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Abstract

Low productivity and escalating costs in drug development have been observed over the past decade. In 2003 the number of
new molecular entities (drugs with a novel chemical structure) submitted to the FDA was only about half the maximum number
submitted over a 10-year period (1993-2003). Modeling and clinical trial simulation (M&S) have been recognized by the larger
pharmaceutical companies and regulatory agencies as important tools for improving the efficiency of the drug development
process.

M&S enable an increased probability of a new compound succeeding and a reduction in the cost of an unsuccessful
compound through the termination of development.

In model building, in addition to pharmacokinetic and pharmacodynamic information, information on disease progression, the
relationship between the biomarker and clinical outcome, the placebo effect, clinical trial execution including the compliance of
the compound and dropout rate, and the covariate effect on the compound are also necessary (modeling).

Once an appropriate model is built, input data for simulation can be generated assuming a distribution of the individuals
characteristics involved and clinical trial execution in planned studies. A set of future results is generated by the model and
the generated input data are obtained and they should match those of the planned studies. This process can be regarded as a
hypothetical clinical trial and can be repeated as many times as necessary (clinical trial simulation). M&S enables a scientific
and quantitative prediction of success, taking efficacy and safety into account without the need for a real clinical trial. This is the
concept of model-based drug development (MBDD).

Population analysis is usually applied to reflect inter-individual variability and intra-individual variability separately in
modeling. A nonlinear mixed-effect model is applied as astatistical model.

US/EU regulatory agencies have all published respective guidance to promote CTS and quantitative modeling of prior
knowledge in designing trials, dose selection, and other related issues to improve the efficiency of the drug development
process. There is no such Guidance in Japan yet; however, several applications of PK-PD modeling and CTS in new drug
submissions have been discussed and published in Japan.

PK-PD analysis and M&S are promising tools to resolve the drug-lag in Japan. Collaboration among pharmacokineticists,
biostatisticians, clinical pharmacologists and other related experts is necessary for the implementation of the CTS process. It is
also necessary to educate and train the professionals.

Keywords : PK-PD analysis, Model Based Drug Development (MBDD), population analysis, relationship between biomarker
and clinical outcome, placebo effect, dropout rate
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