Mechanism-based modelling predicts antibiotic effect on Pseudomonas aeruginosa where PK/PD indices cannot
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Introduction. PK/PD indices are based on minimum inhibitory concentrations (MICs) and link bacterial response to antibiotic exposure. The index for ciprofloxacin (CIP) (a fluoroquinolone) is the ratio of free drug area under the concentration-time curve to MIC over 24h (fAUC/MIC) and for meropenem (MER) (a carbapenem) it is the percentage of time the free concentration remains above the MIC (or a multiple of MIC) over 24h (%fT>MIC).
Aims. To evaluate if the effect of CIP and MER alone and in combination on isogenic strains of P. aeruginosa could be predicted by PK/PD indices or depended on resistance mechanisms present.
Methods. Seven isogenic P. aeruginosa strains: PAO1 (wild-type reference strain), PAΔAD (ampD knockout/ampC overexpression), PAOD1 (oprD mutation/loss of porin OprD), PAΔmexR (mexR knockout/MexAB-OprM upregulation), PAΔADΔmexR, PAOD1ΔmexR and PAOD1ΔAD (combinations of these resistance mechanisms) were used. MICs were determined in triplicate. Strains were exposed to MER (1-64mg/L) and CIP (0.5-4mg/L) alone and in combination, in static concentrations over 72h. Mechanism-based mathematical modelling (MBM) was performed.
Results. MICs were 1-16 mg/L for MER and 0.125-1 mg/L for CIP. PK/PD indices did not predict bacterial response. 1-4x MIC and fAUC/MIC of 48-384 for MER and CIP, respectively, were required to supress regrowth across strains. PK/PD indices also could not predict combination therapies. An MBM was developed that described the bacterial response to antibiotic based on the resistance mechanisms. The model could predict mono- and combination therapies of MER and CIP. Including controls and biological replicates, 292 treatments were modelled.
Discussion. PK/PD indices alone did not predict the MER or CIP exposure required to suppress bacterial regrowth over 72h, indicating that mechanisms of resistance should be considered when optimising dosing. An MBM, accounting for different resistance mechanisms could predict the impact of double mutations and combination therapies.
