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Abstract

Cefiderocol (Fetroja®) is a siderophore cephalosporin and has demonstrated potent activity against extended-spectrum beta-
lactamases producing Enterobacteriaceae, carbapenem-resistant Enterobacteriaceae, and nonfermenting Gram-negative
bacilli, including Pseudomonas aeruginosa, Stenotrophomonas maltophilia, and Acinetobacter baumannii, Burkholderia
cepacia, and Klebsiella pneumoniae. However, cefiderocol has limited activity against Gram-positive bacteria and anaerobes
like Bacterodies fragilis. In the APEKS-cUTI study, 183 (73%) of 252 patients in the cefiderocol group versus 65 (55%) of
119 patients in the imipenem-cilastatin group achieved the composite outcome of clinical and microbiological eradication
of Gram-negative bacteria (treatment difference of 18.58%; 95% CI 8.23-28.92, p = 0.0004) in complicated urinary tract
infections (cUTIs). Cefiderocol was non-inferior to imipenem-cilastatin in cUTIs caused by Gram-negative bacteria such
as E. coli, K. pneumoniae, P. aeruginosa, Proteus mirabilis, Enterobacter cloacae, Morganella morganii, and Citrobacter
freundii. Cefiderocol required dose adjustment in patients with renal impairment and percentage of time that free drug
concentrations above the minimum inhibitory concentration (%fT > MIC) best correlated with clinical outcomes. The most
common adverse events with cefiderocol were gastrointestinal symptoms such as diarrhea, constipation, nausea, vomiting,
or upper abdominal pain. Two phase III clinical trials, the CREDIBLE-CR study and the APEKS-NP study, investigated the
efficacy and safety of cefiderocol for the treatment of pneumonia or cUTI, and both studies showed higher all-cause mortality
associated with cefiderocol. Therefore, the use of cefiderocol should be limited only to the treatment of cUTIs from Gram-
negative bacteria, especially in patients who have limited or no alternative treatment options.

1 Introduction tract infections due to exposure to healthcare and antibiotics
[1, 2]. Hence, it is imperative to develop a new antibiotic to

According to the Centers for Disease Control and Prevention ~ overcome antimicrobial resistance. Cefiderocol was devel-
(CDC), infections caused by carbapenem-resistant Entero-  oped in line with US Food and Drug Administration (FDA)-
bacteriaceae (CRE) Organisms are associated with hlgh gulded streamlined development for antibiotics to treat life-
mortality rates in inpatient healthcare settings up to 50% [1].  threatening infections caused by multidrug-resistant (MDR)
CRE can result in bloodstream infections, ventilator-asso-  Gram-negative bacteria (GNB) [3]. Cefiderocol, a new
ciated pneumonia, intra-abdominal abscesses, and urinary ~ parenteral siderophore cephalosporin, has demonstrated
potent activities against Gram-negative pathogens such as
carbapenem-resistant Enterobacteriaceae, Pseudomonas
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Cefiderocol (Fetroja®) is a siderophore cephalosporin
that results in an iron-depleted environment of Gram-
negative bacteria via the “Trojan horse” strategy.

Cefiderocol has demonstrated time-dependent bacteri-
cidal activity against Gram-negative bacteria, especially
those with multidrug-resistant organisms, including
carbapenem-resistant Enterobacteriaceae (CRE).

Cefiderocol has received the US Food and Drug Admin-
istration approval for the treatment of complicated
urinary tract infections (cUTIs) from Gram-negative
bacteria, especially in patients who have limited or no
alternative treatment options.

Due to an increase in all-cause mortality in patients
treated with cefiderocol compared to those treated with
best available therapy, cefiderocol is reserved for cUTIs
in carbapenem-resistant Gram-negative bacterial infec-
tions.

2 Methods of Literature Review

A literature search from PubMed (1996-March 2020) and
EMBASE (1947-March 2020) was conducted using terms
including “cefiderocol,” “S-649266,” or “multi-drug resist-
ant pathogens.” Results were limited to primary literature
published in English. Additional information was gathered
from Shionogi Inc. website and clinicalTrials.gov. provided
by the US National Library of Medicine.

3 Mechanism of Action

Cefiderocol is a siderophore cephalosporin with a catechol
group (Fig. 1), which is important for antibacterial activi-
ties against multi-drug resistant GNB such as P. aeruginosa
and A. baumannii [5, 9]. The carboxylic acid of the C-7
side chain improves cefiderocol permeability into the outer
membrane, and the chlorocatechol group of the C-3 side
chain chelates iron. This chelating activity is responsible for
antibacterial activities of cefiderocol, resulting in an iron-
depleted environment and the uptake of cefiderocol [10].
By inhibiting mainly penicillin-binding protein 3 (PBP3)
of Enterobacteriaceae and nonfermenting GNB, the antibac-
terial action of cefiderocol results in morphological changes
of filamentous cells [4]. Active transport of cefiderocol into
GNB and its stability against clinically relevant carbap-
enemases have shown a dual antimicrobial activity of this
siderophore cephalosporin [10].
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4 Spectrum of Activity

Cefiderocol has demonstrated potent activity against a range
of GNB such as Enterobacteriaceae, A. baumannii, P. aer-
uginosa, B. cepacia, and S. maltophilia, including MDR and
carbapenem-resistant isolates that produce carbapenemases
and p-lactamases [6, 7]. In the SIDERO-CR study, cefidero-
col demonstrated efficacy against isolates of Gram-negative
bacilli that are not susceptible to ceftazidime-avibactam,
ceftolozane-tazobactam, and colistin [11]. Compared to
cefepime or meropenem, cefiderocol has shown weak activ-
ity against multiple clinical isolates of anaerobic bacteria
such as Bacteroides spp., Prevotella spp., or Clostridioides
difficile [4]. The antibacterial activity of cefiderocol was
superior to that of comparators, including cephalosporins,
carbapenems, fluoroquinolones, and monobactams against
MDR Gram-negative pathogens, except for colistin and
tigecycline, with equivalent efficacy against certain sub-
group organisms [12]. However, another study found that
cefiderocol showed lower minimum inhibitory concentra-
tions (MICs) compared to ten antibiotics against carbape-
nem-resistant GNB, including strains resistant to colistin
and aminoglycoside. It has demonstrated that isolates pro-
ducing carbapenemases or f-lactamases cannot develop
resistance to cefiderocol [13]. Seven studies investigated
in vitro activities of cefiderocol against MDR Gram-negative
pathogens. Dobias et al. demonstrated excellent cefidero-
col activity against K. pneumoniae carbapenemase (KPC),
OXA, inosine-5"-monophosphate (IMP), Verona integron-
mediated metallo-p-lactamase (VIM), New Delhi metallo-
B-lactamases (NDM)-producing Enterobacteriaceae and
carbapenemase- [IMP, KPC, VIM, Sao Paulo metallo-f-
lactamase (SPM), Germany imipenemase (GIM)] produc-
ing P. aeruginosa [12]. Kazmierczak et al. demonstrated
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Fig. 1 The chemical structure of cefiderocol
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excellent cefiderocol activity against IMP, OXA, KPC,
VIM, and NDM producing resistant Enterobacteriaceae
[14]. Jacobs et al. demonstrated excellent cefiderocol activity
against MDR A. baumannii, S. maltophilia, P. aeruginosa,
and Enterobacteriaceae [15]. Cefiderocol demonstrated
potent in vitro activity against 231 isolates of MDR GNB,
and 98% of which were MICs of 4 mg/L shown to be supe-
rior to comparators [16]. Five isolates were not susceptible
to cefiderocol (MIC > 4 mg/L), including three ST2/OXA-
24/40-producing A. baumannii, one ST114/VIM-1-produc-
ing E. cloacae, one ST114/VIM-1, and OXA-48-producing
E. cloacae [16]. All KPC-3-producing K. pneumoniae resist-
ant to ceftazidme/avibactam were inhibited by cefiderocol
(MIC < 4 mg/L). P. aeruginosa and S. maltophilia isolates
were inhibited by cefiderocol (both at MICs < 4 mg/L),
which were not susceptible to ceftolozane/tazoactam and
levofloxacin, respectively [16]. Golden et al. reported that
all 800 isolates of Gram-negative bacilli from intensive care
units (ICUs), including of extended-spectrum p-lactamases
(ESBL)-producing (n = 40), AmpC-producing (n = 6), and
carbapenem-nonsusceptible (n = 21) Enterobacterales,
carbapenem-nonsusceptible (n = 54) and MDR (n = 29)
P. aeruginosa, S. maltophilia (n = 66), and A. bauman-
nii (n = 11) were susceptible to cefiderocol with an MIC
< 4 pg/mL of which 99% (600/606) met FDA breakpoints
of MIC <2 pg/mL [17]. Notably, cefiderocol demonstrated
a fourfold potent antimicrobial activity to P. aeruginosa than
compactors, including ceftazidime/avibactam, ceftolozane/
tazobactam, colistin, meropenem, and piperacillin/tazo-
bactam, which is a pathogen responsible for pneumonia in
critically ill patients in ICUs [17]. Cefiderocol had potent
in vitro activity against 97.5% of 478 GNB isolates from
cancer patients with MIC90 < 4 mg/L [18]. It has demon-
strated activity against isolates of ESBL-positive Enterobac-
teriaceae, CRE, and nonfermenting Gram-negative bacilli,
including P. aeruginosa, S. maltophilia, and Acinetobacter
[18]. Against non-CRE, ceftazidime-avibactam, merope-
nem, and tigecycline had a comparable activity to cefidero-
col; however, cefiderocol alone was active against MDR P.
aeruginosa isolates [18]. Cefiderocol and trimethoprim-
sulfamethoxazole had appreciable activity against S. malt-
ophilia isolates [18]. Overall, cefiderocol demonstrated the
lowest level of resistance to GNB [18].

While neither resistance pattern to cefiderocol nor the
underlying mechanisms have been studied, Kawai et al.
reported reduced susceptibility to cefiderocol in AmpC beta-
lactamases with R2 loop deletion that increased hydrolysis
of cefiderocol and ceftazidime-avibactam [19]. This finding
explained the evolving survival strategy of MDR GNB to
beta-lactam agents under selective pressure, and warrants
further studies [19].

Table 1 summarizes data of the MIC50 and MIC90 of the
antibiotics against bacterial isolates.

5 Pharmacokinetics and Pharmacodynamics

A phase I, randomized, double-blind, placebo-controlled
study was conducted to evaluate the pharmacokinetics,
safety, and tolerability of cefiderocol in healthy subjects
[20]. A single ascending-dose study included doses of 100,
250, 500, 1,000, or 2000 mg cefiderocol, and a multiple
ascending-dose study evaluated doses of 1000 and 2000 mg
cefiderocol every 8 h over 60-min intravenous infusions
[20]. Dose-dependent increases appeared in the maximum
plasma concentration (C,,,,) and area under the plasma
concentration-time curve (AUC) following single and mul-
tiple intravenous infusions of 100-2000 mg [20]. This study
demonstrated that cefiderocol was safe and well tolerated
in patients administered 2000 mg every 8 h [20]. No clini-
cally significant adverse reactions were reported except one
patient receiving 1000 mg every 8 h was withdrawn due
to fever [20]. Cefiderocol was excreted in the urine mostly
unchanged (60-70%), and no accumulation of cefiderocol
and cefiderocol metabolites were observed after a 1-h intra-
venous infusion of 1000 mg cefiderocol in healthy subjects
[20, 21]. Pharmacokinetic parameters including C,,,, AUC,
total clearance (CL), and terminal half-life (¢,,,) of the multi-
ple dosing every 8 h were similar to those of the single-dose
study, indicating there was no change in pharmacokinetics
[20].

Since most cefiderocol is renally excreted, another study
evaluated pharmacokinetics and safety of cefiderocol in
subjects with renal impairment [22]. A single intravenous
infusion of 1000 mg over 1 h was administered to subjects
with mild, moderate, or severe renal impairment and end-
stage renal disease (ESRD) with or without hemodialysis
[22]. Cefiderocol was given twice for subjects with hemo-
dialysis-dependent ESRD [22]. In comparison to a normal
renal function group, there was increased cefiderocol expo-
sure in subjects with moderate, severe renal impairment and
those with ESRD without hemodialysis, as evidenced by
increased AUC and the mean plasma ¢, [22]. The study
found that renal impairment impacted AUC, CL, and ¢,
with little change in C,,, [22]. Ratios of AUC in mild, mod-
erate, severe, and ESRD groups to those with normal renal
function were 1.0, 1.5, 2.5, and 4.1, respectively; however,
ratios of C,,, were similar between groups, as shown 0.9,
0.9, 1.0, and 1.1, respectively [22]. Due to the significant
removal of cefiderocol with hemodialysis, dose adjustment
is suggested in patients with renal impairment [22].

Pharmacokinetic/pharmacodynamic modeling and sim-
ulation of cefiderocol were conducted to determine dose
adjustment based on renal function [23]. Using plasma,
urine, and dialysate data in two phase I studies, population
pharmacokinetic models were proposed using a nonlinear
mixed-effect model [23]. The pharmacodynamic index,
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imipenem, ESBL extended-spectrum f-lactamases, Amp C ampicillin C, A. baumannii: Acinetobacter baumannii, P. aeruginosa MDR: multidrug-resistant Pseudomonas aeruginosa, S. malt-

MIC minimum inhibitory concentration (pg/mL), PIPC-TAZ piperacillin-tazobactam, CAZ-AVI ceftazidime-avibactam, VIM Verona integron-mediated metallo-p-lactamase, IMP active-on-
ophilia: Stenotrophomonas maltophilia, B. cepacian: Burkholderia cepacian, K. pneumoniae: Klebsiella pneumoniae, KPC: Klebsiella pneumoniae carbapenemase

Table 1 (continued)

>
>
(="
=
»

percentage of time that free drug concentrations above the
minimum inhibitory concentration (%fT > MIC), was best
correlated with clinical outcomes [8]. Hence, Monte-Carlo
simulations were used to calculate the probability of target
attainment (PTA) for the MIC range of 0.25-16 pg/mL [23].
Adjusted dose regimens were determined based on C,,, and
daily AUC per renal function group using the MDRD-eGFR
covariate model [23]. For subjects with normal renal func-
tion and mild renal impairment, a dose of 2,000 mg cefidero-
col every 8 h with 3-h infusion achieved 90% PTA where
75% fraction of time was against strains with MIC < 4 pg
/mL [23]. More frequent dosing every 6 h is desirable for
patients with augmented renal function based on CG-CL g
[23]. Moderate and severe renal impairment requires 1.5 and
1 g, respectively, every 8 h with 3-h infusion; 0.75 g every
12 h with 3-h infusion in ESRD patients with or without
hemodialysis [23].

A summary of pharmacokinetic data is available in
Table 2.

6 Efficacy
6.1 InVitro Activity

Six in vitro studies have been conducted to demonstrate the
antimicrobial activity of cefiderocol against isolates, includ-
ing MDR and carbapenem-resistant GNB [7, 11, 13, 24]. In
the SIDERO-WT-2014 study, MIC to inhibit the growth of
90% isolates (MIC90) was determined for the 9,205 clinical
isolates of GNB, such as Enterobacteriaceae, P. aeruginosa,
A. baumannii, S. maltophilia, and B. cepacian from North
America and Europe [24]. In this study, the in vitro activity
of cefiderocol was superior to that of antibiotic comparators,
including colistin, ceftazidime-avibactam, and ceftolozane-
tazobactam against isolates of meropenem-resistant and
MDR GNB, which limits current treatment options for MDR
infections [24]. Cefiderocol was effective against isolates
of CRE, MDR P. aeruginosa, MDR A. baumannii, S. malt-
ophilia, and B. cepacian, as evidenced by MICs < 4 pg/mL
[11,24].

In another study comparing the efficacy of cefidero-
col against MDR Gram-negative isolates with compara-
tors, including ceftolozane-tazobactam (CT), meropenem
(MEM), ceftazidime (CAZ), ceftazidime-avibactam (CZA),
colistin (CST), aztreonam (ATM), amikacin (AMK), cipro-
floxacin (CIP), cefepime (FEP), and tigecycline (TGC) [8].
Cefiderocol (MIC90 2—4 mg/L) demonstrated more potent
efficacy compared to other comparators (MIC90 > 4 to > 64
mg/L) against all isolates, except colistin and tigecycline,
having comparable efficacy to cefiderocol [12].

In the study conducted by Falagas, cefiderocol achieved
an MIC90 of 0.5 mg/L against meropenem intermediate
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isolates and MIC90 of 1 mg/L against meropenem-resistant 5
isolates of Enterobacteriaceae, A. baumannii, P. aeruginosa, Hg
P. stuartii, K. pneumoniae, and E. cloacae, which was supe- a8 g
rior to tigecycline and colistin [13]. Again, the potent anti- A E o §
bacterial activity of cefiderocol was confirmed with MICs & g D R
. . 83 0~ onoon N ©
less than 4 pg/mL against isolates of GNB that are not sus- =
ceptible to ceftazidime-avibactam, ceftolozane-tazobactam, A 5
and colistin [7, 11]. Against meropenem susceptible isolates o) ©
from North America and Europe, cefiderocol exhibited an A g - .%D
MIC90 of 0.5 and 1 mg/L for Enterobacteriaceae; 0.5 and :z; E ; :’;l =2 '§
0.5 mg/L for P. aeruginosa; 1 and 2 mg/L for Acinetobacter = c“:;
spp.; 0.5 and 0.25 mg/L for S. maltophilia; 0.12 and 0.5 © - g
mg/L for B. cepacia complex spp., respectively [7]. Against 5 S 8 = 9 g
meropenem-resistant isolates, cefiderocol had an MIC90 < 4 < e e %
mg/L for 99.6% (245/246) of Enterobacteriaceae, 99.7% ,é = o 2 §
(394/395) of P. aeruginosa, 96.1% (540/562) of Acinetobac- S 8 E S el
ter spp., and 87.1% (27/31) of B. cepacia complex spp. [7]. £z J:;
As part of SIDERO-WT-2014 surveillance study, isolates & = + & §
of carbapenemase-producing, and carbapenemase-negative é p= 25 d S ;
and meropenem-resistant isolates of Enterobacteriaceae, § 72
P. aeruginosa, A. baumannii were tested for susceptibility = Té o o © f
to cefiderocol [14]. Cefiderocol suppressed the growth of f:J = § = E S 2 ;
97.7% of isolates with an MIC less than 4 pg/mL, including =
those carrying additional ESBL or AmpC producing GNB s _% -0 k|
[14]. The study results confirmed that cefiderocol MIC ele- SR g
vation is not necessarily due to carrying beta-lactamases but g
possibly related to the disruption of iron transport proteins E ﬁ
or upregulation of efflux transporter [14]. Cefiderocol has S~ 2 = 9 £
demonstrated excellent activity in Gram-negative organ- 9 S8 =l g
isms including carbapenemase-producing organisms. Also, % N é =
in vitro studies showed the superiority of cefiderocol to cur- E« i < % %
rently available antibiotics, including new agents such as § 3 S 2 5‘0: i =
ceftazidime-avibactam, ceftolozane-tazobactam, and colis- § E
tin. However, cefiderocol is not active against Gram-positive S e D § g
bacteria and anaerobes [14]. Detailed study information is SERR T % 5
available in Table 3. % )
s:gss|iz
6.2 Animal Studies =R 2w 3%
g S5
A rat respiratory tract infection model was used to evalu- =] S8 g g« %%
ate the antibacterial efficacy of cefiderocol that simulates = AR R )
human pharmacokinetic profiles [25]. Unlike murine thigh % _ S 3
infection models, this model utilizes the immunocompetent g5, 2 ; ;: § % ;g
rat and requires longer treatment of 4 days to eradicate bac- ol & ke 2 8
terial infections [25]. Administering cefiderocol 2 g every “g E 2 m ‘:;) &
8 h as a 3-h infusion for 4 days achieved a greater than 3 § é 3 § § E E § % _‘i
log10 reduction in cells of carbapenem-resistant isolates of *;; é 8
P. aeruginosa, A. baumannii, and K. pneumoniae in lung Z a3 E g
infection [25]. As with other beta-lactam antibiotics, the “g’ g gf
efficacy of cefiderocol correlates closely with the time that R _ g 2 g =
the free drug concentration is above the MIC (%fT > MIC) : g 2o Iz = E
[25, 26]. Prolonged 3-h infusion of cefiderocol maintained o | § 9 Zu2E E§§
100 %fT > MIC for MIC of 4 ug/mL as compared to 75 =& gs=2d & JE
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%fT > MIC with a 1-h infusion [25]. This study suggests the
use of cefiderocol in the treatment of lung infections caused
by carbapenem-resistant GNB [25]. Another study described
the pharmacokinetics, pharmacodynamics, and 24-h efficacy
of cefiderocol in a neutropenic murine thigh infection model
[27]. Six neutropenic mice were infected with P. aeruginosa
to estimate pharmacokinetic parameters using mean serum
concentration data, which showed a mean t;,, of 0.86 h and
similar pharmacokinetics in the range of doses tested (4,
100, and 250 mg/kg) with a one-compartment model [27].
In pharmacodynamic assessments, the efficacy of cefidero-
col was investigated based on %fT > MIC and the change
of bacterial density expressed in logl0 CFU/mL after 24-h
exposures [27]. The pharmacodynamics of cefiderocol
showed sigmoidal dose-response curves as greater bacterial
killing is achieved with increasing doses [27]. The study
demonstrated that antibacterial effects were observed with
%fT > MIC greater than 80%, as evidenced by 76.3, 81.9,
and 88.2% to result in bacterial stasis, 1 log10, and 2 log10
CFU reductions, respectively [27]. Unlike other siderophore
beta-lactams, cefiderocol produced a sustained bacterial kill-
ing with 2 log10 CFU reductions in 24-h treatment against P.
aeruginosa [27]. Furthermore, cefiderocol exhibited potent
activity against all P. aeruginosa isolates, which were resist-
ant to cefepime and levofloxacin [27].

The third study investigated the in vivo efficacy of cefi-
derocol against Enterobacteriaceae and P. aeruginosa in
neutropenic thigh models and Enterobacteriaceae, P. aer-
uginosa, A. baumannii, and S. maltophilia in lung infec-
tion models [26]. Compared to cefepime, which showed
%tT > MIC of 61.7% and 87.7% to reach a bacterial stasis
and a 1 logl0 CFU reduction, cefiderocol demonstrated
lower values of %fT > MIC of 47.5% and 57.6%, respec-
tively [26]. To achieve a 1-log10 reduction, %fT > MIC for
Enterobacteriaceae and P. aeruginosa in the thigh infection
models were 73.3% and 77.2%, respectively [26]. Against
Enterobacteriaceae, P. aeruginosa, A. baumannii, and S.
maltophilia in the lung infection model, %fT > MIC were
64.4%, 70.3%, 88.1%, and 53.9%, respectively [26]. A. bau-
mannii required higher %fT > MIC values than those for
Enterobacteriaceae and P. aeruginosa, which demonstrated
similar efficacy in both thigh and lung infection models [26].
These results indicate cefiderocol as being the treatment
option for MDR Gram-negative bacterial infections [25-27].

6.3 Clinical Trials

The phase II, randomized, double-blind, parallel-group
non-inferiority trial (APEKS-cUTI) evaluated the efficacy
and safety of cefiderocol against imipenem-cilastatin for
the treatment of cUTIs caused by GNB [28]. This study
included hospitalized patients > 18 years old who met the
FDA diagnostic criteria for UTI and diagnosed with cUTI
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with or without pyelonephritis, or acute uncomplicated pye-
lonephritis, including immunosuppressed patients with renal
transplant [28]. Patients with acute uncomplicated pyelo-
nephritis were limited to 30% in this study to assess more
complicated MDR infections in older patients with com-
plex co-morbidities, including renal impairment [28]. 448
patients were randomized 2:1 to receive either cefiderocol
2 g or imipenem-cilastatin 1 g/1 g 1-h intravenous infusion
every 8 h for 7-14 days with renally adjusted doses [28].

Uropathogens, including E. coli, K. pneumoniae, P. aer-
uginosa, Proteus mirabilis, Enterobacter cloacae, Mor-
ganella morganii, and Citrobacter freundii, have different
resistance patterns against antibiotics classes [28]. The most
common pathogens were beta-lactamase producing E. coli,
which are extensively drug-resistant and pandrug-resistant
bacteria, and the leading cause of community-acquired and
hospital-acquired infections [28].

At 7 days after the end of treatment, 183 (73%) of 252
patients in the cefiderocol group and 65 (55%) of 119
patients in the imipenem-cilastatin group achieved the com-
posite outcome of clinical and microbiological response in
the modified intention-to-treat population (mITT) [treat-
ment difference of 18.58%; 95% CI 8.23-28.92, p = 0.0004,
number needed to treat (NNT) = 6] [28]. This difference is
clinically meaningful since it is consistent within all efficacy
populations and resulted from microbiological eradication
of GNB to < 10* CFU/mL from initial > 103 CFU/mL [28].
Therefore, cefiderocol was non-inferior to imipenem-cilasta-
tin for primary endpoints [28]. Notably, cefiderocol demon-
strated superiority to imipenem-cilastatin for the composite
primary outcome in the post hoc analysis [28].

The pathogen-specific, randomized, prospective, phase
I clinical study, the CREDIBLE-CR study, was conducted
to investigate the efficacy and safety of cefiderocol for the
treatment of carbapenem-resistant (CR) Gram-negative
infections [29]. According to European Medicines Agency
(EMA), patients with a confirmed diagnosis of HAP/VAP/
HCAP, BSI or sepsis, or cUTI caused by CR Gram-negative
infections, were randomized 2:1 to receive 2 g of cefiderocol
every 8 h for a 3-h infusion or best available therapy (BAT)
[29]. BAT as defined by a maximum of three antibiotics in
combination or subsequent de-escalation at the early assess-
ment (EA) time point was selected by the site investigator,
considering the clinical condition of the patient [29].

The treatment duration for HAP/VAP/HCAP or BSI/
sepsis was 7—14 days and 5 days for cUTIs, and can be
extended to 21 days to achieve clinical cure [29]. The pri-
mary endpoints included clinical cure rates at the time of
cure (TOC) in patients with HAP/VAP/HCAP, BSI or sep-
sis, and microbiological outcomes at TOC in patients with
cUTI in the CR-micro intention-to-treat (ITT) population
[29]. Secondary endpoints of the study were clinical out-
come at the end of therapy (EOT) and follow-up (FUP) time
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points and microbiological outcomes (EOT, TOC, FUP), all-
cause mortality in patients with HAP/VAP/HCAP, BSI or
sepsis at days 14 and 28, as well as microbiological and
clinical outcome (EOT, TOC, FUP), and composite clinical
and microbiological outcome (EOT, TOC, FUP) for patients
with cUTTIs [29]. Safety and pharmacokinetic parameters of
cefiderocol and BAT were assessed [29]. The all-cause mor-
tality was higher in the cefiderocol group (18.0%, 24.8%, and
33.7%) versus the BAT group (12.2%, 18.4%, and 18.4%)
at Days 14, 28, and end of study (EOS), respectively [30].

Another phase III clinical trial (APEKS-NP study) inves-
tigated cefiderocol versus meropenem against GNB for the
treatment of hospital-acquired bacterial pneumonia, ventila-
tor-associated bacterial pneumonia, or healthcare-associated
bacterial pneumonia [31]. The primary endpoint was all-
cause mortality at 14 days after administering 2 g of cefi-
derocol or meropenem every 8 h for 7-14 days intravenously
and 600 mg of linezolid intravenously every 12 h at least for
5 days [31]. The all-cause mortality was 12.4%, 21.2%, and
26.9% for cefiderocol versus 11.6%, 20.1%, and 22.8% for
meropenem at Day 14, Day 28, and EOS, respectively [30].

Hence, there are safety concerns in the treatment of pneu-
monia with increased all-cause mortality related to cefidero-
col, as evidenced by both the CREDIBLE-CR study and the
APEKS-NP study [29-31].

A phase II clinical trial for bloodstream infection versus
the best available therapy is recruiting now.

6.4 Safety

The phase I study evaluated the safety, tolerability, and phar-
macokinetics of cefiderocol in patients with renal impair-
ment after administering a single 1000-mg intravenous infu-
sion over 10 days [22]. There was no mortality or serious
adverse events (AEs) in 38 subjects [22]. One patient with
moderate renal impairment had to withdraw from the medi-
cation due to urticaria with underlying lactose intolerance
and seasonal allergies [22]. This urticaria was unrelated to
cefiderocol since no antibodies against cefiderocol were
detected in any blood samples [22]. The most common AE
was mild contact dermatitis (7.9%) in one patient in each
mild, severe, and end-stage renal disease (ESRD) group fol-
lowed by mild nausea in one patient with moderate disease
and ESRD without hemodialysis [22].

The phase II, randomized, double-blind, parallel-group
non-inferiority trial (APEKS-cUTI) also evaluated safety,
clinical responses assessed by the investigator, and micro-
biological responses evaluated by quantitative urinalysis
early, at TOC, and at14 days after the end of treatment [28].
The safety of cefiderocol was conducted for an extended
treatment period without having confounding factors such
as step-down oral treatment [28]. AEs reported were 122
(41%) of 300 patients in the cefiderocol group and 76 (51%)

of 148 patients in the imipenem-cilastatin group [28]. The
most common AEs in both treatment groups involved gastro-
intestinal symptoms such as diarrhea, constipation, nausea,
vomiting, or upper abdominal pain (35 [12%] patients in
the cefiderocol group and 27 [18%] patients in the imipe-
nem-cilastatin group) [28]. However, there was less inci-
dence of diarrhea and C. difficile infection in the cefiderocol
group (4%; 13/300) compared to the imipenem-cilastatin
group (6%; 9/148) since cefiderocol does not have activity
against anaerobes or Gram-positive bacteria, preventing the
increased risk of C. difficile colitis by using broad-spectrum
imipenem [28].

Still, there is a possibility of developing C. difficile-
associated diarrhea (CDAD) with any systemic antibiotics,
including cefiderocol, ranging from mild diarrhea to fatal
colitis that may require colectomy [8]. Beta-lactam antibac-
terial drugs can cause hypersensitivity reactions, includ-
ing serious skin reactions to life-threatening anaphylactic
reactions [8]. Therefore, care must be taken before starting
cefiderocol for patients with the previous history of allergic
reactions to beta-lactams such as penicillin, cephalosporins,
or other beta-lactam antibiotics [8]. Special precautions are
required for the use of cephalosporins, such as cefiderocol
in patients with a history of epilepsy or renal impairment to
prevent seizures and other central nervous system adverse
reactions [8]. Since there is limited information about cer-
ebrospinal fluid (CSF) penetration of cefiderocol available,
we were not able to find the CSF penetration information.

In the CREDIBLE-CR study, all-cause mortality was
increased in critically ill patients who have carbapenem-
resistant GNB infections such as nosocomial pneumonia,
bloodstream infections, or sepsis, and treated with cefidero-
col compared to BAT [8, 29]. The all-cause mortality in the
cefiderocol group was higher than the BAT group through
Day 28 and Day 49, as evidenced by [25/101 (24.8%) vs.
9/49 (18.4%), treatment difference 6.4%, 95% CI (- 8.6,
19.2)], and [34/101 (33.7%) vs. 10/49 (20.4%), treatment
difference 13.3%, 95% CI (- 2.5, 26.9)], respectively [8, 29].
The main cause of death was the worsening of underlying
diseases or infections caused by nonfermenters such as A.
baumannii, S. maltophilia, and P. aeruginosa; however, the
cause of the higher mortality is still unclear [8, 29].

7 Place in Therapy

The WHO defines priority 1 pathogens as critical for
research and development of new antibiotic drugs to treat
carbapenem-resistant A. baumannii, P. aeruginosa, and car-
bapenem-resistant or third-generation cephalosporin-resist-
ant Enterobacteriaceae (CRE) [32]. CDC emphasizes CRE
infections in healthcare settings due to its high mortality
rates associated with bloodstream infections and high levels
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of resistance to many antibiotic options [2]. CRE infections
include bloodstream infections, ventilator-associated pneu-
monia, intra-abdominal abscesses, and most commonly
urinary tract infections from urinary retention or a urinary
catheter [1].

Cefiderocol (Fetroja®) received FDA approval on 14
November 2019 for the treatment of cUTIs such as pyelone-
phritis for patients 18 years and older due to Gram-negative
pathogens, including Escherichia coli, Klebsiella pneu-
moniae, Proteus mirabilis, Pseudomonas aeruginosa, and
Enterobacter cloacae complex [8]. To have potent efficacy
of cefiderocol without developing the risk of antimicrobial
resistance, its use should be limited to treat or prevent proven
and probable infections caused by GNB listed above [8].

Since the safety and efficacy of cefiderocol for the treat-
ment of nosocomial pneumonia, bloodstream infections, or
sepsis need further investigation, cefiderocol use should be
reserved for cUTI treatment if no other alternatives are avail-
able [8, 29, 31].

The recommended dosing for cUTIs is 2 g IV over 3
h at 8-h intervals for 7-14 days with creatinine clearance
(CLcr) of 60-119 mL/min [8]. Dose adjustment is required
in patients with renal impairment if CLcr is less than 60
mL/min or greater than 120 mL/min [8]. Patients with CLcr
30-59 mL/min should receive 1.5 g IV over 3 h at 8-h inter-
vals, and patients with CLcr 15-29 mL/min should receive
1 g IV over 3 h at 8-h intervals, and ESRD patients with
CLcr 15 mL/min or less should receive 0.75 g over 3 h at
12-h intervals [8]. If CLcr is 120 mL/min or greater, patients
should receive 2 g IV over 3 h at 6-h intervals [8]. The cur-
rent average wholesale price (AWP) for the current standard
of therapy of imipenem/cilastatin is approximately US$135
per IV patient treatment day, and the AWP for imipenem/
cilastatin/relebactam, ceftazidime/avibactam, and cefidero-
col is approximately US$1284, $1292, and $1320, respec-
tively, per IV patient treatment day [33-36].

8 Conclusion

Cefiderocol has demonstrated excellent activity against
GNB, including Enterobacteriaceae, P. aeruginosa, A. bau-
mannii, B. cepacia, and S. maltophilia.

Until further investigation is completed in other MDR
Gram-negative infections, cefiderocol should be considered
only as a treatment option for the treatment of cUTIs from
GNB, especially in patients who have limited or no alterna-
tive treatment options.
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