
Stefano Bonora
Università di Torino

La terapia antinfettiva 
personalizzata nel paziente 

critico 



Financial Disclosures
Speaker fees, consultancies, research grants from:

• Abbvie
• BMS
• GS
• MSD
• Janssen
• ViiV



CRE Resistance Mechanisms

Carbapenemases Carbapenemase negative

Class A
eg, KPC

Class B (metallo-b-lactamases)
eg, NDM, VIM, IMP

Class D
eg, OXA-48

High level 
expression of ESBL 

or ampC
b-lactamases  

Deletion or 
modification of outer 

membrane porin

PLUS

Carbapenem-resistant Enterobacterales

cdc.gov/hai/organisms/cre/technical-info.html. Tamma. Clin Infect Dis. 2021;72:1109. Nordmann. Clin Infect Dis. 2019;69:S521. 

CRE ≠ KPC



Enterobacterales

Antibiotico
Carbapenemasi 

di classe A 
(es. KPC)

Carbapenemasi 
di classe B
(es. NDM)

Carbapenemasi
di Classe D

(es. OXA-48)

Pseudomonas
aeruginosa

Acinetobacter
baumannii

Stenotrophomonas
maltophilia

Ceftobiprolo

Ceftolozano-tazobactam

Ceftazidima-avibactam

Cefiderocol

Meropenem-vaborbactam

Imipenem-relebactam

Aztreonam-avibactam

Plazomicina

Eravaciclina

Attività in vitro dei nuovi antibiotici

IMP: imipenemasi. KPC; Klebsiella pneumoniae carbapenemasi. MBL: metallo-ϐ-lattamasi. MDR: multiresistente. NDM: New Delhi metallo-ϐ-lattamasi. OXA-48: oxacillinasi-48. VIM: Verona Integron metallo-ϐ-lattamasi.
1. Kirkegaard-Biosca C, et al. Antibiotics (Basel). 2024;13(9):874. 2. Bassetti M, et al. Eur Respir Rev. 2022;31(166):220119.



MBL-Producing Enterobacterales: 
Potential Treatment Options for 2025 and Beyond

Aztreonam/ 
avibactam

Cefepime/ 
taniborbactam

Cefepime/ 
zidebactam



• Cefiderocol incorporates features of other cephalosporin antibiotics, but is 
distinct from other beta-lactam antibiotics due to its beta-lactamase resistance 
and iron chelation1

CEFIDEROCOL: unique structure

1. Ito A, et al. Antimicrob Agents Chemother 2016;60:7396–40; 2. Hancock RE, et al. J Chemother 1996;8 Suppl 2:31–6;  3. Craig WA et al. Principles and Practice of Infectious Diseases (Eighth Edition)
2015; Chapter 21:278–292; 4. Ito-Horiyama T, et al. Antimicrob Agents Chemother 2016;60:4384–6; 5. Ito A, et al. J Antimicrob Chemother 2016;71:670–7.
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• Provides additional stability against 

beta-lactamases4

• Binds to free iron5

Catechol moiety

• Enhances stability against 

beta-lactamases

C-7 side chain3

• Facilitates penetration of 

the Gram-negative outer 

membrane

• Confers low affinity for 

beta-lactamases

C-3 side chain2

Ceftazidime Cefepime



• Cefiderocol is actively transported across the outer membrane to periplasm via an iron-uptake mechanism1,2

CEFIDEROCOL: unique mechanism of entry overcomes resistance mediated
by changes to porin channels and efflux-pump overexpression

PBP, penicillin-binding protein.
1. Ito A, et al. Antimicrob Agents Chemother 2016;60:7396–401; 2. Ito A, et al. Antimicrob Agents Chemother 2018;62:e01454–17 

1. Chelation of extracellular iron

2. Chelated complex actively transported into 

periplasm by outer-membrane receptors

3. Iron ions dissociate

4. Cefiderocol also enters via diffusion 

through porins like other β-lactams 

5. Cefiderocol binds and inhibits PBPs



aHydrolysis observed, but kcat could not be determined because Km was too high. bSlight hydrolysis of cefiderocol by KPC-3 was observed, but was too weak for calculation of kcat.
cCalculated at a substrate concentration of 100 µM

kcat, catalyst rate constant; Ki, inhibitor constant; Km, Michaelis-Menten constant

Ito-Horiyama T, et al. Antimicrob Agents Chemother. 2016;60:4384–6

Cefiderocol is stable against various carbapenemases
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Catalytic activity of some key carbapenemases

against cefiderocol and comparators

Catalytic activity of NDM-1 (class B) and OXA-23 (class D) 

against cefiderocol and comparators
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Cefiderocol’s stability against carbapenemases enables it to overcome carbapenemase-mediated resistance
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ESRD, end-stage renal disease; PK, pharmacokinetic; SD, standard deviation

1. Katsube T, et al. J Clin Pharm. 2017;75:584–91; 2. Fetcroja® (cefiderocol). Summary of Product Characteristics. Shionogi B.V. 2025

Impaired renal function requires dose modification 
to maintain cefiderocol plasma levels

PK of cefiderocol was assessed in patients with mild, moderate or severe renal impairment, 

or ESRD requiring haemodialysis, following 1 g intravenous 1-h infusion (N=38)1

Mean plasma concentrations of cefiderocol following 

single-dose administration1
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The plasma-protein-unbound fraction was 

similar across renal subgroups1

Therefore, cefiderocol elimination is 

dependent on renal function1

Cefiderocol is primarily eliminated 

by the kidneys2

Impaired clearance will cause higher 

exposure to cefiderocol1



aAugmented renal clearance is characterised by increased creatinine clearance and elimination of renally cleared medications that could place patients at risk of therapeutic failure

CrCL, creatinine clearance; MIC, minimum inhibitory concentration; PK, pharmacokinetics; PTA, probability of target attainment; qnh, every n hour

1. Katsube T, et al. Clin Infect Dis. 2019; 69:s552–s8; 2. Fetcroja® (cefiderocol). Summary of Product Characteristics. Shionogi B.V. 2025; 

3. Katsube T, et al. Presented at ECCMID 2015 (Poster P0251)

Augmented renal clearance requires dose 
modification to maintain cefiderocol plasma levels

Predicted plasma cefiderocol concentration profiles, following 

selected dosing regimens over 3-h infusion3

Normal renal function (CrCL 90–<120 mL/min), 2 g q8h

Augmented renal function (CrCL 120–<150 mL/min), 2 g q6h

Severely augmented renal function (CrCL 150–200 mL/min), 2 g q6h

PK at steady state was simulated
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The target patient population for cefiderocol includes critically-ill patients with 

augmented renal clearance (CrCL >120 mL/min)a1

For patients with augmented renal clearance, 

population PK modelling predicted infusion of 

cefiderocol 2 g q6h (versus q8h for normal 

renal function) over 3 h would provide >90% 

PTA versus target pathogens up to MIC of 

4 mg/L1

Therefore, cefiderocol elimination is 

dependent on renal function1

Cefiderocol is primarily eliminated 

by the kidneys2

Augmented clearance will cause lower 

exposure to cefiderocol, affecting efficacy1



AM, alveolar macrophages; ELF, epithelial lining fluid; MIC, minimum inhibitory concentration; PTA, probability of target attainment; SD, standard deviation

1. Katsube T, et al. J Antimicrob Chemother. 2019;74:1971–74; 2. Kawaguchi N, et al. J Clin Pharmacol. 2022;62:670–80

Cefiderocol ELF concentration profile was parallel 
to plasma concentration profile

Open-label study of cefiderocol concentrations in 

ELF and AM following 2 g 1-h infusion in healthy subjects (N=20)1

ELF/plasma concentration ratio at 6 h = 12%
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Time, h

Mean ELF and plasma concentrations of 

cefiderocol following single-dose administration1Key findings

• Data suggest rapid 
distribution of cefiderocol from 
plasma to ELF1

• ELF concentrations are similar 
to other β-lactams used to treat 
respiratory infection1

• Evidence suggests that the 
concentration of cefiderocol in 
lung tissue will reach 
therapeutic levels; provides 
>95% PTA up to MIC of 
2 mg/L2

AM/plasma concentration ratio at 6 h = 10%
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Mean AM and plasma concentrations of 

cefiderocol following single-dose administration1



C/T-R, ceftolozane/tazobactam-resistant; CZA-R, ceftazidime/avibactam-
resistant; IMR-R, imipenem-resistant; MEM-R, meropenem-resistant; MVB-
R, meropenem/vaborbactam-resistant

Isolates with resistant phenotypes were more susceptible to cefiderocol than to 
comparators 

PA isolates already resistant to a BL-BLI combination have a greater probability of developing

resistance to another BL-BLI, while maintaining susceptibility to cefiderocol

11%-14% treatment emergent resistance has been reported after patient were treated with C/T

Antimicrobial activity of cefiderocol and comparator tested on 2.282 isolates of PA 

aeruginosa

cefiderocol

Shortridge D et al. Microbiol Spectr 2022;10:e0271221

Haidar et al. Clin Infect Dis 2017

Diaz –Canestro et al. Eur J Clin Microbiol Infect Dis 2018

Fraile-Ribot et al. J Antimicrob Chemother 2018



2024 IDSA Guidance: CRE

Resistance Preferred Alternative Options

KPC  Meropenem/vaborbactam
 Ceftazidime/avibactam
 Imipenem/cilastatin/relebactam 

 Cefiderocol 
 Tigecycline or eravacycline 

̶ Not recommended for 
treatment of UTIs or BSIs

NDM, VIM, IMP  Ceftazidime/avibactam + 
aztreonam

 Cefiderocol

 Tigecycline or eravacycline
̶ Not recommended for 

treatment of UTIs or BSIs

OXA-48-like  Ceftazidime/avibactam  Cefiderocol

Tamma. Clin Infect Dis. 2024;ciae403. clsi.org/meetings/ast-file-resources/.  

New CLSI recommendation to test for carbapenemases for CRE isolates



Ceftazidime/Avibactam + Aztreonam for MBLs: 
Additional Considerations

Based on results from 
surveillance studies, 
90%-100% of MBL-
producing isolates 
display susceptibility to 
ATM/AVI

Case reports of 
resistance to CZA + ATM 
due to mutations in 
PBP3 (reduces ATM 
binding)

Most clinical labs do not 
provide susceptibility 
testing results to this 
combination, so taking a 
leap of faith

Tamma. Clin Infect Dis. 2024;ciae403. Lodise. Antimicrob Agents Chemother. 2022;66:e0093622.



Ceftazidime/Avibactam + Aztreonam for MBLs

 Observational studies show benefit to 
ceftazidime/avibactam + aztreonam 
vs alternate therapies for MBL-
producing infections

Dosing and Monitoring

 Administer ceftazidime/avibactam + 
aztreonam together using Y-site 
administration, if possible

‒ CZA: 2.5 g IV Q8 hr over 3 hr

‒ ATM: 2 g IV Q8 hr over 3 hr

 Monitor LFTs

‒ COMBINE: AST/ALT increase 
common in phase I trial, likely 
related to high doses of ATM

Falcone. Clin Infect Dis. 2021;72:1871. Falcone. Clin Infect Dis. 2024;78:1111.
Tamma. Clin Infect Dis. 2024;ciae403. Lodise. Antimicrob Agents Chemother. 2022;66:e0093622.

Study (Time Frame)

30-Day Mortality, % (n/N)

CZA + ATM
Alternative 
Therapies

Falcone 2021
(Nov 2018 - Dec 2019)

19 (10/52) 44 (22/50)

Falcone 2024
(Jan 2019 - Oct 2022)

22 (48/215) 30 (29/96)



Ceftazidime/Avibactam + Aztreonam: 
Determining Susceptibility With Disk Elution Method

 Endorsed by 
CLSI

 Labs can now 
validate

Control ATM CZA ATM + CZA Control ATM CZA ATM + CZA

Resistant Susceptible

Harris. J Clin Microbiol. 2023;61:e0164722. Doi: 10.1128/jcm.01647-22. Reproduced with permission from American Society for Microbiology.



Cefiderocol for MBLs: Additional Considerations

Bassetti. Lancet Infect Dis. 2021;21:226. Wunderink. Lancet Infect Dis. 2021;21:213.
Simner. J Clin Microbiol. 2023;61:e016022. Haidar. JAC Antimicrobi Resist. 2024;6:dlae141. 

Among patients with CR-
infections, higher 28-day 
mortality observed with FDC 
vs BAT in CREDIBLE-CR 
(33% vs 16%)

• APEKS-NP: no difference in 
mortality compared with 
meropenem for carbapenem-
resistant infections

Potential for inaccurate AST 
results

• Requires a tight range of 
iron depletion for Mueller-
Hinton Broth

PBP3 mutations can confer 
cross resistance to cefiderocol



 Prospective, observational study of MBL-
producing Enterobacterales infections 
from Italy (N = 343)

Cefiderocol for MBLs

 SIDERO-WT Surveillance: 91.5% of 211 MBL-producing Enterobacterales (NDM: 85.4%) 
susceptible to cefiderocol

Wise. Microb Drug Resist. 2023;29:360. Tamma. Clin Infect Dis. 2024;ciae403. 
Timsit. Clin Infect Dis. 2022;75:1081. Falcone. Clin Infect Dis. 2024;78:1111. 

 CREDIBLE-CR and APEKS-NP: pooled 
analysis from 2 phase III trials of 34 patients 
with MBL-producing CRE infections
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Outcome, %
Cefiderocol 

(n = 24)
Comparator 

(n = 10)

Clinical cure 71 40

Microbiologic cure 58 30

28-day all-cause 
mortality 

13 50



2024 IDSA Guidance: DTR-P. aeruginosa

Tamma. Clin Infect Dis. 2021;72:109. O’Donnell. Pharmacotherapy. 2020;40:952.

Outside the Urinary Tract

Ceftolozane/tazobactam
Ceftazidime/avibactam
 Imipenem/relebactam

Cefiderocol

For MBL-producing P. aeruginosa, cefiderocol is preferred

Preferred Alternative





Bassetti et al, Antimicrobial Resistance & Infection Control (2024)

Results: The highest likelihood of susceptibility was reported for Colistin and 
CFDC



Fetcroja® è il primo e unico antibiotico ad aver ottenuto l’INNOVATIVITÀ da AIFA in 
considerazione di un VALORE TERAPEUTICO AGGIUNTO IMPORTANTE

Fetcroja®. Valutazione dell’innovatività Versione 1.0_CTS novembre 2022. Disponibile al link: https://www.aifa.gov.it/documents/20142/1851728/13_FETCROJA_scheda_

innovativita_GRADE.pdf/48d6a12b-d664-7469-c938-db15a8d26a3b (Ultimo accesso settembre 2023)

Elenco farmaci innovativi, AIFA. Disponibile al link: Innovative medicinal products | Italian Medicines Agency (aifa.gov.it) (Ultimo accesso settembre 2023)





Demographics and clinical characteristics

Previous ABs therapy

Previous carbapenems 30,1%

Previous C/T 8,6%

Previous C/A 7,5%

Previous M/V* 0,5%

Previous I/R* 0,0% 

Previous polymixins 2,7%

Previous isolation of CR-GNB

Previous CRE 19,9%

Previous CRPA 4,8%

Previous CRAB 14,5%

Previous MBLs 9,1%

FETCROJA® available since June 2021 in Italy -

reimbursed

*M/V: available since March 2021 in Italy -reimbursed

*I/R:  available since May 2022 in Italy -reimbursed



Demographics and clinical characteristics

ICU stay 51,0%

CVC 72,2%

Septic shock 25,8%

AKI 34,2%

CRRT 13,1%

ECMO 2,5%



Mono/Combo, Empirical/Targeted

50.549.5

Mono vs Combo

Monotherapy

Combination
therapy

27.5

72.5

Timing of CFDC therapy

Empirical

Targeted



 The inoculum effect of cefiderocol and ATM-AVI were observed in 98.4% (121/123) and 94.2% (129/137) 

of MBL CPE isolates, respectively. 

 Compared to MBL CPE, KPC CPE showed a significantly lower rate of inoculum effect for cefiderocol

(98.4% [121/123] versus 88.6% [31/35], P = 0.022). 

 The frequency of inoculum effect for cefiderocol or ATM-AVI were comparable among NDM, IMP, and VIM

CPE.



Empirical Targeted

Enterobacterales

Targeted

Pseudomonas

Targeted AciBau Targeted Steno

Fosfomycin Fosfomycin Fosfomycin Amp/Sul Colistin+Tigecycline

Tigecycline Tigecycline Aminoglycoside Colistin

Colistin Aminoglycoside Colistin Tigecycline

Colistin+Tigecycline Aminoglycoside+ 

tigecycline

Aminoglycoside

Aminoglycoside Aminoglycoside+ 

tigecycline

Aminoglycoside+ 

fosfomycine

Amp/Sul+Tigecycline

Amp/Sul+Tigecycline Colistin+Tigecycline

Type of combo therapy





Empirical therapy – Indication

• 55 patients

• Most frequently 
reported indication 
for empirical 
therapy was sepsis 
(65%) and LRTI 
(18,2%)



Il rischio più elevato di infezione si osserva in pazienti colonizzati  da batteri 
Gram-negativi resistenti ai carbapenemi

CR: resistente ai carbapenemi. CRE: Enterobacterales resistenti ai carbapenemi. IC: intervallo di confidenza. IRR: incidence rate ratio. MDR-GBN: batteri Gram-negativi multiresistenti.
1. Willems RPJ, et al. Lancet Infect Dis. 2023;23(6):719-731. 2. Harris AD, et al. Infect Control Hosp Epidemiol. 2016;37(5):544-8. 3. Wiener-Well Y, et al. Isr Med Assoc J. 2022;24(4):235-240.

Rischio globale di
infezione in pazienti 
colonizzati da CRE1

Elaborazione grafica da testo, rif. 1.

19%

14%

Pazienti colonizzati 
da MDR-GNB

Pazienti colonizzati 
da CRE

In
ci

d
en

za
 c

u
m

u
la

ti
va

d
i i

n
fe

zi
o

n
e 

a 
30

 g
io

rn
i (

%
)

20

18

16

14

12

10

8

6

4

2

0

Rischio di sviluppo di infezione in 
pazienti colonizzati da P. aeruginosa2

o Nei pazienti colonizzati da P. aeruginosa
la probabilità di una coltura successiva positiva
è stata più elevata rispetto ai pazienti non colonizzati
(IRR 6,74; IC 95% 4,91-9,25)2

Rischio di infezione in pazienti 
colonizzati da A. baumannii CR3

o Il 23% dei pazienti colonizzati da CR (26/115) 

ha sviluppato un’infezione clinica rispetto al 
14% dei non colonizzati (23/166, p=0,05)3



Falcone M, et al.  Critical Care 2020; 24:29



Slide credit: clinicaloptions.com
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Progetto TDM Torino (implementazione 2026)

Reparti selezionati nell’ambito di ASL Città di Torino, Osp. San Luigi, IRCCS Candiolo, ASL TO 4,  ASL TO5 

Target di pazienti e farmaci selezionati da 
medici curanti + consulenti infettivologi

Dosaggio farmaci con turnaround time per 
refertazioe di 6-8 ore

Lab di Farmacologia e Farmacogenetica 
Ospedale Amedeo di Savoia  (Prof. D’Avolio)

Valutazione comparata dosaggio e dati clinici del 
paziente da parte della Farmacologia Clinica di 
Bologna (dott. Gatti) e produzione di referto in 4-6 
ore

Microbiologia di riferimento



Grazie


