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cUTI



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/


In this non inferiority randomized trial that included 
550 patients with complicated urinary tract infection, 
including acute pyelonephritis, the difference in the 
composite outcome of complete resolution or 
improvement of symptoms along with microbial 
eradication met the non inferiority margin of 15% 
when comparing meropenem-vaborbactam vs 
piperacillin-tazobactam (98.4%vs 94.0%).



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







21 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%)



233 treated with 6 g    
q8h of fosfomycin ev 
231 treated with 4.5 g 
q8h of PIP-TAZ.
Fixed 7-day course (14 
for bacteremic).

Fosfomycin met the primary 
objective of NI compared
with PIP-TAZ in treatment of 
hospitalized patients with 
cUTI/AP.





Mortality: 13/71 (18.3%)



• 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.



HAP/VAP



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/


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



• 41 patients that received CAZ–AVI (the CAZ–AVI group) were  compared to 36 patients 
that received antibiotics other than CAZ–AVI

• There was a significant improvement in SOFA score on days 4 and 10 in the CAZ–AVI 
group compared to that in the control group (P=0.006, and P=0.003, respectively)

• Clinical cure was observed in 33/41 (80.5%) vs 19/36 (52.8%) patients (P=0.010), 
respectively

Tsolaki V, et al. 



Tsolaki V, et al. 

BSI, bloodstream infections; CAZ–AVI, ceftazidime–avibactam; SOFA, sequential organ failure assessment score

SOFA score change during the first 10 days of treatment 
in the two main study groups and the two BSI subgroups

*statistical significance for within-group comparisons;
#, statistical significance for between-group comparisons.

Twenty-eight-day survival in the whole study group



 203 patients
 CRE and Pseudomonas spp. were isolated from 117 (57.6%) and 63 

(31.0%) culture specimens, respectively
 The most common infection sources were respiratory (37.4%),  

urinary (19.7%), and intra-abdominal (18.7%)
 Clinical failure, 30-day mortality, and 30-day recurrence occurred 

in 59 (29.1%), 35 (17.2%), and 12 (5.9%) patients, respectively

CI, confidence interval; CRE, carbapenem-resistant 
Enterobacteriaceae; CZA, ceftazidime–avibactam; 
OR, odds ratio; SOFA, sequential organ failure 
assessment score. Jorgensen SCJ, et al. Open Forum Infect Dis 2019;6:ofz522. 



• 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
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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 non-inferior (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.





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



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





Mortality: 22/59 (37.3%)



• 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.



cIAI



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/


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



Treatment with eravacycline was noninferior to meropenem in adult patients with cIAI, 
including infections caused by resistant pathogens





Mortality: 7/35 (20%)



BSI



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)



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



• 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



No significant difference in clinical success was observed between groups (62% versus 69%)
Patients in the ceftazidime-avibactam arm received combination therapy more often
than patients in the meropenem-vaborbactam arm (61% versus 15%). 
No difference in 30- and 90-day mortality resulted, and rates of AE were similar between
groups.

131 patients
105 ceftazidime-avibactam 
26 meropenem-
vaborbactam
40% had bacteremia.



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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Foglio1
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Eligible patients received plazomicin (15 mg per kilogram of body weight once daily) or 
colistin (5 mg colistin base per kilogram per day), in combination with adjunctive 
meropenem or tigecycline.
The microbiologic modified intention-to-treat population included 37 patients with 
confirmed CRE (29 with bloodstream infection and 8 with hospital-acquired or 
ventilator-associated bacterial pneumonia

Combating Antibiotic-Resistant Enterobacteriaceae trial (CARE; ClinicalTrials.gov number, NCT01970371

http://clinicaltrials.gov/show/NCT01970371


• 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



Mortality: 103/391 (26%)



• 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 after infection onset was 25%



• 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. 



Objectives: To assess the impact of carbapenem resistance on mortality in Klebsiella pneumoniae bloodstream
infection (BSI) in the era of novel β-lactam/β-lactamase inhibitor combinations.

Material and methods: Retrospective study of patients with K. pneumoniae BSI between January and August 2020 in 
16 centres.

Results: 426 patients were included: 107/426 (25%) had carbapenem-resistant K. pneumoniae (CR-Kp) BSI and
319/426 (75%) had carbapenem-susceptible K. pneumoniae (CS-Kp) BSI.

Despite the observation of a large difference in crude cumulative 30 day mortality between CR-Kp BSI and CS-Kp BSI
(33.8% versus 20.7%, respectively), carbapenem resistance was not found independently associated with an
increased mortality in K. pneumoniae BSI after adjustment for other prognostic factors.

Ceftazidime/avibactam was the most frequently used appropriate therapy for CR-Kp BSI (80/107; 74.7%).

In a propensity score-matched analysis, there was no difference in mortality between patients appropriately
treated with ceftazidime/avibactam for CR-Kp BSI and patients appropriately treated with other agents (mainly 
meropenem monotherapy or piperacillin/tazobactam monotherapy) for CS-Kp BSI (HR 1.07; 95% CI 0.50–2.29, P = 0.866).

 Mortality in KPC-producing Klebsiella pneumoniae bloodstream infections: 
a changing landscape

Giacobbe et al. 2023 Oct 3;78(10):2505-2514. doi: 10.1093/jac/dkad262. 
.



Our study suggests that the increased mortality of CR-Kp BSI compared with CS-Kp BSI is not (or no longer) dependent on the type of
therapy in areas where ceftazidime/avibactam susceptible KPC-producing isolates are the prevalent type of CR-Kp and
ceftazidime/avibactam is employed for treating most cases of CR-Kp BSI

Giacobbe et al. 2023 Oct 3;78(10):2505-2514. doi: 10.1093/jac/dkad262. 
.

 Mortality in KPC-producing Klebsiella pneumoniae bloodstream infections: a 
changing landscape

Unadjusted cumulative mortality up to Day 30 in patients 
with CR-Kp BSI and CS-Kp BSI. 

Cumulative mortality up to Day 30 in pts with CR-Kp BSI receiving
appropriate therapy with CAZ_AVI (cases) versus pts with CS-Kp BSI
receiving appropriate therapy with agents other than CAZ-AVI (controls).



Ceftazidime-avibactam

Meropenem-vaborbactam

Imipenem-relebactam 

Cefiderocol 

Aminoglicosidi 

Fosfomicina 

Altro ?
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