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ABSTRACT

Diabetic foot infection is a frequent and
potentially life-threatening complication of
diabetes mellitus. Antibiotic treatment is the
cornerstone of management of diabetic foot
infection but the rising prevalence of antibiotic
resistance has resulted in increasing rates of
treatment failure. In this context, the develop-
ment of several novel antibiotics might repre-
sent a useful tool in severe diabetic foot
infections caused by multidrug-resistant bacte-
ria. In the present review, we summarize the
safety and efficacy of novel antibiotics in
patients with diabetic foot infection. Relevant
data are limited, and randomized controlled
studies that evaluated the role of these agents in
this field are lacking. Until more robust data are
available, cefiderocol and dalbavancin, which

have been studied more extensively in patients
with bone infections, might be attractive
options in carefully selected patients with sev-
ere diabetic foot infection.
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Key Summary Points

The selection of the appropriate antibiotic
in patients with diabetic foot infection is
complicated by the rising prevalence of
multidrug-resistant bacteria.

Among novel antibiotics, cefiderocol and
dalbavancin might be attractive options
in carefully selected patients with severe
diabetic foot infection.

Collections of appropriate specimens to
identify the causative pathogen(s) is a sine
qua non for the successful treatment of
diabetic foot infection.
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INTRODUCTION

Diabetic foot infection is a leading cause of non-
traumatic lower limb amputation [1]. It is also
associated with increased risk for cardiovascular
and all-cause mortality in patients with diabetes
mellitus [2]. According to current guidelines,
the management of severe diabetic foot infec-
tion consists of assessment for need for surgical
treatment, evaluation for peripheral arterial
disease and urgent management if present and
administration of empiric broad-spectrum
antibiotic treatment targeting both gram-posi-
tive and -negative bacteria, including anaerobes
[3]. The antibiotic therapy should then be
adjusted based on both the clinical response
and culture findings [3]. The most common
pathogens causing diabetic foot infection are
Staphylococcus aureus, Pseudomonas aeruginosa
and Escherichia coli, whereas almost one fifth of
cases are polymicrobial [4, 5]. However, the
presence of antibiotic-resistant pathogens is
becoming more frequent in diabetic foot infec-
tion [6–8]. Indeed, almost 20% of bacteria
causing diabetic foot infection are multidrug
resistant, particularly S. aureus and P. aeruginosa
[4, 9]. Accordingly, the incidence of failure of
antibiotic treatment is also rising [10]. Overuse
of broad-spectrum antibiotics is a major cause of
the emergence of resistant bacteria [11]. An
earlier meta-analysis did not identify clear dif-
ferences in resolution of diabetic foot infection
among conventional carbapenems, antipseu-
domonal penicillins and cephalosporins [12]. In
this context, recently approved antibiotics
might have a role in the management of diffi-
cult-to-treat diabetic foot infections.

In the present review, we summarize the role
of novel antibiotics in the management of these
patients. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

CEPHALOSPORINS

Ceftaroline

Ceftaroline is a fifth-generation cephalosporin
and is approved for the treatment of acute
bacterial skin and skin-structure infections
(ABSSSI) (with additional approval for S. aureus
bacteremia associated with ABSSSI) and com-
munity-acquired pneumonia [13]. Ceftaroline
exhibits activity against methicillin-resistant S.
aureus (MRSA) through binding penicillin-
binding protein 2a (PBP2a), but also against
many gram-positive and -negative pathogens
[Streptococcus pneumoniae, Haemophilus influen-
zae, Moraxella catarrhalis, coagulase-negative
Staphylococcus (CoNS), Klebsiella spp, E. coli],
with the exception of non-fermentative (P.
aeruginosa, Acinetobacter baumannii) and mul-
tidrug-resistant gram-negative bacilli [extended
spectrum b-lactamase (ESBL) or Klebsiella pneu-
moniae carbapenemase (KPC) producing iso-
lates] [13–15]. Ceftaroline is used at a standard
intravenous dose of 600 mg every 12 h if crea-
tinine clearance is [ 50 ml/min and the dose
may be increased to 600 mg every 8 h in the
case of complicated skin and soft tissue infec-
tions (SSTIs) caused by S. aureus with a minimal
inhibitory concentration (MIC) 2 or 4 mg/l to
ceftaroline [15]. Dosage adjustment is required
for altered kidney function with creatinine
clearance B 50 ml/min. Ceftaroline is well tol-
erated, and its most common adverse reactions
are gastrointestinal (diarrhea, nausea), head-
ache, pruritus and Clostridium difficile infection,
even though there are some post-market reports
of myelotoxicity related to prolonged ([7 days)
ceftaroline exposure [13–15].

Approval of ceftaroline was based on two
clinical studies, CANVAS 1 and 2, which
excluded patients with diabetic foot infection
and therefore; the use of ceftaroline for treat-
ment of diabetic foot infection is off-label [16].
However, increasing data support the potential
role of ceftaroline for diabetic foot infection as
monotherapy or in combination with other
antibiotics for wider gram-negative and anaer-
obic coverage. Retrospective data from the
Clinical Assessment Program and Teflaro�
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Utilization Registry (CAPTURE) registry
(n = 201 patients with diabetic foot infection)
showed clinical success in 81% of patients who
received ceftaroline for a mean duration of
6.1 days, either as monotherapy (65%) or in
combination with other antibiotics [16]. Inter-
estingly, the presence of comorbidities, the type
of pathogen and the need for surgical inter-
vention did not affect the outcome [14]. Of
note, in the CAPTURE registry, there were
higher MRSA isolation rates (28%) than in other
studies [16]. In another retrospective cohort of
223 patients with diabetic foot infection, the
use of ceftaroline was associated with lower
90-day hospital re-admission and mortality
compared with daptomycin [17]. There are also
data from the CAPTURE registry indicating
clinical success with ceftaroline in gram-posi-
tive osteomyelitis in patients with diabetes [18].
In this registry, 150 patients with osteomyelitis
(59.3% with diabetes or peripheral arterial dis-
ease) due to gram-positive bacteria received
ceftaroline, and clinical success rates were very
high and similar in the total population and in
patients with diabetes (92.7 and 91.0%, respec-
tively) as well as in those who received ceftaro-
line monotherapy or in combination with other
antibiotics (91.0 and 96.0%, respectively) [18].
Moreover, only 1.3% of patients discontinued
ceftaroline because of adverse effects [18].

Ceftazidime/Avibactam

The combination of ceftazidime, a third gener-
ation cephalosporin, and avibactam, a non-b-
lactam inhibitor of b-lactamases, is effective
against a spectrum of gram-positive cocci and
gram-negative bacilli, including P. aeruginosa,
KPC, ESBL and oxacillinase (OXA) 48, but not
against Acinetobacter and Ambler class B met-
allo-b-lactamases (MBL), while it has poor
activity against anaerobic bacteria [19]. It is
approved for complicated urinary tract infec-
tions (cUTIs) and complicated intra-abdominal
infections (cIAI) [20, 21]. Notably, case series
suggest that ceftazidime/avibactam is effective
in the treatment of bone and joint infection
[22]. Moreover, current guidelines recommend
the use of ceftazidime monotherapy for

moderately severe or severe infections to cover
gram-negative bacteria and Pseudomonas [23].
Therefore, ceftazidime/avibactam might have a
role in the management of diabetic foot infec-
tion caused by carbapenem-resistant Enterobac-
teriaceae (CRE) and carbapenem-resistant P.
aeruginosa [24]. However, ceftazidime/avibac-
tam is affected by mechanisms of resistance
such as efflux pumps and porin channel muta-
tions that are commonly used by multidrug
resistant (MDR) Pseudomonas and is less effec-
tive in vitro than ceftolozane/tazobactam
against MDR Pseudomonas [20].

Ceftolozane-Tazobactam

Ceftolozane is a fifth-generation cephalosporin
and is effective against P. aeruginosa [25]. Its
combination with tazobactam was first
approved in 2015 for the management of com-
plicated cUTIs and cIAIs [20]. Ceftolozane/ta-
zobactam is effective against gram-negative
bacilli, including ESBL Enterobacteriaceae and
MDR P. aeruginosa, but has minimal activity
against gram-positive bacteria, particularly
Streptococcus and Enterococcus species [20].
Therefore, ceftolozane/tazobactam might have
a role in diabetic foot infection caused by MDR
gram-negative bacteria [24, 25]. A case of a
patient with diabetic foot infection due to MDR
P. aeruginosa who was successfully managed
with ceftolozane-tazobactam in combination
with fosfomycin was recently reported [26].

Cefiderocol

Cefiderocol is a novel parenteral siderophore
cephalosporin with unique mode of action,
mediated through its catechol side chain [27].
By forming a chelated complex with ferric iron,
cefiderocol enters the outer lipopolysaccharide
membrane of gram-negative bacteria through
the bacterial iron transport system. Like other
cephalosporins, it binds to penicillin-binding
proteins (PBPs) and inhibits bacterial cell wall
synthesis [28].

Cefiderocol is resistant to hydrolysis by all
classes of b-lactamases, including KPC, OXA
and MBL [29, 30]. As a result, its antibacterial
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spectrum includes resistant Enterobacterales, P.
aeruginosa, A. baumannii and Stenotrophomonas
maltophilia, while it has poor gram-positive and
anaerobic activity [31–33]. The successful eva-
sion of all carbapenem-resistance mechanisms
renders cefiderocol a particularly attractive
choice for the treatment of infections due to
MBL-producing pathogens and A. baumannii,
where antimicrobial options are limited.

The adverse effect profile of cefiderocol is
comparatively favorable and similar to other b-
lactams. The most frequently reported adverse
events are diarrhea, rash, infusion site reactions,
pyrexia and elevation in liver function tests
[34]. In the CREDIBLE-CR study, rates of drug-
related acute kidney injury were lower in the
cefiderocol arm than in the best available ther-
apy arm [35]. These results are appealing
because alternative therapies for MBL-produc-
ing bacteria and extensively drug-resistant
(XDR) A. baumannii, such as polymyxins and
aminoglycosides, are associated with increased
risk for nephrotoxicity.

To date, cefiderocol has been granted
authorization for the treatment of cUTIs, hos-
pital-acquired pneumonia (HAP) and ventilator-
associated bacterial pneumonia (VAP) with
limited or no alternative treatment options [26].
However, this agent has also been successfully
employed for compassionate use in other indi-
cations [36, 37]. In the CREDIBLE-CR study,
cefiderocol showed comparable clinical and
microbiological efficacy with best available
treatment in patients with nosocomial pneu-
monia, bloodstream infections or cUTIs caused
by carbapenem-resistant gram-negative bacte-
ria. However, cefiderocol carries a Food and
Drug Administration label warning, in the light
of CREDIBLE-CR results demonstrating an
increased all-cause mortality in the cefiderocol
arm compared with the best available therapy
arm, with no clear cefiderocol-related toxicity
or other explanation for this finding [26].
Interestingly, cefiderocol is the first novel
antimicrobial agent that is expected to be
approved for the treatment of infections caused
by carbapenem-resistant A. baumannii [32].

Favorable experience with the use of cefide-
rocol in the treatment of osteomyelitis has been
recently reported, potentially extending its

utility in diabetic foot infections, where the
incidence of multidrug-resistant pathogens is
rising [6, 7]. Chavda et al. described the suc-
cessful use of cefiderocol for the treatment of
osteomyelitis due to a pan-resistant P. aerugi-
nosa. More specifically, 28 days of cefiderocol
treatment in combination with an oral fluoro-
quinolone, in combination with surgical
debridement, resulted in clinical improvement
and avoidance of amputation [38]. Alamarat
et al. also reported the case of successful man-
agement of osteomyelitis caused by XDR P.
aeruginosa and ESBL K. pneumoniae in a pediatric
patient, with prolonged administration of
cefiderocol [39]. Similarly, Dagher et al. effi-
ciently treated a case of extensively drug-resis-
tant A. baumannii osteomyelitis with cefiderocol
in combination with surgical debridement,
where alternative antimicrobial options did not
exist [40].

Notably, iron is known to be utilized in the
formation of biofilm, and siderophore produc-
tion has been shown to be increased in biofilms.
Thus, cefiderocol with its unique exploitation of
the bacterial iron transport system might prove
to be particularly efficacious against infections
characterized by biofilm formation, such as in
the case of bone infections [41, 42].

CARBAPENEMS

The combination of meropenem, a wide spec-
trum carbapenem, and vaborbactam, a boronic
b-lactamase inhibitor of class A and C, such as
KPC, ESBL and ampicillinase C (AmpC), is
approved for the management of UTIs [20, 43].
However, meropenem/vaborbactam is not
active against OXA-type carbapenemases and
MBL (class B) or MDR P. aeruginosa and Acine-
tobacter [20]. This agent was shown to be as
effective as piperacillin-tazobactam in the
management of UTIs and as effective as the best
available therapy in a variety of infections
caused (or suspected to be caused) by CRE,
including cUTIs, cIAI, HAP and VAP [21].
Therefore, meropenem/vaborbactam might be
an option in diabetic foot infection caused by
CRE producing KPC but has not been studied in
these patients [24].
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The combination of imipenem, a wide-spec-
trum carbapenem, with cilastatin, which delays
the degradation of imipenem and prolongs its
antibiotic effect, and with relebactam, a novel
b-lactamase inhibitor that provides effective-
ness against class A and C b-lactamases, but not
class B, was shown to be more effective than
imipenem/cilastatin in patients with cUTIs and
cIAIs [20, 21]. This agent is also effective against
carbapenemase-resistant P. aeruginosa and
might be a suitable option for the treatment of
diabetic foot infection caused by this pathogen
or by KPC-producing CRE, even though rele-
vant studies are lacking [24].

AMINOGLYCOSIDES

Plazomicin is a next-generation aminoglycoside
that displays dose-dependent bactericidal
activity against Enterobacteriaceae including
strains that produce ESBL as well as some car-
bapenemases such as KPC and OXA-48 [44–47].
However, it lacks activity against many New
Delhi metallo-b-lactamase (NDM)-harboring
strains, its activity toward P. aeruginosa and A.
baumannii is variable and similar to other
aminoglycosides, and it is not active against
anaerobes [48–50]. Interestingly, plazomicin
shows activity against S. aureus and CoNS,
including methicillin-resistant strains [49],
which are frequently encountered in polymi-
crobial diabetic foot infections. Plazomicin is
labeled for the treatment of cUTI, including
pyelonephritis, and is reserved for patients with
limited or no alternative treatment options [44].
Its main side effects are nephrotoxicity and
ototoxicity, similar to other members of this
class of antibiotics [44].

In the EPIC trial, plazomicin demonstrated
non-inferiority compared to meropenem in
composite clinical and microbiological cure at
the test-of-cure visit in patients with cUTI and
acute pyelonephritis caused by Enterobacteri-
aceae, including MDR pathogens [51]. In the
Combating Antibiotic-Resistant Enterobacteri-
aceae (CARE) trial, plazomicin-based were com-
pared with colistin-based combinations in
patients with CRE-related bloodstream infec-
tions, HAP and VAP. Unfortunately, the study

was terminated prematurely because of diffi-
culties in enrollment, but preliminary findings
showed lower all-cause mortality and less seri-
ous adverse events, including nephrotoxicity, in
the plazomicin arm [52].

To the best of our knowledge, there are no
studies evaluating the use of plazomicin in the
treatment of SSTIs and bone infections,
including diabetic foot infections. However,
pharmacokinetic studies demonstrated that
aminoglycosides effectively penetrate into bone
and joint tissues, despite their hydrophilicity
[53]. Moreover, plazomicin was found to be
active and superior, compared with the older
aminoglycosides, against CRE isolates from
SSTIs [54].

LIPOGLYCOPEPTIDES

Dalbavancin

Dalbavancin is a novel long-acting lipogly-
copeptide and is active against gram-positive
pathogens, including MRSA, coagulase-negative
staphylococci, streptococci and vancomycin-
susceptible enterococci (VSE), but lacks efficacy
against vancomycin-resistant enterococci (VRE)
or staphylococci strains [14, 55]. Given the
limited availability of direct test susceptibility
to dalbavancin, in vitro susceptibility test to
vancomycin is acceptable as a surrogate for
susceptibility to dalbavancin [56]. Dalbavancin
has a long plasma half-life of approximately
14 days mainly due to 93% protein binding, a
predominantly non-renal clearance and a good
tissue penetration in different sites of infection,
with notable activity against bacterial biofilm
[55, 57]. Importantly, no dosage adjustment is
needed in patients with mild/moderate renal
impairment or mild hepatic impairment [55].

Dalbavancin has currently received approval
for the treatment of ABSSSI administered as a
single intravenous dose 1500 mg or a 1000 mg
dose followed by 500 mg 1 week later [55, 57].
In the DISCOVER 1 and 2 double-blind, multi-
center, randomized trials (n = 1301 patients
with ABSSSI, among which 13% had diabetes
mellitus), once-weekly intravenous dalbavancin
was non-inferior to twice-daily intravenous
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vancomycin followed by oral linezolid [58].
Moreover, adverse events were less frequent in
the dalbavancin group [58]. In another ran-
domized, double-blind study, a single 1500 mg
dose of dalbavancin was non-inferior to a two-
dose regimen (1000 mg followed by 500 mg one
week later) in patients with ABSSSI [59].

Given its unique pharmacokinetic and
pharmacodynamic properties, there is interest
in the use of dalbavancin beyond approved
indications, including for outpatient parenteral
antimicrobial therapy of infections caused by
gram-positive bacteria, such as osteomyelitis,
which is a frequent cause of ‘‘difficult-to-treat’’
diabetic foot infections. Indeed, in a random-
ized trial in 80 patients with osteomyelitis,
treatment with dalbavancin (1500 mg adminis-
tered on day 1 and 8) resulted in similar clinical
cure rates compared with standard of care (97
and 88%, respectively), with no difference in
tolerability between the two groups [60]. How-
ever, the duration of hospitalization was almost
half in patients treated with dalbavancin
(15.8 days vs. 33.3 days in the standard of care
arm) [60]. Notably, 6% of patients in the dal-
bavancin group presented with diabetic foot
infection [60]. Several observational studies also
showed the efficacy and safety of dalbavancin in
the treatment of bone and joint infections
[57, 61–67]. In a recent retrospective study in 22
patients with diabetic foot infection who were
treated with dalbavancin as a second choice
therapy, the cure rate was 87% [68]. A case of
successful treatment with dalbavancin of dia-
betic foot osteomyelitis caused by Enterococcus
faecium was recently reported [70].

Oritavancin

Oritavancin is another novel synthetic lipogly-
copeptide, similar in structure to vancomycin,
and is approved for the management of ABSSSI.
Oritavancin exhibits bactericidal activity
against gram-positive pathogens, including
MRSA, and is also active in vitro against VRE
and vancomycin-resistant S. aureus, unlike dal-
bavancin [69]. Similar to dalbavancin, orita-
vancin has a long plasma half-life of 8–10 days,
a high protein binding of 90% and slow kidney

clearance, allowing for single-dose treatment
[69]. No adjustment is needed in patients with
mild or moderate renal insufficiency. However,
oritavancin exerts weak inhibitory activity on
the cytochrome P450, which can potentially
lead to drug–drug interactions, especially with
warfarin, and may artificially prolong activated
partial thromboplastin time for up to 5 days
[14, 69].

Two large, randomized, controlled trials
(RCTs), SOLO-1 and -2, demonstrated that a
single 1200 mg dose of oritavancin was non-
inferior to twice-daily vancomycin for 7–-
10 days for the treatment of ABSSSI caused by
gram-positive pathogens [71, 72]. No significant
differences in safety were noted [67, 68]. The
most frequently reported adverse effects in the
oritavancin group were nausea, headache,
vomiting and diarrhea [71, 72]. In addition,
transient transaminase elevations were noted in
2% of the patients but without signs of drug-
induced liver injury [71, 72]. Of note, in the
SOLO-2 study, five cases of osteomyelitis were
reported as adverse events in the oritavancin
group; therefore, osteomyelitis is listed as a
warning for oritavancin, even though these
events occurred within the first 9 days after drug
initiation, suggesting that it may have been
already present [69, 72]. However, retrospective
data, case series and real-world data suggested
that oritabancin is both safe and effective in the
management of osteomyelitis [73–77]. There-
fore, the role of this agent in the management
of diabetic foot infection is currently unclear.

OXAZOLIDINONES

Tedizolid

Tedizolid is a second-generation oxazolidinone
and is active against gram-positive microor-
ganisms, including linezolid-resistant MRSA
and VRE, as well as Nocardia spp., Mycobacterium
tuberculosis and non-tuberculous mycobacteria
[78]. Tedizolid has oral bioavailability[ 90%
and can be administered either intravenously or
per os at a dose of 200 mg once daily because of
a half-life of 12 h, which is longer than linezolid
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[78]. It does not require dose modification in
patients with renal or hepatic impairment [78].

Tedizolid is approved for the treatment of
ABSSSI, based on evidence from two RCTs,
ESTABLISH 1 and 2 [78]. In these studies, tedi-
zolid 200 mg once daily for 6 days was non-in-
ferior to linezolid 600 mg twice daily for 10 days
for the treatment of ABSSSI, suspected or doc-
umented to be due to a gram-positive pathogen
[79, 80]. The 6-day tedizolid course was well
tolerated with less frequent gastrointestinal
adverse events (nausea, diarrhea, vomiting)
than linezolid as well as thrombocytopenia
[79, 80]. Retrospective studies suggest that long-
term tedizolid treatment is also well tolerated
and is less frequently associated with hemato-
logical toxicity than linezolid [81, 82]. In a
meta-analysis of 15 studies, tedizolid had supe-
rior clinical efficacy than vancomycin in ABSSSI
caused by MRSA [83].

Since patients with diabetic foot infection
were excluded from these two large trials, use of
tedizolid in serious diabetic foot infections

remains off-label but promising. According to a
recent study that compared tedizolid pharma-
cokinetics and tissue penetration between dia-
betic patients with wound infections and
healthy volunteers, the penetration into and
exposure to tissue were similar in both groups,
supporting the need for further evaluation of
tedizolid use in diabetic foot infection [84].
Tedizolid appears promising in the treatment of
more severe gram-positive infections, such as
osteomyelitis, with some clinical trials under-
way, whereas data from smaller retrospective
studies suggest good outcomes in osteoarticular
and diabetic foot infections, with a cure rate of
83%, comparable to that of linezolid, and with a
better safety profile [82, 85, 86].

CONCLUSION

Several antibiotics have been developed in the
last decade, and some of them appear to hold
promise as therapeutic options in patients with
diabetic foot infection (Table 1). However, there

Table 1 Common pathogens in diabetic foot infection, antibiotics they are resistant to and novel antibiotics that might be
useful in their management

Pathogen Current treatment options with rising rates of
resistance

Novel antibiotics that could be used for
treatment

Staphylococcus
aureus

Methicillin

Vancomycin

Daptomycin

Ceftaroline

Dalbavancin

Oritavancin

Tedizolid

Pseudomonas
aeruginosa

Piperacillin/tazobactam

Meropenem

Ceftazidime/avibactam

Ceftolozane/tazobactam

Cefiderocol

Imipenem/cilastatin/relebactam

Enterobacteriaceae Piperacillin/tazobactam

Meropenem

Ceftazidime/avibactam

Ceftolozane/tazobactam

Cefiderocol

Meropenem/vaborbactam

Imipenem/cilastatin/relebactam

Plazomicin
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are very limited data regarding the safety of
these novel antibiotics in patients with diabetic
foot infection, and randomized controlled
studies in this field are lacking. Until more
robust data are available, cefiderocol and dal-
bavancin, which have been studied more
extensively in patients with bone infections,
might be attractive options in carefully selected
patients with severe diabetic foot infection. To
avoid the emergence of resistance to these novel
antibiotics, their use should be limited to
patients with severe diabetic foot infection
caused by bacteria susceptible only to these
antibiotics and no other treatment options.
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CA, Pérez N. Long-term compassionate use of
cefiderocol to treat chronic osteomyelitis caused by
extensively drug-resistant pseudomonas aeruginosa
and extended-spectrum-b-lactamase-producing
klebsiella pneumoniae in a pediatric patient.
Antimicrob Agents Chemother. 2020;64:e01872-
19. https://doi.org/10.1128/AAC.01872-19].

40. Dagher M, Ruffin F, Marshall S, Taracila M, Bonomo
RA, Reilly R, Fowler VG Jr, Thaden JT. Case report:
successful rescue therapy of extensively drug-resis-
tant Acinetobacter baumannii osteomyelitis with
cefiderocol. Open Forum Infect Dis. 2020;7:
ofaa150. https://doi.org/10.1093/ofid/ofaa150].

260 Diabetes Ther (2023) 14:251–263

https://doi.org/10.1093/ajhp/zxab294]
https://doi.org/10.1093/ajhp/zxab294]
https://doi.org/10.1080/13543784.2018.1426745
https://doi.org/10.1080/13543784.2018.1426745
https://doi.org/10.1128/AAC.01454-17]
https://doi.org/10.1128/AAC.01454-17]
https://doi.org/10.1128/AAC.01695-15]
https://doi.org/10.1128/AAC.03098-15]
https://doi.org/10.1128/AAC.03098-15]
https://doi.org/10.1093/jac/dkv402]
https://doi.org/10.1093/jac/dkv402]
https://doi.org/10.1128/AAC.01110-18]
https://doi.org/10.1128/AAC.01110-18]
https://doi.org/10.1128/AAC.01801-18]
https://doi.org/10.1128/AAC.01801-18]
https://doi.org/10.1128/AAC.02163-17
https://doi.org/10.1016/S1473-3099(20)30796-9]
https://doi.org/10.1016/S1473-3099(20)30796-9]
https://doi.org/10.1093/jac/dkz318]
https://doi.org/10.1093/cid/ciy963]
https://doi.org/10.1093/cid/ciy963]
https://doi.org/10.1093/jacamr/dlab054]
https://doi.org/10.1128/AAC.01872-19]
https://doi.org/10.1093/ofid/ofaa150]


41. Ito A, Nishikawa T, Matsumoto S, Yoshizawa H,
Sato T, Nakamura R, Tsuji M, Yamano Y. Side-
rophore cephalosporin cefiderocol utilizes ferric
iron transporter systems for antibacterial activity
against Pseudomonas aeruginosa. Antimicrob Agents
Chemother. 2016;60:7396–401. https://doi.org/10.
1128/AAC.01405-16].

42. Kang D, Kirienko NV. Interdependence between
iron acquisition and biofilm formation in Pseu-
domonas aeruginosa. J Microbiol. 2018;56:449–57.
https://doi.org/10.1007/s12275-018-8114-3].

43. Thaden JT, Pogue JM, Kaye KS. Role of newer and
re-emerging older agents in the treatment of
infections caused by carbapenem-resistant Enter-
obacteriaceae. Virulence. 2017;8:403–16. https://doi.
org/10.1080/21505594.2016.1207834].

44. Eljaaly K, Alharbi A, Alshehri S, Ortwine JK, Pogue
JM. Plazomicin: a novel aminoglycoside for the
treatment of resistant gram-negative bacterial
infections. Drugs. 2019;79:243–69. https://doi.org/
10.1007/s40265-019-1054-3].

45. Ramirez MS, Tolmasky ME. Aminoglycoside modi-
fying enzymes. Drug Resist Updat. 2010;13:151–71.
https://doi.org/10.1016/j.drup.2010.08.003].

46. Aggen JB, Armstrong ES, Goldblum AA, Dozzo P,
Linsell MS, Gliedt MJ, Hildebrandt DJ, Feeney LA,
Kubo A, Matias RD, Lopez S, Gomez M, Wlasichuk
KB, Diokno R, Miller GH, Moser HE. Synthesis and
spectrum of the neoglycoside ACHN-490. Antimi-
crob Agents Chemother. 2010;54:4636–42. https://
doi.org/10.1128/AAC.00572-10].

47. Zhanel GG, Lawson CD, Zelenitsky S, Findlay B,
Schweizer F, Adam H, Walkty A, Rubinstein E, Gin
AS, Hoban DJ, Lynch JP, Karlowsky JA. Comparison
of the next-generation aminoglycoside plazomicin
to gentamicin, tobramycin and amikacin. Expert
Rev Anti Infect Ther. 2012;10:459–73. https://doi.
org/10.1586/eri.12.25].

48. Shaeer KM, Zmarlicka MT, Chahine EB, Piccicacco
N, Cho JC. Plazomicin: a next-generation amino-
glycoside. Pharmacotherapy. 2019;39:77–93.
https://doi.org/10.1002/phar.2203].

49. Walkty A, Adam H, Baxter M, Denisuik A, Lagacé-
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