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ABSTRACT

Introduction: A post hoc, descriptive analysis
of three prospective, randomised, controlled
clinical studies investigating cefiderocol in
gram-negative bacterial infections was con-
ducted to assess its efficacy in patients with
baseline bacteraemia.
Methods: Data from APEKS-cUTI
(NCT02321800), APEKS-NP (NCT03032380)
and CREDIBLE-CR (NCT02714595) studies were
assessed individually. Patients received cefide-
rocol 2g, q8h, for 7–14 days or comparators
(imipenem/cilastatin [APEKS-cUTI], mer-
openem [APEKS-NP] or best available therapy
[BAT; CREDIBLE-CR]). Bacteraemia and clinical

outcomes were assessed at early assessment
(EA), end of treatment (EOT) and test of cure
(TOC) for patients in the intention-to-treat
populations with baseline blood samples posi-
tive for aerobic gram-negative species. Eradica-
tion, persistence or recurrence of baseline blood
pathogen was confirmed from follow-up blood
cultures; in the absence of follow-up blood
cultures, clinical response, administration of
additional antibiotics and vital status were used
to assess bacteraemia outcome.
Results: Of 885 patients randomised, 84 had
bacteraemia and 89 (cefiderocol: 55, compara-
tors: 34) gram-negative pathogens were iso-
lated, namely Enterobacterales (n = 62) and
non-fermenters (n = 27). At EA, on-therapy
bacteraemia eradication rates in APEKS-cUTI,
APEKS-NP and CREDIBLE-CR were 100% (19/
19), 50.0% (4/8) and 72.0% (18/25) with
cefiderocol. Corresponding rates for compara-
tors were 77.8% (7/9), 100% (10/10) and 69.2%
(9/13), respectively. Persistence in blood at EA
was seen in six patients overall (cefiderocol: 3,
comparators: 3); indeterminate responses were
common (cefiderocol: 8, comparators: 3), usu-
ally due to lack of blood cultures. Clinical cure/
improvement rates at EA in APEKS-cUTI, APEKS-
NP and CREDIBLE-CR were 100% (19/19),
62.5% (5/8) and 64.0% (16/25) with cefiderocol.
Corresponding rates for comparators were
77.8% (7/9), 90.0% (9/10) and 30.8% (4/13),
respectively. Bacteraemia eradication rates with
cefiderocol in APEKS-cUTI, APEKS-NP and
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CREDIBLE-CR were 89.5%, 37.5% and 60.0% at
EOT and 78.9%, 12.5% and 44.0% at TOC.
Conclusion: This descriptive analysis suggests
that cefiderocol may be a useful treatment
option for gram-negative bacteraemia, includ-
ing pathogens resistant to other antibiotics.

Keywords: Bloodstream infection;
Carbapenem resistance; Cefiderocol;
Eradication; ESBL; Gram-negative bacteraemia;
Metallo-beta-lactamase; Multidrug resistance

Key Summary Points

Why carry out this study?

Randomised clinical trials in infectious
diseases routinely obtain blood cultures at
baseline; however, follow-up blood
cultures to determine bacterial clearance
from blood at later time points are often
not systematically evaluated.

The objective of this post hoc analysis of
three randomised clinical trials was to
investigate clearance of gram-negative
bacteria from blood in patients who were
treated with cefiderocol (and comparator
antibiotics).

What did the study ask?

This post hoc descriptive analysis used
data from three prospective randomised
clinical trials involving patients with
complicated urinary tract infections
(cUTI), nosocomial pneumonia (NP) and
serious carbapenem-resistant (CR)
infections to assess the clinical and
microbiological efficacy of the
siderophore cephalosporin cefiderocol
(and comparators) in patients with
baseline bacteraemia.

What were the outcomes/conclusions?

Cefiderocol rapidly cleared bacteraemia
due to aerobic gram-negative pathogens,
including both Enterobacterales and non-
fermenters, in most patients, including
isolates that were often CR and/or
expressed an extended-spectrum beta-
lactamase (ESBL) enzyme; persistence and
recurrence occurred infrequently and
were related to inadequate source control.

What was learned from the study?

The species of pathogens causing
bacteraemia were closely related to the
primary infection type, that is: Escherichia
coli (cUTI), Klebsiella pneumoniae (NP) and
Acinetobacter spp. (bloodstream infection/
sepsis).

This analysis suggests that cefiderocol may
be a treatment option for gram-negative
bacteraemia.

Further randomised clinical trials to define
the treatment benefit of cefiderocol for
gram-negative bacteraemia are indicated.

INTRODUCTION

Bloodstream infections (BSIs) are an important
cause of morbidity and mortality across all ages
[1–4]. BSI is a relatively common complication
of serious infections [5–7], and outcomes in
patients with gram-negative bacteraemia are
often poor [8], particularly when initiation of
appropriate antimicrobial therapy is delayed
[9–11]. Equally important to effective manage-
ment is adequate infection source control
[9, 12].

Frequent clinically relevant pathogens
include Enterobacterales, particularly Escher-
ichia coli and Klebsiella pneumoniae [1, 6], and
the non-fermenters Pseudomonas aeruginosa,
Acinetobacter baumannii and Stenotrophomonas
maltophilia [13–15]. With rising global antimi-
crobial resistance, the management of BSIs
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caused by carbapenem-resistant (CR), mul-
tidrug-resistant (MDR) or extensively drug-re-
sistant (XDR) Enterobacterales and non-
fermenters [8, 9, 14–19] has become challenging
in both community and hospital settings
[14, 15]. MDR gram-negative pathogens are also
a common cause of neonatal sepsis in lower-
and middle-income countries, contributing to
infant morbidity and mortality [20, 21].
Antibiotic resistance is the result of a range of
mechanisms employed by various species,
including plasmid-encoded extended-spectrum
beta-lactamases (ESBLs, e.g. Temoneira exten-
ded-spectrum beta-lactamase [TEM]-, sul-
phydryl variant of TEM extended-spectrum
beta-lactamase [SHV]- and cefotaxime-hy-
drolysing beta-lactamase [CTX-M]-type
enzymes), carbapenemases (e.g. K. pneumoniae
carbapenemase [KPC]), metallo-beta-lactamases
(MBLs, e.g. imipenemase metallo-beta-lacta-
mase [IMP], Verona integron-encoded metallo-
beta-lactamase [VIM], New Delhi metallo-beta-
lactamase [NDM]) and oxacillinase (OXA)
enzymes [19]. Due to the variability of resis-
tance mechanisms, appropriate antibiotic
treatment is often delayed, increasing the risk of
mortality [9–11].

Prospective randomised clinical trials of
patients with gram-negative BSI are uncom-
mon. Data from subset analyses of patients with
bacteraemia from infection site-specific trials
are alternative evidence, but often limited
because of the general exclusion of patients
with highly resistant pathogens. Additionally,
because these studies were generally focused on
specific infection sites (e.g. lung, urinary tract),
assessment of the microbiological clearance of
the baseline blood pathogen is not systemati-
cally conducted. Nevertheless, since bacter-
aemia represents the most severe manifestation
of infection, even if the primary source is
identified, failure to clear culturable bacter-
aemia is considered a suboptimal response to
treatment. Among patients with gram-negative
bacteraemia, positive follow-up blood cultures
may be associated with increased mortality
compared with negative blood cultures [22].
Thus, there is a need to more precisely evaluate
the treatment of secondary bacteraemia caused
by resistant gram-negative pathogens.

Cefiderocol is a siderophore cephalosporin
antibiotic, with activity against a wide range of
aerobic gram-negative bacteria, including those
associated with bacteraemia, such as CR, ESBL-
producing or MDR strains of Enterobacterales,
P. aeruginosa, A. baumannii and S. maltophilia
[23–25]. The efficacy and safety of cefiderocol
have been demonstrated in prospective ran-
domised Phase 2 and Phase 3 clinical studies of
hospitalised patients with complicated urinary
tract infection (cUTI; APEKS-cUTI) [26], hospi-
tal-acquired and ventilator-associated pneumo-
nia (APEKS-NP) [27] and infections caused by
CR organisms (the pathogen-focused CRED-
IBLE-CR study) [28].

We conducted a post hoc descriptive analysis
of data from APEKS-cUTI, APEKS-NP and
CREDIBLE-CR, which include patients with
documented secondary gram-negative bacter-
aemia, to describe clinical and microbiological
bacteraemia outcomes following intravenous
cefiderocol treatment for 7–14 days in patients
with gram-negative bacteraemia. We have
incorporated an algorithm to assess bacteraemia
outcomes based on the presence or absence of
follow-up blood samples, clinical outcome, vital
status and administration of additional
antibiotics.

METHODS

Study Designs and Participants

The current analysis included data from three
prospective, multicentre, randomised trials, the
study designs and primary results of which have
been described in detail elsewhere [26–28].
Briefly, APEKS-cUTI (NCT02321800) was a 2:1
randomised, double-blind, non-inferiority
Phase 2 study conducted in 67 hospitals across
15 countries in patients with cUTI or acute
uncomplicated pyelonephritis and compared
cefiderocol (2 g, q8h, 1-h infusion) with imipe-
nem-cilastatin (1 g/1 g, three-times daily, 1-h
infusion). Patients with known carbapenem-
non-susceptible pathogens were excluded. No
adjunctive gram-negative therapy was allowed
[26]. APEKS-NP (NCT03032380) was a 1:1 ran-
domised, double-blind, non-inferiority Phase 3
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study in patients with nosocomial pneumonia
(NP), comparing cefiderocol (2 g, q8h, 3-h
infusion) with high-dose, extended-infusion
meropenem (2 g, q8h, 3-h infusion). No
adjunctive gram-negative therapy was allowed;
however, linezolid 600 mg, twice daily, was
administered for at least 5 days in both arms to
cover gram-positive bacteria in the cefiderocol
arm and methicillin-resistant Staphylococcus
aureus in both arms. Patients with CR pathogens
known at the time of randomisation were
excluded [27]. CREDIBLE-CR (NCT02714595)
was a 2:1 randomised, open-label, descriptive
Phase 3 study conducted in patients with seri-
ous infection (cUTI, NP and BSI/sepsis) caused
by CR gram-negative pathogens. Patients were
treated with cefiderocol (2 g, q8h, 3-h infusion)
or best available therapy (BAT, which could
include up to three agents dosed according to
the local label) [28]. In all three studies, eradi-
cation of pathogen-causing bacteraemia was
confirmed from subsequent blood cultures col-
lected at early assessment (EA), end of treatment
(EOT), test of cure (TOC) and follow-up (FUP)
visits.

Blood cultures at randomisation (baseline)
and post-randomisation were collected in each
study for identification and susceptibility test-
ing by the hospital laboratory. In all three
studies, two blood cultures from separate
venepunctures were collected within 48 h prior
to start of study drug treatment at randomisa-
tion, and if a blood culture was positive for a
gram-negative pathogen, subsequent blood
samples were to be collected at EA, EOT, TOC
and/or FUP visits or until negative. Species
considered to be pathogens were sent to a cen-
tral reference laboratory for confirmation of
species identification, susceptibility testing and
molecular characterisation of resistance genes
[26–28].

Bacterial isolates identified by the local lab-
oratory from blood cultures were analysed by
the central laboratory (JMI Labs, North Liberty,
IA, USA [APEKS-cUTI] [26], IHMA Schaumburg,
IL, USA [APEKS-NP and CREDIBLE-CR] [27, 28])
for species identification and determination of
minimum inhibitory concentrations (MICs) to
study drugs and other antibiotics. In addition,
the ESBL status of original pathogens from urine

were confirmed in isolates in APEKS-cUTI [26],
and molecular mechanisms for isolates with
cefepime or aztreonam resistance were deter-
mined for respiratory isolates in APEKS-NP [27]
and for all isolates in CREDIBLE-CR [28].

Key Outcomes

The key outcomes of this descriptive, post hoc
analysis were bacteraemia outcome and clinical
outcome per patient at EA, EOT and TOC. Other
endpoints were bacteraemia outcome and clin-
ical outcome by pathogen and all-cause mor-
tality (ACM) at Day 14 and Day 28. Outcome
according to resistance mechanism was also
investigated. Definitions for primary clinical
and microbiological outcomes in each of the
studies are provided elsewhere [26–28].

The clinical outcome in this analysis was
determined using the primary data set in each
of the three studies [26–28]. In brief, clinical
cure was defined as improvement of clinical
signs and symptoms without the need for
additional antibiotics. Clinical failure was
defined as persistent signs and symptoms
requiring additional antibiotics or death due to
the primary infection. Indeterminate clinical
response was defined as clinical outcome unable
to be determined because of loss to follow-up or
due to death unrelated to the primary infection.

Bacteraemia microbiological outcome com-
prised eradication, presumed eradication, per-
sistence, recurrence and indeterminate
responses at each time point (Table 1). Where
available, post-randomisation blood cultures
were used to determine eradication, persistence
or recurrence outcome. Where there was no
post-randomisation blood culture, clinical
response, use of additional antibiotic and vital
status were used to assess microbiological bac-
teraemia outcome. Bacteraemia outcome was an
indeterminate response if patients had received
additional antibiotics regardless of their clinical
outcome at the same study visit or had missing
blood cultures with clinical failure or clinical
indeterminate response or had died (Table 1).
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Ethics

Data from all three studies included in this post
hoc analysis have been reported elsewhere
[26–28]. For each trial, the study protocol was
approved by the institutional review board or
ethics committee at each participating centre
and complied with International Conference on
Harmonisation Guideline for Good Clinical

Practice and the Helsinki Declaration of 1964
and its later amendments. All patients or their
representatives provided written informed con-
sent according to local guidelines.

Statistics

In this post hoc analysis, only descriptive sum-
mary statistics for individual studies are

Table 1 Post hoc analysis determination of bacteraemia outcome

Post-baseline blood culture Other criteria meta Bacteraemia outcome
at EA, EOT, TOC

Post-baseline blood

culture available

Use as first criteria

for outcome

Original species eradicated (even if sample is

positive for a new species) AND

No additional antibiotic was given AND

Patient alive

Eradication

Positive for the baseline pathogen with no post-

randomisation negative blood culture

Persistence

Positive for the baseline pathogen after prior

eradication

Recurrence

Additional antibiotic was given AND

Patient alive

Indeterminateb

No post-baseline

blood culture

available

Use additional

criteria for

outcome

Missing sample AND

Clinical cure at the same visit AND

No additional antibiotic was given AND

Patient alive

Presumed eradication

Missing sample AND

Clinical failure or Clinically indeterminate at

the same visit AND

Patient alive

Indeterminateb

Additional antibiotic AND

Clinical cure, Clinical failure or Clinically

indeterminate at the same visit AND

Patient alive

Death

EA early assessment, EOT end of treatment, TOC test of cure
aFor each time point, the outcome is defined by the criteria met at that time point
bIndeterminate bacteraemia response was not carried forward for patients alive
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presented. Data are not integrated across studies
because of the differences in study designs,
enrolment criteria and patient populations.
Data were analysed using SAS version 9.2 or
higher.

Data collections were previously pre-speci-
fied for each study for demographics and base-
line clinical characteristics, and missing data
were not collected retrospectively. Although the
main focus of the analysis was to describe the
clinical effectiveness and microbiological activ-
ity of cefiderocol in patients with gram-negative
bacteraemia, effects of comparator antibiotics
from each of the three studies involved were
also included for completeness. However, no
statistical comparisons between cefiderocol and
comparator antibiotics were made for this
analysis. Only descriptive summary statistics are
provided for all agents. Categorical values (sex,
race, region, creatinine clearance category,
infection site, bacteraemia outcome, clinical
outcome, ESBL status, resistance mechanism,
vital status, Acute Physiology and Chronic
Health Evaluation II [APACHE II] score,
Sequential Organ Failure Assessment [SOFA]
score) are summarised with the number of
patients or pathogens within each category and
percentage, and continuous values (age, crea-
tinine clearance, APACHE II score, SOFA score)
are described with mean (standard deviation
[SD]) and median (range [minimum,
maximum]).

The analysed population per study is the
intention-to-treat (ITT) population, in which
patients in both treatment arms received at least
one dose of study drug. Patients with NP or
cUTI diagnosis could have had no primary
infection gram-negative pathogen but a positive
blood culture at randomisation. ACM was cal-
culated for the ITT population in each study.

RESULTS

Patient Disposition

Across the ITT populations of the studies, 84 of
885 randomised patients (9.5%) had positive
baseline blood cultures at randomisation (ce-
fiderocol 52, comparators 32), with 89 gram-

negative pathogens isolated (cefiderocol 55,
comparators 34) (Fig. 1). Two patients included
in this analysis, both from CREDIBLE-CR (one
in each treatment arm), also had gram-positive
pathogens in the blood (Fig. 1).

Most patients were enrolled in Europe
(Table 2). The primary infections across 84
patients were cUTI (n = 31 [36.9%]), respiratory
(n = 22 [26.2%]) and BSI/sepsis (n = 31 [36.9%]).
Bacteraemia secondary to cUTI or NP was
observed in 19/290 patients (6.6%) in the
cefiderocol arm and 9/147 patients (6.1%) in
the comparator arm in APEKS-cUTI, and in
8/148 (5.4%) and 10/150 (6.7%) patients,
respectively, in APEKS-NP. In CREDIBLE-CR,
24.8% of patients in the cefiderocol arm and
26.5% in the BAT arm had bacteraemia at ran-
domisation, including patients primarily enrol-
led with BSI/sepsis diagnosis, and three patients
with cUTI and four patients with NP diagnosed
at randomisation (Table 2).

Among Enterobacterales (n = 62), E. coli
(n = 29) and K. pneumoniae (n = 23) were most
frequently identified in blood cultures, while
among non-fermenters (n = 27), the most fre-
quent species were Acinetobacter spp. (n = 21)
(Table 3). The most frequent pathogen was
E. coli (85.7% [24/28 patients]) in APEKS-cUTI
and K. pneumoniae (38.9% [7/18 patients]) in
APEKS-NP, and non-fermenters causing bacter-
aemia were infrequent in these two studies. In
CREDIBLE-CR, Acinetobacter spp. and K. pneu-
moniae were the two most frequently isolated
pathogens (Table 3). Among patients with cUTI
primary diagnosis in CREDIBLE-CR, two
patients had K. pneumoniae and one patient had
E. coli in the cefiderocol arm.

Of 37 CR blood isolates at baseline, 34 were
found in CREDIBLE-CR. Nineteen Enterobac-
terales were CR at baseline: 13 in patients
receiving cefiderocol (CREDIBLE-CR [n = 12],
APEKS-NP [n = 1]) and 6 in patients receiving
BAT (CREDIBLE-CR). Eighteen Acinetobacter spp.
were CR at baseline: 11 in patients receiving
cefiderocol (CREDIBLE-CR [n = 10], APEKS-NP
[n = 1]) and 7 in patients receiving comparators
(CREDIBLE-CR [n = 6], APEKS-cUTI [n = 1]).

858 Infect Dis Ther (2022) 11:853–870



Fi
g.

1
Pa
ti
en
t
di
sp
os
it
io
n.

B
A
T

be
st

av
ai
la
bl
e
th
er
ap
y,

B
SI

bl
oo
ds
tr
ea
m

in
fe
ct
io
n,

C
FD

C
ce
fid
er
oc
ol
,
cU

T
I
co
m
pl
ic
at
ed

ur
in
ar
y
tr
ac
t
in
fe
ct
io
n,

E
O
T

en
d

of
tr
ea
tm

en
t,

H
A
P

ho
sp
it
al
-a
cq
ui
re
d

pn
eu
m
on
ia
,
H
C
A
P

he
al
th
ca
re
-

as
so
ci
at
ed

pn
eu
m
on
ia
,
I/
C

im
ip
en
em

-c
ila
st
at
in
,
IT
T

in
te
nt

to
tr
ea
t,
M
E
M

m
er
op
en
em

,T
O
C
te
st
of

cu
re
,V

A
P
ve
nt
ila
to
r-
as
so
ci
at
ed

pn
eu
m
on
ia
.a
So
ur
ce

of
ba
ct
er
ae
m
ia
.
b T

w
o
pa
ti
en
ts

(b
ot
h
fr
om

C
R
E
D
IB
L
E
-C
R
)
ha
d
al
so

gr
am

-
po
si
ti
ve

sp
ec
ie
s
in

th
e
bl
oo
d
at

sc
re
en
in
g
(c
efi
de
ro
co
l
ar
m
,
E
.
fa
ec
iu
m
;
B
A
T

ar
m
,
E
.
fa
ec
al
is
an
d
E
.
fa
ec
iu
m
).
In

ad
di
ti
on
,
gr
am

-p
os
it
iv
e
su
pe
ri
nf
ec
ti
on

in
bl
oo
d
w
as

se
en

in
th
re
e
pa
ti
en
ts

re
ce
iv
in
g
ce
fid
er
oc
ol

(2
w
it
h
E
.
fa
ec
iu
m

by
E
O
T
,1

w
it
h
E
.f
ae
ca
lis

by
E
O
T
an
d
1
w
it
h
S.
ep
id
er
m
id
is
by

fo
llo
w
-u
p)

an
d
in

1
re
ce
iv
in
g
B
A
T

(S
.
ag
al
ac
tia
e
by

T
O
C
).

c B
A
T

w
as

gi
ve
n
ac
co
rd
in
g
to

lo
ca
l

gu
id
el
in
es

Infect Dis Ther (2022) 11:853–870 859



Table 2 Demographics and characteristics at baseline of patients with positive blood culture in the three studies (intention-
to-treat population)

APEKS-cUTI APEKS-NP CREDIBLE-CR

Cefiderocol
(N = 19)

Imipenem/
cilastatin
(N = 9)

Cefiderocol
(N = 8)

Meropenem
(N = 10)

Cefiderocol
(N = 25)

BAT
(N = 13)

Age

Mean (SD), years 60.5 (16.6) 60.8 (24.3) 73.5 (11.5) 66.8 (12.4) 61.4 (20.3) 61.9 (16.8)

Median (range), years 64.0 (32–83) 68.0 (21–89) 74.0 (58–89) 66.0 (46–87) 68.0 (21–85) 64.0 (28–84)

C 65 years, n (%) 9 (47.4) 5 (55.6) 5 (62.5) 5 (50.0) 15 (60.0) 6 (46.2)

Sex, n (%)

Male 8 (42.1) 5 (55.6) 4 (50.0) 4 (40.0) 18 (72.0) 8 (61.5)

Region, n (%)

North America 0 0 1 (12.5) 0 0 0

South America 0 0 0 0 1 (4.0) 0

Europe 15 (78.9) 7 (77.8) 6 (75.0) 9 (90.0) 22 (88.0) 12 (92.3)

Asia/Pacific 4 (21.1) 2 (22.2) 1 (12.5) 1 (10.0) 2 (8.0) 1 (7.7)

CrCL, ml/min

Mean (SD) 72.9 (30.5) 57.1 (23.9) 68.7 (50.5) 58.1 (53.0) 94.0 (113.0) 89.6 (53.4)

Median (range) 74.0 (32–130) 53.0 (26–112) 43.9 (18–139) 37.1 (13–197) 49.6 (10–540) 63.2 (37–216)

C 120, n (%) 3 (15.8) 0 2 (25.0) 1 (10.0) 5 (20.0) 3 (23.1)

[ 80–\ 120, n (%) 3 (15.8) 1 (11.1) 1 (12.5) 1 (10.0) 4 (16.0) 2 (15.4)

[ 50–80, n (%) 8 (42.1) 5 (55.6) 1 (12.5) 2 (20.0) 3 (12.0) 5 (38.5)

30–50, n (%) 5 (26.3) 2 (22.2) 2 (25.0) 3 (30.0) 7 (28.0) 3 (23.1)

\ 30, n (%) 0 1 (11.1) 2 (25.0) 3 (30.0) 6 (24.0) 0

APACHE II

Mean (SD) n/a n/a 20.5 (9.1) 20.3 (8.5) 16.4 (6.0) 17.1 (6.3)

Median (range) n/a n/a 19.5 (10–34) 20.5 (8–35) 15.0 (5–29) 18.0 (6–26)

C 16, n (%) n/a n/a 5 (62.5) 7 (70.0) 12 (48.0) 7 (53.8)

SOFA

Mean (SD)
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Table 2 continued

APEKS-cUTI APEKS-NP CREDIBLE-CR

Cefiderocol
(N = 19)

Imipenem/
cilastatin
(N = 9)

Cefiderocol
(N = 8)

Meropenem
(N = 10)

Cefiderocol
(N = 25)

BAT
(N = 13)

Ventilated n/a n/a 9.3 (4.1) 8.4 (2.6) 6.5 (4.1) 6.5 (4.8)

Non-ventilated n/a n/a 3.0 (1.8) 4.7 (3.1)

Median (range)

Ventilated n/a n/a 10.0 (4–13) 9.0 (4–11) 7.0 (0–17) 7.0

(0–16)

Non-ventilated n/a n/a 3.0 (1–5) 4.0 (2–8)

Original site of infection, n (%)

cUTI 3 (12.0) 0

cUTI with pyelonephritis 7 (36.8) 4 (44.4) n/a n/a n/a n/a

cUTI without pyelonephritis 4 (21.1) 1 (11.1) n/a n/a

Acute uncomplicated

pyelonephritis

8 (42.1) 4 (44.4) n/a n/a

Respiratory tract n/a n/a

VAP 4 (50.0) 7 (70.0) 2 (8.0) 2 (15.4)

HAP 3 (37.5) 1 (10.0) 0 0

Ventilated HAP 0 1 (10.0) 0 0

HCAP 1 (12.5) 2 (20.0) 0 0

Ventilated HCAP 1 (12.5) 2 (20.0) 0 0

BSI/sepsis n/a n/a n/a n/a

cIAI 4 (16.0) 2 (15.4)

SSSI 2 (8.0) 0

IV line 3 (12.0) 5 (38.5)

Other 4 (16.0) 1 (7.7)

Unknown 7 (28.0) 3 (23.1)

APACHE II Acute Physiology and Chronic Health Evaluation II, BAT best available therapy, cIAI complicated intra-
abdominal infection, CrCL creatinine clearance, cUTI complicated urinary tract infection, HAP hospital-acquired pneu-
monia, HCAP healthcare-associated pneumonia, IV intravenous, n/a not available, SD standard deviation, SOFA Sequential
Organ Failure Assessment, SSSI skin and skin structure infection, VAP ventilator-associated pneumonia
N, total number of patients with gram-negative bacteraemia at randomisation
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Bacteraemia and Clinical Outcomes

Bacteraemia outcomes and clinical outcomes at
EA are shown in Table 4. Across APEKS-cUTI,
APEKS-NP and CREDIBLE-CR studies, on-ther-
apy bacteraemia eradication rates were 100%,
50.0% and 72.0% with cefiderocol and 77.8%,
100% and 69.2% with comparator antibiotics,
respectively. Persistence at EA was observed in a
total of six patients (cefiderocol: 1/8 patients
[12.5%] in APEKS-NP, 2/25 patients [8.0%] in
CREDIBLE-CR; comparators: 1/9 patients
[11.1%] in APEKS-cUTI, 2/13 patients [15.4%] in
CREDIBLE-CR). Indeterminate bacteraemia
response was observed in three patients (37.5%)
in APEKS-NP and five patients (20.0%) in

CREDIBLE-CR with cefiderocol, and in one
patient (11.1%) in APEKS-cUTI and two patients
(15.4%) in CREDIBLE-CR with comparators,
respectively. The clinical cure rates in APEKS-
cUTI corresponded with bacteraemia eradica-
tion rates (cefiderocol: 100% [19/19]; compara-
tor: 77.8% [7/9]). The clinical cure rate with
cefiderocol treatment was 62.5% [5/8] in APEKS-
NP and 64.0% [16/25] in CREDIBLE-CR
(Table 4).

Bacteraemia and clinical outcomes at EOT
and TOC are shown in Supplementary Table S1.
At EOT, bacteraemia eradication rates were rel-
atively high with all treatments across all three
studies, except for cefiderocol (37.5% [3/8]) in
APEKS-NP and BAT (46.2% [6/13]) in

Table 3 Distribution of baseline gram-negative pathogens in blood at randomisation in the three studies (intention-to-treat
population)

APEKS-cUTIa APEKS-NPb CREDIBLE-CRc

Cefiderocol
(N = 19)

Imipenem/cilastatin
(N = 9)

Cefiderocol
(N = 8)

Meropenem
(N = 10)

Cefiderocol
(N = 25)

BAT
(N = 13)

N’ = 19 N’ = 9 N’ = 9 N’ = 10 N’ = 27 N’ = 15

Enterobacterales, n 18 8 6 8 15 7

K. pneumoniae 0 0 3 4 11 5

K. oxytoca 1 0 0 0 1 0

E. coli 16 8 1 1 3 0

S. marcescens 0 0 2 1 0 0

E. aerogenes 1 0 0 0 0 0

E. cloacae 0 0 0 1 0 0

P. stuartii 0 0 0 1 0 1

M. morganii 0 0 0 0 0 1

Non-fermenters, n 1 1 3 2 12 8

Acinetobacter spp. 0 1 2 0 12 6

P. aeruginosa 1 0 0 1 0 2

B. cenocepacia 0 0 1 1 0 0

BAT best available therapy
N, total number of patients with gram-negative bacteraemia at randomisation
N’, total number of gram-negative pathogens from the blood
aAPEKS-cUTI: 24/28 (85.7%) gram-negative pathogens were E. coli
bAPEKS-NP: 7/19 (36.8%) gram-negative pathogens were K. pneumoniae; 5/19 (26.3%) were non-fermenters
cCREDIBLE-CR: 17/42 (40.5%) gram-negative pathogens were Klebsiella spp.; 18/42 (42.9%) were Acinetobacter spp
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CREDIBLE-CR. Indeterminate responses with
cefiderocol were seen in 10.5% (2/19), 50.0% (4/
8) and 40.0% (10/25) patients in APEKS-cUTI,
APEKS-NP and CREDIBLE-CR, respectively.
Across all three studies, there was only one
incidence of persistence (in a patient receiving
imipenem-cilastatin; treatment was stopped on
Day 2 due to an adverse event and early EOT
assessment was performed) and one of recur-
rence, involving Burkholderia cenocepacia in a
patient receiving cefiderocol in APEKS-NP. At
TOC, there was no persistence across studies,
and only one recurrence was recorded in

CREDIBLE-CR (i.e. recurrence of one CR E. coli
isolate as a result of inadequate source control
in a patient where hardware was left in place up
to the TOC visit following surgery for pancreatic
cancer, with development of intra-abdominal
infection; blood samples at EA and EOT were
negative). Indeterminate response rates for
cefiderocol at TOC in APEKS-cUTI, APEKS-NP
and CREDIBLE-CR were 21.1%, 87.5% and
52.0%, respectively. In terms of clinical out-
comes, in line with what was observed at EA,
the highest cure rates with cefiderocol

Table 4 Clinical and microbiological bacteraemia outcomes at early assessment by patient in the three studies (intention-to-
treat population)

APEKS-cUTI APEKS-NP CREDIBLE-CR

Cefiderocol
(N = 19)

Imipenem/
cilastatin
(N = 9)

Cefiderocol
(N = 8)

Meropenem
(N = 10)

Cefiderocol
(N = 25)

BAT
(N = 13)

Bacteraemia outcome, n (%)

Eradication 19 (100) 7 (77.8) 4 (50.0) 10 (100) 18 (72.0) 9 (69.2)

Eradication 14 (73.7) 6 (66.7) 3 (37.5) 6 (60.0) 16 (64.0) 9 (69.2)

Presumed eradication 5 (26.3) 1 (11.1) 1 (12.5) 4 (40.0) 2 (8.0) 0

Persistence 0 1 (11.1)a 1 (12.5)b 0 2 (8.0)c,d 2 (15.4)e,f

Indeterminate 0 1 (11.1) 3 (37.5) 0 5 (20.0) 2 (15.4)

Clinical outcome, n (%)

Cure 19 (100) 7 (77.8) 5 (62.5) 9 (90.0) 16 (64.0) 4 (30.8)

Failure 0 2 (22.2) 1 (12.5) 1 (10.0) 7 (28.0) 8 (61.5)

Indeterminate 0 0 2 (25.0) 0 (0) 2 (8.0) 1 (7.7)

BAT best available therapy, BSI bloodstream infection, CR carbapenem resistant, CS carbapenem susceptible, cUTI com-
plicated urinary tract infection, EOT end of treatment, MIC minimum inhibitory concentration, TOC test of cure, VAP
ventilator-associated pneumonia
aOne cUTI patient with E. coli (imipenem MIC B 0.06 lg/ml), blood isolate was eradicated at EOT and TOC
bOne VAP patient with CS S. marcescens (cefiderocol MIC 0.12 lg/ml), blood isolate was eradicated at EOT and missing
sample at TOC due to death
cOne BSI patient with CR A. baumannii (cefiderocol MIC 0.06 lg/ml), no follow-up sample available because of death on
Day 6 due to septic shock
dOne cUTI patient with cefiderocol-resistant (MIC 32 lg/ml) and CR E. coli expressing NDM-5, following use of
nephrostomy tube, blood isolate was eradicated at EOT and TOC
eOne BSI patient (gentamicin treatment) with CS K. pneumoniae, blood isolate eradicated at EOT and TOC
fOne sepsis patient (colistin and ertapenem treatment) with CR A. baumannii and CS M. morganii, indeterminate
bacteraemia response at EOT and TOC due to additional antibiotic
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treatment were observed in APEKS-cUTI (EOT:
89.5% [17/19]; TOC: 78.9% [15/19]).

Bacteraemia and clinical outcomes by
pathogen at EA, EOT and TOC for Enterobac-
terales and Acinetobacter spp. are shown in
Supplementary Table S2. The highest eradica-
tion rates with cefiderocol were seen at EA and
EOT in APEKS-cUTI for Enterobacterales, and
these were maintained at the TOC visit. Clinical
cure at TOC ranged from 16.7 to 100% for
cefiderocol and from 42.9 to 62.5% for com-
parator agents. For Acinetobacter spp. infections
in CREDIBLE-CR, eradication rates at EA, EOT
and TOC were 75.0% (9/12), 58.3% (7/12) and
50.0% (6/12), respectively, with cefiderocol and

66.7% (4/6), 50.0% (3/6) and 50.0% (3/6),
respectively, with BAT. Clinical cure rates at
TOC were 33.3% (4/12) with cefiderocol and
50.0% (3/6) with BAT. Four P. aeruginosa isolates
were identified: one in a patient receiving
cefiderocol in APEKS-cUTI, one in a patient
receiving meropenem in APEKS-NP and two in
patients receiving BAT in CREDIBLE-CR. Three
patients showed clinical cure and eradication at
TOC, and one patient in the BAT arm showed
clinical failure and had indeterminate bacter-
aemia outcome. Two B. cenocepacia isolates,
both from APEKS-NP (one from each treatment
arm), were clinical failures and had indetermi-
nate microbiological responses at TOC.

Table 5 Outcomes by resistance mechanisms/extended-spectrum beta-lactamase for Enterobacterales in CREDIBLE-CR
(intention-to-treat population)

Resistance mechanism Response, n/N’ (%) Cefiderocol (N = 25) BAT (N = 13)

Metallo-beta-lactamase (NDM, VIM, IMP) Eradication at EA 3/4 (75.0) 1/2 (50.0)

Persistence at EA 1/4 (25.0) 0/2 (0)

Clinical cure at TOC 3/4 (75.0) 0/2 (0)

Day 14 ACM 0/4 (0) 0/2 (0)

Day 28 ACM 0/4 (0) 1/2 (50.0)

Serine-beta-lactamase (KPC, OXA-48-like) Eradication at EA 6/8 (75.0) 3/4 (75.0)

Persistence at EA 0/8 (0) 0/4 (0)

Clinical cure at TOC 4/8 (50.0) 2/4 (50.0)

Day 14 ACM 1/8 (12.5) 0/4 (0)

Day 28 ACM 1/8 (12.5) 2/4 (50.0)

ESBLa Eradication at EA 5/7 (71.4) 2/4 (50.0)

Persistence at EA 1/7 (14.3) 1/4 (25.0)

Clinical cure at TOC 4/7 (57.1) 1/4 (25.0)

Day 14 ACM 1/7 (14.3) 0/4 (0)

Day 28 ACM 1/7 (14.3) 2/4 (50.0)

ACM all-cause mortality, BAT best available therapy, EA early assessment, ESBL extended-spectrum beta-lactamase, IMP
imipenemase metallo-beta-lactamase, KPC Klebsiella pneumoniae carbapenemase, NDM New Delhi metallo-beta-lactamase,
OXA oxacillinase, TOC test of cure, VIM Verona integron-encoded metallo-beta-lactamase
N, total number of patients with gram-negative bacteraemia at randomisation
N’, total number of Enterobacterales isolates with the specific resistance mechanism(s)
aSulphydryl variant of TEM extended-spectrum beta-lactamase (SHV), cefotaxime-hydrolysing beta-lactamase (CTX-M),
cephamycin-hydrolysing beta-lactamase (CMY), Dhahran Hospital in Saudi Arabia b-lactamase (DHA)
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Bacteraemia and clinical outcomes by
pathogen at EA, EOT and TOC for CR Enter-
obacterales and Acinetobacter spp. in CREDIBLE-
CR are shown in Supplementary Table S3. At EA,
eradication rates with cefiderocol and BAT were
75.0% (9/12) and 50.0% (3/6) for CR Enter-
obacterales and 70.0% (7/10) and 66.7% (4/6)
for CR Acinetobacter spp., respectively. Clinical
cure at TOC was seen in 50.0% (6/12) and
33.3% (2/6) patients with CR Enterobacterales
infection and in 20.0% (2/10) and 50.0% (3/6)
patients with CR Acinetobacter spp. infection,
respectively.

Details of the molecular information and
baseline MICs for isolates with available data are
shown in Supplementary Table S4. In APEKS-
cUTI, the molecular information available for
the six urine isolates (five ESBL-producing
Enterobacterales and one OXA-23-producing
CR A. baumannii) was anticipated to be appli-
cable to the blood isolates based on equivalent
susceptibility profiles. In APEKS-NP, among
patients with secondary bacteraemia, one CR
K. pneumoniae isolate was confirmed to be an
ESBL and NDM-1 producer and one CR A. bau-
mannii isolate expressing Guiana extended-
spectrum beta-lactamase [GES] type. In CRED-
IBLE-CR, all isolates were CR due to expression
of various ESBLs and carbapenemases.

Outcomes were summarised according to
resistance mechanism/ESBL in Enterobacterales
in CREDIBLE-CR and are shown in Table 5.
Most isolates expressed a carbapenemase or an
ESBL enzyme. Cefiderocol showed activity
against MBLs (NDM, VIM, IMP); the rates of
clinical cure at TOC and eradication at EA for
Enterobacterales were both 75.0% (3/4).

Day-14 and Day-28 ACMs for patients with
bacteraemia are shown in Supplementary
Table S5. In the APEKS-cUTI study, there was
one patient death (5.3%; a patient in the
cefiderocol arm died as a result of a non-infec-
tion-related disease before end of treatment).
Day 28 ACM rates with cefiderocol and com-
parators were 50.0% (4/8) and 30% (3/10),
respectively, in APEKS-NP and 32.0% (8/25) and
30.8% (4/13), respectively, in CREDIBLE-CR.

DISCUSSION

In this post hoc analysis of one pathogen-fo-
cused and two infection site-specific prospective
randomised clinical trials, cefiderocol treatment
resulted in a high degree of bacterial clearance
from the bloodstream of patients with bacter-
aemia due to gram-negative pathogens, includ-
ing CR isolates.

The studies were assessed individually
because of considerable heterogeneity across
the three studies, which precluded the pooling
of data. As expected, patients in APEKS-cUTI
had less severe illness than those in APEKS-NP
and CREDIBLE-CR, both of which included
critically ill patients receiving treatment in the
intensive care unit. It was recognised when
planning the analysis that this might lead to
better outcomes in patients from APEKS-cUTI
compared with those from the other two stud-
ies, particularly CREDIBLE-CR. However,
because patients with known CR gram-negative
pathogens at randomisation were excluded
from APEKS-cUTI and APEKS-NP, most of the
CR pathogens among patients with bacteraemia
were identified in CREDIBLE-CR; therefore,
results from patients with CR infections were
not confounded by study design heterogeneity.
Of note, the difference between the studies in
the randomisation ratios (2:1 for cefiderocol in
APEKS-cUTI and CREDIBLE-CR, and 1:1 in
APEKS-NP) explains the greater number of bac-
teraemia patients receiving cefiderocol (n = 52)
than comparators (n = 32).

The bacterial species identified as the cause
of bacteraemia varied greatly by study popula-
tion, with 86% of patients in APEKS-cUTI hav-
ing E. coli, whereas K. pneumoniae was most
frequent in APEKS-NP and A. baumannii in
CREDIBLE-CR. The infection source is impor-
tant when considering comparison of outcomes
between different clinical studies.

The eradication rate of gram-negative
pathogens was highest in APEKS-cUTI, although
early bacteraemia eradication rates (i.e. those
within 3–4 days of cefiderocol initiation) were
very high in each study. Eradication of the
baseline pathogen was independent of car-
bapenem susceptibility status. Enterobacterales
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isolates with MBLs were eradicated with cefide-
rocol at a high rate (75% [3/4]) at EA and 100%
(4/4) at EOT. This is consistent with in vitro
data showing activity of cefiderocol in the
presence of beta-lactamases, including MBLs, as
well as porin mutations and upregulated efflux
pumps [29]. Across studies, rates of confirmed
persistence were low, even at EA. It is likely that
the one instance of recurrence at TOC was due
to inadequate source control in a cancer patient
rather than due to antibiotic failure. By TOC, in
CREDIBLE-CR there was no persistence.

In terms of individual pathogens, the on-
therapy eradication of Acinetobacter spp. from
blood, found primarily in CREDIBLE-CR, sug-
gests that cefiderocol may be an effective
antibiotic against this difficult-to-treat patho-
gen in patients with bacteraemia. As reported
previously [28], in the CREDIBLE-CR study,
Acinetobacter spp. infections were associated
with a higher mortality rate than infections due
to other pathogens, which was explained in part
by prior or ongoing shock at randomisation and
a high rate of intensive care unit admission [28].
In the current analysis, the Day 28 ACM rates in
CREDIBLE-CR were 32.0% with cefiderocol and
30.8% with BAT for patients with bacteraemia, a
subgroup that included a few patients with the
primary diagnosis of NP or cUTI, and excluded
patients with the diagnosis of sepsis without
positive blood culture, potentially influencing
mortality rates.

Given the source and severity of the infec-
tions and the condition of patients involved in
the different studies, it is not surprising that the
mortality rates among patients with bacter-
aemia in APEKS-NP and CREDIBLE-CR were
higher than those in APEKS-cUTI. The higher
mortality rates may be a reflection of risk factors
such as pneumonia, ventilation status, high
APACHE II and SOFA scores in APEKS-NP and
CR gram-negative infections in CREDIBLE-CR.
Mortality rates are known to be affected by
primary infection severity [10, 30] and infection
site. In gram-negative BSI, including CR Enter-
obacterales, mortality was found to be higher in
patients with a pulmonary source of infection
compared with other sources, including UTI
[1, 2, 7, 14]. These factors may help to explain
the difference between our findings and those

from the MERINO trial, in which the overall
mortality rate remained\ 10%, despite a mor-
tality difference between the meropenem and
piperacillin-tazobactam arms [7]. The MERINO
trial excluded severely ill patients, the main
source of bacteraemia was the urinary tract
(64%) and E. coli was the causative pathogen in
around 86% of patients [7].

Strengths of the current analysis include the
use of data from three prospective randomised
clinical trials, with consistent and standardised
microbiological sample collection, use of cen-
tral laboratory and data analysis and inclusion
of patients with a variety of MDR and CR gram-
negative pathogens and a variety of infections
that required hospitalisation and intravenous
antibiotic treatment. There was a broad range of
bacterial species, both Enterobacterales and
non-fermenters (most importantly Acinetobac-
ter), as well as considerable diversity in bacterial
resistance mechanisms, as assessed by molecular
analysis. Of note, cefiderocol treatment was
given as monotherapy to 47 of 52 (90.4%)
patients across the studies, providing a clearer
link between cefiderocol therapy and outcomes.

One of the main limitations of our analysis is
the inconsistent collection of post-randomisa-
tion blood cultures for patients with a positive
blood culture at randomisation, particularly in
APEKS-cUTI and APEKS-NP. This means that a
true rate of microbiological eradication or,
conversely, persistence could be underesti-
mated when responses are classified as indeter-
minate. Among the studies reported here, the
highest rate of repeat culture provision was in
the BSI/sepsis subset of patients in CREDIBLE-
CR. We found a high indeterminate microbio-
logical response rate in APEKS-NP due to deaths,
additional antibiotics and missing samples.
While the lack of repeat cultures in our analysis
was unavoidable given the design of the studies
analysed, use of an algorithm that allowed
clinical response to determine bacteraemia
response helped in part to address the problem
of indeterminate responses. As stated previ-
ously, pooled analysis of data was not feasible
because of the heterogeneity across the studies.
Finally, any interpretation of the data should
acknowledge its descriptive nature and the
small size of the subgroups.
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The analysis highlights the need for better
protocol compliance with on- and post-therapy
blood cultures [31–33] in randomised clinical
trials involving site-specific infections with
concomitant bacteraemia to provide a more
accurate assessment of bacteraemia clearance.
Our post hoc analysis data are complemented
by efficacy findings for cefiderocol in real-life
cases of difficult-to-treat severe gram-negative
infections. Microbiological clearance from
repeat blood cultures was seen in around 67% of
a total of 60 patients with BSI due mainly to CR
or XDR A. baumannii and difficult-to-treat
resistant P. aeruginosa [34–42]. A more complete
picture of the real-world efficacy of cefiderocol
in gram-negative BSI patients will be provided
by the ongoing Phase 2 GAMECHANGER study,
an open-label, prospective, randomised, con-
trolled, non-inferiority trial, comparing cefide-
rocol and standard of care in the treatment of
healthcare-associated or hospital-acquired BSI
(NCT03869437; [43]).

CONCLUSION

The results of this post hoc analysis suggest that
cefiderocol may be an option for the treatment
of gram-negative bacteraemia; cefiderocol
eliminated gram-negative bacteraemia within
3–4 days in a large proportion of patients and
rates of confirmed persistence and recurrence at
EOT or TOC were very low. Based on these
results, further prospective clinical trials to
define the treatment benefit of cefiderocol for
gram-negative bacteraemia are indicated.
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