Optimal design of in vitro time kill curve experiments for the evaluation of antibiotic effects
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Background and Objective Results

In order to integrate information of antibiotic effects from in vitro time kill curve experiments
semi-mechanistic pharmacokinetic-pharmacodynamic (PKPD) models are of interest [1,2]. While
informative compared to basic MIC measurements, that provide only a point estimate of the A clear AC between the residuals was evident in the original data (Figure 3), with the AC
antibiotic effect, these experiments are labour intensive as bacteria counts are measured at a half-life estimated to 7.5 h.

range of different concentrations and time points. In addition, autocorrelation (AC) may be of
importance when optimizing time-kill curve experiments due to time dependent fluctuations in -
bacterial counts. : .
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This work aims to optimize a common design for five modelled antibiotics in order to provide an
efficient generalized experimental setup.
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A previously developed model [1] was implemented in the PopED optimal design software

Figure 3 Plot of IWRES, the sample prediction error weighted by the individual residual
[3] for five different antibiotics (Figure 1) that shared bacteria-specific parameters. € plep € i

standard error, between samples for real and simulated data. The residuals of the real data
exhibit a clear AC-pattern (R2=0.34), which is lost when simulating and re estimating with a

PK ) L model lacking AC.
Figure 1 The antibiotics growth
model by Nielsen et al feature two
bacterial compartments (red), one «Sampling time optimization
_e :::tciigté?Legg:eosvi\;'tr‘agnis()r{?n::ene The optimal sampling times differed between optimizations lacking and including AC with
drug affect the bacterial death rate the former including five unique sampling times and the latter seven. The combined
k. K ! through a delay compartment. efficiency for the optimal design developed without consideration of AC was 102% when
e evaluated on a model with AC while the corresponding efficiency for the design that
considered AC was 123%. A 33% reduction in the number of sample points (9 = 6) is
«Autocorrelation possible with a small change in efficiency and parameter uncertainty (CV) (Figure 4)

Time dependent AC between sample points was diagnosed by residual error plots (Figure
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3) and estimated by implementing AR(1) residual autocorrelation (Equation 1) [4] for the clency
PKPD model using NONMEM 7 [5]. Changes in base model were made accordingly. Base design et k|08 l:] 100%
°
. — OPtMIZEd W.0. AC  [svvvrvivrvrasfofirnnnsinsiionnnrsnnnsnnssnsssssssssnssfi o enneresnns o8| -
Equation 1 corr(ee, &) = ela=talkeors) IR * 4 : (] e
AR(1) autocorrelation
. » Optimized w. AC ‘e& -------- S SR RS % 05 Q 123%
°
Equation 2 OFV = Z FIM; T
D-optimal OFV = Reduced w.AC [ o e, o * 08 g 8%
/popf o ¢ n.-:az(h) * u
quétlon 3 Efficiency = Dl—pt Figure 4 Sampling points, box-plot of parameter CV:s and efficiency for: base design, optimized
Efficiency OFV. /obase design without considering AC, design optimized considering AC, and reduced optimal design
base without clustered samples. Raised numbers indicate multiple of sample.

«Efficiency for single antibiotics

Vancomycin When the optimized designs were evaluated for one antibiotic at a time, the common
design that included AC increased the efficiency with 18-35% compared to the base
designs for 4 of 5 drugs (Benzylpenicillin, Cefuroxime, Erythromycin and Vancomycin)
(Figure 5)

3 For Moxifloxacin, efficiency decreased by 11% compared to the base design, although the
4 0 2 design with AC was superior to the design without AC. In all cases the reduced design has
" a lower efficiency compared to the full design, whereas optimizing the design for one
Figure 2 Model-predicted response curves for the five studied antibiotics. The original design antibiotic at a time provides the highest efficiency for that specific spieces.
included 9 unique sampling points studied at 9-10 concentrations. .
£ [ optimized for single antiblotic
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The optimization was performed simultaneously for all studied antibiotics in order to give .0 | | u .ID u |
a general design. For comparison single antibiotic models were optimized separately. 5_“ ‘ ‘
A D-optimal design criterion with a reduced FIM calculation was utilized with parameters Gombined
independent across sub-models (Equation 2). Designs were compared based on efficiency Figure 5 Change in efficiency compared to base design for single antibiotic design, combined design
(Equation 3). with AC, reduced combined design with AC, and combined design without AC, for combined and

single antibiotic models.
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