
Incorporate MICcBLI framework in a simulation-based setting towards optimised 
antibacterial strategies for PIP/TAZ:

• Effect of covariates 

• Effect of TAZ on the antibacterial effect of PIP 

Global variance-based sensitivity analysis: 

• Elucidate impact of respective PD parameter 

• Contribution of PD parameter to uncertainty of model output 

• Identify key parameters reflecting isolate-specific characteristics for subsequent simulation 
studies 

Global sensitivity analysis using first-, second-, and total-order Sobol’ indices quantified  
contribution of PD parameters to overall model output variability: 

• Impact of identified key parameters was dependent on TAZ concentration:

• E.g. Imax more important with increasing TAZ concentration and IC50 at intermediate TAZ 
concentration

• Parameters identified to contributed to model output variance: 

• Three parameters (MICPIP, Imax, IC50) for initial and all parameters for extended PD model

• Considered and incorporated for simulation purposes for analysing optimised dosing strategies 
for PIP/TAZ

Integration of sensitivity analyses underpinned selection of key parameters: 

• Parameters remained identifiable for extended PD model 

• Unstable regions identified

Global variance-based sensitivity analysis of a 
pharmacodynamic model for piperacillin/tazobactam 
towards optimised dosing strategies
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■ Background and Objectives
Piperacillin/tazobactam (PIP/TAZ:

• β-lactam antibiotic/β-lactamase inhibitor combination 

The β-lactamase inhibitor concentration-dependent MIC (MICcBLI):

• Pharmacodynamic (PD) metric incorporated into population 
pharmacokinetic/PD modelling framework to account for in vivo fluctuations 
of TAZ concentration (fT>MICcBLI)
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■ Methods

■ Discussion and Conclusions

Abbreviations:

PIP: piperacillin, TAZ: tazobactam, PD: pharmacodynamic 

MIC: minimum inhibitory concentration, MICcBLI: β-lactamase inhibitor 

concentration-dependent MIC, Imax: maximum inhibitory effect IC50: TAZ 

concentration for half-maximum inhibitory effect, H: hill coefficient, 

S: Sobol’ index, T: total-order effect, x: parameter, y: model output, 

VAR: variance, E: expectation/averaging operator

■ Results
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Two PD models: Global sensitivity analysis:3,4 
Samples: 10 000
Sampling method : Latin hypercube
Estimators: “saltelli”5, “jansen”6 

• Respective parameter fixed and remaining 
parameters estimated on in vitro MICcBLI data 

• Change in sum of squared residuals utilised as 
objective function

R package 
“sensobol”2

Obtained parameter 
values

Local senisitivity analysis: 

Fraction of total output 
variance explained by xi alone

Fraction of total variance explained by 
interaction of xi and xj only

The first-order effect of xi jointly with its 
interaction with all other parameters

Reasonable parameter values selected and evaluated to reflect potential isolates with 
varying PD characteristics

Sobol’ indices revealed that contribution of individual parameters to output variance 
varied across the TAZ concentration space:   

• Interaction experiments need a design with relatively wide range of concentrations to ensure robust 
characterisation of the interaction 

■ Outlook

Figure 1: Sobol’ indices for the initial pharmacodynamic model calculated over tazobactam (TAZ) 
concentration. The MICPIP:Imax ratio evaluated how strongly MICPIP influenced Imax. Ribbon represent 95% 
confidence interval. The respective Sobol’ index was TAZ concentration dependent: MICPIP contributed to the 
total outcome variance at lower TAZ concentrations (top panel, first column), MICPIP:Imax with increasing TAZ 
concentration (top panel, second column) , and IC50 at intermediate TAZ concentrations (top panel,  third 
column). The first- and total-order effect only differed for MICPIP:Imax and IC50 (top panel, second resp. third 
column). The second-order effect indicated that the total output variance at intermediate TAZ concentrations 
was due to an interaction between MICPIP:Imax and IC50 (middle panel, fourth column).

Figure 2: Local sensitivity analysis for the initial pharmacodynamic model estimated on in vitro MICcBLI data 
and change in sum of squared residuals utilised as the objective function.1 The black point represent the 
estimated parameter value and corresponding sum of squared residual value for the respective parameter in 
the initial model. The parameters were found identifiable at their respective estimate.  

Global and Local sensitivity anaIysis: Initial PD model
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Figure 3: Sobol’ indices for the extended pharmacodynamic model calculated over tazobactam (TAZ) concentration. The 
MICPIP:Imax ratio evaluate how strongly MICPIP influenced Imax1/Imax2. Ribbon represent 95% confidence interval. The respective 
Sobol’ index was TAZ concentration dependent: MICPIP contributed to the total outcome variance at lower TAZ concentration 
and then with increasing TAZ concentration (top panel, first column), the two MICPIP:Imax with increasing TAZ concentration (top 
panel, second resp. fourth column), the both IC50 parameters at intermediate TAZ concentrations (top panel, third resp. fifth 
column), and H at lower TAZ concentration (top panel, sixth column). The first- and total-order effect only differed for the two 
MICPIP:Imax and IC50 (top panel, second, third, forth, and fifth column). The second-order effect indicated that the total output 
variance at intermediate TAZ concentrations was due to an interaction between MICPIP:Imax and IC50  one (second panel from 
top, first column) and two (third panel from top, fifth column), resp. and between the two MICPIP:Imax (third panel from top, first 
column) at higher TAZ concentration. 

Figure 4: Local sensitivity analysis for the extended pharmacodynamic model estimated on in vitro MICcBLI data and change 
in sum of squared residuals utilised as the objective function.1 The black point represent the estimated parameter value and 
corresponding sum of squared residual value for the respective parameter in the extended model. The parameters were  
found  identifiable at their respective estimate. 

Global and Local sensitivity anaIysis: Extended PD model

Samples: 20 000
Minimimisation method: 
Nelder-Mead

Extended:
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