Preface

About 20 years ago, the pharmaceutical industry started to consider mathematical
model-based drug development as a means to streamline the execution of drug
development programs. This constituted a new discipline, pharmacometrics,
grounded in pharmacology and statistics.

We have written this book to describe our learning and experiences in the
emergent field of pharmacometrics applied to drug discovery and clinical devel-
opment. We did not aim to compete with the many excellent contributions in this
field, both theoretical and practical, but rather wanted to highlight specific areas
that we have repeatedly encountered. This book may also give answers to those
who wonder to what kind of problems mathematics is actually applied in the
modeling and simulation department of a large pharmaceutical company. Parts of
this book require some familiarity with mathematical notation and elementary
calculus including the concept of a differential equation.

Besides providing some concepts behind drug discovery and development, we
have added many exercises (with our solutions) designed to be solved symboli-
cally or programmatically. As a programming language, we chose MATLAB
(Version 2012b) as we found it best suited to the diversity of problems we faced.

Our final message is that pharmacometrics could have an even larger impact on
drug discovery and development if it were consistently applied to diseases and
their potential treatment targets, thus merging with another quantitative discipline,
systems biology, to form quantitative systems pharmacology.

The book is organized into nine chapters. Background of Pharmacologic
Modeling (Chap. 1) introduces two topics which underpin later chapters: the
emergence, role, and tasks of the pharmaceutical industry as a healthcare provider;
and the philosophy of modeling and simulation. Regarding modeling, we start with
a First Example of a Computational Model (Chap. 2) from oncology to introduce
physiologic, pharmacologic, and computational concepts that are explained and
detailed in later chapters. Differential Equations in MATLAB (Chap. 3) provides
the numerical and symbolic treatment of ordinary differential equations with time
and state event scheduling. Pharmacologic Modeling (Chap. 4) is about dynamic
concepts in relationship to drugs. This entails the modeling of drug concentrations
and related body responses over time. Disease Modeling (Chap. 5) adds another
component. As drugs work on a diseased human body, a model-based under-
standing of how the body functions under the disease will be of value to learn how
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to optimally use drugs. This requires the integration of pharmacologic drug models
and disease models. Population Analyses (Chap. 6) refers to parameter estimation
in pharmacologic and/or disease models aimed at characterizing the sources (such
as gender, age) of interindividual variability. This has a direct impact on how
drugs are prescribed. Clinical Trial Simulations (Chap. 7) use population analysis
results to forecast the statistical distribution of clinical trial outcomes under dif-
ferent design scenarios, thus enabling the generation of optimal designs that
maximize the probability of successful trials. It is worth noting that trials at the
very late stage of drug development are extremely-resource intensive and that a
failed trial can be financially crippling.

Traditionally, mathematical models are written as explicit or implicit equations,
as in Chap. 3. There is, however, a trend for an alternative modeling approach,
Graphics-Based Modeling (Chap. 8), where models are built using symbols
indicating flows between compartments rather than using mathematical notation.
As we have to sell our modeling to decision-making non-modelers, the advantage
of the graphically based approach is obvious. Outlook (Chap. 9) summarizes the
current prospects for modeling and simulation in innovative drug development.

The accompanying material (MATLAB programs and data sets) can be
retrieved from MATLAB Central.

This book would not have been possible without internal and external support.
Internally, we thank our senior management and departmental colleagues for their
reviews and comments on the manuscript. Special thanks to Nicolas Frey and
James Lu for their extensive reviews and for testing some of the MATLAB scripts,
and to Antonello Caruso and Bruno Reigner for reviewing part of the manuscript.
Externally, we very much enjoyed collaborating with a number of persons from
different institutions: with senior representatives from In Silico Biosciences, Inc.
who showed us (Sect. 5.2.3.) that for theoretical work on neurons to be useful it
must be embedded in a wider disease and treatment context; with Sam Roberts and
Sven Mesecke from the software developer, MathWorks, who helped us with
many programming issues and made us aware that a MATLAB program should
follow some formal standards; and with Britta Mueller and Jutta Lindenborn from
our publisher, Springer, who provided help for and answers to technical and legal
questions. Final thanks are given to our families for their love and understanding.

We are looking forward to sharing our experience with readers.

Basel, May 2013 Ronald Gieschke
Daniel Serafin
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