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Abstract

through a systematic search.

Nosocomial pneumonia

Carbapenem-resistant Gram-negative bacteria are frequent causes of sepsis and septic shock in intensive care unit
(ICU) and thus considered a public health threat. Until now, the best available therapies consist of combinations of
preexisting or new antibiotics with B-lactamase inhibitors (either new or preexisting). Several mechanisms of resist-
ance, especially those mediated by metallo-f-lactamases (MBL), are responsible for the inefficacy of these treatments,
leaving an unmet medical need. Intravenous cefiderocol has been recently approved by the American Food and
Drug Administration (FDA) and European Medicines Agency (EMA) for the treatment of complicated urinary tract
infections and nosocomial pneumonia due to Gram-negative, when limited therapeutical options are available. In
addition, its ability to hijack bacterial iron uptake mechanisms makes cefiderocol stable against the whole Ambler
B-lactamase inhibitors and increases the in vitro efficacy against Gram-negative pathogens (e.g., Enterobacterales
spp., Pseudomonas aeruginosa, and Acinetobacter baumannii). Trials have already demonstrated their non-inferiority to
comparators. In 2021, ESCMID guidelines released a conditional recommendation supporting the use of cefiderocol
against metallo-B-lactamase-producing Enterobacterales and against Acinetobacter baumannii. This review provides
the opinion of experts about the general management of empiric treatment of patients with sepsis and septic shock
in the intensive care unit and detects the proper place in therapy of cefiderocol considering recent evidence sought
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Introduction

Carbapenem-resistant Gram-negative bacteria are fre-
quent causes of sepsis and septic shock in intensive
care units (ICUs), where infections related to multidrug
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resistance (MDR) pathogens are dramatically increasing
[1]. New strategies to improve outcomes and decrease
mortality rates in hospitalized patients are urgently
required. An early and effective treatment is essen-
tial to increase survival rate [2], but simultaneously
the challenge of reducing the high rate of antibiotic
resistance must be considered. Several mechanisms of
resistance, indeed, especially those mediated by metallo-
B-lactamases (MBL) are responsible for inefficacy of
the best available treatments [3], leaving an unmet
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medical need. To improve outcomes of patients with
MDR pathogen infections in ICU and reduce mortal-
ity, timely treatments are needed and empiric therapies,
depending on intensive care epidemiology and patient’s
medical history, must be administered early. An empiric
therapy is based on a clinical hypothesis in the absence
of a certain diagnosis. As a consequence of inappropriate
empiric therapy, the spread of antimicrobial resistance
both inside hospitals and into the community resulted
to be extremely challenging to physicians [4]. The World
Health Organization (WHO) has recently defined anti-
microbial resistance as a public health threat. In addi-
tion, in 2017, WHO has already declared the priority on
researching and investing on new therapies. Nowadays,
the attention should be focused on some critical Gram-
negative MDR pathogens: Acinetobacter baumannii,
carbapenem-resistant Pseudomonas aeruginosa, carbap-
enem-resistant Enterobacterales (e.g., Klebsiella pneumo-
niae), and all the 3rd-generation cephalosporin-resistant
bacteria [1, 5].

The significance of an antimicrobial stewardship pro-
gram, characterized by a reasoned empiric therapy, based
on the identification of the most common risk factors
that can potentially lead to the identification of a patho-
logical agent [6], and the value of a parsimonious usage
of antimicrobials to prevent resistance were underlined.
New antimicrobial combinations have been tested, both
including non-B-lactamase inhibitors and B-lactamase
inhibitors (e.g., ceftazidime-avibactam, ceftolozane-
tazobactam,  meropenem-vaborbactam, imipenem/
cilastatin-relebactam) with partial success, because of
the instability of beta lactamase ring or the non-suscep-
tibility of some A. baumannii strains. Effective and timely
treatments for MBL-producing Gram-negative-related
infections are still an unmet medical need [7]; thus, new
guidelines and new therapies have to be developed. In
this scenario, cefiderocol turned out to be a valid option.
Intravenous cefiderocol has been recently approved by
the American Food and Drug Administration (FDA) and
European Medicines Agency (EMA) for the treatment
of complicated urinary tract infections and nosocomial
pneumonia due to Gram-negative in case of limited ther-
apy availability. Moreover, cefiderocol is stable against
the whole Ambler B-lactamase inhibitors and has in vitro
efficacy against Gram-negative pathogens (e.g., Entero-
bacterales, P. aeruginosa, and A. baumannii) thanks to
the ability to hijack bacterial iron uptake mechanisms.

The aim of this review is to provide the opinion of
experts about the general management of empiric treat-
ment of patients with sepsis and septic shock in the
intensive care unit and to identify the correct place in
therapy of cefiderocol in light of recent evidence sought
through a systematic search.
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Methods

A multidisciplinary team of experts was invited by one
coordinator (AG) to join a focused discussion on key
themes about (1) empiric treatment of patients with sep-
sis and septic shock and (2) place in therapy of cefidero-
col, during two online meetings held by the Italian Society
of Anesthesia Analgesia Intensive Care and Emergency
(SIAARTI). During the same meetings, focused discus-
sions among the panelists on the review topics were
conducted. No standardized methods (e.g., analysis of
agreement using voting results) for evaluating consensus
among experts were adopted. For what concerns clinical
data and the possible place in therapy of cefiderocol, a
systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement [8]. A search was
applied to the PubMed database using “Cefiderocol” as a
keyword. Two authors (AC, GI) independently screened
all titles and abstracts to select potentially eligible stud-
ies. Discrepancies at any stage were discussed and adjudi-
cated in consensus. Randomized trials, both prospective
and retrospective observational studies, meta-analysis,
and guidelines were included. Reviews, case reports, and
in vitro and non-clinical studies were excluded. In Fig. 1,
the PRISMA flow diagram details the process of inclu-
sion and exclusion. Only studies written in English were
included.

Results
From a total of 320 records screened, 19 were assessed
for eligibility and 17 studies were included in the review.

Cefiderocol: structure and mechanisms of action
Cefiderocol is a new siderophore cephalosporin, with
demonstrated in vitro activity against Gram-negative
microorganisms, including MDR pathogens, such as A.
baumannii, P. aeruginosa, and K. pneumoniae [9]. Hijack-
ing the bacterial iron-transfer mechanisms, cefiderocol
can achieve high periplasmic concentrations. Its struc-
ture consists in a cephalosporin nucleus with two lateral
chains similar to those of ceftazidime and cefepime. An
aminothiazole ring and a carboxypropyl-oxymino group,
situated in one of the two chains in C-7 position, simplify
cefiderocol transport across Gram-negative bacterial
outer membrane and enhance its stability against enzy-
matic B-lactamase hydrolysis.

The difference among cefiderocol, cefepime, and cef-
tazidime is given by a catechol moiety in C3 position;
moreover, working as a siderophore, it creates a cefider-
ocol/ferric complex. Both passive diffusion and bacte-
rial active-iron-uptake pumps allow cefiderocol to move
across the outer bacterial membrane [9, 10]. Thanks to
active transport, cefiderocol preserves the possibility to
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pass through cell membranes, even in case of perme-
ability reduction or porin mutation and upregulation of
efflux pumps [9, 10]. Once inside the periplasmic space,
cefiderocol separates from iron and binds penicillin-
binding protein (PBP), particularly in the form of PBP3,
thus inhibiting peptidoglycan synthesis and leading to
cell death. Besides, since Gram-positive and anaerobic
bacteria growth is less dependent on active iron transport
enzymes, cefiderocol turns out to be ineffective [7, 9].

Pharmacokinetic and pharmacodynamic

Being a cephalosporin, cefiderocol activity is well
described by time-dependent killing, since its efficacy
is enhanced by prolonged and continued infusions (3-h
infusion turned out to be more effective than 1-h infu-
sion) [10]. Table 1 shows minimum inhibitory concen-
tration (MIC) breakpoints stated by the Clinical and
Laboratory Standards Institute (CLSI), American Food
and Drug Administration (FDA), and European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST).

In vivo studies on murine models showed no evidence
of insurgence of resistance mechanisms after repetitive
doses of cefiderocol [11, 12].

In humans, cefiderocol showed a linear kinetic in a
range of doses between 100 and 400mg. The excretion is
mediated by the kidneys, while the liver is responsible for
metabolism [7, 13]. Studies on human beings support the
use of cefiderocol as a treatment for pulmonary, urinary
tract, and bloodstream infections, sepsis included [4, 7].

In vitro activity

Two trials, SIDERO 2014 [14] and SIDERO 2015 [15],
compared cefiderocol in vitro activity to those of the
most relevant available therapies.

SIDERO 2014 tested cefiderocol against several patho-
genic agents such as Enterobacteriaceae, P. aeruginosa,
A. baumannii, and S. maltophila. Isolates from North
America center laboratories and European medical
center laboratories were collected. The Clinical and Lab-
oratory Standards Institute broth microdilution method
was used. Moreover, iron-depleted conditions were
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Table 1 MIC breakpoints stated by the Clinical and Laboratory Standards Institute (CLSI), American FDA, and European Committee on

Antimicrobial Susceptibility Testing (EUCAST)

CLSI FDA EUCAST
Microorganism S | R S | R S | R
Enterobacterales <4 8 > 16 <4 8 > 16 <2 - >2
P aeruginosa <4 8 > 16 <1 >4 <2 - >2
A. baumannii <4 8 > 16 <1 >4 NA NA NA
S. maltophilia <4 8 > 16 NA NA NA NA NA NA

Breakpoint CLSI published in June 2018; update expected in 2021. Breakpoint FDA updated till September 2020. Breakpoint EUCAST published in April 2020
lintermediate, NA non-applicable, R resistant, S sensible, MIC minimum inhibitory concentration, CLS/ Clinical and Laboratory Standards Institute, FDA Food and Drug

Administration, EUCAST European Committee on Antimicrobial Susceptibility Testing

necessary to mimic human tissues and fluid environ-
ments and to promote the induction of active ferric iron
transporters. The in vitro activity was compared to those
of colistin, meropenem, ceftazidime-avibactam, ceftolo-
zane-tazobactam, cefepime, and ciprofloxacin. Cefidero-
col turned out to be the best option having a MIC < 4ug/
ml (eradication rates: Enterobacteriaceae spp. 99.9%; P
aeruginosa 99.9%; A. baumannii 97.6%; S. maltophila
100%). Results were consistent even for meropenem non-
susceptible isolates (meropenem non-susceptible eradi-
cation rates: Enterobacteriaceae spp. 100%; P. aeruginosa
100%; A. baumannii 96.9%), thus superior to ceftolozane-
tazobactam or ceftazidime-avibactam. In a low number
of isolates, an elevated MIC for cefiderocol was observed.
The responsible mechanisms are still unknown: down-
regulation of active iron transporters or mutation in the
binding site for iron can be involved [14].

SIDERO 2015 continued collecting data and confirmed
SIDERO 2014 results [15].

In conclusion, more than 99% of at least 18,000 Gram-
negative Bacillus tested showed a minimum inhibitory
concentration (MIC) for cefiderocol of < 4 pg/ml [14, 15],
thus demonstrating an in vitro effectiveness of cefiderocol
against a wide range of Gram-negative bacteria, including
those producing the whole types of B-lactamases accord-
ing to Ambler classification [7, 14—16].

Although cefiderocol showed a low in vitro activity
against New Delhi metallo-B-lactamase (NDM)-produc-
ing bacteria, recent evidence demonstrated cefiderocol
activity against Enterobacterales, P. aeruginosa, MBL-
producing A. baumannii, and some NDM-producing K.
pneumoniae strains [17]. In particular, a sublineage of
ST147 K. pneumoniae producing NDM-1 was isolated. It
was characterized by a complex resistome responsible for
resistance to most antimicrobials except from cefiderocol
and few others. The acquisition of a chimeric plasmid,
indeed, which included genes for the siderophores yersin-
iabactin and aerobactin, granted cefiderocol activity [18].
A cefiderocol MIC value of < 4 pug/ml was observed, in

addition to the superiority in the eradication of bacteria
with carbapenem resistance (meropenem and imipenem
MIC > 6 pg/ml) [15]. The ARGONAUT (Antibacterial
Resistance Leadership Group Reference Group for test-
ing of Novel Therapeutics) report analyzed the in vitro
activity of cefiderocol and comparators, focusing on car-
bapenem-resistant isolates. Results showed a correlation
between the activity of cefiderocol and PB-lactam resist-
ance mechanisms. While the activity of non-ferment-
ing was independent of the presence of [-lactamases,
the activity against Enterbacterales was affected by the
presence of extended-spectrum [-lactamase (ESBL) or
carbapenemases, even if no obvious association was
identified [19].

Further studies are needed to explain resistance mech-
anisms, focusing particularly on those arising in non-
fermenting organisms as well as on NDM enzymes and
combinations of resistance mechanisms, such as iron
transporter mutations [7].

Cefiderocol: clinical data

Cefiderocol activity has been tested in two different
non-inferiority trials in patients affected by complicated
urinary tract infections (APEKS-cUTI) [20] or noso-
comial pneumonia (APEKS-NP) [21] and in a phase
III randomized, open, multicentric, descriptive study,
whose aim was to compare cefiderocol to the best avail-
able therapy (BAT) in adults with complicated infection
due to Gram-negative carbapenem-resistant bacteria
(CREDIBLE-CR) [22].

APEKS-cUTI is a phase II, multicentric, double-
blinded, parallel-group, non-inferiority trial, conducted
in 67 hospitals among 15 countries including adult (>
18 years) patients diagnosed with complicated urinary
tract infections (cUTI) with or without pyelonephritis or
patients admitted to hospital with acute uncomplicated
pyelonephritis.

All the included patients were randomized to
receive 1-h intravenous infusion of cefiderocol 2 g or
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imipenem-cilastatin 1 g, three times a day, every 8 h for
7-14 days, adjusting doses according to kidney function,
weight, or both. Cefiderocol turned out to have a com-
parable efficacy to imipenem-cilastatin. A total of 452
patients were enrolled (cefiderocol group n = 303; imipe-
nem-cilastatin group n = 149), of whom 448 (n = 300 in
the cefiderocol group; #n = 148 in the imipenem-cilastatin
group) received treatment. A total of 371 patients (n =
252 in the cefiderocol group; n = 119 in the imipenem-
cilastatin group) were diagnosed with a Gram-negative
pathogen. The clinical response and the microbiological
response at the test of cure (TOC) at day 7 (£ 2 days)
after the end of treatment were valued as a primary end-
point that was achieved by a total of 248 patients (73%
or n = 183/252 in the cefiderocol group; 55% or n = 65
in the imipenem-cilastatin group; with an adjustment
treatment difference of 18.58%, 95% CI 8.23-28.92; p =
0.0004), proving the cefiderocol non-inferiority [20].

Cefiderocol was well tolerated, and mild secondary
effects were registered (41% or n = 122/300 patients in
the cefiderocol group; 51% or n = 76/148 patients in the
imipenem-cilastatin group). The most frequent were gas-
trointestinal disorders, e.g., diarrhea, nausea and vomit-
ing, and abdominal pain.

A further post hoc analysis showed superiority of cefi-
derocol for the treatment of urinary tract infections,
since major bacteremia eradication rate and clinical cure/
improvement rate than in the imipenem-cilastatin group
(100% against 77.8%) were achieved [23].

Porthsmouth et al. conducted a further pilot investiga-
tion analysis to assess patients’ clinical outcomes after
APEKS-cUTI trial. They interviewed 371 patients sub-
mitting a 14-element questionnaire related to eventual
new symptoms that appeared during follow-up, graded
in “absent,” “mild,” “moderate,” or “severe” According to
patients’ responses, clinical cure rates were 89.7% in the
cefiderocol arm and 84.9% in the imipenem-cilastatin
arm (adjustment treatment difference: 4.96%; 95% CI —
2.48-12.39). At the end of treatment (EOT), cefiderocol
group patients’ symptoms were improved and the clinical
failure rate assessed by investigators was very small [24].

Moreover, a systematic review compared six cUTI
clinical trials analyzing six different antimicrobials:
ceftolozane-tazobactam (ASPECT-cUTI), ceftazidime-
avibactam (RECAPTURE), meropenem-vaborbactam
(TANGO-1), plazomicin (EPIC), cefiderocol (APEKS-
cUT]I), and fosfomycin (ZEUS). All of the studies showed
a rate of microbiological eradication of > 92%, thus dem-
onstrating cefiderocol non-inferiority. Fosfomycin was
the only exception, with a lower eradication rate (84%),
due to high rates of resistance [25].

APEKS-NP is a randomized, double-blinded, parallel-
group, phase III, non-inferiority trial, conducted in 76
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centers among 17 countries in Asia, Europe, and the USA
including patients affected by Gram-negative nosocomial
pneumonia, ventilator-associated pneumonia, or health-
care-associated pneumonia (HCAP). Patients received
a continuous 3-h infusion of cefiderocol 2 g or merope-
nem 2 g every 8 h for 7-14 day, extended till 21 days if
required by clinical conditions. The dose of meropenem
was mutually agreed by experts and FDA [21].

In addition, all patients received an intravenous infu-
sion of linezolid 600 mg bid for 5 days. A total of 300
patients were enrolled; stratified according to age, renal
function, APACHE II score, ventilation status, disease
severity, baseline pathogen, and pathogen groups; and
randomly assigned to the cefiderocol group (1 = 148)
or to the meropenem group (# = 152). Gram-negative
pathogen infections were diagnosed in 86% of the whole
number (n = 251). The most common microorgan-
ism isolated included K. pneumoniae (n = 92; 32%), P,
aeruginosa (n = 48; 16%), A. baumannii (n = 47; 16%),
and E. coli (n = 41; 14%). All-cause mortality at day 14
(primary endpoint) and at day 28 (secondary endpoint)
was evaluated and cefiderocol non-inferiority was dem-
onstrated (all-cause mortality at day 14: 12.4% for the
cefiderocol group; 11.6% for the meropenem group).
Similar results were observed at day 28. Cefiderocol
turned out to be non-inferior to meropenem in critical
nosocomial pneumonia since no relevant clinical differ-
ences were observed between the two groups, except for
those patients affected by HCAP (more patients died in
the cefiderocol group, 9 vs 2). In those cases where mero-
penem MIC was > 16 mcg/ml, cefiderocol showed effi-
cacy (mortality at 14 days 0%; mortality at 28 days 20%).
Finally, cefiderocol was well tolerated and as safe as other
cephalosporin or carbapenem [21].

CREDIBLE-CR is a randomized, open, multicentric,
parallel-group, phase III descriptive pathogen-focused
trial, conducted in 95 centers among 16 countries in
Africa, South America, Europe, and Asia including adult
patients affected by nosocomial pneumonia, bloodstream
infections, sepsis, complicated UTI, and evidences of
carbapenem-resistant Gram-negative pathogen [22].
Patients received a 3-h intravenous infusion of cefidero-
col 2 g every 8 h or the best available therapy (BAT). A
different dose of cefiderocol 2 g every 6 h was adminis-
tered to those patients with creatinine clearance > 120
ml/min. In case of pneumonia, bloodstream infections,
UTIL, or sepsis, cefiderocol could be combined with a sec-
ond antibiotic (excluding polymyxin, cephalosporin, car-
bapenem). The estimated length of treatment was 7-14
days, although considering the possibility to extend the
treatment to 21 days, if required by clinical conditions.
The best available therapy was chosen in consideration of
pathogens involved and site of infections. A. baumannii,
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P. aeruginosa, and K. pneumoniae were the three most
common pathogens. The primary outcomes were clinical
cure at test of cure (TOC) at day 7 (for patients affected
by nosocomial pneumonia, bloodstream infections,
or sepsis) and microbiological eradication (for those
affected by UTI). A total number of 152 patients were
enrolled (cefiderocol group n = 101; BAT group n = 51,
of whom only 49 received treatment). The most common
Gram-negative pathogens were A. baumannii (n = 54;
46%), K. pneumoniae (n = 39; 33%), and P. aeruginosa (n
= 22; 19%). Cefiderocol resulted to have similar clinical
and microbiological efficacy in all patients (nosocomial
pneumonia: clinical cure achieved by 50% or n = 20/40
in the cefiderocol group; 53% or n = 10/19 in the BAT
group; bloodstream infection or sepsis: clinical cure
achieved by 43% or n = 10/23 in the cefiderocol group;
43% or n = 6/14 in the BAT group; UTI: microbiological
eradication achieved by 53% or #n = 9/17 in the cefidero-
col group; 20% or n = 1/5 in the BAT group) [22]. Thus,
the clinical and microbiological efficacy of cefiderocol
were comparable to the best available therapy. Moreover,
even higher microbiological eradication rates in case of
complicated urinary tract infections were observed (53%
vs. 20%). CREDIBLE-CR results also support cefiderocol
as a valid option for the treatment of carbapenem-resist-
ant infections, when limited therapies are available [22].
The safety profile was coherent with those of previous
studies, except for increased mortality in those patients
affected by Acinetobacter-related pneumonia. This evi-
dence seems not to be related to the safety of cefiderocol
and deserves further studies [22]. Increasing mortality
seems to not include patients affected by UTI [7].

The presented rates resulted to be consistent with
those of a systematic review which analyzed the 3 RCTs
(APEKS-NP, APEKS-cUTI, and CREDIBLE-CR). No
substantial differences between cefiderocol and the com-
parators were observed in the clinical efficacy (OR =
1.04, 95% CI 0.73-1.48), all-cause mortality at day 14 and
day 28 (OR = 1.25, 95% CI 0.69-2.26; OR = 1.12, 95%
CI 0.69-1.82), and microbiological response (OR = 1.44,
95% CI 0.84—2.47), with a higher microbiological eradica-
tion rate for E. coli (OR = 1.91, 95% CI 1.13-3.22) [26].

A post hoc analysis of the three trials (APEKS-cUT],
APEKS-NP, and CREDIBLE-CR) suggested that cefi-
derocol could be a valid option for Gram-negative
infections, even if resistance to other antibiotics was
observed. In particular, both bacteremia eradication
rates and clinical cure/improvement rates in APEKS-
cUTTI resulted to be higher for cefiderocol than compara-
tors (100% vs 77.8%) [23].

Consistent results were reported by a comparative
study on COVID-19 patients, which compared cefidero-
col to BAT in patients with bacteremia and nosocomial
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pneumonia due to A. baumannii [27]; 107 patients were
enrolled: 42 treated with cefiderocol and 65 with other
therapies (among others colistin). No differences in mor-
tality at day 28 were reported (55% vs 58%, p = 0.706).
On the contrary, a new observational monocentric Ital-
ian study has been published, comparing cefiderocol to
other antimicrobial associations including colistin in
patients affected by critical infections mediated by car-
bapenem-resistant A. baumannii (CRAB) [24]. The study
included 124 patients (47 cefiderocol vs 77 colistin) and,
after adjusting any possible bias with propensity score,
it related cefiderocol to a minor mortality rate at day 30
(hazard ratio 0.44, p < 0.001). Patients with bacteremia
resulted to benefit the most from cefiderocol therapy;
besides, no difference in mortality was observed between
patients affected by HAP/VAP [28].

Recently, data from a post hoc analysis about the two
randomized trials CREDIBLE-CR and APEKS-NP were
disseminated relating to the efficacy of cefiderocol in
patients affected by MBL-producing Gram-negative
mediated infections [17]. A clinical recovery of 70.8%
of patients among cefiderocol group vs 40% in patients
with other treatments was documented; concurrently, a
microbiological eradication of 58.3% vs 30% and a mor-
tality at day 28 of 12.5% vs 50% were observed [17]. Fal-
cone et al. confirmed the previous results in their study
conducted among 18 patients affected by infections due
to MBL (NDM or VIM-beta lactamase)-producing Enter-
obacterales [29].

How to use it: dose and administration

The recommended dose for patients with normal kid-
ney function is 2g administered with a 3-h intrave-
nous infusion every 8 h (Table 2). It is recommended
to adjust the dose according to the patient’s kidney
function [7, 9]. No recommendations for adjustment of
dose in obese patients have been already stated, neither
evidences of spread in cerebrospinal liquor have been
demonstrated [9].

Safety profile
Cefiderocol resulted safe and well tolerated in phase I
studies on humans [30]. Adverse events registered among
phase II and phase III studies were low or moderate enti-
ties and as frequent as adverse events related to the com-
parison arm.

Saisho et al. compared cefiderocol adverse events vs
placebo in humans [30]. Cefiderocol single dose (100 mg
vs 250 mg vs 500 mg vs 1000 mg vs 2000 mg vs placebo)
and cefiderocol multiple dose (1000 mg 1st group vs 1000
mg 2nd group vs 2000 mg vs placebo) were tested.

The most common adverse events reported were:
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Table 2 Cefiderocol doses adjusted on kidney function
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Kidney function GFR

Dose rates

Augmented?® CG-CLCR, > 120 ml/min
Normal

Mildly compromised
Moderately compromised
Critically compromised
End-stage renal disease

Intermittent dialysis required

CRRT required
o<2l/h
02.1-31/h
03.1-41/h
0>4.11/h

MDRD-eGFR, 90-120 ml/min/1.73 m?
MDRD-eGFR, 60-90 ml/min/1.73 m?
MDRD-eGFR, 30-60 ml/min/1.73 m?
MDRD-eGFR, 15-30 ml/min/1.73 m?
MDRD-eGFR, < 15 ml/min/1.73 m?

Dosed according effluent rate:

2 g every 6 h, 3-h infusion

2 gevery 8h, 3-h infusion

2 g every 8 h, 3-h infusion

1.5 g every 8 h, 3-h infusion

1 gevery 8 h, 3-h infusion
0.75 g every 12 h, 3-h infusion

0.75 g every 12 h, 3-h infusion, (3rd) supplementary
dose 0.75 g after hemodialysis (during hemodialysis
days)

= 1.5gevery12h
=2gevery 12h
= 1.5gevery8h
= 2gevery8h

CG-CLCR Cockcroft-Gault creatinine clearance, eGFR estimated glomerular filtration rate, MDRD Modification of diet in renal disease, CRRT continue renal replacement

therapy

2 Patients with hypermetabolic states due to sepsis

— Nausea

— Diarrhea

— Cutaneous rush

— Headache

— Increase of liver enzyme (aspartate aminotransferase/
alanine aminotransferase) level

— Hypokalemia

Anomalies related to iron homeostasis were not
reported in any case of administration of cefiderocol [30].

This is demonstrated in a post hoc analysis conducted
using data from the APEKS-NP study and analyzing effi-
cacy and safety parameters, including those specific for
iron homeostasis (e.g., iron, total iron binding capacity,
hepcidin, transferrin saturation). The primary outcome
was a rate of all-cause mortality (ACM) at day 14; ACM
at day 28 was considered as a secondary outcome. Data
about serum iron concentrations were available for 292
patients, of whom 242 (n = 117 in the cefiderocol arm; n
= 125 in the meropenem arm) had low iron levels and 50
(n = 27 in the cefiderocol arm; n = 23 in the meropenem
arm) had normal iron levels. Concerning patients with
low iron levels, ACM at day 14 was 12.3% in the cefidero-
col arm and 11.6% in the meropenem arm. These results
were similar for those patients with normal iron serum
level. Also, rates for ACM at day 28 were consistent with
the previous results, thus demonstrating that baseline
iron serum levels had no influence on cefiderocol efficacy
and safety profile [31].

Moreover, Matsunaga et al. evaluated the rate of inci-
dence of adverse events (AEs) reported in APEKS-cUTI,
APEKS-NP, and CREDIBLE-CR. The incidence of AEs was

lower in the cefiderocol group than in comparators, and
no differences in iron homeostasis were observed. Particu-
larly, adverse events appeared in 10.2% of patients receiv-
ing cefiderocol, < 1% reported critical accidents, and 1.5%
interrupted treatment because of side effects developed
[32]. According to a retrospective cohort study conducted
by Bleibtreu et al., thrombocytopenia due to the treatment
occurred in one patient, but disappeared after treatment
discontinuation [33].

Furthermore, a randomized, double-blind, placebo-con-
trolled, phase I study was conducted to assess the effects
of cefiderocol on ECG parameters. No correlations with
prolongation of the QTcF interval after administrations
of cefiderocol were observed [34]. Cefiderocol is well tol-
erated also in patients with renal impairment. Katsube
et al, in their open-label phase I study, compared subjects
with various degrees of renal function with a healthy con-
trol group. A single intravenous dose of cefiderocol 1000
mg was administered. For those with hemodialysis (HD)
dependence, cefiderocol was administered twice: once 1 h
after HD conclusion and the second one approximately 2
h before the normal scheduled HD session. Vital signs and
physical examinations were conducted to monitor eventual
adverse events. No consistent differences in safety profile
were observed between the two groups [35].

Discussion

Considerations from 2021 ESCMID guidelines

for the treatment of infections caused by MDR
Gram-negative bacilli

In 2021, the European Society of Clinical Microbiol-
ogy and Infectious Disease (ESCMID) stated the new
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targeted therapy guidelines [36] (GLs; Table 3). These
GLs were based on a systematic revision of the literature
and on scientific evidences related to those infections
caused by the 3rd-generation cephalosporin-resistant
(3-GCR) Enterobacteriaceae spp., carbapenem-resist-
ant Enterobacterales (CRE), and carbapenem-resistant
A. baumannii (CRAB) (GLs approved by the European
Society of Intensive Care Medicine (ESICM)) [36].

Remarks on appropriate empiric therapy in ICU
When sepsis occurs in ICU-hospitalized patients,
timely strategies are needed to reduce mortality rate. As
descripted before, if properly used, empiric therapy is an
efficient resource, and an antimicrobial stewardship pro-
gram should be used, in order to avoid resistance. We
believe that, unless the patient is not affected by septic
shock, physicians have enough time to obtain sufficient
information about the suspected pathogens causing the
infection. On the contrary, if not possible, physicians
should consider infection site, colonization scenario,
history of previous infections, or antimicrobial admin-
istrations and epidemiology to decide the best empiric
therapy. According to the expert opinion, the patient’s
medical history, physical examinations, and vital parame-
ters can help physicians to suspect the more probable site
of infection. When lungs are identified as the most prob-
able, expert opinion suggests waiting for an antibiogram
and to set up therapies according to it. On the contrary,
when bacteremia occurs, and a rapid antibiogram is not
available, or lungs are not considered the first site of the
infection, a bowel colonization of P aeruginosa should
be suspected and an empiric therapy should be adminis-
tered. Moreover, since A. baumannii bowel colonization
is rarely responsible for developing a bacteremia, ICU
epidemiology has to be evaluated and the more common
pathogens have to be taken into account (Fig. 2).
However, the increasing spread of MDR pathogens
requires more effective strategies and new perspectives
of treatment. Due to its recent approval and the exigu-
ity of published studies, the place in therapy of cefidero-
col has to be still defined, thus conveying its strength in
guidelines [7, 9]. Anyways, even more evidence is com-
ing to light among literature, since recent clinical studies
have demonstrated the important role that cefiderocol
can play in the eradication of infections caused by Gram-
negative MDR pathogens [17, 27-29, 37]. Beta lactamase
antibiotics, as carbapenems, are still considered the best
available therapy against Gram-negative extended-spec-
trum P-lactamase (ESBL)-producing pathogens. Besides,
for those carbapenemase-producing bacteria, actual
options are conditioned by several limits of efficacy or
toxicity [7].
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Cefiderocol is the first siderophore cephalosporin
against Gram-negative bacteria approved in the USA and
Europe Union (EU). Moreover, cefiderocol is the only
one stable against all classes of P-lactamases, metallo-
B-lactamase MBL included [7]. According to the Infec-
tious Diseases Society of America (IDSA), cefiderocol is
considered as one of the preferred options against NDM
or other strains producing MBL and it is an alternative
option in case of absence of certainty of carbapenemase
resistance/presence of carbapenemase [38]. Cefiderocol
has to be preferred in case of complicated UTI and pyelo-
nephritis caused by carbapenem-resistant Enterobacte-
rales (CRE) or by resistant and difficult-to-treat strains
of P aeruginosa. It has been also approved in case of
hospital-acquired pneumonia and ventilator-associated
pneumonia caused by A. baumannii complex, E. coli,
Enterobacter cloacae complex, K. pneumoniae, P. aerugi-
nosa, and Serratia marcescens. Moreover, real-world data
support cefiderocol use in monotherapy or in combina-
tion with other antimicrobials as a rescue treatment for
critical infections or immunocompromised patients.

Although the FDA approval of cefiderocol for cUTI
was based on a randomized trial (APEKS-cUTI), data
from CREDIBLE-CR concerning mortality were ambig-
uous. According to Naseer et al., several critical limita-
tions affected this trial: a small sample size, the inclusion
of cUTI with more serious infection, and a descriptive
analysis without formal statistical testing. In addition,
treatment failures progressing to sepsis and death were
more frequent in the cefiderocol arm. For these reasons,
the FDA convened to discuss the benefit/risk assessment
of cefiderocol. The majority of the committee (14/16)
confirmed the evidence of efficacy of cefiderocol for the
treatment of cUTI. Besides, because of the mortality rate
observed, a warning for use in indications other than
cUTTI is recommended [39].

Moreover, based on the data from CREDIBLE-CR and
APEKS-NP trials, the ESCMID guidelines produced rec-
ommendations on the role of cefiderocol against infec-
tions by A. baumannii. The CREDIBLE-CR trial reported
a numerically higher 28-day mortality rate in the cefi-
derocol group versus the BAT group among patients with
infections by CRAB (49%, n = 19/39, vs 18%, n = 3/17).
Indeed, in the trial, there was no advantage to cefidero-
col with respect to clinical or microbiological eradica-
tion. Besides, in the APEKS-NP trial, similar mortality
and clinical and microbiological eradication rates were
observed between cefiderocol and high-dose extended-
infusion meropenem in the small subgroup of patients
(n = 47) with nosocomial pneumonia due to A. bauman-
nii. Despite the limited information available, ESCMID
issued a conditional recommendation (low certainty of
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[ Empiric Therapy ]

e Lung identified as site of
infections
e  Fast microbiology available

!

Empiric therapy is not
recommended, we suggest
waiting for an antibiogram.

/

v

What if:
e lung is not site of infection

e Fast microbiology not

available

!

Empiric reasoned therapy is suggested:

First consider bowel colonization (rectal
cefiderocol if
(i.e., P.
aeruginosa) and/or metallo-R-lactamase
(e.g., NDM)

swab). Consider non-

fermenting  Gram-negative
producing bacteria are

suspected.

No evidence shows correlation between A. baumannii
bowel colonization and bacteremia, so ICU epidemiology
should be considered and therapies against the most
common pathogens should be started.

Fig. 2 Suggestion on appropriate empiric treatment in patients with sepsis and septic shock

evidence) against cefiderocol as treatment against infec-
tions caused by CRAB [21, 36].

Some observational studies also evaluated the efficacy
of cefiderocol in critically ill patients affected by Gram-
negative MDR infections, focusing on CRAB. Cefiderocol
was used as a compassionate use in case of clinical failure
(lack of clinical or microbiological improvement) with
colistin on 10 intensive care patients affected by bacte-
riemia or ventilator-associated pneumonia caused by
carbapenem-resistant Gram-negative bacteria, demon-
strating a high percentage of success (70%) and a low rate
of microbiological fail (20%). Only one case of induced
resistance in vivo was observed [37]. Similar results were
reported by Bavaro et al. The Italian team reported a case
series of 13 patients (n = 5/13 critically ill patients with
severe lung failure due to underlying Sars-Cov2 infec-
tion; n = 4/13 post-surgical infections; n = 4/13 severe
infections in immunocompromised patients), reporting
a rate of success for cefiderocol of 76.9%; the majority of
the patients was affected by infections caused by A. bau-
mannii [40]. In addition, a French retrospective cohort
study reported the experience of cefiderocol as a salvage
treatment after other antibiotics failure. Patients who
received at least one dose of cefiderocol 2 g from Novem-
ber 2018 to November 2019 were included. The main
sites of infection were the respiratory tract, followed by
intra-abdominal, osteo-articular, skin-and-skin struc-
tures and the urinary tract. P aeruginosa, A. baumannii,
K. pneumoniae, and Enterobacter hormaechei were the

pathogens isolated. A cure rate of 87.5% was observed in
cefiderocol-susceptible isolate infections. Thrombocyto-
penia due to the treatment occurred in one patient, but
disappeared after treatment discontinuation [33].

Although not verified by clinical trial, there is the pos-
sibility to use cefiderocol in combination with aerosol
colistin in case of A. baumannii lung infection in order
to limit potential side effects on renal function of intra-
venous colistin. Further combinations of cefiderocol
with antimicrobials such as tigecycline, ampicillin, and
fosfomycin can be considered, too. Besides, when P. aer-
uginosa is isolated, cefiderocol can be reasonably admin-
istered in monotherapy and the kidney function must be
considered. Moreover, when a MBL-producing pathogen
infection is suspected, MIC has to be detected before
administering cefiderocol (Fig. 3).

Conclusions

Cefiderocol appears to be a new interesting therapeuti-
cal resource in case of failure of standard therapies and
lack of alternatives, especially for what concerns nosoco-
mial pneumonia and cUTI in mono or combined therapy.
Indeed, it should be considered against proven or sus-
pected infections due to non-fermenting Gram-negative,
metallo-f-lactamase-producing bacteria and/or A. bau-
mannii. In the latter case, the association with inhaled
colistin or other antibiotics with confirmed susceptibil-
ity may be considered. Moreover, in case of septic shock,
identifying the site of infection and an early identification
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Monotherapy Vs Cefiderocol Combined Therapy

Monotherapy

!

MIC of isolated pathogen is
essential in patients with
infections due to MBL producing
(e.g., NDM) bacteria.
Cefiderocol can be used in
monotherapy, adjusted
according to kidney function,
when the efficacy has been

Combined
Therapy

!

Intravenous Cefiderocol can be
combined with aerosol colistin
in critical lung infections due to
A. baumannii.

Ampicillin sulbactam tigecycline,
fosfomycin, aminoglycoside can
be also combined to cefiderocol

-

Using aerosol colistin may
reduce the incidence of
side effects as acute
kidney injury caused by
intravenous colistin

tested. Cefiderocol can be
reasonably used in
monotherapy in patients

(if in vitro sensibility is
confirmed)

affected by infections due to P.
aeruginosa.

Fig. 3 Suggestion: monotherapy vs combined therapy

of pathogens are essential to choose the best available
therapy. Besides, when the first site of infection has not
been identified, an empiric reasoned treatment is needed,
focusing against CRAB and/or considering ICU epidemi-
ology and patient’s risk factors.

Abbreviations

3-GCR: 3rd-generation cephalosporin-resistant; ACM: All-cause mortality; AE:
Adverse event; BAT: Best available therapy; Bid: Bis in die; BSI: Bloodstream
infection; cUTI: Complicated urinary tract infections; CG-CLCR: Cockcroft-
Gault creatinine clearance; eGFR: Estimated glomerular filtration rate; MDRD:
Modification of diet in renal disease; CRRT: Continue renal replacement
therapy; CLSI: Clinical and Laboratory Standards Institute; CRAB: Carbapenem-
resistant Acinetobacter baumannii; CRE: Carbapenem-resistant Enterobacterales;
ECG: Electrocardiogram; EOT: End of treatment; ESBL: Extended-spectrum
B-lactamase; ESCMID: European Society of Clinical Microbiology and Infec-
tious Disease; ESICM: European Society of Intensive Care Medicine; EU: Europe
Union; EUCAST: European Committee on Antimicrobial Susceptibility Testing;
FDA: Food and Drug Administration; GL: Guideline; HAP: Hospital-acquired
pneumonia; HCAP: Healthcare-associated pneumonia; HD: Hemodialysis; ICU:
Intensive care unit; IDSA: Infectious Diseases Society of America; MBL: Metallo-
B-lactamase; MDR: Multidrug resistance; MIC: Minimum inhibitory concentra-
tion; NDM: New Delhi metallo-B-lactamase; NP: Nosocomial pneumonia; PBP:
Penicillin-binding protein; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analysis; RCT: Randomized controlled trial; TOC: Test of
cure; UTI: Urinary tract infection; VAP: Ventilatory-acquired pneumonia; VIM:
Verona integron-encoded MBL inhibitor; WHO: World Health Organization.

Authors’ contributions
All the authors conceived the content, collected the data, drafted the manu-
script, and approved its final version.

Funding

The process of this document was supported by an unconditioned contribu-
tion by Shionogi. Shionogi had no role in panelist recruitment, in meeting
conduction, and in the drawing and publishing of this manuscript.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Dr. Cortegiani received fee for lectures or board memberships from Gilead,
MSD, and Pfizer.

Dr. Falcone has received research grants and/or speaker honoraria from Ange-
lini, Menarini, Merck Sharp & Dohme, Nordic Pharma, Pfizer, and Shionogi,
outside the submitted work.

Dr. Girardis reported that he participated in numerous advisory board spon-
sored by the pharmaceutical company, also of antibiotics, as well as Shionogi
outside the submitted work.

Dr. Pea participated in advisory boards and/or received speaker honoraria
from Angelini, Basilea Pharmaceutica, Bei Gene, Gilead Sciences, Hikma, Merck
Sharp & Dohme, Novartis, and Sanofi Aventis, outside the submitted work.

Dr. Stefani has received research grants from Shionogi.

Dr. Viale has received honoraria and/or support from Biomerieux, Gilead Sci-
ences, Merck Sharp & Dohme, Novartis, and Pfizer outside the submitted work.
All other authors declare that they have no competing interests.

Author details

'Department of Surgical, Oncological and Oral Science (Di.ChirOn.S),
University of Palermo, Palermo, Italy. 2Department of Anesthesia, Intensive
Care and Emergency, University Hospital Policlinico Paolo Giaccone, Palermo,
University of Palermo, Via del Vespro129, 90127 Palermo, Italy. 3Departmem

of Anesthesia and Intensive Care, University Hospital of Modena, Modena,
Italy. “Department of Clinical and Experimental Medicine, Infectious Diseases
Unit, University of Pisa, Pisa, Italy. >Department of Medical and Surgical
Sciences, Alma Mater Studiorum-University of Bologna, Bologna, Italy. 555D
Clinical Pharmacology Unit, University Hospital, IRCCS Azienda Ospedaliero
Universitaria di Bologna, Bologna, Italy. ’Department of Anaesthesiology Criti-
cal Care Medicine and Pain Therapy, Policlinico Umberto |, Sapienza University,
Viale Regina Elena 324,00161 Rome, Italy. 8Umversity of Catania, Department
of Biomedical and Biotechnological Sciences, Biological Tower, Third floor -Est
Tower, Catania, Italy. %Infectious Diseases Unit, Department of Medical and Sur-
gical Sciences, Sant'Orsola Hospital, University of Bologna, Bologna, Italy.



Cortegiani et al. J Anesth Analg Crit Care

(2022) 2:34

Received: 2 June 2022 Accepted: 20 July 2022
Published online: 30 July 2022

References

1.

DoiY, Bonomo RA, Hooper DC, Kaye KS, Johnson JR, Clancy CJ, Thaden
JT, Stryjewski ME, van Duin D (2017) Gram-Negative Committee of the
Antibacterial Resistance Leadership Group (ARLG)a. Gram-negative
bacterial infections: research priorities, accomplishments, and future
directions of the Antibacterial Resistance Leadership Group. Clin Infect
Dis 64(suppl_1):530-S35. https://doi.org/10.1093/cid/ciw829

Falcone M, Bassetti M, Tiseo G, Giordano C, Nencini E, Russo A, Graziano E,
Tagliaferri E, Leonildi A, Barnini S, Farcomeni A, Menichetti F (2020) Time
to appropriate antibiotic therapy is a predictor of outcome in patients
with bloodstream infection caused by KPC-producing Klebsiella pneu-
moniae. Crit Care 24(1):29. https://doi.org/10.1186/513054-020-2742-9
Falcone M, Tiseo G, Antonelli A, Giordano C, Di Pilato V, Bertolucci P,
Parisio EM, Leonildi A, Aiezza N, Baccani |, Tagliaferri E, Righi L, Forni S,
Sani S, Mechi MT, Pieralli F, Barnini S, Rossolini GM, Menichetti F (2020)
Clinical features and outcomes of bloodstream infections caused by New
Delhi metallo-B-lactamase-producing Enterobacterales during a regional
outbreak. Open Forum. Infect Dis 7(2):0faa011. https://doi.org/10.1093/
ofid/ofaa011

Retamar P, Portillo MM, Lépez-Prieto MD, Rodriguez-Lépez F, de Cueto M,
Garcia MV, Gomez MJ, Del Arco A, Muioz A, Sdnchez-Porto A, Torres-
Tortosa M, Martin-Aspas A, Arroyo A, Garcia-Figueras C, Acosta F, Corzo JE,
Ledn-Ruiz L, Escobar-Lara T, Rodriguez-Bafo J, SAEI/SAMPAC Bacteremia
Group (2012) Impact of inadequate empirical therapy on the mortality of
patients with bloodstream infections: a propensity score-based analysis.
Antimicrob Agents Chemother 56(1):472-478. https://doi.org/10.1128/
AAC.00462-11

Cortegiani A, Russotto V, Graziano G, Geraci D, Saporito L, Cocorullo

G, Raineri SM, Mammina C, Giarratano A (2016) Use of Cepheid Xpert
Carba-R® for rapid detection of carbapenemase-producing bacteria in
abdominal septic patients admitted to intensive care unit. PLoS One
11(8):e0160643. https://doi.org/10.1371/journal.pone.0160643

La terapia antibiotica empirica ragionata: un approccio mirato e precoce
nel paziente settico. https://www.itjem.org/2017/11/27/1a-terapia-antib
jotica-empirica-ragionata-un-approccio-mirato-e-precoce-nel-paziente-
settico/. Accessed 09 Feb 2022.

Syed YY (2021) Cefiderocol: a review in serious gram-negative bacterial
infections. Drugs 81(13):1559-1571. https://doi.org/10.1007/540265-021-
01580-4 Erratum in: Drugs. 2021 Dec;81(18):2167

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD
et al (2021) The PRISMA 2020 statement: an updated guideline for report-
ing systematic reviews. BMJ 372:n71. https://doi.org/10.1136/bmj.n71
Ong'uti S, Czech M, Robilotti E, Holubar M (2021) Cefiderocol: a new
cephalosporin stratagem against multidrug resistant gram-negative
bacteria. Clin Infect Dis:ciab757. https://doi.org/10.1093/cid/ciab757

. Sato T, Yamawaki K (2019) Cefiderocol: discovery, chemistry, and in vivo

profiles of a novel siderophore cephalosporin. Clin Infect Dis 69(Suppl!
7):5538-S543. https://doi.org/10.1093/cid/ciz826 PMID: 31724047;
PMCID: PMC6853759

. Matsumoto S, Singley CM, Hoover J, Nakamura R, Echols R, Rittenhouse

S, Tsuji M, Yamano Y (2017) Efficacy of cefiderocol against carbapenem-
resistant gram-negative bacilli in immunocompetent-rat respiratory tract
infection models recreating human plasma pharmacokinetics. Antimi-
crob Agents Chemother 61(9):e00700-e00717. https://doi.org/10.1128/
AAC.00700-17

. Stainton SM, Monogue ML, Tsuji M, Yamano Y, Echols R, Nicolau DP (2019)

Efficacy of humanized cefiderocol exposures over 72 hours against a
diverse group of gram-negative isolates in the neutropenic murine thigh
infection model. Antimicrob Agents Chemother 63(2):e01040-e01018.
https://doi.org/10.1128/AAC.01040-18

. Miyazaki S, Katsube T, Shen H, Tomek C, Narukawa Y (2019) Metabolism,

excretion, and pharmacokinetics of [14 C]-cefiderocol (5-649266), a
siderophore cephalosporin, in healthy subjects following intravenous
administration. J Clin Pharmacol 59(7):958-967. https://doi.org/10.1002/
jcph.1386

20.

21.

22.

23.

24.

25.

Page 12 of 13

. Kazmierczak KM, Tsuji M, Wise MG, Hackel M, Yamano Y, Echols R, Sahm

DF (2019) In vitro activity of cefiderocol, a siderophore cephalosporin,
against a recent collection of clinically relevant carbapenem-non-
susceptible Gram-negative bacilli, including serine carbapenemase- and
metallo-B-lactamase-producing isolates (SIDERO-WT-2014 Study). Int J
Antimicrob Agents 53(2):177-184. https://doi.org/10.1016/j.ijantimicag.
2018.10.007

. Karlowsky JA, Hackel MA, Tsuji M, Yamano Y, Echols R, Sahm DF (2019)

In vitro activity of cefiderocol, a siderophore cephalosporin, against
gram-negative bacilli isolated by clinical laboratories in North America
and Europe in 2015-2016: SIDERO-WT-2015. Int J Antimicrob Agents
53(4):456-466. https://doi.org/10.1016/j.ijantimicag.2018.11.007

. Stracquadanio S, Torti E, Longshaw C, Henriksen AS, Stefani S (2021)

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. J Glob Antimicrob Resist 25:390-398.
https://doi.org/10.1016/}jgar.2021.04.019

. Timsit JF, Paul M, Shields RK, Echols R, Baba T, Yamano Y, Portsmouth S

(2022) Cefiderocol for the treatment of infections due to metallo-beta-
lactamase-producing pathogens in the CREDIBLE-CR and APEKS-NP
phase 3 randomized studies. Clin Infect Dis:ciac078. https://doi.org/10.
1093/cid/ciac078

. DiPilato V, Henrici De Angelis L, Aiezza N, Baccani |, Niccolai C, Parisio EM,

Giordano C, Camarlinghi G, Barnini S, Forni S, Righi L, Mechi MT, GianiT,
Antonelli A, Rossolini GM, the Tuscan Clinical Microbiology Laboratory
Network (2022) Resistome and virulome accretion in an NDM-1-pro-
ducing ST147 sublineage of Klebsiella pneumoniae associated with an
outbreak in Tuscany, Italy: a genotypic and phenotypic characterisation.
Lancet Microbe 3:e224-e234. https://doi.org/10.1016/52666-5247(21)
00268-8

. Jacobs MR, Abdelhamed AM, Good CE, Rhoads DD, Hujer KM, Hujer AM,

Domitrovic TN, Rudin SD, Richter SS, van Duin D, Kreiswirth BN, Greco

C, Fouts DE, Bonomo RA (2018) ARGONAUT-I: activity of cefiderocol
(5-649266), a siderophore cephalosporin, against gram-negative bacteria,
including carbapenem-resistant nonfermenters and Enterobacteriaceae
with defined extended-spectrum B-lactamases and carbapenemases.
Antimicrob Agents Chemother 63(1):e01801-e01818. https://doi.org/10.
1128/AAC.01801-18

Portsmouth S, van Veenhuyzen D, Echols R, Machida M, Ferreira JCA,
Ariyasu M, Tenke P, Nagata TD (2018) 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 18(12):1319-1328. https://doi.org/
10.1016/51473-3099(18)30554-1

Wunderink RG, Matsunaga Y, Ariyasu M, Clevenbergh P, Echols R, Kaye KS,
Kollef M, Menon A, Pogue JM, Shorr AF, Timsit JF, Zeitlinger M, Nagata TD
(2021) Cefiderocol versus high-dose, extended-infusion meropenem for
the treatment of Gram-negative nosocomial pneumonia (APEKS-NP): a
randomised, double-blind, phase 3, non-inferiority trial. Lancet Infect Dis
21(2):213-225. https://doi.org/10.1016/51473-3099(20)30731-3

Bassetti M, Echols R, Matsunaga Y, Ariyasu M, Doi Y, Ferrer R, Lodise TP,
Naas T, Niki Y, Paterson DL, Portsmouth S, Torre- Cisneros J, Toyoizumi K,
Wunderink RG, Nagata TD (2021) Efficacy and safety of cefiderocol or best
available therapy for the treatment of serious infections caused by car-
bapenem-resistant Gram-negative bacteria (CREDIBLE-CR): a randomised,
open-label, multicentre, pathogen-focused, descriptive, phase 3 trial.
Lancet Infect Dis 21(2):226-240. https://doi.org/10.1016/51473-3099(20)
30796-9

Paterson DL, Kinoshita M, Baba T, Echols R, Portsmouth S (2022) Out-
comes with cefiderocol treatment in patients with bacteraemia enrolled
into prospective phase 2 and phase 3 randomised clinical studies. Infect
Dis Ther 11(2):853-870. https://doi.org/10.1007/540121-022-00598-9
Portsmouth S, Echols R, Toyoizumi K, Tillotson G, Nagata TD (2021)
Structured patient interview to assess clinical outcomes in complicated
urinary tract infections in the APEKS-cUTI study: pilot investigation. Ther
Adv Infect Dis 8:20499361211058257. https://doi.org/10.1177/20499
361211058257

Portsmouth S, Bass A, Echols R, Tillotson G (2021) Heterogeneity of recent
phase 3 complicated urinary tract infection clinical trials. Open Forum.
Infect Dis 8(3):0fab045. https://doi.org/10.1093/0fid/ofab045


https://doi.org/10.1093/cid/ciw829
https://doi.org/10.1186/s13054-020-2742-9
https://doi.org/10.1093/ofid/ofaa011
https://doi.org/10.1093/ofid/ofaa011
https://doi.org/10.1128/AAC.00462-11
https://doi.org/10.1128/AAC.00462-11
https://doi.org/10.1371/journal.pone.0160643
https://www.itjem.org/2017/11/27/la-terapia-antibiotica-empirica-ragionata-un-approccio-mirato-e-precoce-nel-paziente-settico/
https://www.itjem.org/2017/11/27/la-terapia-antibiotica-empirica-ragionata-un-approccio-mirato-e-precoce-nel-paziente-settico/
https://www.itjem.org/2017/11/27/la-terapia-antibiotica-empirica-ragionata-un-approccio-mirato-e-precoce-nel-paziente-settico/
https://doi.org/10.1007/s40265-021-01580-4
https://doi.org/10.1007/s40265-021-01580-4
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1093/cid/ciab757
https://doi.org/10.1093/cid/ciz826
https://doi.org/10.1128/AAC.00700-17
https://doi.org/10.1128/AAC.00700-17
https://doi.org/10.1128/AAC.01040-18
https://doi.org/10.1002/jcph.1386
https://doi.org/10.1002/jcph.1386
https://doi.org/10.1016/j.ijantimicag.2018.10.007
https://doi.org/10.1016/j.ijantimicag.2018.10.007
https://doi.org/10.1016/j.ijantimicag.2018.11.007
https://doi.org/10.1016/j.jgar.2021.04.019
https://doi.org/10.1093/cid/ciac078
https://doi.org/10.1093/cid/ciac078
https://doi.org/10.1016/S2666-5247(21)00268-8
https://doi.org/10.1016/S2666-5247(21)00268-8
https://doi.org/10.1128/AAC.01801-18
https://doi.org/10.1128/AAC.01801-18
https://doi.org/10.1016/S1473-3099(18)30554-1
https://doi.org/10.1016/S1473-3099(18)30554-1
https://doi.org/10.1016/S1473-3099(20)30731-3
https://doi.org/10.1016/S1473-3099(20)30796-9
https://doi.org/10.1016/S1473-3099(20)30796-9
https://doi.org/10.1007/s40121-022-00598-9
https://doi.org/10.1177/20499361211058257
https://doi.org/10.1177/20499361211058257
https://doi.org/10.1093/ofid/ofab045

Cortegiani et al. J Anesth Analg Crit Care

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

(2022) 2:34

Hsueh SC, Chao CM, Wang CY, Lai CC, Chen CH (2021) Clinical efficacy
and safety of cefiderocol in the treatment of acute bacterial infections:

a systematic review and meta-analysis of randomised controlled trials. J
Glob Antimicrob Resist 24:376-382. https://doi.org/10.1016/jjgar.2021.02.
004

Pascale R, Pasquini Z, Bartoletti M, Caiazzo L, Fornaro G, Bussini L, Volpato
F, Marchionni E, Rinaldi M, Trapani F, Temperoni C, Gaibani P, Ambretti

S, Barchiesi F, Viale P Giannella M (2021) Cefiderocol treatment for
carbapenem-resistant Acinetobacter baumannii infection in the ICU dur-
ing the COVID-19 pandemic: a multicentre cohort study. JAC Antimicrob
Resist 3(4):dlab174. https://doi.org/10.1093/jacamr/dlab174

Falcone M, Tiseo G, Leonildi A, Della Sala L, Vecchione A, Barnini S,
Farcomeni A, Menichetti F (2022) Cefiderocol-compared to colistin-
based regimens for the treatment of severe infections caused by
carbapenem-resistant Acinetobacter baumannii. Antimicrob Agents
Chemother:e0214221. https://doi.org/10.1128/aac.02142-21

Falcone M, Tiseo G (2022) Cefiderocol for the treatment of metallo-beta-
lactamases producing Gram negative bacilli: lights and shadows from the
literature. Clin Infect Dis:ciac082. https://doi.org/10.1093/cid/ciac082
Saisho Y, Katsube T, White S, Fukase H, Shimada J (2018) Pharmacokinet-
ics, safety, and tolerability of cefiderocol, a novel siderophore cephalo-
sporin for Gram-negative bacteria, in healthy subjects. Antimicrob Agents
Chemother 62(3):€02163-e02117. https://doi.org/10.1128/AAC.02163-17
Skaar EP, Echols R, Matsunaga Y, Menon A, Portsmouth S (2022) Iron
serum levels and iron homeostasis parameters in patients with nosoco-
mial pneumonia treated with cefiderocol: post hoc analysis of the APEKS-
NP study. Eur J Clin Microbiol Infect Dis 41(3):467-476. https://doi.org/10.
1007/510096-021-04399-9

Matsunaga Y, Sonoyama T, Casanova L et al (2020) (Epub2020) Safety
profile of the novel siderophore cephalosporin cefiderocol in randomized
phase 2 and phase 3 clinical studies of serious Gram-negative infections
[abstract no. 1292]. Open Forum Infect Dis 7(Suppl 1):5661-5662. https://
doi.org/10.1093/0fid/ofaa439.1475

Bleibtreu A, Dortet L, Bonnin RA, Wyplosz B, Sacleux SC, Mihaila L, Dupont
H, Junot H, Bunel V, Grall N, Razazi K, Duran C, Tattevin P, Dinh A, The
Cefiderocol French Study Group OBO (2021) Susceptibility testing is key
for the success of cefiderocol treatment: a retrospective cohort study.
Microorganisms. 9(2):282. https://doi.org/10.3390/microorganisms9
020282

Sanabria C, Migoya E, Mason JW, Stanworth SH, Katsube T, Machida M,
Narukawa Y, Den Nagata T (2019) Effect of cefiderocol, a siderophore
cephalosporin, on QT/QTc interval in healthy adult subjects. Clin Ther
41(9):1724-1736.e4. https://doi.org/10.1016/j.clinthera.2019.07.006
Katsube T, Echols R, Arjona Ferreira JC, Krenz HK, Berg JK, Galloway C
(2017) Cefiderocol, a siderophore cephalosporin for gram-negative
bacterial infections: pharmacokinetics and safety in subjects with renal
impairment. J Clin Pharmacol 57(5):584-591. https://doi.org/10.1002/
jcph.841

Paul M, Carrara E, Retamar P, Tangdén T, Bitterman R, Bonomo RA, de
Waele J, Daikos GL, Akova M, Harbarth S, Pulcini C, Garnacho-Montero J,
Seme K, Tumbarello M, Lindemann PC, Gandra S, Yu Y, Bassetti M, Mouton
JW, Tacconelli E, Rodriguez- BJ (2021) European Society of Clinical Micro-
biology 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
16:51198-743X(21)00679-0. https://doi.org/10.1016/j.cmi.2021.11.025
Falcone M, Tiseo G, Nicastro M, Leonildi A, Vecchione A, Casella C, Forfori
F, Malacarne P, Guarracino F, Barnini S, Menichetti F (2021) Cefiderocol

as rescue therapy for Acinetobacter baumannii and other carbapenem-
resistant gram-negative infections in intensive care unit patients. Clin
Infect Dis 72(11):2021-2024. https://doi.org/10.1093/cid/ciaa1410
Tamma PD, Aitken SL, Bonomo RA, et al. (2020) Infectious Diseases
Society of America guidance on the treatment of antimicrobial resistant
gram-negative infections. https:// www. idsoc iety.org/ Accessed Feb
2022

Naseer S, Weinstein EA, Rubin DB, Suvarna K, Wei X, Higgins K, Goodwin
A, Jang SH, larikov D, Farley J, Nambiar S (2021) US Food and Drug Admin-
istration (FDA): benefit-risk considerations for cefiderocol (Fetroja®)4 Clin
Infect Dis 72(12):21103-e1111. https://doi.org/10.1093/cid/ciaa1799
Bavaro DF, Belati A, Diella L, Stufano M, Romanelli F, Scalone L, Stolfa S,
Ronga L, Maurmo L, Dell’Aera M, Mosca A, Dalfino L, Grasso S, Saracino

Page 13 of 13

A (2021) Cefiderocol-based combination therapy for “Difficult-to-Treat”
gram-negative severe infections: real-life case series and future perspec-
tives. Antibiotics (Basel) 10(6):652. https://doi.org/10.3390/antibiotics 1006
0652

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jgar.2021.02.004
https://doi.org/10.1016/j.jgar.2021.02.004
https://doi.org/10.1093/jacamr/dlab174
https://doi.org/10.1128/aac.02142-21
https://doi.org/10.1093/cid/ciac082
https://doi.org/10.1128/AAC.02163-17
https://doi.org/10.1007/s10096-021-04399-9
https://doi.org/10.1007/s10096-021-04399-9
https://doi.org/10.1093/ofid/ofaa439.1475
https://doi.org/10.1093/ofid/ofaa439.1475
https://doi.org/10.3390/microorganisms9020282
https://doi.org/10.3390/microorganisms9020282
https://doi.org/10.1016/j.clinthera.2019.07.006
https://doi.org/10.1002/jcph.841
https://doi.org/10.1002/jcph.841
https://doi.org/10.1016/j.cmi.2021.11.025
https://doi.org/10.1093/cid/ciaa1410
http://iety.org
https://doi.org/10.1093/cid/ciaa1799
https://doi.org/10.3390/antibiotics10060652
https://doi.org/10.3390/antibiotics10060652

	Empiric treatment of patients with sepsis and septic shock and place in therapy of cefiderocol: a systematic review and expert opinion statement
	Abstract 
	Introduction
	Methods
	Results
	Cefiderocol: structure and mechanisms of action
	Pharmacokinetic and pharmacodynamic
	In vitro activity
	Cefiderocol: clinical data
	How to use it: dose and administration
	Safety profile

	Discussion
	Considerations from 2021 ESCMID guidelines for the treatment of infections caused by MDR Gram-negative bacilli
	Remarks on appropriate empiric therapy in ICU

	Conclusions
	References


