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Ceftazidime-avibactam – BL-BLI combination 
CAZ-AVI is a β-lactam / β-lactamase inhibitor combination being 
developed for the treatment of serious Gram-negative bacterial 
infections 
 • A major mechanism of resistance to well established β-lactams such as 
ceftazidime is enzymatic destruction by β-lactamases  
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• Avibactam has limited antibacterial properties, however, by pairing with 
ceftazidime will restore its activity, effectively “turning back the clock” to prior to 
the emergence of resistance 
 

•Avibactam 
protects 
ceftazidime from 
inactivation by β-
lactamases 
 

avibactam 

 Lahiri SD et al. Antimicrob Agents Chemother. 2013;57:2496–2505 



PK-PD of ceftazidime 
Ceftazidime mechanism of action and pharmacodynamics are well 
described and validated 
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Craig (2003) Basic pharmacodynamics of antibacterials with clinical 
applications to the use of β-lactams, glycopeptides, and linezolid.  Infec 
Dis Clin N Am 17: 479–501.  

• For β-lactams  the PK 
parameter which best describes 
efficacy is plasma free time> MIC 
(fT> MIC) 
• For ceftazidime achieving 
50% fT>MIC has also been 
correlated with clinical efficacy 
 

• An MIC target of 8 mg/L was selected as this reflects the highest 
MIC90* value for the organisms against which CAZ-AVI will be most active 
•  Longitudinal global surveillance studies show the MIC90 of CAZ-AVI 
for P. aeruginosa to be 8mg/L, and for Enterobacteriaceae to be <8mg/L  
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Theoretical basis for avibactam PK-PD 
For β-lactamase inhibitors very little has been done to characterise the 
PK/PD 
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• The pharmacodynamic aim for avibactam is to convert infecting bacteria 
to β-lactamase-negative phenotype 
 
• Avibactam 
must be present 
for as long as 
ceftazidime is 
required for activity 
 

• To understand avibactam PD, experiments must be done against 
ceftazidime –resistant organisms with a background of ceftazidime which is 
ineffective alone, but efficacious in combination with avibactam 
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In vitro evidence of PK-PD of avibactam 

Dynamic in vitro models 
(hollow fibre 
experiments) which 
control drug 
concentration over time, 
were used to interrogate 
the “escape” 
concentration 
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• PK-PD interaction studied using multiple CAZ-resistant strains of 
Enterobacteriaceae 
• Data confirmed that a critical threshold concentration (CT) of avibactam 
required to maintain continued suppression of β-lactamase activity for 
same duration of dosing interval that CAZ must be maintained above MIC 
• Thus confirmed PD of avibactam described by fT>CT 

 

When avibactam levels fall 
below this concentration, 
ceftazidime is no longer 
protected and there is re-growth 



In vivo evidence for PK-PD of avibactam 
• Further validation of the avibactam PK-PD was 
conducted by dose fractionation in murine neutropenic thigh 
and lung models of P. aeruginosa infection 

• Initial ceftazidime monotherapy studies were conducted to choose doses of 
ceftazidime which were ineffective alone, so the effect addition of 
avibactam could be investigated 

• PK was well characterised and ELF penetration 
investigated 

• ELF concentration time- profile mirrored the plasma profile for both CAZ 
and AVI, concentrations were ~20% of plasma at each time point 

• Plasma could be used as a suitable surrogate in lung efficacy experiments 
 

• Data clearly showed that the relationship that most 
accurately described the relationship between exposure and 
bacterial killing was fT> CT, (as opposed to Cmax or AUC)  
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Summary of avibactam PK-PD 

• From both in vitro and in vivo sets of experiments the 
PD driver of AVI was confirmed as maintaining fT> CT 
• A CT 1 mg/L for AVI was derived 
• The time that AVI was required to be maintained 
above the CT was matched to time CAZ must be 
maintained above the MIC 

 
Summary from preclinical work was that efficacy of CAZ-
AVI driven by simultaneously achieving: 
• 50% fT> CAZ-AVI MIC for ceftazidime and 50% fT> 
CT for avibactam 
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Clinical dose selection 
Clinical exposure of ceftazidime and avibactam had to achieve both 
targets in the same patient 

• Initially population PK model built from Phase 1 and 2 data 
• Using probability of target attainment analysis (PTA) dose was 
selected which was predicted to simultaneously achieve the CAZ 
and AVI exposure targets in greater than 90% of patients 
 As all patients exceeded the exposure targets, the clinical 
exposure response could not be determined. In the few failures, 
response did not correlate with exposure and MIC. Clinical 
efficacy validates dose and targets. 
• Used the same technique to propose the dose modifications 
for subjects with renal dysfunction  
• For CAZ-AVI, this analysis actually resulted in an altering of 
infusion time between P2 and P3   
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Strength of PK-PD in antibacterials 
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As the impact of the drug is directly on bacteria, the PK/PD targets 
are considered to be robust and predictive 

Positive CAZ-AVI Phase 3 data validates the dose and exposure 
associated with efficacy 

Solid population PK model which accounts for 
patient variability used to calculate PTA against 

the PK/PD targets 

Bridge efficacy 
across 

indications 

Set the 
breakpoint  

Bridge to 
paediatrics 



Bridging efficacy of CAZ-AVI across indications 
•Based on demonstrating efficacy of CAZ-AVI in patients with cIAI*, AZ is 
looking to bridge efficacy to patients with nosocomial pneumonia (NP) 

• Ceftazidime is already used to treat NP, and PK data already 
exist in these patients shown to be comparable to patients with 
cIAI 
• Disposition of avibactam is comparable to ceftazidime and the 
impact of covariates on both is well understood in patients with 
cIAI and cUTI** 
• The covariate distribution from studies of NP were applied to 
the simulation settings for calculation of PTA for this indication 
• Lung penetration studied in mouse and human, and a plasma 
target shown to be a suitable surrogate for efficacy 
• Dose for NP was selected taking into account patient 
variability and tissue penetration 
 
 

 

CAZ-AVI dose finding November 2014  10 *cIAI – complicated intra-abdominal infection 
**cUTI – complicated intra-uterine infection 



Bridging to paediatrics 

• PK-PD of CAZ-AVI should also be the same in 
paediatric patients 
• By achieving the same exposure associated with 
efficacy in adults, that efficacy can be bridged to paediatrics 
• Age specific doses can be chosen based on achieving 
target attainment in the majority of the population as well as 
matching Cmax and AUC 
• Using PK-PD bridging to minimise the need for lengthy 
Phase 3 trials in children, should result in prompt 
registration for use in paediatrics 
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Using CAZ-AVI PTA to support the breakpoint 
• Aim is to achieve CAZ-AVI susceptibility breakpoints which reflect the 
MIC distribution and covers the MIC90 
• However, isolates with MICs at the upper end of the MIC distribution 
are by definition less common and often difficult to demonstrate in 
sufficient numbers in clinical programs 
• In this situation the PK/PD target attainment can be used to 
demonstrate that the dose does give adequate target cover in the 
majority of individuals 
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MIC distribution based on global surveillance programme 2013 
Enterobacteriaceae P. Aeruginosa 



Summary 
• PK-PD of CAZ-AVI have been well described and 
plasma targets which relate to efficacy have been 
identified 
• Solid population PK models have been developed 
which describe and predict the patient PK data well 
• Using the clinical PK data and the targets, PTA 
analysis has been used to confirm correct dose 
selection  
• Positive Phase 3 data have validated the dose and 
exposure associated with efficacy 
• PTA analysis in this setting can be further used to: 
• Bridge efficacy across indications 
• Bridge to paediatrics 
• Set the breakpoint 

 
CAZ-AVI dose finding November 2014  13 



14 Author | 00 Month Year 

Confidentiality Notice  
This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and 
remove it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or 
disclosure of the contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 2 Kingdom Street, London, W2 6BD, UK, 
T: +44(0)20 7604 8000, F: +44 (0)20 7604 8151, www.astrazeneca.com 


	Dose finding for a β-lactam – β-lactamase inhibitor combination
	Ceftazidime-avibactam – BL-BLI combination
	PK-PD of ceftazidime
	Theoretical basis for avibactam PK-PD
	In vitro evidence of PK-PD of avibactam
	In vivo evidence for PK-PD of avibactam
	Summary of avibactam PK-PD
	Clinical dose selection
	Strength of PK-PD in antibacterials
	Bridging efficacy of CAZ-AVI across indications
	Bridging to paediatrics
	Using CAZ-AVI PTA to support the breakpoint
	Summary
	Slide Number 14

