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. Background a nd ObjeCtIVES Incorporate MICcg  framework in a simulation-based setting towards optimised

Piperacillin/tazobactam (PIP/TAZ: antibacterial strategies for PIP/TAZ:
* [-lactam antibiotic/f-lactamase inhibitor combination e Effect of covariates

o Effect of TAZ on the antibacterial effect of PIP

The B-lactamase inhibitor concentration-dependent MIC (MICcy ):

»  Pharmacodynamic (PD) metric incorporated into population Global variance-based sensitivity analysis:

pharmacokinetic/PD modelling framework to account for in vivo fluctuations * Elucidate impact of respective PD parameter
of TAZ concentration (fT.yccau)’ * Contribution of PD parameter to uncertainty of model output
* Identify key parameters reflecting isolate-specific characteristics for subsequent simulation
. M th d studies
.. . . Samples: 10 000 e e . :
Two PD models: Global sensitivity analysis:3* sampling method : Latin hypercube Local senisitivity analysis: ;aimglieni}jacl&ono thod:
Estimators: “saltelli”, “jansen”® Nelder-Mead
N L wragH R package First-order: . — VAR Fraction of total output Obtained parameter
Initial: MICcg;; = log,MICp;p — 1?5{; T “sensobol”’2 "l vARy), variance explained by x; alone values * Respective parameter fixed and remaining
Sereeriorele &, — VAR;;  Fraction of total variance explained by Cp:?]rametoers estln;ated Ondm V’.ZO I\{IIC(;'?IL} dzta
. _ _ Imax1* TAZ"  Lypgxp*TAZM 9 i U™ vaRry, interaction of x;and x;only . ange in sum of squared residuals utilised as
Extended: MICcpy;= log,MICp,p icl +TazH 1cH ,+TAZH g : objective function
Ex~i[VARy(y|x_;)] ~Thefirst-order effect of x; jointly with its
Total-order: T; = VAR interaction with all other parameters
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Figure 1: Sobol’ indices for the initial pharmacodynamic model calculated over tazobactam (TAZ) 0 20 40 60 80 1000 20 40 60 30 1000 20 40 ?azgll)oai:iam (me/L]
concentration. The MICpp:l,. ratio evaluated how strongly MICyp influenced I.,,. Ribbon represent 95% g
confidence interval. The respective Sobol’ index was TAZ concentration dependent: MIC;p contributed to the Figure 3: Sobol’ indices for the extended pharmacodynamic model calculated over tazobactam (TAZ) concentration. The
total outcome variance at lower TAZ concentrations (top panel, first column), MICpp:l ., With increasing TAZ MICpip:l oy ratio evaluate how strongly MICypinfluenced I..../l...... Ribbon represent 95% confidence interval. The respective
concentration (top panel, second column) , and IC5, at intermediate TAZ concentrations (top panel, third Sobol’ index was TAZ concentration dependent: MICp,» contributed to the total outcome variance at lower TAZ concentration
column). The first- and total-order effect only differed for MICpp:l., and ICy (top panel, second resp. third and then with increasing TAZ concentration (top panel, first column), the two MICpp:l... with increasing TAZ concentration (top
column). The second-order effect indicated that the total output variance at intermediate TAZ concentrations panel, second resp. fourth column), the both ICs, parameters at intermediate TAZ concentrations (top panel, third resp. fifth
was due to an interaction between MICpp:l,, and IC5, (middle panel, fourth column). column), and H at lower TAZ concentration (top panel, sixth column). The first- and total-order effect only differed for the two

MICpp:lax @and ICs, (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 MIC,p:l,,, and ICs, one (second panel from
top, first column) and two (third panel from top, fifth column), resp. and between the two MICp:l.,.., (third panel from top, first
column) at higher TAZ concentration.
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Figure 2: Local sensitivity analysis for the initial pharmacodynamic model estimated on in vitro MICcg, data 3 200 : .
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M Discussion and Conclusions
Figure 4: Local sensitivity analysis for the extended pharmacodynamic model estimated on in vitro MICcg|, data and change

Global SenSitiVity analy5i5 USing fi rst-, second—, and total-order Sobol’ indices qua ntified in sum of squared residuals utilised as the objective function.! The black point represent the estimated parameter value and

contribution of PD parameters to overall model outputva ria bi[ity; corresponding sum of squared residual value for the respective parameter in the extended model. The parameters were

. . g , found identifiable at their respective estimate.
* Impact of identified key parameters was dependent on TAZ concentration:

 E.g.l ., moreimportant with increasing TAZ concentration and IC., at intermediate TAZ

concentration . O“thOk

 Parametersidentified to contributed to model output variance:

«  Three parameters (MICpp, I....., IC<,) for initial and all parameters for extended PD model Reasonable parameter values selected and evaluated to reflect potential isolates with
 Considered and incorporated for simulation purposes for analysing optimised dosing strategies varying PD characteristics
for PIP/TAZ
Sobol’ indices revealed that contribution of individual parameters to output variance
Integration of sensitivity analyses underpinned selection of key parameters: varied across the TAZ concentration space:
* Parameters remained identifiable for extended PD model  Interaction experiments need a design with relatively wide range of concentrations to ensure robust

* Unstable regions identified characterisation of the interaction

References: Abbreviations: . .

1] Andersson M, et al. J Antimicrob Chemother, 2026. PIP: piperacillin, TAZ: tazobactam, PD: pharmacodynamic For,more information:

2] Puy A etal. Journal of Statistical Software, 2022. MIC: minimum inhibitory concentration, MICcg, : B-lactamase inhibitor Ma“,n ADIREEON, ,

3] Sobol I.M. Math. Model. Comput. Exp.,1993. concentration-dependent MIC, |....: maximum inhibitory effect IC,: TAZ malm.a.nc.iersson@fu_berhn'de
4] Homma T, Saltelli A. Reliability Engineering & System Safety, 1996. concentration for half-maximum inhibitory effect, H: hill coefficient, bl pharmacy.ou

5] Saltelli A et al. Computer Physics Communications, 2010. S: Sobol’ index, T: total-order effect, x: parameter, y: model output, 34th PAGE Meeting, Dubrovnik 2026
6] Jansen MJW. Computer Physics Communications, 1999. VAR: variance, E: expectation/averaging operator



mailto:malin.andersson@fu-berlin.de
mailto:malin.andersson@fu-berlin.de
mailto:malin.andersson@fu-berlin.de
http://www.clinical-pharmacy.eu/
http://www.clinical-pharmacy.eu/
http://www.clinical-pharmacy.eu/

	Slide 1

