Semi-mechanistic pharmacokinetic-pharmacodynamic modeling of
rifampicin treatment response in tuberculosis acute mouse model

Chunli Chen', Fatima Ortega?, Joaquin Rullas-Trincado?, Raquel Moreno?3, Inigo Angulo?, Santiago Ferrer?, Ulrika SH Simonsson!

UPPSALA
UNIVERSITET

1. Department of Pharmaceutical Biosciences, Uppsala University, Uppsala, Sweden
2. GlaxoSmithKline Diseases of Developing World (DDW) Medicines Development Campus, Tres Cantos (Madrid), Spain

3. Tecnalia Research & Innovation-UPV, Vitoria(Alava), Spain

Objectives
Rifampicin Is one of four drugs taken as part of a standard oK Parameters Typical  RSE 9
treatment regimen for tuberculosis. The aim was to build a semi- 0 - .
mechanistic pharmacokinetic-pharmacodynamic (PKPD) model v (mi 1180 4
of rifampicin in tuberculosis acute mouse model. (1) 0.938 14
V at 1 mg/kg (ml) 2260 9
Methods - o8 o576
Rifampicin blood concentrations after different single oral doses e me
(1, 3, 10, 30 or 100 mg/kg), single intravenous (12 mg/kg) and !VPCL;/T s

multiple oral administrations (10 mg/kg for 3 days) were used In (%)
the population PK analysis. One sample from each healthy

mouse (n=30) after single dosing administration and several
samples from each healthy mouse (n=3) were avalilable from
multiple dosing administrations. ——————————

C57BL/6 mice (n=60) were Intratracheally infected with values

Table 1. Final PK parameter estimates
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Figure 2. Final PKPD model
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Mycobacterium tuberculosis H37Rv at day Oll. Rifampicin (1, 3, e
26, 30 or 98 mg/kg) was administered dally by oral gavage during o -
day 1 to day 8. Fifteen mice received no treatment (natural- :(h_l) o

growth). Rifampicin treated and non-treated mice were sacrificed L
atdays 2, 3,4 and 9 and at days 1, 9 and 18, respectively. The o e oo
lungs were obtained, homogenized and plated to measure the i T —
colony-forming units (CFU). All modeling were done using () 016 015 0o
NONMEM, version 7.2 23] In order to account for PD data —— s0E07  B8E07  10E06

below limit of quantification, the M3 method was used. Xpose e (1) 0 FiX - - | Natural growth
was used for data exploration and visualization, model Yo 047 041 057
diagnostics and model comparison!#l. PsNP® was used for e e
prediction-corrected visual predictive check (pcVPC) of models. Yeo 253 232 265
SN 0.47 0.43 0.54
. . ECsop (ug/ml) 9.97 9.15 11.18
Results and Discussion Slope._ (miih*ug) 84E-04  7.8E-04  9.4E-04
[IV on Inoculum for 42.3 38.9 45.1

. . . drug treated mice (%)

A one compartment model with first-order absorption and Addiive residual eror 0308 05

on In scale

elimination provided the best fit to the PK data. The volume of
distribution was significantly higher for the lowest oral dose (1
mg/kg). Inter-animal variablility (I11V) in absorption rate constant
(ka) and clearance (CL) was estimated to 43.8% and 18.9%,
respectively. The bioavailability was estimated to 67.6% (Table
1). The pred-corrected VPC is shown in (Figure 1).

Figure 3. pcVPC of the mouse rifampicin PKPD model.
Blue dots—observations; red line— median of the pred-
corr observations; Red dotted lines — 5" and 95%
percentile of the observed data; blue shaded areas-
95% confidence intervals for the 5™ percentile and 95%
percentiles of simulated data; pink shaded area — 95%
confidence interval for the median of the simulated
data. Blue solid line in lower plots-median of LOQ data,
blue shaded area in lower plots-95% confidence
Intervals for median of LOQ data

Table 2. Final PD parameter estimates
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Conclusions
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The semi-mechanistic PKPD model captured well the bi-
exponential decline in CFU and was able to link drug effect in a
mechanistic way to sub-states of M. tuberculosis.
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line — median of the observations; red dotted lines — 5" and 95" percentile of the observed data; blue
shaded areas- 95% confidence intervals for the 5" percentile and 95" percentiles of simulated data; pink
shaded area — 95% confidence interval for the median of the simulated data.

The PD model consisted of fast-multiplying bacteria, slow-
multiplying bacteria, non-multiplying bacteria and dead bacteria
(Figure 2). The drug effect was incorporated as inhibition on
growth rate and stimulation of death rate of fast-multiplying and
slow-multiplying bacteria (Table 2). The final PKPD described
the data well (Figure 3).
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