi Inc Fetroja (cefiderocol for injection for intravenous use). Prescribing
information. Florham Park, NJ: Shionogi Inc; 2021.

[64] Katsube T, Saisho Y, Shimada ], Furuie H. Intrapulmonary pharmacokinetics

of cefiderocol, a novel siderophore cephalosporin, in healthy adult subjects. ]

Antimicrob Chemother 2019;74:1971-4. doi:10.1093/jac/dkz123.

Katsube T, Nicolau DP, Rodvold KA, Wunderink RG, Echols R, Mat-

sunaga Y, et al. Intrapulmonary pharmacokinetic profile of cefiderocol in

mechanically ventilated patients with pneumonia. ] Antimicrob Chemother
2021;76:2902-5 Erratum in: ] Antimicrob Chemother. 2021;76:3069. doi:
10.1093/jac/dkab343. doi:10.1093/jac/dkab280.

Waunderink RG, Matsunaga Y, Ariyasu M, Clevenbergh P, Echols R, Kaye KS,

et al. Cefiderocol versus high-dose, extended-infusion meropenem for the

treatment of Gram-negative nosocomial pneumonia (APEKS-NP): a ran-
domised, double-blind, phase 3, non-inferiority trial. Lancet Infect Dis
2021;21:213-25. doi:10.1016/S1473-3099(20)30731-3.

Kawaguchi N, Katsube T, Echols R, Wajima T, Nicolau DP. Intrapul-

monary pharmacokinetic modeling and simulation of cefiderocol, a parenteral

siderophore cephalosporin, in patients with pneumonia and healthy subjects.

J Clin Pharmacol 2022;62:670-80. doi:10.1002/jcph.1986.

Durante-Mangoni E, Signoriello G, Andini R, Mattei A, De Cristoforo M,

Murino P, et al. Colistin and rifampicin compared with colistin alone for

the treatment of serious infections due to extensively drug-resistant Acine-

tobacter baumannii: a multicenter, randomized clinical trial. Clin Infect Dis
2013;57:349-58. doi:10.1093/cid/cit253.

Paul M, Daikos GL, Durante-Mangoni E, Yahav D, Carmeli Y, Benattar YD,

et al. Colistin alone versus colistin plus meropenem for treatment of se-

vere infections caused by carbapenem-resistant Gram-negative bacteria: an
open-label, randomised controlled trial. Lancet Infect Dis 2018;18:391-400.
doi:10.1016/S1473-3099(18)30099-9.

Betrosian AP, Frantzeskaki F, Xanthaki A, Douzinas EE. Efficacy and safety of

high-dose ampicillin/sulbactam vs. colistin as monotherapy for the treatment

of multidrug resistant Acinetobacter baumannii ventilator-associated pneumo-
nia. ] Infect 2008;56:432-6. doi:10.1016/j.jinf.2008.04.002.

Raz-Pasteur A, Liron Y, Amir-Ronen R, Abdelgani S, Ohanyan A, Geffen Y,

et al. Trimethoprim-sulfamethoxazole vs. colistin or ampicillin-sulbactam

for the treatment of carbapenem-resistant Acinetobacter baumannii: a retro-
spective matched cohort study. ] Glob Antimicrob Resist 2019;17:168-72.
doi:10.1016/j.jgar.2018.12.001.

Sabet M, Tarazi Z, Griffith DC. Pharmacodynamics of meropenem against

Acinetobacter baumannii in a neutropenic mouse thigh infection model. An-

timicrob Agents Chemother 2020;64:e02388-19. doi:10.1128/AAC.02388-19.

Cojutti P, Sartor A, Righi E, Scarparo C, Bassetti M, Pea F. Population pharma-

cokinetics of high-dose continuous-infusion meropenem and considerations

for use in the treatment of infections due to KPC-producing Klebsiella pneu-
moniae. Antimicrob Agents Chemother 2017;61:e00794-17. doi:10.1128/AAC.

00794-17.

Pascale R, Pasquini Z, Bartoletti M, Caiazzo L, Fornaro G, Bussini L, et al. Ce-

fiderocol treatment for carbapenem-resistant Acinetobacter baumannii infec-

tion in the ICU during the COVID-19 pandemic: a multicentre cohort study.

JAC Antimicrob Resist 2021;3:dlab174. doi:10.1093/jacamr/dlab174.

Falcone M, Tiseo G, Leonildi A, Della Sala L, Vecchione A, Barnini S, et al. Ce-

fiderocol compared to colistin-based regimens for the treatment of severe in-

fections caused by carbapenem-resistant Acinetobacter baumannii. Antimicrob

Agents Chemother 2022;66:€0214221. doi:10.1128/aac.02142-21.

Russo A, Bruni A, Gulli S, Borrazzo C, Quirino A, Lionello R, et al. Effi-

cacy of cefiderocol- vs colistin-containing regimen for treatment of bac-

teraemic ventilator-associated pneumonia caused by carbapenem-resistant

[57]

[58]

[59]

[60]

[65]

[66]

(67]

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]


https://doi.org/10.1016/S2666-5247(21)00271-8
https://doi.org/10.1016/S1473-3099(20)30796-9
http://refhub.elsevier.com/S0924-8579(23)00161-9/sbref0037
https://doi.org/10.1093/ofid/ofaa439.1806
https://doi.org/10.1093/ofid/ofab466.1479
https://doi.org/10.1128/AAC.02646-20
https://doi.org/10.1016/j.jgar.2021.12.017
https://doi.org/10.1128/jcm.01600-22
https://doi.org/10.1093/jac/dkac080
https://www.eucast.org/clinical_breakpoints
https://doi.org/10.3390/antibiotics12030604
https://doi.org/10.1128/AAC.01194-20
https://doi.org/10.3389/fcimb.2022.964539
https://doi.org/10.1128/AAC.02031-18
https://doi.org/10.1128/AAC.00700-17
https://doi.org/10.1128/AAC.01022-17
https://doi.org/10.1128/AAC.01040-18
https://doi.org/10.1093/jacamr/dlac047
https://doi.org/10.1128/AAC.01767-19
https://doi.org/10.1093/ofid/ofac492.661
https://doi.org/10.1093/jac/dkad032
https://doi.org/10.1128/AAC.02163-17
https://doi.org/10.1016/j.clinthera.2019.07.006
https://doi.org/10.1002/jcph.841
https://doi.org/10.1002/jcph.1386
https://doi.org/10.1128/AAC.01437-20
https://doi.org/10.1007/s40262-021-01086-y
https://doi.org/10.1002/cpt.2703
http://refhub.elsevier.com/S0924-8579(23)00161-9/sbref0063
https://doi.org/10.1093/jac/dkz123
https://doi.org/10.1093/jac/dkab280
https://doi.org/10.1016/S1473-3099(20)30731-3
https://doi.org/10.1002/jcph.1986
https://doi.org/10.1093/cid/cit253
https://doi.org/10.1016/S1473-3099(18)30099-9
https://doi.org/10.1016/j.jinf.2008.04.002
https://doi.org/10.1016/j.jgar.2018.12.001
https://doi.org/10.1128/AAC.02388-19
https://doi.org/10.1128/AAC.00794-17
https://doi.org/10.1093/jacamr/dlab174
https://doi.org/10.1128/aac.02142-21

M. Kollef, H. Dupont, D.E. Greenberg et al.

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

Acinetobacter baumannii in patients with COVID-19. Int ] Antimicrob Agents
2023;62:106825. doi:10.1016/j.ijantimicag.2023.106825.

Mazzitelli M, Gregori D, Sasset L, Trevenzoli M, Scaglione V, Lo Menzo S, et al.
Cefiderocol-based versus colistin-based regimens for severe carbapenem-
resistant Acinetobacter baumannii infections: a propensity score-weighted, ret-
rospective cohort study during the first two years of the COVID-19 pandemic.
Microorganisms 2023;11:984. doi:10.3390/microorganisms11040984.
Trecarichi EM, Quirino A, Scaglione V, Longhini F, Garofalo E, Bruni A, et al.,
IMAGES Group Successful treatment with cefiderocol for compassionate use
in a critically ill patient with XDR Acinetobacter baumannii and KPC-producing
Klebsiella pneumoniae: a case report. ] Antimicrob Chemother 2019;74:3399-
401. doi:10.1093/jac/dkz318.

Dagher M, Ruffin F, Marshall S, Taracila M, Bonomo RA, Reilly R, et al.
Case report: successful rescue therapy of extensively drug-resistant Acine-
tobacter baumannii osteomyelitis with cefiderocol. Open Forum Infect Dis
2020;7:0faa150. doi:10.1093/ofid/ofaa150.

Zingg S, Nicoletti GJ, Kuster S, Junker M, Widmer A, Egli A, et al. Cefiderocol
for extensively drug-resistant Gram-negative bacterial infections: real-world
experience from a case series and review of the literature. Open Forum Infect
Dis 2020;7:0faa185. doi:10.1093/ofid/ofaa185.

Oliva A, Ceccarelli G, De Angelis M, Sacco F, Miele MC, Mastroianni CM, et al.
Cefiderocol for compassionate use in the treatment of complicated infections
caused by extensively and pan-resistant Acinetobacter baumannii. J Glob An-
timicrob Resist 2020;23:292-6. doi:10.1016/j.jgar.2020.09.019.

Falcone M, Tiseo G, Nicastro M, Leonildi A, Vecchione A, Casella C,
et al. Cefiderocol as rescue therapy for Acinetobacter baumannii and other
carbapenem-resistant Gram-negative infections in intensive care unit pa-
tients. Clin Infect Dis 2021;72:2021-4. doi:10.1093/cid/ciaa1410.

Bleibtreu A, Dortet L, Bonnin RA, Wyplosz B, Sacleux SC, Mihaila L, et al.
The Cefiderocol French Study Group. Susceptibility testing is key for the suc-
cess of cefiderocol treatment: a retrospective cohort study. Microorganisms
2021;9:282. doi:10.3390/microorganisms9020282.

Bavaro DF, Belati A, Diella L, Stufano M, Romanelli F, Scalone L, et al.
Cefiderocol-based combination therapy for “difficult-to-treat” Gram-negative
severe infections: real-life case series and future perspectives. Antibiotics
(Basel) 2021;10:652. doi:10.3390/antibiotics10060652.

Cipko K, Kizny Gordon A, Adhikari S, Konecny P. Cefiderocol treatment of
Pseudomonas aeruginosa and extensively drug-resistant Acinetobacter bauman-
nii retained spinal hardware infection causing reversible acute interstitial
nephritis: Recto: Cefiderocol causing acute interstitial nephritis. Int ] Infect
Dis 2021;109:108-11. doi:10.1016/j.ijid.2021.06.035.

Mabayoje DA, NicFhogartaigh C, Cherian BP, Tan MGM, Wareham DW. Com-
passionate use of cefiderocol for carbapenem-resistant Acinetobacter bauman-
nii prosthetic joint infection. JAC Antimicrob Resist 2021;3(Suppl 1) i21-
4Erratum in: JAC Antimicrob Resist 2021;3:dlab109. Erratum in: JAC Antimi-
crob Resist 2021;3:dlab110. doi: 10.1093/jacamr/dlab110. doi:10.1093/jacamr/
dlab055.

Zaidan N, Hornak JP, Reynoso D. Extensively drug-resistant Acinetobacter bau-
mannii nosocomial pneumonia successfully treated with a novel antibiotic
combination. Antimicrob Agents Chemother 2021;65:e0092421. doi:10.1128/
AAC.00924-21.

Gatti M, Bartoletti M, Cojutti PG, Gaibani P, Conti M, Giannella M, et al. A de-
scriptive case series of pharmacokinetic/pharmacodynamic target attainment
and microbiological outcome in critically ill patients with documented se-
vere extensively drug-resistant Acinetobacter baumannii bloodstream infection
and/or ventilator-associated pneumonia treated with cefiderocol. ] Glob An-
timicrob Resist 2021;27:294-8. doi:10.1016/j.jgar.2021.10.014.

Rose L, Lai L, Byrne D. Successful prolonged treatment of a carbapenem-
resistant Acinetobacter baumannii hip infection with cefiderocol: a case report.
Pharmacotherapy 2022;42:268-71. doi:10.1002/phar.2660.

Kufel WD, Abouelhassan Y, Steele M, Gutierrez RL, Perwez T, Bourdages G,
et al. Plasma and cerebrospinal fluid concentrations of cefiderocol during suc-
cessful treatment of carbapenem-resistant Acinetobacter baumannii meningi-
tis. ] Antimicrob Chemother 2022;77:2737-41. doi:10.1093/jac/dkac248.
Rando E, Segala FV, Vargas ], Seguiti C, De Pascale G, Murri R, et al. Ce-
fiderocol for severe carbapenem-resistant A. baumannii pneumonia: towards
the comprehension of its place in therapy. Antibiotics (Basel) 2021;11:3.
doi:10.3390/antibiotics11010003.

Kobic E, Abouelhassan Y, Singaravelu K, Nicolau DP. Pharmacokinetic analy-
sis and in vitro synergy evaluation of cefiderocol, sulbactam, and tigecycline
in an extensively drug-resistant Acinetobacter baumannii pneumonia patient
receiving continuous venovenous hemodiafiltration. Open Forum Infect Dis
2022;9:0fac484. doi:10.1093/ofid/ofac484.

Mornese Pinna S, Corcione S, De Nicoldo A, Montrucchio G, Scabini S, Vita D,
et al. Pharmacokinetic of cefiderocol in critically ill patients receiving renal
replacement therapy: a case series. Antibiotics (Basel) 2022;11:1830. doi:10.
3390/antibiotics11121830.

Karruli A, Massa A, Andini R, Marrazzo T, Ruocco G, Zampino R, et al. Clini-
cal efficacy and safety of cefiderocol for resistant Gram-negative infections: a
real-life, single-centre experience. Int | Antimicrob Agents 2023;61:106723.
doi:10.1016/j.ijantimicag.2023.106723.

Gavaghan V, Miller JL, Dela-Pena ]. Case series of cefiderocol for sal-
vage therapy in carbapenem-resistant Gram-negative infections. Infection
2023;51:475-82. doi:10.1007/s15010-022-01933-5.

Fendian AM, Albanell-Fernindez M, Tuset M, Pitart C, Castro P, Soy D, et al.
Real-life data on the effectiveness and safety of cefiderocol in severely in-

14

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

International Journal of Antimicrobial Agents 62 (2023) 106882

fected patients: a case series. Infect Dis Ther 2023;12:1205-16. doi:10.1007/
s40121-023-00776-3.

Hoellinger B, Simand C, Jeannot K, Garijo C, Cristinar M, Reisz F, et al. Real-
world clinical outcome of cefiderocol for treatment of multidrug-resistant
non-fermenting, Gram-negative bacilli infections: a case series. Clin Microbiol
Infect 2023;29:393-5. doi:10.1016/j.cmi.2022.11.005.

Corcione S, De Benedetto I, Pinna SM, Vita D, Lupia T, Montrucchio G, et al.
Cefiderocol use in Gram-negative infections with limited therapeutic options:
is combination therapy the key? | Infect Public Health 2022;15:975-9. doi:10.
1016/j.jiph.2022.07.006.

Passerotto RA, Lamanna F, Farinacci D, Dusina A, Di Giambenedetto S, Cic-
cullo A, et al. Ventilator-associated pneumonia (VAP) and pleural empyema
caused by multidrug-resistant Acinetobacter baumannii in HIV and COVID 19
infected patient: a case report. Infect Med 2023;2:143-7. doi:10.1016/j.imj.
2023.02.004.

Palermo G, Medaglia AA, Pipito L, Rubino R, Costantini M, Accomando S, et al.
Cefiderocol efficacy in a real-life setting: single-centre retrospective study.
Antibiotics (Basel) 2023;12:746. doi:10.3390/antibiotics12040746.

Nordmann P, Shields RK, Doi Y, Takemura M, Echols R, Matsunaga Y, et al.
Mechanisms of reduced susceptibility to cefiderocol among isolates from the
CREDIBLE-CR and APEKS-NP clinical trials. Microb Drug Resist 2022;28:398-
407. doi:10.1089/mdr.2021.0180.

Smoke SM, Brophy A, Reveron S, lovleva A, Kline EG, Marano M, et al. Evolu-
tion and transmission of cefiderocol-resistant Acinetobacter baumannii during
an outbreak in the burn intensive care unit. Clin Infect Dis 2023;76:e1261-5.
doi:10.1093/cid/ciac647.

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. In-
fectious Diseases Society of America guidance on the treatment of AmpC
B-lactamase-producing Enterobacterales, carbapenem-resistant Acinetobac-
ter baumannii, and Stenotrophomonas maltophilia Infections. Clin Infect Dis
2022;74:2089-114. doi:10.1093/cid/ciab1013.

Paul M, Carrara E, Retamar P, Tingdén T, Bitterman R, Bonomo RA, et al.
European Society of Clinical Microbiology and Infectious Diseases (ESCMID)
guidelines for the treatment of infections caused by multidrug-resistant
Gram-negative bacilli (endorsed by European Society of Intensive Care
Medicine). Clin Microbiol Infect 2022;28:521-47. doi:10.1016/j.cmi.2021.11.
025.

Zalts R, Neuberger A, Hussein K, Raz-Pasteur A, Geffen Y, Mashiach T,
et al. Treatment of carbapenem-resistant Acinetobacter baumannii ventilator-
associated pneumonia: retrospective comparison between intravenous col-
istin and intravenous ampicillin-sulbactam. Am ] Ther 2016;23:e78-85.
doi:10.1097/MJT.0b013e3182a32df3.

Moni M, Sudhir AS, Dipu TS, Mohamed Z, Prabhu BP, Edathadathil F, et al.
Clinical efficacy and pharmacokinetics of colistimethate sodium and colistin
in critically ill patients in an Indian hospital with high endemic rates of
multidrug-resistant Gram-negative bacterial infections: a prospective obser-
vational study. Int ] Infect Dis 2020;100:497-506. doi:10.1016/].ijid.2020.08.
010.

Portsmouth S, van Veenhuyzen D, Echols R, Machida M, Ferreira JCA,
Ariyasu M, et al. Cefiderocol versus imipenem-cilastatin for the treatment of
complicated urinary tract infections caused by Gram-negative uropathogens:
a phase 2, randomised, double-blind, non-inferiority trial. Lancet Infect Dis
2018;18:1319-28. doi:10.1016/S1473-3099(18)30554- 1.

Yang T, Mei H, Wang ], Cai Y. Therapeutic drug monitoring of tigecycline in
67 infected patients and a population pharmacokinetics/microbiological eval-
uation of A. baumannii study. Front Microbiol 2021;12:678165. doi:10.3389/
fmicb.2021.678165.

Liebchen U, Paal M, Jung ], Schroeder I, Frey L, Zoller M, et al. Thera-
peutic drug monitoring-guided high dose meropenem therapy of a mul-
tidrug resistant Acinetobacter baumannii—a case report. Respir Med Case Rep
2019;29:100966. doi:10.1016/j.rmcr.2019.100966.

Abdul-Aziz MH, Alffenaar JC, Bassetti M, Bracht H, Dimopoulos G, Mar-
riott D, et al. Infection Section of European Society of Intensive Care Medicine
(ESICM); Pharmacokinetic/Pharmacodynamic and Critically Il Patient Study
Groups of European Society of Clinical Microbiology and Infectious Diseases
(ESCMID); Infectious Diseases Group of International Association of Ther-
apeutic Drug Monitoring and Clinical Toxicology (IATDMCT); Infections in
the ICU and Sepsis Working Group of International Society of Antimicrobial
Chemotherapy (ISAC). Antimicrobial therapeutic drug monitoring in critically
ill adult patients: a position paper. Intensive Care Med 2020;46:1127-53.
doi:10.1007/s00134-020-06050-1.

Dilworth TJ, Schulz LT, Micek ST, Kollef MH. Rose WE. B-Lactam therapeutic
drug monitoring in critically ill patients: weighing the challenges and oppor-
tunities to assess clinical value. Crit Care Explor 2022;4:e0726. doi:10.1097/
CCE.0000000000000726.

Shields RK, Paterson DL, Tamma PD. Navigating available treatment options
for carbapenem-resistant Acinetobacter baumannii-calcoaceticus complex in-
fections. Clin Infect Dis 2023;76(Suppl 2):5179-93. doi:10.1093/cid/ciad094.

Falagas ME, Skalidis T, Vardakas KZ, Legakis NJHellenic Cefiderocol Study
Group. Activity of cefiderocol (S-649266) against carbapenem-resistant Gram-
negative bacteria collected from inpatients in Greek hospitals. ] Antimicrob
Chemother 2017;72:1704-8. doi:10.1093/jac/dkx049.

Dobias ], Dénervaud-Tendon V, Poirel L, Nordmann P. Activity of the novel
siderophore cephalosporin cefiderocol against multidrug-resistant Gram-
negative pathogens. Eur ] Clin Microbiol Infect Dis 2017;36:2319-27. doi:10.
1007/s10096-017-3063-z.


https://doi.org/10.1016/j.ijantimicag.2023.106825
https://doi.org/10.3390/microorganisms11040984
https://doi.org/10.1093/jac/dkz318
https://doi.org/10.1093/ofid/ofaa150
https://doi.org/10.1093/ofid/ofaa185
https://doi.org/10.1016/j.jgar.2020.09.019
https://doi.org/10.1093/cid/ciaa1410
https://doi.org/10.3390/microorganisms9020282
https://doi.org/10.3390/antibiotics10060652
https://doi.org/10.1016/j.ijid.2021.06.035
https://doi.org/10.1093/jacamr/dlab055
https://doi.org/10.1128/AAC.00924-21
https://doi.org/10.1016/j.jgar.2021.10.014
https://doi.org/10.1002/phar.2660
https://doi.org/10.1093/jac/dkac248
https://doi.org/10.3390/antibiotics11010003
https://doi.org/10.1093/ofid/ofac484
https://doi.org/10.3390/antibiotics11121830
https://doi.org/10.1016/j.ijantimicag.2023.106723
https://doi.org/10.1007/s15010-022-01933-5
https://doi.org/10.1007/s40121-023-00776-3
https://doi.org/10.1016/j.cmi.2022.11.005
https://doi.org/10.1016/j.jiph.2022.07.006
https://doi.org/10.1016/j.imj.2023.02.004
https://doi.org/10.3390/antibiotics12040746
https://doi.org/10.1089/mdr.2021.0180
https://doi.org/10.1093/cid/ciac647
https://doi.org/10.1093/cid/ciab1013
https://doi.org/10.1016/j.cmi.2021.11.025
https://doi.org/10.1097/MJT.0b013e3182a32df3
https://doi.org/10.1016/j.ijid.2020.08.010
https://doi.org/10.1016/S1473-3099(18)30554-1
https://doi.org/10.3389/fmicb.2021.678165
https://doi.org/10.1016/j.rmcr.2019.100966
https://doi.org/10.1007/s00134-020-06050-1
https://doi.org/10.1097/CCE.0000000000000726
https://doi.org/10.1093/cid/ciad094
https://doi.org/10.1093/jac/dkx049
https://doi.org/10.1007/s10096-017-3063-z

M. Kollef, H. Dupont, D.E. Greenberg et al.

[115]

[116]

[117]

[118]

Golden AR, Adam HJ, Baxter M, Walkty A, Lagacé-Wiens P, Karlowsky JA, et al.
In vitro activity of cefiderocol, a novel siderophore cephalosporin, against
Gram-negative bacilli isolated from patients in Canadian intensive care units.
Diagn Microbiol Infect Dis 2020;97:115012. doi:10.1016/j.diagmicrobio.2020.
115012.

Hsueh SC, Lee Y], Huang YT, Liao CH, Tsuji M, Hsueh PR. In vitro activities
of cefiderocol, ceftolozane/tazobactam, ceftazidime/avibactam and other com-
parative drugs against imipenem-resistant Pseudomonas aeruginosa and Acine-
tobacter baumannii, and Stenotrophomonas maltophilia, all associated with
bloodstream infections in Taiwan. ] Antimicrob Chemother 2019;74:380-6.
doi:10.1093/jac/dky425.

Liu PY, Ko WC, Lee WS, Lu PL, Chen YH, Cheng SH, et al. In vitro activ-
ity of cefiderocol, cefepime/enmetazobactam, cefepime/zidebactam, eravacy-
cline, omadacycline, and other comparative agents against carbapenem-non-
susceptible Pseudomonas aeruginosa and Acinetobacter baumannii isolates as-
sociated from bloodstream infection in Taiwan between 2018-2020. ] Micro-
biol Immunol Infect 2022;55:888-95. doi:10.1016/j.jmii.2021.08.012.

Kresken M, Korte-Berwanger M, Gatermann SG, Pfeifer Y, Pfennigwerth N,
Seifert H, et al. In vitro activity of cefiderocol against aerobic Gram-negative

15

[119]

[120]

[121]

[122]

International Journal of Antimicrobial Agents 62 (2023) 106882

bacterial pathogens from Germany. Int ] Antimicrob Agents 2020;56:106128.
doi:10.1016/j.ijjantimicag.2020.106128.

Ghebremedhin B, Ahmad-Nejad P. In-vitro efficacy of cefiderocol in
carbapenem-non-susceptible Gram-negative bacilli of different genotypes in
sub-region of North Rhine Westphalia. Germany. Pathogens 2021;10:1258.
doi:10.3390/pathogens10101258.

Bianco G, Boattini M, Comini S, lannaccone M, Casale R, Allizond V, et al.
Activity of ceftolozane-tazobactam, ceftazidime-avibactam, meropenem-
vaborbactam, cefiderocol and comparators against Gram-negative organisms
causing bloodstream infections in Northern Italy (2019-2021): emergence of
complex resistance phenotypes. ] Chemother 2022;34:302-10. doi:10.1080/
1120009X.2022.2031471.

US Food and Drug Administration (FDA) Cefiderocol susceptibility break-
points. FDA; 2022  https://www.fda.gov/drugs/development-resources/
cefiderocol-injection [accessed 30 January 2022].

Clinical and Laboratory Standards Institute (CLSI) Performance Standards for
Antimicrobial Susceptibility Testing. 32nd ed. Wayne, PA: CLSI; 2022. CLSI
supplement M100.


https://doi.org/10.1016/j.diagmicrobio.2020.115012
https://doi.org/10.1093/jac/dky425
https://doi.org/10.1016/j.jmii.2021.08.012
https://doi.org/10.1016/j.ijantimicag.2020.106128
https://doi.org/10.3390/pathogens10101258
https://doi.org/10.1080/1120009X.2022.2031471
https://www.fda.gov/drugs/development-resources/cefiderocol-injection
http://refhub.elsevier.com/S0924-8579(23)00161-9/sbref0122

	Prospective role of cefiderocol in the management of carbapenem-resistant Acinetobacter baumannii infections: Review of the evidence
	Please let us know how this document benefits you.
	Authors

	Prospective role of cefiderocol in the management of carbapenem-resistant Acinetobacter baumannii infections: Review of the evidence
	1 Introduction
	2 Cefiderocol
	2.1 In vitro activity and synergism with other antibiotics
	2.2 Pre-clinical in vivo effectiveness and combination treatment
	2.3 Cefiderocol pharmacokinetics, population pharmacokinetics and exposure

	3 Clinical evidence
	3.1 Randomised controlled trials
	3.2 Controlled observational studies and case reports

	4 Emergence of on-therapy resistance
	5 Role of cefiderocol in the management of carbapenem-resistant Acinetobacter baumannii infections
	6 Conclusions
	Supplementary materials
	References


