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INTRODUCTION RESULTS AND CONCLUSI

The full Bayesian approach has been suggested as a suitable method for population
pharmacokinetic/pharmacodynamic (PK/PD) modeling. However, to this day, published
examples of its application to real population PK-PD problems are limited due to
time/labor intensive, and difficulty in achieving model convergences. Monte-Carlo
parametric expectation maximization (MCPEM) is a two-stage hierarchical method that
uses Monte-Carlo integration methods for obtaining exact likelihood function and has
been used successfully in analyzing complex population PK/PD data.

The S-ADAPT program uses the MCPEM method to provide initial parameters for the
three-stage analysis provided in WINBUGS. S-ADAPT also provides a command that
systematically packages PK/PD data and the MCPEM results into the
BLACKBOX/WINBUGS environment to allow easier Bayesian analysis of PK/PD
models.

OBJECTIVES

To develop a systematical approach to bridge the two-stage MCPEM algorithm and full
Bayesian three-state hierarchical model in complex population PK/PD analysis

METHODS

DATA

Thirty-one patients with advanced solid malignancies were treated with cisplatin 1-hour
intravenous infusion followed by troxacitabine 30-minute intravenous infusion on Day 1
every 28 days at the following cisplatin/troxacitabine (mg/m?) dose levels: 50/4.8,
75/4.8, 50/6.4, 75/6.4 and 75/8.0. PK samples were obtained during cycle 1 before
dosing and at 0, 0.25, 0.5, 1, 2, 4, 8, 24, 48, 72, and 168 hours after the end of the 30
minute intravenous infusion of troxacitabine. The absolute neutrophil count (ANC) was
obtained during the documented routine clinical follow-up.

PKPD MODEL

* A three-compartment linear PK model was used to describe the troxacitabine
concentration-time profile. The PD model was based on a drug-sensitive progenitor
cell compartment, linked to the peripheral blood compartment, through three
transition compartments representing the maturation chain in the bone marrow.
The model included a feedback mechanism to capture the rebound phenomena.
The troxacitabine affected the proliferation of sensitive progenitor cells through an
inhibitory sigmoidal Emax model.

« The schematic and differential equations of the PK/PD model for troxacitabine was

as follows :
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o Interindividual variability was assumed to be log-normally distributed and was fitted
by use of an exponential model. Proportional error model was used to describe the
intraindividual variability for both PK and PD.

e First, the PKPD model was developed using the MCPEM algorithm implemented in
S-ADAPT and fit simultaneously to the PK/PD data. The S-ADAPT program then
automatically generated several files (including dose/dosing time, observations,
priors, initial parameters, and model template files) needed for the
BLACKBOX/WINBUGS program for full Bayesian analysis. The individual and
population parameters estimated from MCPEM algorithm served as initial
values for the WINBUGS program, and the PKPD data were analyzed
simultaneously.

« In S-ADAPT, the differential equations were coded in Fortran. In BLACKBOX/
WINBUGS, the differential equations were programmed in component Pascal using
the WBDIFF tool as a template environment.

FIGURE 1. PKPD MODEL FILE FOR WINBUGS
ANALYSIS (Template model file provided by S-
ADAPT)
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FIGURE 2. WINBUGS INITIAL FILES (Created by S-
ADAPT using final estimates from its MCPEM analysis, and
used as initial parameters and informative prior for
WINBUGS analysis)

FIGURE 3. Metropolis
101 Acceptance Rate of the
W WINBUGS Run (Total
o5 run times is about 18
hrs)
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TABLE 1. Summary of Posterior Distribution FIGURE 4. Posterior Distribution for
for Population Parameters in the OMEGA in the PKPD Model
PKPD Model?
Parameter | Mean | SD |Median|2.5% |97.5%
PK
CL (L/hr) 214 | 00661 | 214 | 201 | 227
V, (L) 280 | 0108 | 2.80 | 259 | 3.01
CLy (L/hr) 176 |0.0829 | 1.75 160 | 1.92
V, (L) 566 | 0139 | 566 | 538 | 594
ClLyg, (L/hr) 263 | 0124 | 263 | 238 | 287
Vs (L) 322 | 0124 | 322 | 297 | 346
PD
Baseline 871 | 0121 | 871 | 848 | 896
Epnax -0.872 | 0.175 | -0.869 | -1.22 | -0.562
K, (ng/mL) | -0.934 | 0532 | -0.852 | -2.20 | -0.111
¥ 209 | 0875 | 207 |0412| 3.66
Kt (hrt) -3.59 | 00787 | -359 | -3.74 | -3.43
0 -1.69 | 0128 | -1.70 | -1.91 | -1.41

a PKPD parameters were expressed as log-transformed values

FIGURE 5. Representative Plot of Individual Observation and Model Prediction for
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1. Using prior information provided by the final parameters estimated from the
MCPEM algorithm, the full Bayesian model developed using WINBUGS program
was stable and able to generate reasonable model predictions.

. The proposed systematic bridging approach offers a practical solution for using full

Bayesian three-stage hierarchical nonlinear mixed effect method in complex

population PKPD analysis.
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