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Preface

As a society, our faith in the potential of drugs is considerable. There is a growing
expectation that there is a drug that will, if not cure, at the very least alleviate the
symptoms of each and every disease. This expectation has been brought about by the
great advances in drug treatments that have occurred in the latter half of the 20th
century and early 21st century in several therapeutic domains, such as in cancer, viral
and other infections, and in disturbances of the endocrine, cardiovascular, respiratory
and gastrointestinal systems. In contrast, when we consider the CNS (central nervous
system) therapeutic domain, there have been limited drug-development milestones.
However, such endeavours have sometimes yielded true blockbuster CNS drugs that
have provided encouragement that pharmacological approaches can yield effective
treatments. Moreover, they have generated huge revenues to the pharmaceutical
company responsible for the development of such blockbusters for the remaining
duration of its patent life, following marketing. This has led to another perception in
society, which is that the pharmaceutical industry is making an inappropriately large
profit, on the back of human suffering. Industry counters this argument by outlining
the high-risk nature of drug development, and the need to be able to invest profits in
further research and development that will generate improved pharmacological treat-
ments on those currently available.

The discovery and development of a new drug can be divided into several con-
secutive stages, which can vary in sequence. Regardless, the process always begins
with attempts at identifying biochemical or physiological elements that are not
functioning properly in the disease. From such investigations, a series of ‘druggable’
targets are identified, and of these, one is selected for experimental evaluations with
drug candidates. These evaluations address three broad questions:

¢ Does the drug candidate produce the expected therapeutic effect?
® Is the drug candidate safe?
® Does the drug candidate get to its desired target?

These questions are addressed through a long process that consists of a drug-
discovery stage and a drug-development stage that is outlined in Figure P.1. At the
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Figure P.1 The stages of drug discovery and development. IND = investigational new drug;
NDA = new drug application.

end of the drug discovery and preclinical development stages, a lead compound
ought to have been identified which has the desirable properties, at least as far as can
be judged from in vitro (i.e. test-tube) and in vivo (i.e. laboratory animals) models.
The development stage serves to evaluate whether this early promise is realised in a
series of evaluations in humans. If they do, the drug will be registered and marketed.
The drug evaluation process doesn’t stop here, as an ongoing postmarketing
surveillance is conducted with a particular emphasis on verifying the safety of the
drug in the real-world situation.

Drug discovery and development involves the utilisation of a series of experi-
ments that requires the deployment of a vast array of resources. These experiments
each have a specific aim and utilise relevant and appropriate models that are aimed
at providing an answer to the three questions raised above, at different stages in the
development process. Thus, it can be viewed as an evidence-based decision-making
process, which, at crucial points, will determine whether a particular compound will
proceed to the next stage, with the ultimate stage being the conduction of a Phase III
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trial, i.e. an experiment investigating the benefit of the test drug against no treat-
ment (placebo) and a comparator compound (if such exists).

The purpose of this book is to explore the process by which drugs are developed
to treat CNS disorders and it is divided into three sections. The first section consists
of four chapters and aims to set the scene, by using six CNS disease areas, drawn
from psychiatric diseases (bipolar and unipolar depression, anxiety disorders and
schizophrenia) and neurological/neurodegenerative diseases (epilepsy, Alzheimer’s
disease and Parkinson’s disease). The first chapter describes the global burden that
CNS disorders represent, whilst the second chapter provides a brief description of
these major CNS disorders, from the perspective of the criteria that need to be
fulfilled, and the different rating tools that have been developed to identify those
patients suffering from such CNS disorders. Chapter 3 describes the theories that
have been proposed for the aetiology of CNS disorders, which have to date largely
centred upon changes in central chemical neurotransmission. The section is con-
cluded by describing the current pharmacological approaches for the treatment of a
selection of CNS disorders.

The second section describes the CNS drug development process in detail, and
also consists of four chapters. The first of these concentrates on the methods that are
used to identify the therapeutic benefit of a candidate drug, beginning at the earliest
preclinical models, progressing through more elaborate animal models, and ulti-
mately to clinical evaluation involving Phases I, II and III, which will determine
whether the promise of preclinical examination is realised in patients. Chapter 6
covers the area of pharmacokinetics (i.e. the processes by which the drug is
absorbed, distributed, metabolised and eliminated), which tends to accompany
the efficacy evaluation of a candidate drug, and similarly involves a range of
preclinical and clinical investigations. These investigations help to answer the
question as to whether the candidate drug has the desired pharmacokinetic profile,
most particularly whether it penetrates the brain in appropriate concentrations. The
final two chapters cover the safety aspects of CNS drugs. The first of these chapters
investigates the safety concerns that currently are to the forefront of CNS drug
development, whilst the second chapter examines the methodologies that have been
developed to address these concerns in preclinical evaluation.

The final section consists of a single chapter that examines the challenges faced in
developing CNS drugs of the future. This chapter examines some of the important
emerging strategies that are having or will have a considerable impact on CNS drug
development. In addition a selection of the novel therapeutic targets that are
currently being evaluated are presented, either preclinically or clinically in four
CNS disorders, namely depression, schizophrenia, Alzheimer’s disease and
Parkinson’s disease. These diseases have been selected, as they probably represent
those in the CNS arena into which the greatest amount of research and development
is currently being carried out. This book is intended to provide the reader with an
overview of a multifaceted, challenging and constantly evolving process.
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Introduction

Diseases of the central nervous system (CNS) are of an enormous diversity. They can
range from diseases that are present from an early stage of life to those that are
primarily of a later-age onset. For a long time, CNS disease was labelled and
stigmatised by society, with it being believed that the sufferers were possessed by
demons or evil spirits, or that it was the consequence of some personality deficit or
weakness in the afflicted individual. In the nineteenth and early twentieth century,
the prevailing attitudes resulted in the committing of many mentally ill individuals
to asylums. Such attitudes were hard to shift, and residues of them are still apparent.
The alterations in attitudes to mental health and its treatment can most vividly be
seen with the remarkable reduction in the population suffering from mental illness
in long-term residential care (Figure 1.1), and consequential growth in the treat-
ment of patients within their communities (Manderscheid et al., 2009). The process
of deinstitutionalization and psychiatric reform gathered momentum after World
War II, originally in the United States and UK, but gradually spread across the world
(Novella, 2008). The consequences were that, in the United States, there was a peak
in the number of residents in the mid 1950s. This peak coincides with the introduc-
tion of the first pharmacological treatments for psychosis and depression. Since
then, after nearly 50 years of decline, the resident population in psychiatric institu-
tions is beginning to stabilise at around 50,000, with a modest rise even being seen in
2005, which may be due to a number of factors, including demographic age-related
and ethnic changes, as well as pressures on the provision of community services
(Manderscheid et al., 2009).

The major challenge in the pharmacological treatment of disorders of the brain is
that they have a greater complexity than most other diseases or conditions. For
example, most other diseases have a well-defined biological origin, from which drug
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