
Pharmacodynamic modeling of 
checkerboard data obtained with β-lactam-

β-lactamases inhibitor combination: 
aztreonam-avibactam 

Alexia Chauzy 
 

Inserm U1070, University of Poitiers 
 

Vienna, 21  April 2017 

1 



 Aztreonam-Avibactam (ATM-AVI): novel β-lactam-β-lactamase 
inhibitor combination under development for the treatment of 
infections caused by MDR Gram-negative isolates 



3 

 Aztreonam-Avibactam (ATM-AVI): novel β-lactam-β-lactamase 
inhibitor combination under development for the treatment of 
infections caused by MDR Gram-negative isolates 

• ATM:  
Monocyclic β-lactam antibiotic 
Not  hydrolyzed by MBLs 



4 

 Aztreonam-Avibactam (ATM-AVI): novel β-lactam-β-lactamase 
inhibitor combination under development for the treatment of 
infections caused by MDR Gram-negative isolates 

• ATM:  
Monocyclic β-lactam antibiotic 
Not  hydrolyzed by MBLs 

• AVI: 
Non-β-lactam β-lactamase inhibitor of a broad spectrum of 
enzymes  (Ambler Class A ESBLs, Class A KPC, Class C enzymes, and 
some Class D enzymes)  



5 

 Aztreonam-Avibactam (ATM-AVI): novel β-lactam-β-lactamase 
inhibitor combination under development for the treatment of 
infections caused by MDR Gram-negative isolates 

• ATM:  
Monocyclic β-lactam antibiotic 
Not  hydrolyzed by MBLs 

• AVI: 
Non-β-lactam β-lactamase inhibitor of a broad spectrum of 
enzymes  (Ambler Class A ESBLs, Class A KPC, Class C enzymes, and 
some Class D enzymes)  

Singh R et al. JAC. 2015;70(9) 2618-26 

PK/PD target: 60% fT>MIC  



6 

 Aztreonam-Avibactam (ATM-AVI): novel β-lactam-β-lactamase 
inhibitor combination under development for the treatment of 
infections caused by MDR Gram-negative isolates 

• ATM:  
Monocyclic β-lactam antibiotic 
Not  hydrolyzed by MBLs 

• AVI: 
Non-β-lactam β-lactamase inhibitor of a broad spectrum of 
enzymes  (Ambler Class A ESBLs, Class A KPC, Class C enzymes, and 
some Class D enzymes)  

Singh R et al. JAC. 2015;70(9) 2618-26 

PK/PD target: 60% fT>MIC  

PK/PD target: 



7 

 Aztreonam-Avibactam (ATM-AVI): novel β-lactam-β-lactamase 
inhibitor combination under development for the treatment of 
infections caused by MDR Gram-negative isolates 

• ATM:  
Monocyclic β-lactam antibiotic 
Not  hydrolyzed by MBLs 

• AVI: 
Non-β-lactam β-lactamase inhibitor of a broad spectrum of 
enzymes  (Ambler Class A ESBLs, Class A KPC, Class C enzymes, and 
some Class D enzymes)  
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PK/PD target: 60% fT>MIC  

PK/PD target: 50% fT> CT of 2.5mg/L  



8 

Objective:  
 

Develop a simple semi-mechanistic modelling approach  
to quantify the in vitro antimicrobial activity of  

ATM-AVI combination  
against β-lactamases producing Enterobacteriaceae 
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• Susceptibility determination: spectrophotometrically assessment of growth 
 

 Determination of ATM MICs (MICATM) in the absence and in the presence of 
AVI at different concentrations (ranging from 0.0625 to 4 µg/mL) 

Incubation (16-20h) 
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1 Eco 1266865 

3 Eco 1275629 

5 Kpn 1277372 

7 Kpn 1289268 

8 Kpn 1251604 

9 Kpn 947566 

12 Cfr 974673 

13 Cfr 1080008 

14 Eae 1286221 

15 Ecl 1285905 

16 Ecl 1318536 

17 Ecl 1251704 

0.01

0.1

1

10

100

0 0.5 1 1.5 2 2.5 3 3.5 4

AVI concentrations (µg/mL) 

%
 M

IC
 A

T
M

 
Normalized ATM MICs as a function of AVI concentrations 

TEM-OSBL(b); CMY-42; NDM-5 
(MICATM-AVI4= 4 µg/mL) 

TEM-OSBL(b); VIM-1  
(MICATM-AVI4= 1 µg/mL)  

CTX-M-15; NDM-1 
(MICATM-AVI4= 0.25 µg/mL)  

CTX-M-15; NDM-1 
(MICATM-AVI4= 0.125 µg/mL)   
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 Efficacy and potency modelling 

• MICATM versus AVI concentrations were fitted according to: 
 an inhibitory Emax effect model with  baseline effect (WinNonlin, version 6.2): 
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 Efficacy and potency modelling 

• MICATM versus AVI concentrations were fitted according to: 
 an inhibitory Emax effect model with  baseline effect (WinNonlin, version 6.2): 

Efficacy 
ratio  = 

Emax/2 
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 Efficacy and potency modelling 

• MICATM versus AVI concentrations were fitted according to: 
 an inhibitory Emax effect model with  baseline effect (WinNonlin, version 6.2): 

Efficacy 
ratio  = 

Emax/2 

Potency = 
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• An inhibitory Emax model with a baseline effect describes adequately these ATM-AVI 
checkerboard data  

 
• Quantification of the wide differences between strains in terms of: 
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 Perspective 

• Derive a strain dependent threshold AVI concentration from the model 
 

• Complete these checkerboard experiments by: 
• in vitro static and dynamic time-kill kinetic studies 
• in vivo experiments using an animal infection model 

 
• Find a link between this simple MIC related modelling approach with the more 

sophisticated mechanistic models (Sy S. & Derendorf H.) 
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