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637 bacterial BSI episodes in 
hematological and oncological 
patients

Polymicrobial BSI (different 
organisms
on the first day of a BSI episode) and 
sequential BSI (another BSI before 
the respective BSI episode) were 
associated witha worse 30d OS.



15 Italian haematological wards 
342 cases of EC BSI were collected during the study period. 
The rate of resistance to 3GC among EC isolates was 25.7% (88/342).



Prospective cohort study on KP BSI in 13 Italian 
hematological units.

161/278 (57.9%) of KP BSI were CR.

Mortality was significantly higher for patients
with CRKP BSI (84/161, 52.2%) than for those 
with BSI caused by CSKP (17/117, 14.5%; 
P<0.001)



811 BSI episodes. 
There was a shift to a reduced use of 
fluoroquinolone prophylaxis and increased rates 
of susceptibility to fluoroquinolones in almost all 
isolates and to almost all antibiotics tested among 
P. aeruginosa isolates, compared to our previous 
survey. 





• Clinical cure in the microbiologically evaluable population was 100% for 
ceftolozane/tazobactam plus metronidazole and 93.1% for meropenem. 

• These findings support the use of ceftolozane/tazobactam in the management of cIAI 
when Psa is suspected or confirmed.

• Treatment with ceftolozane-tazobactam led to better responses than high-dose             
levofloxacin in patients with complicated lower-urinary-tract infections or pyelonephritis.



• Patients received either 3 g ceftolozane–tazobactam or 1 g 
meropenem as 1-h intravenous infusions every 8 h for 8–14 days.

• High-dose ceftolozane–tazobactam is an efficacious and well 
tolerated treatment for Gram-negative nosocomial pneumonia in 
mechanically ventilated patients, a high-risk, critically ill population.



In vitro activity of ceftolozane/tazobactam versus comparator agents in 
Gram-negative isolates causing cIAI



101 patients with diverse infections 
caused by P. aeruginosa

• Almost half of P.aeruginosa strains were XDR (51%), with 78% of the isolates resistant 
to at least one carbapenem.

• Concomitant antibiotics was reported in 35% of patients. 

• The overall clinical success was 83.2%. 

• No differences in the clinical success rate with respect to the type of C/T treatment: 
monotherapy versus combination therapy or primary versus second or later line 
therapy.



 153 patients; the most common diagnosis was pneumonia (n=46, 30%), 
followed by complicated urinary tract infections (n=34, 22%)

CI, confidence interval; CRRT, continuous 
renal replacement therapy; OR, odds ratio. Bassetti M, et al. Open Forum Infect Dis 2020;7:ofaa139.



69 immunocompromised patients 
treated with C/T for MDR P. 
aeruginosa, 
clinical cure was achieved in 68% 
and mortality was 19%,

March 2021.



Prospective multicenter cohort study to compare 
prolonged or continuous infusion versus 
intermittent administration of CTZ/TZ for the 
treatment of MDR
P. aeruginosa infections

• 72 patients were enrolled, 79% were hospitalized 
in ICU, 51.4% were immunosuppressed

• The major site of infection was the respiratory 
tract (66.7%). 

• In-hospital mortality rate was 15.2%. 
• The PK/PD objectives (100% ƒT>4 MIC) were 

achieved for all patients infected with strains with 
CTZ/TZ MICs < 4 mg/L, regardless of the mode of 
administration. 

• In contrast, intermittent bolus administration and 
prolonged infusion did not achieve the PK/PD 
objectives when the CTZ/TZ MICs were ≥ 4 mg/L.

• However, the PK/PD objectives (100% ƒT>4 MIC) 
were achieved for strains with MICs up to 8 mg/L 
in patients receiving continuous infusion of 
CTZ/TZ.

A dosing regimen of 2 g/1 g 
CTZ/TZ administered every 8 h 
as a 1-h intravenous infusion, as 
currently recommended, did not 
provided adequate coverage to 
achieve a sufficient probability of 
target
attainment for P. aeruginosa 
strains with MICs ≥4 mg/L.



Our results forewarn of the potential emergence of TOL-TAZ resistance during therapy 
and suggest extending TOL-TAZ infusions may be protective



 Objective: to assess the characteristics and outcomes of neutropenic hematologic patients 
with Pseudomonas aeruginosa bloodstream infection (BSI) treated with 
ceftolozane/tazobactam (C/T)

 Study Design: multicenter, international, case-control study of episodes of P. aeruginosa BSI 
in neutropenic hematologic patients who received C/T as empirical and/or definitive treatment  
from 2016-2020
• Controls were patients with P. aeruginosa BSI treated with other antibiotics, matched 

according to closest BSI date, underlying disease, polymicrobial etiology, and antibiotic 
susceptibility profile

 Primary Outcome: overall 30-day mortality



Results
Baseline Characteristics

Patient Characteristics
• No significant differences between groups: Cases (n=44) vs. Controls (n=88)
• Most common underlying disease: acute myeloid leukemia (AML), 49%
• 37% of patients were allogeneic hematopoietic stem cell transplant recipients
• 64% of patients had profound neutropenia (defined as <0.1 × 109/L, 

equivalent to ANC <100/μL)
Infection Characteristics

• 91% of all episodes caused by multidrug-resistant (MDR) strains
• Origin of infection: endogenous (32%), pneumonia (26%)
• 32% of patients presented with septic shock



Results
Primary Endpoint

Results:
 Lower mortality found among patients treated with C/T (aOR 0.19; IC95% 0.07-0.55; p=0.002)
 Numerically fewer cases developed nephrotoxicity (18% vs. 33%; p=0.082)
 Independent risk factors for 30-day mortality:

• Pneumonia
• Profound neutropenia
• Persistent BSI

p=0.016
p=0.007

p=0.001
p=0.004
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 Study Design: This is a single-center, prospective, randomized, open-label comparative study 
conducted from May 2018 to October 2020 in 100 patients randomized to receive either:

• Eligible patients were age ≥18 years, had hematologic malignancies (HM), presented to the 
emergency center with febrile neutropenia, and required hospitalization for intravenous (IV) 
empiric antibiotic therapy

• ceftolozane/tazobactam 1.5 g 
intravenous (IV) every 8 hours

Ceftolozane/Tazobact
am (C/T)

• cefepime 2 g IV every 8 hours
• meropenem 1 g IV every 8 hours
• piperacillin/tazobactam 4.5 g IV every 6 

hours

Standard of Care 
(SOC) Antibiotics

or

A Prospective Randomized Study Comparing 
Ceftolozane/Tazobactam to Standard of Care in the 
Management of Neutropenia and Fever in Patients with 
Hematological Malignancies
Chaftari A, et al. Open Forum Infect Dis. 14 February 2022; ofac079, https://doi.org/10.1093/ofid/ofac079. 

https://doi.org/10.1093/ofid/ofac079


Results
Treatment Characteristics

 Most commonly used antibiotics in the SOC group:
• Cefepime: 76% (n=38/50)
• Piperacillin/tazobactam: 20% (n=10/50)
• Meropenem: 4% (n=2/50)

 In both groups, >90% of the patients received Gram-positive coverage
• Linezolid was the most commonly used agent

 De-escalation at end of IV study drug occurred similarly in both groups:
• 94% in C/T and 84% in SOC; p=0.14

 Patients on C/T were more likely to de-escalate to IV study drug compared to SOC 
• 55% vs. 21%



Results
Clinical Outcomes

 Other Clinical Outcomes:
• Infection-related mortality: 0 in both groups
• 30-day all-cause mortality: 2 (4%) in both groups

EOIV, end of IV therapy; TOC, test of cure; LFU, late follow-up.
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Ceftazidime-avibactam Phase III 
clinical trial programme

Seven prospective, international, multicentre, 
randomised Phase III studies

Double-blind randomisation 
(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:

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

• RECLAIM 3:
• Proportion of patients 

with clinical cure at TOC 
visit (CE populations)

Open-label randomisation 
(1:1) :
• CAZ 2000 mg + AVI 500 

mg + metronidazole 500 
mg q8h IV or

• Best available therapy
Primary objective:
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) :
• CAZ 2000 mg + AVI 500 

mg q8h IV or
• DOR 500 mg + placebo 

q8h IV 
Primary objective: 
Assess non-inferiority of 
CAZ-AVI on co-primary 
endpoints in mMITT analysis 
set:
1) Resolution of UTI-

specific symptoms
2) Resolution/improvement 

of flank pain
3) Per-patient microbiol 

eradication and 
symptomatic resolution

Double-blind 
randomisation (1:1) :
• CAZ 2000 mg + AVI 500 

mg q8h IV or
• MER 1000 mg + placebo 

q8h IV 
Plus open-label empiric 
linezolid + aminoglycoside 
Primary objective: 
Assess non-inferiority of 
CAZ-AVI on clinical cure rate 
at TOC visit in cMITT and CE 
populations

AVI, avibactam; CAZ, ceftazidime; CE, clinically evaluable; cIAI, complicated intra-abdominal
infection; cMMIT, clinically modified intent-to-treat; cUTI, complicated urinary tract infection; DOR,
doripenem; IV, intravenous; MER, meropenem; mMITT, microbiological modified intent-to-treat;
q8h, every 8 h; TOC, test of cure; UTI, urinary tract infection; VAP, ventilator-associated pneumonia.

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)

Zavicefta EMA EPAR. April 2016. Accessed Nov 2017                                         
( www.ema.europa.eu, ceftazidime-avibactam PI)

http://www.ema.europa.eu/


• Ceftazidime-avibactam treatment of carbapenem-resistant K. 
pneumoniae bacteremia was associated with higher rates of clinical 
success (P=0.006) and survival (P=0.01) than other regimens.

• Aminoglycoside- and colistin-containing regimens were associated 
with increased rates of nephrotoxicity (P=0.002).

Thirty-day mortality rates was 28% (31/109).
Treatment regimens included C-A (n=13), CB+AG (n=25), CB+COL (n=30), and others 
(n=41); the corresponding clinical success rates by regimen were 85% (11/13), 48% 
(12/25), 40% (12/30), and 37% (15/41), respectively.
C-A was administered as monotherapy (n=8) or in combination with gentamicin (n=5); 
corresponding success rates were 75% (6/8) and 100% (5/5), respectively.



Thirty-eight patients were treated first with CAZ-AVI and 99 with colistin. 
Most patients received additional anti-CRE agents as part of their treatment. 
BSI (n = 63; 46%) and respiratory (n = 30; 22%) infections were most common. 
In patients treated with CAZ-AVI versus colistin, hospital mortality 30 days after
starting treatment was 9% versus 32%, respectively (P = .001).

CAZ-AVI Colistin



after adjustment for the presence of septic 
shock at the start of salvage treatment 

P<0.001

P<0.001

P<0.001

• 138 patients treated with  CAZ-AVI salvage therapy after a first-line 
treatment with other antimicrobials.

• CAZ-AVI was administered with at least 1 other active antibiotic in 
78.9% cases. 

• Thirty days after infection onset 34.1% of the 138 patients had died. 
• Thirty-day mortality among the 104 patients with bacteremic KPC-Kp 

infections was significantly lower than that of a matched cohort whose 
KPC-Kp bacteremia had been treated with drugs other than CAZ-AVI 
(36.5% vs 55.8%, P = .005).

2018



CAZ–AVI, ceftazidime–avibactam. Sousa A, et al.  J Antimircob Chemother . 2018;73:3170–3175. 

57 patients were treated with CAZ–AVI. The median age was 64 years, 77% 
were male and the median Charlson index was 3
The most frequent sources of infection were intra-abdominal (28%),  followed 
by respiratory (26%) and urinary (25%). 31 (54%) patients had a severe 
infection (defined as presence of sepsis or septic shock)
Most patients received CAZ–AVI as monotherapy (81%) and the median 
duration of treatment was 13 days
Mortality at 14 days was 14%
There was no association between mortality and monotherapy 
with CAZ–AVI 
The recurrence rate at 90 days was 10%
CAZ–AVI resistance was not detected

OXA-48



• Ceftazidime-avibactam was used to treat 77 patients with CRE 
infections.

• 33 (43%) infections were pneumonia (26, 79% VAP), 20 (26%) were 
bacteremia, 8 (10%) UTI, 7 (9%) intra-abdominal infections, 6 (8%) 
skin/soft tissue infection, and 3 other infections.

• Thirty-day survival rate was 81%.
• Success rates were lowest for pneumonia (36%) and higher for 

bacteremia (75%) and urinary tract infections (88%).
• Ceftazidime-avibactam resistance emerged in 10% of patients

Risk factors associated with 
R to C-A (N=8 pts)

N/total R (%) P value

KPC-3 8/8 (100) 0.003

Pneumoniae 7/8 (88) 0.09

Renal replacement therapy 5/8 (63) 0.006

May 2018 Volume 62 Issue 5 e02497-17



• 577 adults with bloodstream infections (391) or 
nonbacteremic infections involving mainly the 
urinary tract, lower respiratory tract, and intra-
abdominal structures. 

• All received treatment with CAZ-AVI alone 
(165) or with ≥1 other active antimicrobials 
(412). 

• The all-cause mortality rate 30 days after 
infection onset was 25%



• 516 patients were treated for at least 72 h (354 patients from Europe and 162 
patients from LATAM); 

• Infection sources were intra-abdominal, urinary, respiratory, bloodstream infections, 
and other infections (approximately 20% each).

• K. pneumoniae was the most common microorganism identified (59.3%). 
• The common MDR mechanisms for K. pneumoniae were KPC carbapenemase

(33.9%), oxacillinase 48 (25.2%), ESBL (21.5%), or MBL (14.2%) production. 
• Without prior patient exposure, 17 isolates (mostly K. pneumoniae) were resistant 

to ceftazidime–avibactam.
• Treatment success was achieved in 77.3% of patients overall. 
• In-hospital mortality rate was 23.1%. 
• Adverse events were reported for six of the 569 patients enrolled.



Vena A, et al. Antibiotics 2020;9:71. 

The main causative agents were P. aeruginosa (33/41; 80.5%) and ESBL-
producing Enterobacterales (4/41, 9.8%)
All strains were susceptible to ceftazidime–avibactam
Median length of therapy was 13 days
Clinical success rates were 90.5%
No association between clinical failures and type of primary infection, 
microbiological isolates, and monotherapy with ceftazidime–avibactam
Resistance to ceftazidime–avibactam was not detected in any case during the 
whole follow-up period
No adverse events related to ceftazidime–avibactam were observed in the 
study population





• A Phase 3, multinational, openlabel, randomized controlled 
trial (TANGO II) was conducted from 2014 to 2017 to 
evaluate the efficacy/safety of meropenem–vaborbactam 
monotherapy (2 g / 2 g administered every 8 h over 3-h 
intravenous infusion) versus BAT for CRE.

• Mortality was 15.6% vs 33.3% for meropenem–
vaborbactam versus BAT. 

• Cure rates was 65.6% vs 33.3% 
• Renal related AE was 4% vs 24% 

M–V (n = 32) 
BAT (n = 15) 
Total (N = 47)

Wunderink IDT 2018



Monotherapy with M-V for CRE infection was associated with increased clinical 
cure, decreased mortality, and reduced nephrotoxicity compared with BAT.

M–V (n = 32) 
BAT (n = 15) 
Total (N = 47)

Wunderink IDT 2018



CRE infection types included bacteremia (n=8), pneumonia 
(n=6; 83% [5/6] ventilator-associated), tracheobronchitis 
(n=2; 50% [1/2] ventilator-associated), skin/soft tissue (n=2), 
pyelonephritis (n=1), and peritonitis with intra-abdominal 
abscess (n=1). 

Twenty patients with carbapenem-resistant Enterobacteriaceae
infections were treated with meropenem-vaborbactam. 
Thirty day clinical success and survival rates were 65% (13/20) and
90% (18/20), respectively. 
Thirty-five percent of patients had microbiologic failures within 90 
days. One patient developed a recurrent infection due to meropenem-
vaborbactam–nonsusceptible, ompK36 porin mutant Klebsiella 
pneumoniae.



Fourty patients were treated with meropenem-vaborbactam (MEV) for serious 
Gram-negative bacterial (GNB) infections.  

Carbapenem-resistant Enterobacteriaceae (CRE) comprised 80.0% of all GNB 
infections. 

The most common sources of infection were pneumonia (32.5%, 13/40), 
urinary tract (20.0%, 8/40), intra-abdominal (12.5%, 5/40), and skin and soft 
tissue (SST; 12.5%, 5/40). Blood cultures were positive in 27.5% (11/40) of 
patients

Clinical success occurred in 70.0% of patients. 

Mortality and recurrence at 30 days were 7.5% and 12.5%, respectively. 

One patient experienced a probable rash due to MEV.

2020



Clinical cure was achieved in 28 (75.6%) cases. Nine patients (24.3%) died in hospital 
with persistent signs of infection. Most were aged over 60 years, with high comorbidity 
burdens and INCREMENT scores ≥8. 
Outcomes were unrelated to the isolate’s ceftazidime/avibactam susceptibility status.

37 KPC-Kp infections
BSIs, n=23
LRTIs, n=10
CZA res. n=22 
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31 patients received imipenem/relebactam and 16 colistin+imipenem

Favorable overall response was observed in 71% imipenem/relebactam and 70% colistin+imipenem patients,
day 28 favorable clinical response in 71% and 40%, and 28-day mortality in 10% and 30%, respectively. 
Serious adverse events occurred in 10% of imipenem/relebactam and 31% of colistin+imipenem patients,

Pseudomonas aeruginosa (77%), Klebsiella spp. (16%), other 
Enterobacteriaceae (6%)





264 
imipenem/cilastatin/relebactam 
and 267 piperacillin/tazobactam; 
48.6% had ventilated 
HABP/VABP, 66.1% were in the 
ICU. 
The most common pathogens 
were K. pneumoniae (25.6%) and 
P. aeruginosa (18.9%).

Imipenem/cilastatin/relebactam was noninferior (P < .001) to 
piperacillin/tazobactam for both endpoints: day 28 all-cause 
mortality and favorable clinical response at early follow-up.



• Multicenter, retrospective, observational case series

• 21 patients were treated with imipenem-cilastatin-relebactam.

• There were mixed infection sources, with pulmonary infections (11/21,52%) composing the majority.

• The primary pathogen was Pseudomonas aeruginosa (16/21, 76%), and 15/16 (94%) isolates were
multidrug-resistant.

• Thirty-day survival occurred in 14/21 (67%) patients

• Two patients experienced adverse effects.









Cefiderocol was non-
inferior to high-dose,
extended-infusion
meropenem in terms of all-
cause mortality on day 14
in patients with Gram-
negative nosocomial
pneumonia, with similar
tolerability



• Cefiderocol had similar clinical and microbiological efficacy to 
best available therapy in this heterogeneous patient 
population with infections caused by CR Gram-neg. bacteria. 

• Numerically more deaths occurred in the cefiderocol group, 
primarily in the patient subset with Acinetobacter spp 
infections. 





Ten critically ill patients with either bacteremia or ventilator-associated pneumonia caused by 
carbapenem-resistant Acinetobacter baumannii, Stenotrophomonas maltophilia, or New Delhi 
metallo-β-lactamase–producing Klebsiella pneumoniae received cefiderocol. 
All strains had minimum inhibitory concentration ≤2 μg/mL. Thirty-day clinical success and 
survival rates were 70% and 90%, respectively.



• Because of the structural similarities between cefiderocol and ceftazidime, we 
hypothesized that resistance to CAZ-AVI in KPC-producing members of the 
Enterobacterales could lead to cross resistance to cefiderocol.

• We used 37 KPC mutants (carrying either blaKPC-2 or blaKPC-3) with increased CAZ-
AVI MICs.

• We observed that most of the CAZ-AVI -resistant KPC variants have a possible 
impact on cefiderocol by increasing the cefiderocol MICs. 

• In addition, cefiderocol is greatly impacted by the inoculum effect, suggesting that 
precautions should be taken when treating infections with a suspected high 
inoculum.



Ceftazidime-avibactam, Meropenem-vaborbactam and Imipenem-relebctam have a 
strong activity against KPC-producing Enterobacterales. 

The activity of meropenem–vaborbactam and imipenem-relebactam would not be 
expected to differ from that of meropenem or imipenem alone in the presence of MBL 
and/or oxacillinase producers.

PK / PD characteristics suggests that meropenem/vaborbactam and imipenem-
relebactam may be important treatment options for both ICU and non-ICU HP, including 
VAP, caused by Enterobacterales in regions with a high prevalence of KPCs.

Cefiderocol is effective against several MDR isolates of Pseudomonas and Acinetobacter 
and can also be used against CRE
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