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Abstract

Purpose of Review Cefiderocol has a potential role in the treatment of infections caused by increasingly resistant non-
fermenting Gram-negative organisms.

Recent Findings Non-fermenting Gram-negative organisms pose a unique threat to public health given their arsenal of
inherent resistance mechanisms. High rates of intrinsic resistance to a wide array of agents, inducible adaptive resistance,
and the ability to acquire resistance through horizontal transfer of resistance genes limit the utility of conventional antimi-
crobial treatment options against non-fermenting Gram-negative infections. Beta-lactams, one of the most reliable classes
of antimicrobials, are often rendered inactive by the acquisition of beta-lactamases, with activity potentially restored by
beta-lactamase inhibitors. Alteration of intrinsic mechanisms of resistance, porin channels, and efflux pumps reduce the abil-
ity of beta-lactamase inhibitors to protect the activity of beta-lactams. This multifactorial nature of resistance exhibited by
non-fermenting Gram-negative organisms is difficult to overcome and novel agents are needed to combat this growing threat.
Summary Cefiderocol is a novel siderophore cephalosporin that utilizes the active transport of ferric iron to gain access to
the periplasmic space of Gram-negative organisms. Cefiderocol also has additional modifications that confer some stability
in the presence of beta-lactamases, which can be particularly beneficial for infections caused by non-fermenters. Herein, we
discuss the potential role of cefiderocol therapy in the management of infections caused by non-fermenting Gram-negative
bacilli, with an intentional focus on carbapenem-resistant Acinetobacter baumannii (CRAB), Pseudomonas aeruginosa,
and Stenotrophomonas spp.

Keywords Cefiderocol - Bacilli - Gram-negative organism

Introduction

This article is part of the Topical Collection on Antimicrobial
Development and Drug Resistance

The rising prevalence of antimicrobial resistance presents a
significant challenge to public health. According to the CDC,
in 2019 alone, 2.8 million cases of antimicrobial-resistant
infections occurred in the USA, resulting in an estimated
35,000 annual deaths [1]. Non-fermenting Gram-negative
organisms, such as Acinetobacter baumannii, Pseudomonas
aeruginosa, Stenotrophomonas maltophilia, and Burkholde-
ria spp., pose a serious threat and are notable for their abil-
ity to acquire multiple mechanisms of resistance, including
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enzymatic resistance mechanisms like beta-lactamases [2,
3]. While the addition of beta-lactamase inhibitors can be
effective against many bacteria that develop resistance due to
beta-lactamases alone, non-fermenting Gram-negative organ-
isms are also known for their ability to exhibit resistance
through regulation of porin channels and efflux pumps [2].
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Currently, no pharmacologic agents are available to restore
reduced susceptibility conferred by these mechanisms. While
optimizing pharmacokinetic and pharmacodynamics param-
eters may overcome permeability- or efflux-mediated resist-
ance in some situations, the acquisition of multiple resist-
ance mechanisms can lead to higher levels of resistance that
are unlikely to respond to dose optimization alone. In cases
where multiple resistance mechanisms are present, treatment
with an antimicrobial agent with a novel mechanism of action
may be beneficial.

Cefiderocol (CFDC) is a siderophore cephalosporin that
gains access to the periplasmic space of Gram-negative
organisms by active transport of ferric iron [4]. In addition
to its siderophore mechanism, CFDC also has additional
modifications that allow it to resist hydrolysis by various
beta-lactamases, including those commonly found in Gram-
negative non-fermenting organisms (OXA-23, OXA-24, and
OXA-48) [5]. Due to its purported stability in the presence of
beta-lactamases and its unique mechanism of entry into the
periplasmic space, CFDC is uniquely suited to overcome the
multifactorial resistance often displayed by non-fermenting
Gram-negative organisms.

This review article will provide an overview of the phar-
macology, in vitro activity, and clinical studies of CFDC
with a focus on its role for the treatment of Gram-negative
non-fermenting organisms including Pseudomonas aerugi-
nosa, Acinetobacter baumannii, Stenotrophomonas malt-
ophilia, and Burkholderia spp.

Literature Search

A PubMed search was performed using key terms
“S-649266” and “cefiderocol” to identify relevant articles
published between January 1, 2013, and September 30,
2022. The search strategy included in vitro studies, clinical

Fig. 1 Cefiderocol pharmaco-
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trials, observational studies, case studies and case series,
review articles, and systematic reviews. The search was lim-
ited to articles available in the English language.

Chemistry

Notably, CFDC has a pharmacophore that is structurally
similar to ceftazidime and cefepime. Cefiderocol shares a
common C-7 (shown in Fig. 1) carboxypropanoxyimino
side chain with ceftazidime, which enhances its penetration
across the outer membrane of Gram-negative pathogens, but
decreases its activity against Gram-positive pathogens [6,
7]. Similar to cefepime, CFDC also contains C-3 side chain
modifications to include a positively charged pyrrolidinium
moiety, providing additional stability in the presence of beta-
lactamases (shown in Fig. 1) [6, 7]. This pyrrolidinium
moiety is further modified to include a conjugated catechol
moiety, which provides the defining siderophore mechanism
of CFDC [6, 7]. The catechol addition to the C-3 side chain
allows CFDC to chelate soluble ferric iron, providing the
ability to undergo active transport across the outer membrane
of Gram-negative organisms via siderophore receptors [4].
The combination of modifications, which provide enhanced
stability against beta-lactamases, increased passive transport
across the outer membrane, and allow for active transport
across the outer membrane, contributes to the potential of
CFDC as a treatment option for non-fermenting Gram-
negative organisms in our antibiotic armamentarium.

Cefiderocol Microbiological Activity Against
Non-fermenting Gram-Negative Organisms

Overall, CFDC has demonstrated high affinity for the penicillin-
binding protein 3 (PBP3) of many non-fermenting Gram-negative
organisms. Cefiderocol has also been shown to retain activity
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in the presence of both serine- and zinc-based carbapenemase
enzymes. A 2016 study examined the kinetics of various beta-
lactamases against CFDC [5]. The results showed that among
metallo-beta-lactamases, IMP-1, VIM-2, and L1, CFDC was
hydrolyzed at a rate 260-fold lower than that of meropenem [5].
The study was unable to calculate the specificity for NDM-1,
but the relative velocity of CFDC hydrolysis was 3—10 times
lower than other agents [5]. Additionally, the kinetic parameters
for KPC-3 and OXA-23 suggest that CFDC is relatively stable
compared to meropenem, providing additional stability against
organisms like OXA-producing Acinetobacter baumannii [5].
The following sections provide in-depth details regarding the
activity of CFDC against various non-fermenting Gram-negative
organisms.

Pseudomonas aeruginosa

Of note, CFDC demonstrates in vitro activity against Pseu-
domonas aeruginosa with MICy, typically ranging from
0.5 to 1 pg/mL, meeting the FDA-established breakpoint
of 1 pg/mL and falling below the CLSI M100-established
breakpoint of 4 pg/mL [8—11]. There was no significant dif-
ference in affinity between CFDC and ceftazidime for PBP3
of Pseudomonas aeruginosa (0.06 pg/mL vs. 0.09 ug/mL)
[12]. CFDC also has increased affinity for PBP la of Pseu-
domonas aeruginosa compared to ceftazidime (0.85 ug/
mL vs. 3.62 ug/mL), but not against other organisms tested
[12]. In a 2016 study, which included 103 P. aeruginosa
isolates, CFDC MIC values ranged from <0.063 to 4 ug/
mL and MIC,, was low at 1 ug/mL [10]. The subset of
beta-lactamase-producing P. aeruginosa isolates (n=33)
included were found to have MIC values ranging from 0.03
to 8 ug/mL and MIC,, was 4 ug/mL [10]. Subsequently, a
2018 study of CFDC activity against carbapenem-nonsus-
ceptible and multidrug-resistant pathogens included 262 P.
aeruginosa isolates and found that CFDC retained activ-
ity against most with MIC values ranging from <0.002 to
32 ug/mL and MICgy, was 1 ug/mL despite the high preva-
lence of resistance to meropenem (92%) and ceftazidime-
avibactam (63.7%) [9]. Similarly, a 2020 study of CFDC
activity against multidrug-resistant isolates collected in the
UK from 2008 to 2018, which included 111 carbapene-
mase-producing P. aeruginosa isolates, found that 86.5%
of P. aeruginosa isolates remained susceptible to CFDC
based on CLSI breakpoints [13]. Results from the five
multinational SIDERO-WT surveillance studies included
7700 P. aeruginosa isolates, with CFDC MIC values rang-
ing from <0.002 to 8 ug/mL and the MIC,, was 0.5 ug/
mL, even among meropenem and ceftazidime-avibactam-
nonsusceptible isolates [14] [14]. Overall, these studies
indicate substantial in vitro activity of CFDC against P.
aeruginosa isolates.

Acinetobacter baumannii

Additionally, CFDC demonstrates strong in vitro activity
against Acinetobacter baumannii, including carbapenem-
resistant strains, with most isolates retaining susceptibility
based upon the CLSI-established breakpoint of 4 ug/mL [11].
A study comparing the affinity of CFDC and ceftazidime for
PBP3, determined by 50% inhibitory concentrations, found
that CFDC is more potent against Acinetobacter baumannii
(0.67 pg/mL vs. 1.78 pg/mL) than ceftazidime [12]. The
aforementioned 2016 in vitro study also included a 203 A.
baumannii isolates; 99 isolates were collected from 2000 to
2009 and 104 isolates were randomly collected from 2009
to 2011. Overall, CFDC MIC values ranged from <0.063 to
4 pg/mL with MICy, of 2 pg/mL [10]. Among the 29 beta-
lactamase-producing A. baumannii isolates studied, MIC
values ranged from 0.03 to> 32 pg/mL and MIC,, was 8 ug/
mL [10]. Similarly, in vitro results reported in a 2017 study
examining CFDC activity among clinical isolates collected
between 2014 and 2015 from the USA and Europe included
309 A. baumannii isolates from 50 centers in the USA and
839 isolates from 49 centers in Europe [8]. Among these
isolates, CFDC MIC values ranged from <0.002 to 8 ug/mL
with a MICy, of 1 pg/mL [8]. Cefiderocol retained activity
among the 173 American and 595 European meropenem-
nonsusceptible isolates with MICy, remaining 1 ug/mL for
both American and European isolates [8]. The activity of
CFDC against carbapenem-nonsusceptible and multidrug-
resistant pathogens was further corroborated in a 2018 in vitro
study that included 368 A. baumannii isolates. Cefiderocol
retained activity against most A. baumannii isolates in this
study with MIC values ranging from 0.015 to > 256 ug/mL
with MICy;, of 0.25 ug/mL and MICy, of 8 ug/mL despite
the high prevalence of resistance to meropenem (MICs, 64/
mL) [9]. A 2020 study also determined the potential activity
of CFDC against carbapenemase enzymes, including NDM,
OXA-23, OXA-51, OXA-58, and OXA-24/40. This study,
which examined the activity of CFDC against multidrug-
resistant isolates collected in the UK from 2008 to 2018,
included 99 carbapenemase-producing A. baumannii isolates;
88.9% of A. baumannii isolates remained susceptible to
CFDC according to CLSI-established breakpoint [13]. Data
from in vitro susceptibility studies support the use of CFDC
to treat A. baumannii infections; however, subsequent clinical
data has warranted caution against its use as a first-line agent.

Stenotrophomonas maltophilia

Cefiderocol also demonstrates in vitro activity against Steno-
trophomonas maltophilia, with most tested clinical isolates
remaining susceptible according to the CLSI-established
breakpoint of 1 ug/mL [11]. A 2016 study that included 108
S. maltophilia isolates, both randomly collected clinical
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isolate from 2009 to 2011 and beta-lactam-resistant isolates
collected from 2000 to 2009, found that CFDC MIC values
ranged from <0.063 to 4 ug/mL with MICy, of 0.5 pg/mL
[10]. A 2017 study of clinical isolates collected between
2014 and 2015 from the USA and Europe found that among
the 152 S. maltophilia isolates from the USA, CFDC MIC
values ranged from <0.002 to 4 pg/mL with MIC,, of
0.5 pg/mL, and among 276 isolates in Europe, MIC values
ranged from 0.004 to 2 pg/mL with MICy, of 0.25 ug/mL
[8]. In a 2018 study that included 217 S. maltophilia isolates,
CFDC retained activity against most S. maltophilia isolates
with MIC values ranging from 0.004 to 2 ug/mL with MICs,
of 0.06 pg/mL and MIC,, of 0.25 ug/mL despite the high
prevalence of resistance to ceftazidime-avibactam (MICs,
8 ug/mL, MIC,, 64 pg/mL) [9].

Other Non-fermenting Gram-Negative Bacteria

There is limited data that supports the use of CFDC against
other non-fermenting Gram-negative organisms; nonethe-
less, several studies have shown promising results. A 2017
study was conducted examining CFDC activity among clini-
cal isolates collected between 2014 and 2015 from the USA
and Europe. This study included six Burkholderia cepacia
isolates from 50 centers in the USA and six isolates from 49
centers in Europe [8]. The MIC values for B. cepacia isolates
ranged from 0.008 to 16 pg/mL, with all but one isolate hav-
ing a value of <1 ug/mL [8]. A 2018 study of CFDC activity
against carbapenem-nonsusceptible and multidrug-resistant
pathogens included four B. cepacia isolates, with MIC val-
ues of 0.004, 0.008, 0.015, and 8 pg/mL [9]. A 2021 study
examined the activity of CFDC against Burkholderia pseu-
domallei clinical isolates from Queensland, Australia, and
included 246 isolates. Among all isolates tested, MIC values
ranged from <0.03 to 16 ug/mL with MICy, of 0.125 ug/mL,
and only four isolates had MIC values of > 1 ug/mL. These
in vitro data may suggest the potential activity of CFDC
against Burkholderia species and other non-fermenting
Gram-negative organisms, but further studies are needed to
confirm the widespread susceptibility of CFDC.

Resistance

While CFDC does retain in vitro activity against many non-
fermenting isolates, resistance to CFDC has been observed.
Studies have identified multiple mechanisms of resistance
involved in CFDC resistance, including beta-lactamase
activity, alterations in siderophore receptor genes, and PBP3
mutations. Cefiderocol may have increased stability in the
presence of beta-lactamases, but the production of multiple
enzymes may overwhelm this stability. Resistance to CFDC
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has been most thoroughly described in carbapenem-resistant
A. baumannii. In a study of eight cefiderocol-resistant Acine-
tobacter baumannii, all resistant isolates harbored OXA-23
beta-lactamases. Also, all isolates also harbored PER-type
beta-lactamases; however, the presence of these enzymes
alone did not lead to resistance. This suggests that beta-
lactamases may contribute to CFDC resistance, but a fully
resistant phenotype may also require the presence of other
mechanisms [15].

An additional study of 12 Acinetobacter baumannii iso-
lates identified multiple possible mechanisms, not involving
beta-lactamase activity, involved in CFDC resistance [16]. In
this study, three isolates identified as international clone strain
type ST2, and lacking the expression of siderophore receptor
gene pirA also exhibited CFDC resistance [16]. In addition
to pirA, these three isolates also lacked expression of piuA;
however, another isolate lacked piuA (a siderophore receptor
gene) expression but remained susceptible to CFDC [16]. Col-
lectively, this data may indicate that piuA contributes to dimin-
ished CFDC susceptibility, but overt resistance likely involves
additional factors [16]. Four isolates from other international
clone strain types also had unsuccessful amplification of pirA
and piuA products, suggesting that mutations in these genes
play a role in reduced CFDC susceptibility [16]. Furthermore,
one ST2 isolate exhibiting CFDC resistance also had PBP3
mutations that may have contributed to resistance [16]. Taken
together, alterations in siderophore receptor genes pirA and
piuA likely contribute to diminished CFDC susceptibility, but
resistance is likely multifactorial.

In addition to frank resistance, treatment with CFDC may
also be complicated by the presence of heteroresistance and
the presence of resistant sub-populations within a larger
population that appears in vitro susceptible to the antibiotic.
A 2021 study examined CFDC resistance in carbapenem-
resistant Gram-negative pathogens. Among non-fermenting
organisms included, resistance was detected in 8% of 108
Acinetobacter spp., 0% of 69 Pseudomonas spp., and 0% of
Stenotrophomonas spp. isolates [17e]. Despite relatively low
rates of CFDC resistance, population analysis profiling iden-
tified CFDC heteroresistance in 59% of Acinetobacter spp.,
9% of Pseudomonas spp., and 48% of Stenotrophomonas
spp. isolates [17¢]. These findings highlight potential chal-
lenges in using CFDC for the treatment of these organisms.

Pharmacokinetics and Pharmacodynamics
of Cefiderocol Against Non-fermenting
Gram-Negative Organisms

Pharmacokinetic parameters of CFDC have been studied
in both healthy and infected populations, with population
pharmacokinetic models being derived from patients with
varying degrees of renal function. In a phase I study, 40
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healthy adults received a single dose ranging from 100
to 2000 mg of CFDC over 60 min, and 30 healthy adults
received multiple doses of 1000 mg or 2000 mg of CFDC
every 8 h as a 60-min infusion for 10 days [18]. The results
of this study found that maximal concentration and area
under the concentration—time curve increased proportion-
ally with increasing doses of CFDC. The plasma half-life of
CFDC ranged from 1.98 to 2.74 h and minimal accumulation
was observed in multiple dosing concentration or area under
the curve, with similar pharmacokinetics between single and
multiple dosing. The pharmacokinetics of CFDC was found
to be linear pharmacokinetics at doses of 2000 mg or less
[18]. Cefiderocol was primarily excreted in the urine as an
unchanged drug (60-70%) with 10% excretion in the urine
as metabolites [18]. An additional pharmacokinetic study
examining radioactivity equivalent of *C-cefiderocol in six
healthy adults determined that 98.7% of CFDC was excreted
in the urine, primarily as an unchanged drug (90.6%), up to
120 h after administration [19].

The effects of renal impairment on the pharmacokinet-
ics of CFDC were evaluated in a phase I study involving in
30 patients with varying degrees of renal dysfunction and
8 matched patients with normal renal function. Mild renal
dysfunction had a minimal effect on the pharmacokinetics
of CFDC; however, moderate and severe renal dysfunction
increased the half-life and area under the curve 1.5-fold and
two-fold respectively [20]. Hemodialysis was found to effec-
tively clear CFDC with 60% removal by a 3- to 4-h hemo-
dialysis session [20].

Cefiderocol distributes into tissues well and has been
shown to distribute into the epithelial lining fluid of healthy
adults with concentrations parallel to plasma concentrations
[21]. When administered as a 2000-mg dose over 60 min,
CFDC pulmonary epithelial lining fluid concentrations fell
below the upper limit of CLSI-established breakpoints of
4 pug/mL at 4 h (2.78 pg/mL) and 6 h (1.38 ug/mL) after
administration [21]. In a rat model, CFDC penetrated into the
cerebrospinal fluid (CSF) at comparable CSF:plasma ratios
to other beta-lactams, and penetration was enhanced three-
fold by meningeal inflammation [22]. The currently approved
dosing regimen is 2000 mg every 8 h as a prolonged 3-h
infusion, which should help optimize the pharmacodynamic
and pharmacokinetic profile of CFDC, particularly when uti-
lized against highly resistant non-fermenting Gram-negative
organisms.

Given the critical state of many patients with highly
resistant Gram-negative infections, which is often the case
when infected with non-fermenters, the probability of tar-
get attainment at relevant minimal inhibitory concentrations
comparing 1-h and 3-h infusions was determined using
existing data from phase I studies. For patients with nor-
mal renal function, the probability of target attainment for
free concentration above the MIC for 75% of the dosing

interval was >90% for MIC values of <4 pg/mL following
a dose of 2000 mg every 8 h, given over a 3-h infusion [23].
In patients with augmented renal function defined as cre-
atinine clearance > 120 mL/min, the dosing interval would
need to be increased to every 6 h [23]. Targeting longer
time of the dosing interval at which CFDC concentrations
exceed the pathogen MIC is especially important for non-
fermenting Gram-negative organisms, as some organisms
require increased exposure for adequate antimicrobial activ-
ity as shown in a study of CFDC pharmacodynamic profile
in murine thigh and lung models. Cefiderocol concentrations
exceeding the MIC of P. aeruginosa for 63.0% and 72.2%
of the dosing interval were required for bacteriostatic and
bactericidal activity, respectively, in a murine thigh model
[24]. For bactericidal activity against A. baumannii, CFDC
concentrations exceeding the MIC for 88.1% of the dosing
interval were required in a murine lung model [24]. Fur-
thermore, carbapenem-resistant organisms required greater
exposure than carbapenem-susceptible organisms for ade-
quate antimicrobial activity [24].

Cefiderocol Clinical Trials and the Inclusion
of Non-fermenting Organisms

Cefiderocol was studied in three clinical trials, summarized
in Table 1, prior to receiving FDA approval for the treatment
of complicated urinary tract infections or pyelonephritis and
hospital- or ventilator-acquired pneumonia. The following
sections will focus on reviewing the clinical evidence for
CFDC in the management of Pseudomonas aeruginosa, Aci-
netobacter baumannii, and Stenotrophomonas maltophilia.

Clinical Activity of CFDC Against
Non-fermenting Gram-Negative Organisms

Pseudomonas aeruginosa

In addition to its in vitro activity, clinical studies have
reported promising results with CFDC in the management
of difficult-to-treat P. aeruginosa infections. P. aeruginosa
was the only non-fermenting organism represented in each
of the three major clinical trials evaluating CFDC. In the
APEKS-cUT], less than 10% of included study patients had
P. aeruginosa isolated. Cefiderocol-treated patients achieved
microbiological eradication in 44.4% and clinical cure in
73.3% of patients with genitourinary tract infections caused
by P. aeruginosa compared to microbiological eradication
in 60.0% and clinical cure in 75.0% of patients receiving
imipenem [25]. The APEKS-NP trial included P. aeruginosa
infections, representing approximately 16.4% of all collected
isolates. Clinical cure was similar between both groups,
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reported in 67% of patients treated with CFDC and 71% of
patients treated with meropenem [26]. All-cause mortality
was numerically lower for patients treated with CFDC at 8%
compared to 26% of patients treated with meropenem. P.
aeruginosa was similarly represented in the CREDIBLE-CR
trial, accounting for 18.6% of all isolates. The rate of overall
all-cause mortality was higher among patients who received
CFDC at 35% of patients compared to 17% of patients who
received comparator. However, for patients with P. aerugi-
nosa as the only pathogen isolated, mortality was 18% for
both CFDC and comparator [27e]. Outside of clinical trials,
CFDC use has also been reported in a small number of case
reports and case series with success (see Table 2). Caution
should be taken when applying these results as they repre-
sent subgroups with small numbers; however taken together,
CFDC appears to be an appropriate option for the treatment
of infections caused by P. aeruginosa with limited treatment
options when susceptibility to CFDC is retained. Recent
guidance from the Infectious Diseases Society of America
(IDSA) recommends the use of CFDC for infections caused
by difficult-to-treat P. aeruginosa cystitis or pyelonephri-
tis, and as an alternative treatment for extra-urinary pseu-
domonal infections [28].

Acinetobacter baumannii

A. baumannii was not isolated in an adequate number of
cases in the APEKS-cUTI trial to draw meaningful conclu-
sions; however, data is available regarding clinical outcomes
from the APEKS-NP and CREDIBLE-CR trials. A. bauman-
nii was isolated from 16.1% of patients in the APEKS-NP
trial, a similar proportion to P. aeruginosa. Clinical cure was
similar between the two groups, achieved in 52% of patients
receiving CFDC and 58% of patients receiving meropenem
[26]. All-cause mortality was also similar, with 39% mor-
tality among patients receiving CFDC and 33% mortality
among patients receiving meropenem [26]. While A. bau-
mannii represented a smaller proportion of pathogens in the
APEKS-NP trial, it was the most predominant pathogen in
the CREDIBLE-CR trial, isolated from 45.7% of patients. In
the CREDIBLE-CR trial, all-cause mortality was strikingly
different between the 42 patients who received CFDC and 17
patients who received comparator for Acinetobacter species,
with CFDC associated with 50% mortality and comparator
with 18% mortality [27e]. While the exact cause of increased
mortality in the CFDC group is unclear, more patients were
in the intensive care unit at randomization (56% vs 43%) or
in septic shock (19% vs 12%) and combination therapy was
used less frequently in the CFDC arm (18% vs 71%) [27e].

A recent observational, retrospective cohort study com-
pared the outcomes of 141 patients who received CFDC-
based or colistin-based regimens for the treatment of
carbapenem-resistant A. baumannii (CRAB) infections.

Cefiderocol was used in the treatment of 47 patients,
including 32 patients who received combination therapy,
and colistin was used in the treatment of 77 patients, 64
of whom received combination therapy [29¢]. Cefiderocol
was most commonly used in combination with tigecycline
(21 patients) or fosfomycin (8 patients), while meropenem-
vaborbactam, ampicillin-sulbactam, and ertapenem combi-
nations were each employed for a single patient. The popu-
lation in this study was critically ill at baseline with 89%
of patients in the intensive care unit and 56% of patients
mechanically ventilated. The most common infections were
bloodstream infection (62%) or ventilator-associated pneu-
monia (28%) [29e]. In contrast to the CREDIBLE-CR trial,
CFDC-based therapy was associated with decreased
30-day mortality (34% vs 55.8%), with the largest differ-
ence among bloodstream infections (25.9% vs 57.5%) and
no significant difference for ventilator-associated pneumonia
(58.3% vs 56.5%) [29e]. Of note, monotherapy with either
CFDC or colistin was associated with increased microbio-
logical failure (42.9% vs 6.3%, respectively), and CFDC
monotherapy was associated with increased mortality (40%
vs 6.3%) [29¢]. The evaluation of CFDC used largely as
combination therapy while compared to monotherapy could
explain the difference in mortality seen in the CREDIBLE-
CR trial; however, further investigation is needed. Cefidero-
col use has also been reported in case reports and case series
with some reported success (see Table 2). Based on clinical
data, CFDC may be appropriate, as a monotherapy, for the
treatment of CRAB when options are limited due to resist-
ance or intolerance; however, it is likely best used as part of
a combination regimen. IDSA guidance recommends CFDC
as combination therapy for only refractory infections or situ-
ations in which tolerance limits the use of other agents [30].

Stenotrophomonas maltophilia

Clinical data regarding the use of CFDC for S. maltophilia
are sparse. No S. maltophilia isolates were reported in
APEKS-cUTI and only four isolates from APEKS-NP with
no specific outcomes data available. In the CREDIBLE-CR
trial, five S. maltophilia isolates were isolated, all of which
were treated with CFDC. While no comparison can be made
to alternative treatment, four of five patients with S. malt-
ophilia died during the trial, including two of three patients
with S. maltophilia but without A. baumannii [27e]. Two
case reports of S. maltophilia treatment with CFDC have
been identified. In the first case from a case series of 10
patients, a 79-year-old female was successfully treated for
ventilator-associated pneumonia with both S. maltophilia
and NDM-producing Klebsiella pneumoniae after failing
initial treatment with ceftazidime-avibactam, aztreonam,
and fosfomycin, although specific CFDC duration and con-
comitant agents are not available [31]. In the second case, a
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58-year-old male was treated with CFDC and tigecycline for
S. maltophilia pneumonia and ESBL-producing Escherichia
coli bacteremia. During treatment, the patient was receiving
continuous venovenous hemodiafiltration and patient-spe-
cific monitoring of CFDC levels confirmed adequate expo-
sure for both isolates. Tigecycline was utilized for 10 days
and CFDC for 14 days with clearance of blood cultures and
clinical cure of infection; however, patient ultimately expired
due to end-organ damage [32].

In an in vitro study of the activity of CFDC alone or in
combination with other agents, CFDC was active against
9 of 9 S. maltophilia isolates studied [33]. Synergy was
observed with levofloxacin (4 of 9 isolates), minocycline (6
of 9 isolates), polymyxin B (5 of 9 isolates), and trimetho-
prim/sulfamethoxazole (6 of 9 isolates) [33]. Given the lack
of available clinical data regarding the use of CFDC for S.
maltophilia, it should be reserved for clinical scenarios with
no viable alternatives due to resistance, concomitant infec-
tions, or intolerance to other agents. IDSA guidance recom-
mends CFDC as monotherapy for mild infections and as part
of a combination regimen for moderate to severe infections
caused by S. maltophilia [30].

Clinical Considerations for Cefiderocol Use
in the Management of Non-fermenting
Gram-Negative Infections

In the treatment of non-fermenting Gram-negative infec-
tions, various factors must be considered in clinical prac-
tice. After an infectious diagnosis is established, cultures and
susceptibility results should be reviewed to identify avail-
able in vitro active agents. For extensively drug-resistant
non-fermenting Gram-negative organisms, additional anti-
microbial susceptibility testing may be required. Cefiderocol
susceptibility testing can be performed by either the standard
disk-diffusion method or Thermo Scientific Sensititre AST
plates. Alternatively, cultures can be sent to a reference lab
for susceptibility results. Obtaining MIC values quickly is
crucial, as clinical outcomes are expectedly lower for iso-
lates with MIC values greater than established breakpoints
[34]. With that, if CFDC is used as initial therapy prior to
the receipt of MIC values, then therapy should be escalated
and/or de-escalated based on finalized isolate-specific cul-
tures and sensitivities.

Irrespective of the retained widespread susceptibility of
CFDC against MDR non-fermenting organisms, a lack of
real-world clinical data relegates CFDC to be considered
solely as a component in salvage therapy regimens. Mono-
therapy may be a viable option for resistant Pseudomonas
isolates, as it has been used in clinical trials and has lower
rates of reported heteroresistance (9%) [17]. In contrast, for
infections caused by A. baumannii, combination therapy is

likely to be the preferred option due to increased mortality
associated with CFDC use in patients with infections caused
by Acinetobacter spp., included in the CREDIBLE-CR trial.
Nevertheless, the excess mortality in the CREDIBLE-CR
trial may be related to its use as a monotherapy as outcomes
with CFDC were favorable when used in combination with
other agents compared to colistin-based combination regi-
mens [29¢]. Additionally, the higher rates of reported CFDC
heteroresistance among surveillance isolates (59%) further
attest to CFDC-based combination therapy being the most
reliable option for Acinetobacter spp. infections [17e].

Notably, case reports of CFDC often describe its use
in combination with other agents, most frequently with
colistin. Nonetheless, the selection of agents for use in
combination regimens with CFDC can be challenging; thus,
preference should be given to agents with reported in vitro
activity when possible. In vitro data suggest the potential for
synergy when CFDC is combined with amikacin, ampicillin/
sulbactam, or meropenem against A. baumannii, present-
ing attractive options for combination regimens with CFDC
[35]. Cefiderocol combinations may also be a carbapenem-
sparing option for some CRAB isolates, as the addition of
beta-lactamase inhibitors in vitro has been shown to restore
CFDC activity against otherwise resistant isolates [35].

Clinical data regarding CFDC for the treatment of infec-
tions caused by Stenotrophomonas maltophilia and other
non-fermenting organisms are sparse; however, its use
should be reserved when options are limited either due to
resistance or concomitant infections. Heteroresistance in
S. maltophilia has been reported in a study of surveillance
isolates (48%) [17¢] and mortality was high in the CRED-
IBLE-CR trial; however, only five isolates were reported
in this trial and Acinetobacter spp. were also isolated as a
pathogen in two patients [27¢]. An in vitro study examined
the potential for synergy against S. maltophilia for CFDC
combined with levofloxacin, minocycline, polymyxin B, or
trimethoprim-sulfamethoxazole. The most reliably synergis-
tic combinations were found to be CFDC with trimethoprim-
sulfamethoxazole or minocycline, with each agent exhibiting
synergy in six of nine isolates tested [33], suggesting that
CFDC may be useful as an add-on agent for patients failing
to respond to initial therapy.

Conclusion

Antimicrobial resistance in non-fermenting Gram-negative
organisms is a serious global health threat given the limited
in vitro active agents readily available. Thus, novel agents
are essential, and identifying their placement in our current
antibiotic armamentarium is critical. The pharmacophore of
CFDC and the substantial antimicrobial activity positions it
as a viable option in the treatment of infections caused by
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non-fermenting pathogens. Cefiderocol monotherapy may be
an appropriate option as monotherapy for infections caused
by P. aeruginosa or mild infections caused S. maltophilia
when susceptibility has been confirmed. However, cefidero-
col should be used as part of a combination regimen for
infections caused by carbapenem-resistant A. baumannii or
for moderate to severe infections caused by S. maltophilia
whenever possible. Synergistic combinations that have
been shown to be effective include CFDC in combination
with meropenem or amikacin when treating A. baumannii,
and CFDC in combination with minocycline or trimetho-
prim-sulfamethoxazole when treating S. maltophilia. Data
regarding the use of CFDC for other non-fermenting Gram-
negative organisms are scarce, and CFDC use should be
reserved for situations with no alternative. Ultimately,
CFDC is an important novel therapy and has an integral role
in the management of infections caused by non-fermenting
Gram-negative organisms.
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