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Razionare o razionalizzare?
The antibiotic dilemma

▪ Razionare

➢Limitare l’uso e il consumo dei 

nuovi antibiotici (ridurre i costi e le resistenze)

▪ Razionalizzare

➢Rendere più rispondente a criteri 

di efficienza e funzionalità (Migliorare 

la qualità della vita e ridurre la mortalità). 

Adapt. Treccani



Examples of clinical experience of 
«old style vs new style treatment» in 

CRE infections

Study Treament Mortality

Borer, 2009 Not known 50%

Trecarichi, 2016 (haematol. pts) Not known 52.2%

Tzouvelekis, 2012 Inappropriate therapy 50%

Tzouvelekis, 2012 Colistin monotherapy 45%

Tzouvelekis, 2012 Combo 30%

Gutierrez-Gutierrez, 2017 Mono vs Combo 41% vs 35%

OLD
Shields, 2017 Ceftazidime/avibactam

(mono or combo)

8%

Wunderink RG, 2018 Meropenem/vaborbacta

m

15.6%

Motsch, 2019 Imipenem/relabactam* 9.5%

Bassetti, 2021 Cefiderocol 13.8%



Klebsiella pneumoniae:
Importance of treating it right the first time

Primary outcome

➢ Relationship between time from BCs

collection to appropriate antibiotic

therapy and 30-day mortality

Result: 30-day mortality was 45%

➢ Median time to appropriate therapy:

8.5 h in survivors VS 48 h in deceased.

➢ CAZ/AVI regimens were associated

with reduced risk of composite endpoint

(30-day mortality OR nephrotoxicity)

(HR 0.23, p=0.014) compared to

colistin-containing regimens

Falcone M, et al. Crit Care. 2020;24(1):29. 

102 patients with KPC-Kp bacteraemia (2015-

2018) at two academic centres in Italy 



Systemic review of the impact of appropriate versus 

inappropriate initial antibiotic therapy on outcomes of 

patients with severe bacterial infections 

1,5 fold increase

LOS

COSTS

Bassetti M; International Journal of Antimicrobial agents 2020; 56(6):106184.
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Razionalizzazione. Why?

Trends (%) in AMR prevalence rates 2030

9AMR, antimicrobial resistance

OECD. Stemming the Superbug Tide: Just a Few Dollars More; 2018.
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Razionalizzazione

Why?

Extensive use/wrong 

use
Prudent use

Antibiotic use

Selection of resistant bacteria 

.

Once established it is not easy to go back 

There is always a need for new antibiotics



1. KNOWING how to SAY NO!!!

2. Stratify risk factors for an adequate

empirical therapy.

3. Improve microbiological diagnosis

4. Tailoring antibiotic therapy.  

What to do to rationalize the use of new 

antibiotics?
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Key issues for empirical antibiotic 

therapy

Site of infection Type of infection

• Lung

• Urinary tract

• Abdomen 

• Bloodstream infection

• Monomicrobial

• Polymicrobiolial 

• Fungal infection

• Community acquired

• HC associated 

• Nosocomial acquired

Severity of the infection

• Hematological patients 

• Unstable patients 

• With high severity score

Comorbidities

• Age> 70 years

• Diabetes 

• Charlson index>3

• Use of corticosteroids 

• COPD

• Renal impairment 

Risk of resistance

• Previous antibiotic 

therapy

• Recent hospitalization

• Local epidemiology 

• Indwelling devices 



Risk factors for MDR pathogen

Bassetti M; Expert Review of anti-infective therapy 2017; 15:55-65

Risk factors for MDR bacteria not very different for: 

▪ Non-fermenting Gram-negative bacilli 

▪ Carbapenemases-producing Enterobacteriales

▪ ESBL or AmpC producing Enterobacteriales



Patient profile for empiric use of 

CAZ-AVI

CRE, carbapenem-resistant Enterobacteriaceae; ESBL, extended-spectrum β-lactamase; ICU, intensive care unit.

1. Montravers P, Bassetti M. Curr Opin Infect Dis 2018;31(6):587–593.
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Key message

Immediate aggressive antibiotic therapy without a 

good microbiological diagnosis can be even more 

harmful than a conservative approach followed by 

appropriate examinations.

ALWAYS OBTAIN the appropriate microbiological samples before 

starting therapy!!!



Rapid diagnostic

▪ One hour

▪ One shift

▪ One day

Stains

Ag detection

GeneXpert

Specific PCRs

Molecular Dx of sepsis 

from blood

T2MR

Cultures, E-test

Molecular Dx on colony, 

tissue, fluids or spiked BC



Global epidemiology of CRE 
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Ceftolozane/Tazobactam Overview 

Class

▪ Antipseudomonal cephalosporin 
+ β-lactamase inhibitor

▪ Fixed 2:1 ratio

Mechanism of action

▪ Rapidly bactericidal

▪ Inhibits cell wall synthesis 

▪ Active against organisms with 
porin deficiencies or mutations 

▪ Inhibits β-lactamases, broadens 
coverage to most ESBL-
producing Enterobacteriaceae 

In vitro activity

Pseudomonas aeruginosa, 
including drug-resistant 
strains

Escherichia coli, including 
ESBL-positive strains

Klebsiella pneumoniae, 
including ESBL-positive 
strains

Minimal activity against Gram-
positive bacteria 

Limited activity against 
anaerobes

No activity against KPC, MBL

Development stage

Approved in >60 countries for 
treatment of  cIAI and cUTI
and Nosocomial pneumonia

In vivo efficacy

Activity in mouse models of 
sepsis, pneumonia, 
urinary tract infection, 
burn wound infection, and 
thigh infection

Positive outcomes and 
adhered to an expected 
safety profile in Phase 2 
and 3 trials  in adult 
patients with cUTI and cIAI

Pharmacokinetics

Linear PK 

Lung penetration

Rapid tissue distribution

Minimal accumulation

Extensive renal excretion

Low protein binding

Minimal CYP450 drug-drug 
interactions 

+

Zhanel  et al. Drugs. 2014;74:31-51.



What Makes Ceftolozane/Tazobactam Different?  

Activity vs. Pseudomonas aeruginosa

Ceftolozane

 Stable against common P. aeruginosa resistance mechanisms, including loss of 

outer membrane porin (OprD), chromosomal AmpC, and up-regulation of efflux 

pumps (MexXY, MexAB)1

 Isolates resistant to other cephalosporins may be susceptible, although cross-

resistance may occur2

1. Castanheira M, et al. Antimicrob Agents Chemother. 2014;58:6844-6850. 

2. Ceftolozane/Tazobactam  prescribing information. 

Resistance Mechanisms
Outer Membrane 

Porin Loss

β-lactamase 

Enzyme 
Efflux Pump Efflux Pump

OprD AmpC MexXY MexAB

Ceftolozane

Ceftazidime

Cefepime

Piperacillin/tazobactam

Imipenem

Meropenem

Table adapted from Castanheira M, et al. 2014

Activity greatly decreased >> Retains activity



Comparative effectiveness of ceftolozane/tazobactam vs. 

polymyxin or aminoglycoside containing regimens (Italy)

▪ 1:2 matched case-control analysis at 9 centers in Italy 
➢Patients with nosocomial pneumonia or bloodstream infections due to MDR or XDR P. aeruginosa

P=0.11

P=0.04

Vena A et al. Clin Infect Dis 2020

P=.72

81.3%

18.8%

0%

56.3%

28.1%
25.0%

0%

20%

40%

60%

80%

100%

Clinical Cure (14-days) In-hospital Mortality (30 days) Acute Kidney Injury

Ceftolozane/Tazobactam (n=16)

Polymyxin/Aminoglycoside Containing Regimen (n=32)



 Multicenter, Italian, retrospective study (24 hospitals) 

 153 patients with infections due to ceftriaxone resistant 

Enterobacterales

 Pneumonia was the most common diagnosis (n= 46, 30%) followed 

by cUTI (n=34, 22.2%)

 C/T as empiric in 46 (30%) patients

 C/T as monotherapy in 127 (83%) patients

 Favorable clinical outcome in 128 (83.7%) of the 153 cases

▪ 25 patients considered to have failed C/T

▪ Overall, 30-day mortality was reported for 15 (9.8%) patients

Ceftolozane/tazobactam for ESBL- Enterobacterales

infections: Ceftabuse II Study

Bassetti M; Vena A, J et al Open Forum Infect Dis. 2020



Ceftolozane/tazobactam for enterobacteriaceae infections: 

Ceftabuse II Study

Bassetti M; Vena A, J et al Open Forum Infect Dis. 2020



Ceftolozane/tazobactam for enterobacteriaceae infections: 

Ceftabuse II Study

Multivariate analysis for clinical success

Variable OR                  CI95%.     P-value

Charlson comorbidity 

index>4
3.30 2.11-4.22 0.01

Septic shock 5.21 3.28-7.42 0.001

Empiric C/T therapy 0.22 0.11-0.67 <0.001

CRRT 2.32 1.87-4.35 0.02

Adequate source control of 

infection
0.32 0.24-0.77 0.001



Spectrum of activity of new antibiotics for 

difficult to treat (DTR)  Gram-negative infections

Bassetti M et al. Antibiotics 2020, 9, 632; doi:10.3390/antibiotics9090632



Ceftazidime–avibactam 

Phase III clinical trial programme
Seven prospective, international, multicentre, 

randomised Phase III studies

• Double-blind randomisation 
(1:1)1

– CAZ 2000 mg + AVI 
500 mg + metronidazole 
500 mg IV q8h or

– MER 1000 mg 
IV + placebo q8h

• Primary objective 
– RECLAIM 1 and 2:1

– Assess non-inferiority of 
CAZ–AVI re: clinical cure 
at TOC visit in patients 
with ≥1 identified 
pathogen 
(mMITT populations)

– RECLAIM 3:2

– Proportion of patients 
with clinical cure at TOC 
visit (CE populations)

• Open-label randomisation 
(1:1)4

– CAZ 2000 mg + AVI 
500 mg + metronidazole 
500 mg q8h IV or 

– Best available therapy
• Primary objective4

– Estimate per-patient 
clinical response to 
CAZ–AVI and best 
available therapy at TOC 
visit in cUTI and cIAI 
caused by CAZ-resistant 
Gram-negative 
pathogens

• Double-blind randomisation 
(1:1)3

– CAZ 2000 mg + AVI 
500 mg q8h IV or

– DOR 500 mg + placebo 
q8h IV 

• Primary objective3

– Assess non-inferiority of 
CAZ–AVI on co-primary 
endpoints in mMITT 
analysis set:

– Resolution of UTI-
specific symptoms

– Resolution/improvement 
of flank pain

– Per-patient 
microbiological 
eradication and 
symptomatic resolution

• Double-blind randomisation 
(1:1)5

– CAZ 2000 mg + AVI 
500 mg q8h IV or

– MER 1000 mg + placebo 
q8h IV 

– Plus open-label empiric 
linezolid + 
aminoglycoside 

• Primary objective5

– Assess non-inferiority of 
CAZ–AVI on clinical cure 
rate at TOC visit in 
cMITT and 
CE populations

RECLAIM 1, 2 and 3: 

Adults with cIAI 

REPRISE 

Adults with CAZ-resistant 

pathogens

REPROVE 

Adults with nosocomial 

pneumonia (including VAP)

RECAPTURE 1 and 2: Adults 

with cUTI (including acute 

pyelonephritis)

Mazuski JE, et al. Clin Infect Dis 2016 Qin X et al. IJAA 2017;

Wagenlehner F, et al. Clin Infect Dis 2016; 

Carmeli Y, et al. Lancet Infect Dis 2016

Torres et al. Lancet Infect Dis. 2018;18(3):285–95.



AG, aminoglycoside; CAZ–AVI, ceftazidime-avibactam; CB, carbapenem-based; CI, 

confidence interval; COL, colistin; KPC, K. pneumonia carbapenemase; MIC, minimum 

inhibitory concentration; OR, odds ratio

Mortality rate in KPC-producing K. pneumoniae 

bacteraemia experience with CAZ–AVI

 Adapted from: Shields R, et al. Antimicrob Agents Chemother. 2017;61:e00883–17.

30-day mortality (%):
8 32 30 32

Independently 
associated 

with success 
(OR: 8.64, 
95% CI:

1.61–46.39)

N=109

100% resistant to 

meropenem

MIC≥16 mg/L

(meropenem dose 

was

not provided)

Secondary

bacteremia resulted 

from abdominal 

(46%), respiratory 

tract (13%), urinary 

tract (13%).
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What about ceftazidime-avibactam for ESBL 

infections in real-life?

 Retrospective multicenter study

 All patients who received >72 h of ceftazidime-avibactam for GNB

other than CRE

 41 patients (age 62 yo, 68% male)

➢P. aeruginosa (33/41; 80.5%)

➢ESBL-producing Enterobacterales (4/41, 9.8%).

➢Four patients had polymicrobial infections.

 All strains were susceptible to ceftazidime-avibactam.

 Most common site of infection: nosocomial pneumonia (48.8%),

primary bacteremia (17.1%), IAI (9.8%)

 Combination treatment 33 patients; median length of therapy 13 d.
Vena A, Giacobbe DR, Bassetti M and Ceftabuse study group Accepted Antibiotics



Vena A, Giacobbe DR, Bassetti M 

and Ceftabuse study group 

Accepted Antibiotics 



v

Objective

➢To compare the outcome of patients with BSIs due to metallo

β-lactamase (MBLs) producing Enterobacteriales treated either

with CAZ-AVI + AZT or other active antibiotics (OAAs)

Methods: Observational prospective study (2018-19)

➢All adult patients diagnosed with MBL producing

Enterobacteriales who received therapy ≥1 antimicrobial

showing in vitro activity against the MBL-producing isolate for

at least 48 hours.

Falcone M et al. Clin Infect Dis. 2021 72:1871-1878.



▪ 102 adults with MBL 

Enterobacteriales BSI

▪ 82 NDM and 20 VIM

▪ 52 (51%) patients 

treated with CAZ-

AVI+ATM vs 50 (49%) 

treated with OAAs.

Results 

Falcone M et al. Clin Infect Dis. 2021 72:1871-1878.
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Meropenem-vaborbactam

▪ Combination of meropenem and vaborbactam
➢Well-matched pharmacokinetics

➢Vaborbactam is a potent KPC or ESBL inhibitor.

➢Standard dosing = 4g IV q 8h over a 3 hour infusion

▪ EMA approved indications
➢cUTI/AP, cIAI, HAP/VAP

➢Bacterial infections due to Gram-negative organisms with limited treatment 

options



Meropenem-vaborbactam 



Meropenem-vaborbactam showed higher clinical cure rates at end of therapy 

(EOT) and test of cure (TOC)

66%

59%

33%

27%

0%

10%

20%

30%

40%

50%

60%

70%

EOT TOC

M-V BAT

P=0.03

P=0.02

Meropenem-vaborbactam: TANGO II

Wunderink RG, et al. Infect Dis Ther. 2018; 



Endpoint/Statistics MV

N=32
n, (%)

Best Available 

Therapy

N=15
n, (%)

Absolute 

Percent 

Difference

(MV-BAT)

Relative

Percent 

Difference

[(MV-BAT)/BAT]

All-Cause Mortality Rate Day 28 5 (15.6) 5 (33.3) -17.7 -53.2

Subjects Censored* 27 (84.4) 10 (66.7)

Kaplan-Meier Estimate (95%CI) 15.6

(6.8 to 33.5)

33.3

(15.4 to 62.5)

TANGO II

Day 28 All-Cause Mortality 

All Infection Types (mCRE-MITT)

*Subjects whose survival status is unknown due to early termination or lost to follow up will be censored at the last day the subject was known to be alive.

Wunderink RG, et al. Infect Dis Ther. 2018; https://doi.org/10.1007/s40121-018-0214-1. 

https://doi.org/10.1007/s40121-018-0214-1
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Activity of cefiderocol

Efflux pumps ✓

Porin mutations ✓

Carbapenemases (all classes) ✓

Some cases of GNB isolates resistant to cefiderocol have been described (possibly reduced production of iron 

transport system components or mutations in the binding site for the iron transport system on the outer 

membrane of GNB, deficiency of the iron transporter PiuA in P. aeruginosa)

Ito et al. Antimicrob Agents Chemother 2016
Hackel et al. Antimicrob Agents Chemother 2017

Hsueh et al. J Antimicrob Chemother 2019



PIVOTAL CLINICAL TRIALS 

Portsmouth et al. Lancet Infect Dis 2019

Wunderink et al. Lancet Infect Dis 2020



CREDIBLE-CR

 HABP/VAPB/HCABP > BSI/sepsis > cUTI due to CR-pathogens

 Randomized, open-label, descriptive; primary endpoint: clinical 

outcome (microbiological outcome for cUTI)

 CFDC vs. BAT

 Mostly CRAB, CRKP, CRPA

Bassetti et al. Lancet Infect Dis 2020



CREDIBLE-CR (clinical cure at TOC in 

CR-mITT)

Difference 2.5%

Bassetti et al. Lancet Infect Dis 2020



Bassetti et al. Lancet Infect Dis 2020

CREDIBLE-CR



▪ Study population
➢ 124 patients with A. baumannii

infections

➢ 47 (37.9%) FDC vs 77 (62.1%) CST-

containing regimens

▪ Risk factors for 30-day mortality
➢ Septic shock

➢ SOFA score

➢ Age were

➢ Cefiderocol therapy (HR 0.44)

▪ AEs: 21.1% COL Vs 2.1%, FDC p<0.01.

46.8%

30.3%

Falcone M et al AAC. 2022
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IMIPENEM/RELEBACTAM: 

Phase 3 Program

➢ Fixed-dose combination of a β-lactam antibiotic,  imipenem (IMI), 

with a β-lactamase inhibitor,  relebactam (REL)

➢ REL is an inhibitor of Class A and C β-lactamases and  

restores activity to IMI in resistant Gram-negative bacteria

➢ Active in vitro against enterics producing Klebsiella pneumoniae

carbapenemases (KPC, Class A) and extended-spectrum β-

lactamases (ESBL)

➢ Active in vitro against Amp-C-producing Pseudomonas  

aeruginosa (Class C)

➢ Activity confirmed in in vitro and in vivo animal models



Two double-blind, randomized studies, including a small Phase 3 

study (PN013) in various IMI-resistant infections and a large 

Phase 3 study in HABP/VABP

Study Patient Population Study Design

Sample 

Size

RESTORE-IMI

1

Patients with cUTI, cIAI, 

or HABP/VABP caused 

by 

IMI-NS, but IMI/REL-

and colistin-susceptible 

isolates

• 2 treatment arms, randomized 2:1

‒ IMI/REL 500/250 mg, every 6 hours

‒ Colistin (as CMS, 150 mg CBA every 12 hours after 300 

mg loading dose) + IMI 500 mg every 6 hours

• Primary endpoint: overall response, determined by relevant 

endpoint for each infection

50

RESTORE-IMI 

2
Patients with either 

HABP 

or VABP

• 2 treatment arms, randomized 1:1         

‒ IMI/REL 500/250 mg, every 6 hours

‒ Piperacillin/tazobactam 4 g/500 mg, every 6 hours

• Concurrent linezolid IV  as empirical methicillin-resistant 

Staphylococcus aureus (MRSA) therapy

• Primary endpoint: day 28 all-cause mortality

536

(268 per group)

Motsch J et al Clin Infect Dis. 2019



RESTORE-IMI 1: 

Efficacy Results in mMITT Population

Endpoint

Treatment Group 1: IMI/REL 

+ Placebo for CMS (N=21)

Treatment Group 2:

CMS + IMI 

(N=10)

Unadjusted 

Difference

Adjusted Difference in % vs 

CMS + IMI

n % (95% CI)a n % (95% CI)a % % (90% CI)b

Favorable Overall

Responsec
15 71.4 (49.8, 86.4) 7 70.0    (39.2, 89.7) 1.4 -7.3   (-27.5, 21.4)

HABP/VABP 

(n=11)

cIAI (n=4)

cUTI (n=16)

7/8

0/2

8/11

87.5    (50.8, 99.9) 

0.0

72.7    (42.9, 90.8) 

2/3

0/2

5/5

66.7

0.0

100.0    (51.1, 100) 

20.8d

0.0d

-27.3 (-52.8, 12.8)

Favorable Clinical 

Response (Day 28)
15 71.4     (49.8, 86.4) 4 40.0 (16.7, 68.8) 31.4 26.3 (1.3, 51.5) 

All-Cause Mortality 

(Through Day 28)
2 9.5     (1.4, 30.1) 3 30.0    (10.3, 60.8) -20.5 -17.3 (-46.4, 6.7) 

Motsch J et al Clin Infect Dis. 2019



RESTORE-IMI 1: Nephrotoxicity

Motsch J et al Clin Infect Dis. 2019



Infections are not only treted with antibiotics….



Don’t forget…Tailoring Treatment also

means

Adequate source 

control of the infection 

Adequate

lenght of 

therapy



Conclusions

Razionare o razionalizzare?

 Razionale razionalizzazione!

 Somministrarli empiricamente solo a pazienti gravi con fattori di 

rischio. 

 Aiutarsi con la microbiologia rapida per ridurre il più possibile la 

durata della terapia empirica.

 Somministrare gli antibiotici secondo una medicina della 

precisione

 Ridurre il piu possibile la durata della terapia antibiotica anche e 

soprattutto con l’aiuto del chirurgo.

Ma ricorda, l’infettivologo è il tuo miglior amico!


