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Preface

This book is written for students in pharmacy, veterinary and human medicine,
chemistry and life sciences who have chosen to study drug development, and
for any reader who would like to gain a better insight into drug develop-
ment. The complete life cycle of a new drug is described in this book, with an
emphasis on drug development. It should be regarded as an introduction and
is intended to help students and interested readers on their way to exploration
and self-tuition.

The objective of this book is neither to serve as a comprehensive textbook
that describes detailed drug development methods and processes nor to
offer comparative overviews of regulatory guidelines. Other books have
been published that address specific aspects of drug development and discuss
legislation and guidelines issued by national and international authorities in
greater detail. For example, in vitro and in vivo laboratory techniques that
are used during the discovery and development of new drugs are described
in great detail in a number of textbooks, but their integration, relevance
and interdependency into the larger context of drug development is lacking.
It is the intention of this book to fill the gap between detailed descriptions
of isolated drug development processes, techniques and approaches and
general overviews of pharmaceutical R&D that provide no insight into
the interactions between all the activities that constitute a full new drug
development process.

On reading this book the reader will have gained a better understanding of
the multidisciplinary character of drug development, the interaction between
the different scientific disciplines involved and the terms and concepts used.
He/she will have gained more confidence in accessing relevant internet
websites and databases for specific guidance offered by regulatory agencies
and drug development organisations. If the interested reader wants to delve
deeper into specific aspects of drug development, references are given to
specialised books, publications of the peer-reviewed literature and regulatory
guidelines.



xii PREFACE

Although drug development is a structured process, it allows for the adapta-
tion of the several steps to be taken due to the specific needs of the therapeutic
area, the nature of the drug and its route of administration. Since the con-
cept of the book is an introduction to drug development we chose to limit
the scope to the development of small molecules with a preference for the
oral route of administration. The development of large molecule drugs (e.g.
monoclonal antibodies, oligonucleotides) and vaccines — also referred to as
biologic(al)s or biopharmaceuticals — are not discussed because the strategies
followed in their development are different from those applied in the ‘tradi-
tional’ approach of small molecules. The development of biologicals requires
a separate book.

An introduction to drug development necessarily includes an introduction
to the legislation and regulatory guidelines that govern these processes. How-
ever, it is not the ambition of this book to offer a detailed description of all
relevant guidelines nor does it quote texts from these guidelines. It has been
written from the viewpoint of a drug development team and the individuals
who are involved in and committed to the development of a drug and takes
the reader through the consecutive steps, while referring to relevant guide-
lines when needed. For practical reasons preference is given to guidelines
issued by the International Conference on Harmonisation (ICH), the Euro-
pean Medicines Agency (EMA) and the US Food and Drug Administration
(US FDA).

Regulatory authorities from around the world use different terms to
describe processes and phases in drug development. For example, the
European Union (EU) guidelines refer to a ‘pre-authorisation phase’ to
discuss the processes that take place before the drug is granted a marketing
authorisation. The US FDA uses the term ‘pre-approval phase’ to denote
the same stage of development. In this book preference is given to the ter-
minology used by the regulatory authorities of the region in the world where
the regulatory process applies. For example, the term IND (Investigational
New Drug) Application is used for a clinical trial authorisation in the USA,
whereas the term Clinical Trial Application (CTA) is used for the same
process in the EU. When processes are discussed that are applicable to both
regions in the world preference is given to the terminology generally used by
drug development teams. In very specific cases, the differences in terminology
are clearly explained to avoid confusion.

Jan A. Rosier
Mark A. Martens
Josse R. Thomas
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Introduction

The objective of this book is to introduce students and interested individu-
als to the principles of the development of small drug molecules, and to an
overview of all the steps and processes that are required to bring a new drug
from discovery to the marketplace. To allow the reader to become gradually
more familiar with drug development the structure of the book is organised
in the following 8 chapters:

Chapter 1 introduces the concept of the drug life cycle and offers the reader
the context in which a drug is discovered, developed, marketed and leaves the
market. The drivers for the search for a new drug, the structure of the drug
life cycle, the costs and risks of drug research and development (R&D), the
value of a drug for patients and society and the managerial aspects of drug
R&D are presented and discussed.

Chapter 2 offers an introduction to drug discovery and design and describes
phenotypic- and target-based approaches as well as the different steps of drug
discovery from the identification of a disease target up to the transfer of the
lead drug molecule to development. This chapter has been deliberately kept
short since the emphasis of this book is on drug development and there are
many other textbooks that describe the approaches followed in drug discovery
in greater detail.

Chapter 3 is meant to set the scene for a more detailed description of drug
development in later chapters and concentrates on general aspects of drug
development such as drug development organisation and teams, the scientific
disciplines involved in drug development (i.e. chemical/pharmaceutical, non
clinical and clinical; also referred to in this book as drug development streams)
and their interactions, phases in drug development, regulatory environment,
quality management, risk management and ethics.

Chapter 4 provides more detail on the methods and techniques used in
drug development, because they are often referred to in the specific chapters
describing early and late drug development. The sections of this chapter are
organised according to the three drug development streams.
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After addressing the drug life cycle in Chapter 1, drug discovery in
Chapter 2, the context in which a new drug is developed in Chapter 3, and
the methods and techniques in Chapter 4, the reader is assumed to have
a background that is sufficient to understand the complex activities and
processes associated with the detailed description of new drug development
in the following chapters.

Chapter 5 describes early drug development leading to ‘proof-of-concept’,
i.e. the first proof that the drug candidate is safe and displays a pharmacolog-
ical activity in man. This chapter is divided into the two main steps of early
development: pre-clinical development leading to the first clinical trial in man,
and clinical development leading to the first proof of pharmacological activity
in patients.

Chapter 6 addresses late drug development and is subdivided into the
phase that precedes marketing authorisation, the marketing authorisation
process and the phase of drug development after marketing authorisation or
the post-approval phase.

Chapters 5 and 6 are organised according to the contributions made by
the three drug development streams. The integration of data from chemical/
pharmaceutical, non clinical and clinical development is discussed at each
critical time point in drug development where important decisions have to be
made on the further course of the development programme.

Chapter 7 is dedicated to special types of drug development such as orphan
drugs, paediatric drugs, geriatric drugs and fixed-dose drug combinations.

Finally, Chapter 8 briefly focusses on the most important aspects of drug
commercialisation, the last phase of the drug life cycle.

Each chapter in this book has its own set of tables, figures and references.

The book closes with an Epilogue that discusses some of the challenges of
the traditional approach to new drug development and summarises a number
of alternatives that seem to be gaining momentum.



Drug Life Cycle

1.1 Introduction

A drug life cycle is a succession of activities that starts with a research
project in which new drug molecules are either discovered in nature or
(semi-)synthesised or designed de novo in medicinal chemistry laboratories
and ends when the drug is removed from the market. The process of drug
discovery and design is characterised by intense intellectual creativity and
biological and molecular exploration, by trial and error approaches and by
frequent and recurring data collection and interpretation. Its course is largely
dependent on the approaches taken by individual scientists. Once a molecule
with promising characteristics is identified, it is developed into a drug product
during a process known as ‘drug development’. The objective of drug devel-
opment is to bring safe and effective drugs to the patient. Drug development
is a highly structured process that is conducted in a stepwise fashion that is
also referred to as a ‘stage gate process’ or a ‘phased review process’ whereby
chemical, pharmaceutical, nonclinical and clinical information is gathered,
critically reviewed and assessed before a new phase of development can
proceed. While the discovery of a new drug molecule is characterised by a
high degree of freedom, the process of drug development is highly structured.
This is due to regulations imposed upon the process by health authorities
such as the US Food and Drug Administration (US FDA) and the European
Medicines Agency (EMA). Every step of the process is carefully timed and
linked to the previous step and the next step. It is a process that is well planned
and controlled. Drug development is complex and it is characterised by
failures, reiterations and reassessments of scientific data and by intensive inter-
action among different scientific disciplines. It is not a matter of pharmacology
or medicine alone but it also involves chemical engineering, process chemistry,
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manufacturing plant management, biostatistics, drug-delivery sciences, bio-
pharmacy, materials sciences, physical chemistry, medicinal chemistry, and
supply management all working together in harmony with disciplines such
as pharmacology, clinical research, clinical data management, bioinformatics,
bio-analytical chemistry, pharmacokinetics, toxicology and other scientific
disciplines in the life sciences. On top of the challenge of making these
different disciplines work together, there is the continuous uncertainty as to
whether the drug candidate, at the end of a drug development process of about
6-10 years, will be demonstrated to be effective and safe in the targeted patient
population. This means that the development of a new drug is a process of
high risk, takes many years, requires a talented group of scientists, engineers
and clinicians, consumes considerable human and financial resources and
requires strong management to be successful. At the end of a development
project when all scientific and medical data have become available, the quality,
safety and efficacy are critically reviewed by the health authorities. The new
drug will only be approved when they are convinced that the drug complies
with the criteria of quality, safety and efficacy, and has a positive benefit—risk
balance. As a result, the drug development organisation will receive a
marketing authorisation and is allowed to put the drug on the market.

The new drug may remain on the marketplace for a considerable amount of
time and new research can be initiated to show that the drug can be used for
other therapeutic indications, be administered via other routes of administra-
tion or combined with other drugs. A drug, however, has a limited ‘lifetime’
on the market and at one point in time the decision can be taken to withdraw
it from the market. Such a decision may be based on the entry of new and
better drugs on the marketplace or expiry of the patent life with competition
from less-expensive generic drugs as a result. Alternatively, a drug may be
withdrawn from the market because it has been shown to have unacceptable
side effects. This process of post-approval activities is the last and major step
in the process of a drug life cycle.

1.2 Drivers of the search for a new drug

Before embarking on the search for a new drug, the R&D organisation,
which can be a private company or a non-for-profit organisation, has to
decide whether it is worthwhile to engage in an expensive and risky drug
R&D project. According to Hill & Rang [1], the following criteria are to be
considered before such a decision is taken:

I. Strategic considerations that address the question whether the R&D
organisation should embark on the drug R&D project at all (should it
be done?).
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II.  Scientific and technical considerations that address the question whether
the project is technically feasible (can it be done?).

III. Operational considerations that address the question whether the
project — if feasible — can be conducted within the boundaries of the
organisation. In other words, whether the organisation has the required
organisational, infrastructural, human and financial resources (can we
doit?).

1.2.1 Strategic criteria

By far the most important selection criterion is whether the new drug — if
developed — will meet an unmet medical need. An area of unmet medical
need is a therapeutic area in which there is an absence or lack of safe and
effective drugs and where the introduction of a new drug can offer benefit
to patients. Strategic considerations require a thorough analysis of the
epidemiology of the disease, its current pharmacotherapy and projected
pharmacotherapy at the time when the new drug will be available, i.e. after
approx. 7 to 12 years. The gap between what is achievable and what is desir-
able is analysed and a decision is made whether it is worthwhile to fill this gap.
It can be large (e.g. there is no good drug available nor in development at this
moment) or it can be small (e.g. there is a need for a better pharmaceutical
dosage form that reduces the side effects or leads to more comfort for the
patient than the current drug on the market). Unmet medical need is one of
the factors affecting the future market potential of a new drug, i.e. whether
the project can generate return on investment (ROI), but there are many
others, to name a few: predictions of disease prevalence and incidence, acute
versus chronic diseases, market share of competitors, drug regulatory hurdles,
drug reimbursement policy, future patent cliffs, etc. Other strategic factors
are related to the company or organisation wishing to search for the new
drug, e.g. the therapeutic areas and markets a company is well established in,
the focus on small molecules versus biotech products, the current and future
state of the drug pipeline, the willingness to play in the blockbuster league or
to focus on niches, the financial health of the company, etc.

1.2.2 Scientific and technical criteria

A drug development project should be technically feasible. It is important
to consider whether the drug development ‘idea’ can be transformed into a
scientific hypothesis that can be tested in a clinical environment. For example,
although the development of drugs for AIDS prevention may be worthwhile,
the translation of a scientific hypothesis (‘drug X will prevent the occurrence
of AIDS in a specific group of individuals’) into a development plan may be
very challenging if not impossible to complete because of the recruitment
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of volunteers for the clinical trial, the time it may take to (dis)prove the
hypothesis and the ethical impact of the clinical exploration. Alternatively,
the availability of a technological platform for the development of a com-
plex dosage form such as an implant, may drive the decision to proceed.
The feasibility of a project can also be hampered by projected difficulties,
especially during clinical development, safety evaluation or pharmaceutical
formulation research. Drugs against chronic diseases may require a much
larger investment in long and expensive clinical trials than drugs to treat
acute diseases. On the one hand, drugs that are developed to treat ‘lifestyle
diseases’ such as diabetes type 2 and obesity should be very safe to use and
require a considerable safety investigation before market authorisation is
granted. On the other hand, drugs to treat life-threatening diseases such as
cancer may show side effects that non-cancer patients would and should
not tolerate. Developing a new drug can be worthwhile when a competitive
advantage can be expected. This is certainly true for a ‘first-in-class’ drug
(the innovator drug in a new therapeutic class), but also for a ‘fast-follower’
drug (the 2nd or 3rd one in a new class, but better than the innovator) and
a ‘best-in-class’ drug (aiming to be the best one). These are very ambitious
R&D programmes that require considerable investments when compared
with the investment required for ‘me too’ (‘I can do as well’) or ‘me better’
(‘I can do somewhat better’) drugs that are easier to develop. However,
‘me too’ or ‘me better’ drugs can sometimes successfully complement a
well-balanced innovative drug portfolio. Another important scientific factor
is the potential to protect the intellectual property of the new drug by means
of a patent, giving the owner the exclusive right to commercialise the drug for
a given period of time (usually 20 years from the date of filing) which can be
extended under certain conditions. The period that the drug is protected by a
patent once on the marketplace is short because R&D takes a considerable
amount of time. This period is important for the pharmaceutical industry to
allow a return on R&D investment before generic (or biosimilars in case of
biotech drugs) enter the market once the patent expires.

1.2.3 Operational criteria

A key operational criterion for the choice of a drug development project is
the comparison of the required resources with the available resources. This
includes the availability of staff and expertise, as well as facilities, equipment,
materials and capital. Not every activity in drug R&D has to take place within
the drug R&D organisation, but every activity that is outsourced has to be
financed. The timescale for a complete drug R&D cycle is another important
factor. Some drugs can be developed in a — relatively — short period of time
such as drugs to treat acute infections, or can even be ‘fast tracked” when the
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medical need is high, while other drugs may require many years to develop
such as drugs against osteoporosis. Longer development times increase the
cost and reduce the time for patent protection during commercialisation. If a
company finds ways to develop drugs faster than its competitors, this ‘time
crunching’ capacity can be an important driver for the development of a
new drug.

The decision to start the search for a new drug will depend on the careful
consideration of all the criteria mentioned above. The overall analysis is usu-
ally performed by operational people taking into account the strengths and
weaknesses of the new drug and the drug development organisation versus
the opportunities and threats in the environment and the marketplace (SWOT
analysis) to name the simplest approach.

1.3 Structure of a drug life cycle

The life cycle of a drug involves four consecutive phases: drug discovery and
design, drug development, regulatory review and approval, and commerciali-
sation and marketing.

Drug discovery and design consists of an exploration phase, an assay devel-
opment phase, a screening phase, a hit-to-lead phase and a lead optimisation
phase. There are many sources of new drug molecules: natural sources such as
micro-organisms, plants or animals or libraries of drug molecules that either
have failed or have been used for other therapeutic areas. These molecules can
be structurally modified and be subjected to pharmacological screening tests.
Drug molecules can be modified to improve their pharmacological activity
and bioavailability and to reduce toxicity before they are ready for transfer
to drug development. This is described in more detail in Chapter 2. A drug
molecule that is selected for development is referred to in this book as a ‘drug
candidate’.

Drug development can be subdivided into two major phases: early develop-
ment and late development. Early development has a pre-clinical and a clin-
ical phase whereas late development has a pre-approval and a post-approval
phase. During early development the drug candidate is carefully studied with
the objective to prove that its properties can justify its introduction into a late
development programme. An essential principle of early development is the
‘Proof-of-Concept’, which means that it can be proven that the molecule does
what it is purported to do in a small group of patients under well-controlled
conditions. The objective of the late development part of a drug development
project is to confirm that the claims of the therapeutic use in a small group of
patients can be justified in large clinical trials with a large number of patients
suffering from the disease the molecule is intended to treat. A candidate drug
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that has transferred from early development to late development is referred
to in this book as a ‘drug under development’.

When the final results of drug development show that the drug under devel-
opment is safe and effective and can be manufactured at a high level of quality,
all the data are collected, integrated and submitted to the health authorities in
order to obtain authorisation for marketing. The regulatory approval process
takes a considerable amount of time because the authorities responsible for
granting marketing authorisation need time to carefully assess the therapeutic
value and the safety of the new drug.

Once market authorisation is granted on the basis of a positive benefit—risk
balance, the drug can be introduced (‘launched’) into the market. From this
point in time pharmaceutical marketing further drives the life cycle of the
drug. It takes approximately 7-12 years from the identification of a drug target
in the human body to the introduction of a new drug into the market. While on
the market, efforts in drug development continue to refine the manufacturing
process, to improve pharmaceutical formulations and to explore new routes
of administration or new therapeutic indications. During the market life of a
new drug its use is continuously monitored to detect side effects to improve
its safe use in clinical practice. At the end of the drug life cycle the drug can be
withdrawn from the market place for various reasons. It can either be because
of safety reasons, expiry of patent life or because of replacement by a superior
drug of the same class. An overview of the drug life cycle is given in Figure 1.1.

Registration and Commercialisation Patent expiry
market and post-approval and withdrawal
authorisation late development from market

Drug discovery Early Pre-approval
and design development late development

3-5 years 2—4 years 3-5 years 0.5—1 year 3-10 years

Figure 1.1 The drug life cycle.

1.4 Costs and risks of drug research
and development

1.4.1 Cost drivers

The cost of drug R&D is considerable and is primarily driven by clini-
cal (approx. 60% of total cost) and chemical and pharmaceutical R&D
(approx. 30% of total cost). Another cost driver is the large number of
studies in experimental animals required to demonstrate the nonclinical
safety and efficacy of the drug. In addition, the synthesis of a new drug can be
a complex undertaking that requires important investments in manufacturing
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plant infrastructure, equipment, chemicals and pharmaceutical drug-delivery
technologies.

1.4.2 Estimates of drug development costs

It is generally accepted that the cost of a drug development project ranges
from 800 million USD to approximately 1 billion USD [2, 3,4, 5]. These figures
are frequently mentioned in the literature and the lay press but have been
subject to criticism because scholars observed that drug development costs
are highly variable or unknown [6, 7]. For example, tax savings are not taken
into account, clinical trial costs are inflated and development times are exag-
gerated. Alternative calculations led to drug development cost predictions
ranging between 180 and 231 million USD. Still others have projected drug
development costs to range between 500 million USD and more than 2 bil-
lion USD [3]. However, it is a fact that the investment required to discover
and develop a new drug is substantial and involves considerable risk since it
is only known at the end of late drug development whether the drug is or is
not effective and safe in patients and can be put on the market.

1.5 Risks of drug R&D

There are two kinds of risk in drug R&D: therapeutic area/portfolio risk and
project risk.

Therapeutic area/portfolio risk is associated with the choice of the thera-
peutic area in which a drug R&D organisation intends to develop new drugs.
When a drug company makes the strategic decision to move into a new thera-
peutic area there is always the risk that no molecules can be discovered and/or
designed that have a promising therapeutic activity or that even an interesting
active molecule cannot be developed into a new medicinal product. Project
risk is related to a given drug R&D project. This is discussed in more detail in
Chapter 3.

1.5.1 Failure and success rates in drug development

The failure rate of new drug candidates to make it through the development
process is called attrition. An attrition of x% means that x% of the projects
has been terminated during a given phase in drug development or in drug
development as a whole. High attrition means that the number of drug candi-
dates that are introduced into the drug pipeline substantially drops during the
different development phases. Zero attrition — a theoretical concept — means
that all drug candidates that enter the development pipeline make it to an
approved drug and are launched in the market. Attrition rates are important
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to management since it is an indicator of the productivity and efficiency of
the drug R&D organisation. The average success rate for all therapeutic areas
is approximately 11% [8]. Success rates differ according to the therapeutic
area and range from 5% for oncology drugs to 20% for cardiovascular drugs.
Even if a drug candidate eventually makes it through development, it is still
not certain whether the application for market authorisation will be approved
by the regulatory authorities. The failure rate during regulatory review by the
authorities is 25%. In the case of oncology products the failure rate is as high
as 30% [8]. This high failure rate may impact the potential survival of a drug
company since at this stage all financial resources have been consumed and
costs incurred. For small companies that have invested all their resources in
a single drug, a refusal for market authorisation may result in the death of
the company. The failure to bring one drug on the market can be absorbed by
R&D firms with a large and diverse product portfolio but many consecutive
failures may have dramatic consequences.

Although attrition is generally referred to as the failure rate for a drug
development portfolio in one or more therapeutic areas, it can also be used
to determine the failure rate for each phase of the drug development process.
In other words, it can be determined for each transition of a drug candidate
from early to late development or from marketing authorisation to approval.
Approximately 60% of all the drug candidates that are tested for the first
time in man (Phase 1 clinical trials) are approved for testing in exploratory
pharmacology trials in patients (Phase 2 clinical trials) and approximately
20% are admitted to confirmatory pharmacology trials (Phase 3 clinical
trials). Only about 10% of all drug candidates that are admitted to testing in
humans make it to the marketplace. The most important reasons for attrition
are efficacy, toxicity and commercial [8]. If one were able to increase the prob-
ability of technical success by decreasing attrition either for the total project
or for each phase of development, productivity would increase accordingly.
A detailed discussion on the possible approaches that can be used to increase
R&D productivity of new drugs is beyond the scope of this book but can be
found in several scholarly papers and books that address this topic [9-17].

1.5.2 Net present value

A portfolio is a collection of drug products in R&D and on the marketplace.
Defining which drug development project and therapeutic areas will consti-
tute a portfolio is a difficult task and is associated with a risk that is referred
to as "portfolio risk’ It is a strategic decision that is taken by top R&D manage-
ment. For example, the decision to switch from a cardiovascular-based R&D
portfolio to an ophthalmology-based R&D portfolio involves a myriad of sep-
arate decisions that involve experts from basic research, medicinal chemistry,
market analysis, finance, drug development and regulatory affairs. One of the
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most straightforward methods to value a project is to estimate the financial
benefits from it and subtract the costs to give a net value. This rather simple
deduction can be sophisticated by bringing in the time-related value of money
as income today is worth more than income next year and early expenditure is
more costly than later expenditure. This leads to a figure called the Net Present
Value (NPV) that evaluates the financial impact of a new drug R&D project
and is helpful in taking strategic decisions [18]. It goes beyond the scope of
this book to enter into a detailed discussion of the value of NPV but suf-
fice it to state that projects with a negative NPV should be abandoned, while
projects with a positive NPV may be considered for inclusion in the portfolio.
Although the NPV calculation allows the assessment of a project on a purely
financial basis, it is not, and should not be, the final answer to the question of
project selection. What is required more than the financial expertise needed
to perform NPV calculations is the intimate knowledge of the medical need
that drives the development of a new drug. It is therefore not surprising that
some drugs with a low NPV were developed and became drugs that generated
considerable income for the company and benefit for the patients. The success
of a new drug is therefore not always driven by financial parameters alone.

1.6 Value for patient and society

The selection of a drug development project should not only be based on NPV
and shareholder return. More importantly, there should also be a return to
society at large. Gradually, drug R&D companies realise that their long-term
future will not only be driven by financial success but also by the realisa-
tion that they should contribute to society and provide answers to medical
needs. Some major organisations have started the development of drugs for
small markets with high medical need realising that the financial returns would
hardly compensate the investments made. Although there are only a few of
these projects it shows that the trend for contributing to society and to patients
is steadily — albeit slowly — finding its place next to shareholder value con-
tribution. Alternative approaches have been introduced such as the Health
Impact Fund [17].

1.7 The end of a drug’s life

Most withdrawal decisions are either driven by a substantial drop in sales or
safety concerns. For example, drugs such as cisapride, grepafloxacin and terfe-
nadine were removed from the market because of cardiovascular side effects
and bromfenac and troglitazone because of hepatotoxicity. They have been on
the market for only a relatively short period of time. Other drugs are removed
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from the market for reasons of competition because more innovative and bet-
ter drugs reached the market and make the use of the original drug obsolete.
Alternatively, when the end of its patent life is reached, the original drug is
pushed out of the market by ‘generic’ drugs. Generic drugs are copies of the
original drugs developed by the R&D drug industry and can be introduced in
the market after it is shown that they are bioequivalent with the original drug.

1.8 Management

The development of a new drug requires a sound scientific strategy, clear
planning, careful financial control, flawless execution and a correct decision-
making process. Above all, it requires scientists, engineers and clinicians who
are not only experts in their field, but who are also capable of understanding
the other scientific disciplines sufficiently well to appreciate their impact on
their own field and the fields of others involved in the project. Because of the
high failure rate in new drug development they should also have a strong per-
sonal conviction about the added value of their work and the contribution they
may bring to patients and society. This means that the development of a new
drug is not only time consuming and expensive but also requires strong man-
agement and leadership in order to reach development milestones on time,
to control budgets, to evaluate investments and to manage human resources.
In general, this process is led by a portfolio team that manages the drug port-
folio of a company, while project teams manage the process of discovery and
development. A portfolio team operates at the level of top management and
addresses strategic questions regarding the drugs to be developed or which
therapeutic area to be targeted. Once the decision is taken to start the discov-
ery and development of a new drug in a specific therapeutic area, a project
team is established that conducts the discovery project with the objective to
identify a new molecule from which a new medicinal product can be devel-
oped. The drug discovery process is discussed in more detail in Chapter 2.
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Drug Discovery and Design

2.1 Introduction

The objective of drug discovery is to identify pharmacologically active
molecules for which there are clear indications that they will reach the phar-
macological target in the body in sufficient amounts such that they can exert
their desired effect without producing toxicity. In drug discovery, molecules
with pharmacological activity are selected from a set of existing molecules.
They may be of microbiological, plant or animal origin or part of existing
molecule libraries. Molecular drug design, however, creates totally new
molecules that are designed to optimally fit pharmacological target macro-
molecules. In this chapter some insight is offered into the drug discovery
process. Drug discovery is a flexible process, as opposed to drug development,
which operates in a highly regulated environment. The way in which drug
discovery is conducted largely depends on the type of the drug molecules
studied (e.g. small molecules, polypeptides, oligonucleotides), the under-
standing of the disease biology, the screening technology applied, the route of
administration and the therapeutic area. Therefore, drug discovery strategies
can differ substantially among drug R&D organisations.

There are many ways to discover new drugs but the most important strate-
gies that are followed are phenotypic-based or target-based approaches, and
molecular drug design. A target can be a single gene, a gene product (protein)
or a molecular mechanism that has been identified on the basis of genetic
analysis or biological observation. In this chapter, the major drug discovery
approaches are discussed first, followed by the description of the phases of
a drug discovery process that is target based. The strategy explained below
refers to the discovery of small molecules only and does not cover biophar-
maceuticals and vaccines.
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2.2 Approaches in drug discovery

2.2.1 Phenotypic based

The phenotypic-based approach investigates the effect of the drug molecule
on disease phenotypes that are induced in cells, multicellular systems, tissues
and whole organisms [1]. Phenotypic screening allows for the identification
of drug molecules that modify disease phenotypes by action on one unknown
target or by simultaneous action on several unknown targets. The subsequent
determination of the relevant targets of drug molecules identified by phe-
notypic screening can be tedious, slow and sometimes even impossible. The
advantage of a phenotypic approach is that drug molecules can be selected on
the basis of their effect on the outcome of a disease process as a whole without
being limited to one single target. This is certainly the case for the discovery of
first-in-class drugs against diseases of which the biology is poorly understood.
The disadvantage of the approach is that molecular design strategies that are
based on singular protein targets cannot be applied to optimise the activity
and reduce the toxicity of the drug molecule.

Phenotypic screening was frequently applied in the 1970s to 1990s. In the
beginning of the 1980s, advances in molecular biology and protein chemistry
led to the gradual replacement of the phenotypic screens by target-based
screens by most drug R&D organisations. Recently, however, there is again a
growing interest in phenotypic screening since this is a way of moving beyond
well-defined targets from the literature to discover new therapeutic targets
and new disease biology.

2.2.2 Target based

The target-based approach uses the concept of the interaction between the
drug molecule and a well-defined macromolecular target [2]. When a molecule
is found to bind to a well-defined target that is known to be functional in path-
ways that lead to disease, the identified molecule may potentially be devel-
oped into a drug to treat the disease. To be able to select a target that plays
an essential role in the disease process, first the biology of the disease should
be understood. This constitutes a major challenge in drug discovery. In many
instances disease targets have initially been identified as a result of phenotypic
screening. There are two types of targets: those that are well characterised
and have been known for decades and are called “established” targets and
those that have been recently discovered as a result of the Human Genome
Project. A target-based approach assumes that the target is the correct site of
interaction by the drug in order to exert its desired therapeutic effect. The ter-
tiary structure of protein targets is characterised by the presence of external
and internal spaces or “pockets” that are lined by amino acid residue groups
(e.g., carboxyl-, amino-, hydroxyl-, aromatic-, alkyl-moieties) that can bind
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non-covalently small drug molecules. These bonds can be hydrogen bridges,
Van der Waals forces, ion bonds or bonding based on lipophilic and aromatic
affinity. As a result of this binding the normal function of the protein target is
modified or inhibited, which may lead to a (favourable) biological response.
Examples of such hypothesised links between target and disease are the leptin
receptor in obesity [3], the low-density lipoprotein receptor in atherosclerosis
[4], complement receptors in inflammation [5] and interleukin-4 in allergic
diseases [6]. When a disease status can be linked to the (mal)function of such
a target, the interaction of a drug molecule with this target can normalise or
abolish its function with the regression or the cure of the disease as a result.

The target-based approach in drug discovery received a lot of attention
because the concept could be introduced into high-throughput systems
whereby the output of potentially active drug molecules could be increased
substantially. However, one should realise that there still remains a very poor
understanding of the biological and pharmacological impact of any given
target [7]. There is an increasing concern that this approach in drug discovery
has not reached the level of success that was expected. Bioactive molecules
may bind strongly to a specific target in vitro, but at the level of the cell, tissue
or the whole organism they may also impact on other biological pathways
that cannot be observed in single target-based discovery programmes. A full
assessment of the activity of a drug on a disease process is only possible in
disease animal models (e.g. knock-out and transgenic mice) and ultimately
in the clinic. Unexpected adverse effects such as secondary pharmacology
(off-target) effects or toxicity may be produced and will only be detected in
later phases of drug discovery or drug development [8]. Some authors argue
that the general application of a target-based approach is one of the reasons
why drug R&D output has declined over the past few decades [8, 9].

2.2.3 Molecular drug design

As a result of the interaction (e.g. noncovalent binding) of a drug molecule
with a macromolecule that plays an essential role in the disease process, the
normal function of the macromolecule can be modified or inhibited. In most
instances this macromolecule is a protein (e.g. co-factor, nuclear receptor,
enzyme, transporter peptide, ion gate) and it often takes several years before
it can be isolated and purified and its complete 3D structure elucidated.
Molecules that have been selected by a target-based approach can be
used to identify the location and nature of the molecular space they occupy
in the protein by means of crystallisation of the ligand-protein complex
and subsequent X-ray crystallography. The detailed knowledge of the 3D
dimensions and the immediate molecular environment of the “pocket” with
its binding sites allows for the modification of the molecular structure of the
originally selected drug molecule by increasing the number of bonds with the
target and by decreasing their distance. This is done by molecular modelling
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using computer graphics. Once the critical molecular characteristics of the
drug molecule are known to optimally bind to the target also the limitations
are known for further structural modifications of the molecule to enhance
its bioavailability and to reduce its toxicity. The detailed knowledge of the
binding spot in the target also allows for the design of a totally new molecular
structure that optimally interacts with the target. The pharmacological activity
of re-designed molecules or totally new molecules should be verified in vitro
(e.g. enzyme-based or cell-based systems) and in experimental animal disease
systems (e.g. knock-out and transgenic mice). Such new drug molecules
can then be further explored for their physicochemical, pharmacokinetic,
metabolic and toxicological characteristics. The role of bioinformatics is very
important in molecular drug design to capture the knowledge obtained and
to apply it to the design of other drug molecules
An example of a ligand-protein complex is given in Figure 2.1.

Figure 2.1 Protein-ligand interaction of darunavir in wildtype HIV protease (Source: Janssen
R&D, with kind permission).

2.3 The drug discovery process

The discovery process that is described below is the target-based approach
for small molecules. In general, the following phases constitute the drug dis-
covery process: exploratory, assay development, screening, hit-to-lead, and
lead optimisation [10]. This is a continuous, iterative process and ultimately
leads to the selection of a drug candidate for early development. The interface
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Figure 2.2 The different steps in the drug discovery process.

between drug discovery and early drug development is referred to as ‘late lead
optimisation’. During this phase, experts from both drug discovery and drug
development interact frequently. A schematic overview of the drug discovery
process is given in Figure 2.2.

2.3.1 Exploratory phase

During the exploratory phase of the drug discovery process, a review of the lit-
erature on the underlying mechanisms of the disease of interest is conducted
and collaborations are initiated with academic institutions and private organ-
isations to explore and ‘validate’ the molecular targets and/or endpoints that
are linked to the disease process. The validation of a target is an important
step in the process of target-based drug discovery. It is conducted to prove
that the target is responsible for or is involved in the development of the dis-
ease. There are different ways to demonstrate this relationship and use can
be made of anti-sense oligonucleotides or knock-out and transgenic animals.
Sometimes animal models are used that are specific for certain disease states.
For example, zebrafish have been shown to be of particular interest because of
the similarity between disease-related genes in this fish species and man. This
model has been used in the discovery of drugs exerting an effect on angio-
genesis, inflammation or insulin regulation. The validity of a specific target as
a contributing factor in a disease process increases with the number of rel-
evant animal models in which the target modification results in phenotypic
changes of the disease. The highest level of validation of a target can only be
obtained from clinical research whereby the interaction with a target leads to
an improvement of the disease symptomes.

2.3.2 Assay development

Once a new disease-related target is identified, a bioassay is developed to mea-
sure the change of the biological activity (e.g. enzyme activity, displacement
of receptor binding) of the target in the presence of drug molecules. The assay
needs to be specific for the target under study, sufficiently sensitive and repro-
ducible and adapted for use in high-throughput automated systems. Once the
assay is validated in a small-scale preliminary testing phase it can be applied
at large scale for the screening of drug molecules in high-throughput systems.
These high-capacity screening systems are actually robots that are capable of
conducting and reading the assay at high speed for thousands of molecules.
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2.3.3 Screening

The molecules that are selected for the screening of possible interaction with
the target may be synthesised by the research facility itself or may have been
purchased from other pharmaceutical companies or companies specialised in
collections of pharmacologically active molecules. Initially, preference may
be given to compounds belonging to the same therapeutic area and for which
there is already some indication of safety. High-throughput screening (HTS)
allows for the screening of hundreds of thousands of molecules in a relatively
short period of time. When molecules are identified that show interaction
with the target of a kind that they would produce a favourable therapeutic
response, they are called “hits”. Based on the molecular structure of the “hits”
common structural characteristics may be identified that are responsible for
the interaction with the target. These structural entities are called “pharma-
cophores” and are used for molecular modification to enhance the potency
and the specificity of the interaction with the target. Medicinal chemistry plays
a crucial role in optimising the structural characteristics of the selected drug
molecules. This can be done by combinatorial chemistry where a vast number
of molecular structures can be synthesised rapidly. The pharmacological activ-
ity of the “hits” should then be confirmed in vitro (e.g. in enzyme- or cell-based
systems).

2.3.4 Hit-to-lead

Based on the structural and physicochemical characteristics of the molecules
that have been selected from the high-throughput screening process, new
molecules are synthesised with the objective to increase the interaction with
the target. During this phase of optimisation, the physico-chemical, phar-
macokinetic, drug metabolism and toxic properties are investigated of those
molecules that have been found to show high interaction potency with the
target. Physicochemical tests may, for example, include tests for aqueous and
lipid solubility. At this stage of drug discovery, the selected drug molecules are
subject to in vitro tests to assess the cytotoxicity, genotoxicity, protein binding,
binding to potassium channels, microsomal metabolic stability, membrane
permeability, and interaction with intestinal transporter proteins. For the
detection of possible genotoxicity a simplified gene mutation assay is con-
ducted such as the Ames screen. The binding to potassium channels in vitro
provides some information on the possible interference of the drug molecule
with the functioning of potassium channels in the cell membrane of cardiomy-
ocytes that are essential for the re-polarisation of the heart muscle. Any
blockage of this system may produce a prolongation of the QT interval of the
electrocardiogram that may lead to cardiac arrhythmias. To ensure sufficient
systemic exposure of the target it is important to select drug molecules that
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only undergo limited metabolism. This is measured by incubation with liver
microsomes from various animal species and man. Membrane permeability
is measured in the parallel artificial membrane permeation assay (PAMPA)
where the permeation of drug molecules through an artificial membrane is
assessed under different conditions. An assay that is more reliable for the in
vitro assessment of gastro-intestinal absorption is the Caco-2 permeability
assay. The advantage of this assay is that it consists of a two-compartment
system separated by a human colon tumour cell culture (Caco-2 cells) which
has the histological characteristics of an intestinal epithelium with microvilli
and tight junctions and that expresses the transporter protein P-glycoprotein
(P-gp). More details on in vitro absorption tests are given in Chapter 4.

If a molecule is shown to have an unfavourable property (e.g. too high
plasma protein binding, mutagenic, cytotoxic), it is either discarded from the
drug discovery process or further modified to eliminate the problem. This
iterative process leads to a series of molecules with a high potency of inter-
action with the target, acceptable bioavailability, low toxicity and metabolic
stability. Less importance is attached to a low aqueous solubility or to the
binding to potassium channels. Low aqueous solubility can be dealt with later
in drug discovery or early drug development using appropriate drug delivery
technologies. It is estimated that approximately 70% of the current drugs in
R&D pipelines exhibit no or very poor aqueous solubility. Since there is only
a limited relationship between binding of the drug molecule to potassium
channels and the inhibition of the delayed rectifier potassium current in the
ventricular muscle of the heart, more functional tests are performed later in
drug discovery and drug development.

2.3.5 Lead optimisation

Lead optimisation is the last phase in drug discovery before the drug
molecule is transferred to early development. In the first part of this phase, a
limited number of the best possible drug candidates is selected from the lead
molecules that were identified in the previous phase.

2.3.5.1 Early lead optimisation

So far, the drug molecules have been selected on the basis of in vitro test sys-
tems. In this phase of drug discovery more advanced in vivo screening systems
are introduced to refine the selection process. To assess the bioavailability and
the safety of lead molecules, in vivo pharmacokinetic and single dose toxicity
assays are performed in one or more animal species using a limited number
of animals. In addition to the potassium channel binding test, a more func-
tional test i.e. the hERG patch clamp test is conducted to gain a precise idea
of the possible interference of the lead molecule with the re-polarisation of
the heart muscle (Section 4.3.2.1). Also, further exploration of genotoxicity
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is done using mammalian cells instead of bacterial systems and by expanding
the number of endpoints (e.g. DNA repair, chromosome damage). If the out-
come of any of these additional tests is unfavourable in view of the efficacy
and/or safety profile of the lead molecule it will be eliminated from the selec-
tion process or considered for molecular re-design. In this selection process,
the number of lead molecules (e.g. 10) can be reduced to a few best possible
candidates for transfer to late lead optimisation.

2.3.5.2 Late lead optimisation

During late lead optimisation a drug molecule is selected to enter early devel-
opment. This is done by expanding the results that have been obtained on
pharmacological activity, pharmacokinetics, metabolism and toxicity. Efficacy
can further be refined by using more appropriate in vivo animal test systems
involving several experimental animal species including transgenic models.
Bioavailability and toxicity can further be explored by in vitro screening using
cultures with cells originating from organs/tissues that have been found to
show toxicity in preliminary in vivo toxicity tests. Often advanced technologies
are employed such as high-content screening where the interaction of the lead
molecule with various markers of cellular toxicity is detected simultaneously.
Also, a second, more appropriate, animal species can be considered to further
explore toxicity (e.g., dog, monkey). The insight in microsomal metabolism
can be refined by comparing in vitro metabolism amongst several species and
the identification of the various cytochrome P450 enzymes involved in the
metabolism of the selected molecules. The use of several animal species to fur-
ther characterise efficacy, bioavailability and safety allows for a first attempt of
allometric scaling to foresee the possible kinetic behaviour and tissue distribu-
tion or the production of toxic effects of the lead molecule in humans. Allo-
metric scaling studies the relationship between certain pharmacokinetic or
toxicological parameters in animal species of different sizes. This technique is
used to predict certain characteristics of the drug candidate in man by extrap-
olating animal data to man based on body surface rather than on body weight
and in particular on systemic exposure and pharmacokinetics. In the event of
a doubtful result in the mutagenicity screen additional tests may be needed
to assess the relevance of the result to man. In such cases more advanced
genotoxicity testing may include in vitro chromosome aberration tests and
in vivo tests with gene mutation, DNA damage, aneuploidy or chromosome
damage endpoints. When some effect has been observed in the functional
potassium channel (hERG) assay, additional cardiovascular safety testing may
be required before making a final selection. In the case of lead molecules
that are designed to be given by ocular, dermal, rectal, vaginal, respiratory
or parenteral routes of administration specific local tolerance tests have to
be conducted. A first screening is normally done with in vitro testing systems
such as the bovine corneal opacity and permeability test (BCOP) and the hen



REFERENCES 21

chorio-allantoic membrane test (HET-CAM). Both tests are membrane based
and provide the first indications of possible irritation of mucous membranes
and the eye (Section 4.3.3.3). The molecules that are found to be without any
effect in vitro can be further progressed in the discovery process. However, in
the case of parenteral administration (intravenous, subcutaneous or intramus-
cular) additional in vivo tests are required to ensure safety since there exists
only a poor relationship between in vitro outcomes and in vivo tolerability
for parenteral applications. These types of tests (e.g., intramuscular injection
in rabbits with histopathological evaluation of the site of injection) can also
be conducted in this phase of drug discovery as in early development. Lead
molecules, even when they exhibit a very favourable pharmacological activity,
are not continued if they show parenteral intolerance unless the problem can
be solved with pharmaceutical formulation technology.

The data collected thus far and those available from similar molecules are
carefully assessed by a team that is composed of drug discovery and early
development experts before a final selection is made. All the relevant data
produced during drug discovery, their interpretation and the conclusion to
proceed with drug development with the selected lead molecule are described
in a document that is sometimes is referred to as the ‘monograph’. This mono-
graph serves as a basis for the early development team to build the nonclinical
testing strategy necessary to progress the drug candidate to clinical testing.
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Drug Development:
General Aspects

3.1 Introduction

Before the methods and processes of early and late drug development are
discussed in Chapters 4, 5 and 6, it is necessary to become familiar with the
terms and concepts that are crucial to the understanding of global new drug
development. The aspects of drug development that are addressed in this
chapter are the objectives of drug development, the organisations and teams,
the scientific disciplines that contribute to drug development, i.e. the drug
development streams and their interaction, the different phases in drug devel-
opment, the regulatory environment, quality and risk management, ethics, and
the global nature of drug development.

3.2 The objective of drug development

The objective of drug development is to make new drugs available to patients.
To be able to do so the new drug has to comply with criteria of acceptance
imposed by national and international health authorities. These criteria are
drug quality, drug safety and drug efficacy and refer, respectively, to the purity
and stability, the minimal toxicity and good tolerance and the capability of the
drug to cure the disease or reduce its symptoms. More specifically, drug effi-
cacy refers to the ability of a new drug to do ‘more good than harm’ when
administered to patients in a well-defined, homogeneous target population.
During the many years that it takes to develop a drug, numerous scientific
data are generated, collected and reported in documents in what are called
‘regulatory dossiers’. These ‘regulatory dossiers’ are documents that contain
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the scientific data collected during drug development and are used to obtain
approval from the national health authorities to conduct a clinical trial with
humans or to market the drug, i.e. to ‘register’ it as a new medicine. The
data needed for registration have to be produced in compliance with ‘reg-
ulatory guidelines’ that have been issued by regulatory authorities such as
the US Food and Drug Administration (FDA) and the European Medicines
Agency (EMA). For example, when a pharmaceutical scientist wants to study
the stability of a new drug, he/she will need to conduct stability studies. The
conditions under which these tests are performed (e.g. temperature, humid-
ity, number of batches, sampling points) are prescribed by guidelines. These
guidelines make it possible for the regulators to apply the same criteria to all
drugs and to compare the results obtained during the development of differ-
ent drugs. Once all the data required for the registration of a new drug have
been collected, the dossier is submitted to the responsible health authorities
and reviewed by scientific experts. When they are convinced that the require-
ments of quality, safety and efficacy are met, the drug can be approved and a
marketing authorisation can be granted.

3.3 Drug development organisations
and teams

The development of a new drug can be conducted by different types of drug
development organisations. They can either be private companies, non-for-
profit organisations or private foundations. Examples of private non-for-profit
organisations are the European Organisation for the Research and Treatment
of Cancer (EORTC, www. eortc.be), the Drugs for Neglected Diseases initia-
tive (DNDi, www.dndi.org), One World Health (www.oneworldhealth.org)
and the Global Alliance for Tuberculosis (TB) Drug Development (www.
tballiance.org).

New drugs are developed by drug development teams supported by func-
tional departments such as clinical operations, pharmaceutical development
or toxicology. Drug development teams are often extended with academic
and industrial consultants and key opinion leaders who contribute to the
decision-making process. The teams may ask contract research organisa-
tions or academic research units to conduct parts of the drug development
activities. For example, a team may decide to outsource the manufacturing
of a new drug to a third party. It should be stressed, however, that the
financial, legal and regulatory responsibility and accountability remain with
the drug development organisation that is referred to as the ‘sponsor’ of the
development of a new drug. The sponsor makes available the infrastructure
(offices, laboratories, manufacturing and pilot plants) and the necessary
resources (financial and human) to the drug development teams and acts
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as the partner with whom regulatory authorities communicate. It is not
only the collaboration between the drug development organisation and its
contributing partners and service providers that drives the development of
a new drug, health authorities also play an important role in guiding drug
development organisations during their development efforts.

Because of the multidisciplinary nature of a drug development project
it is impossible for a single individual to be knowledgeable about all the
contributing scientific disciplines in drug development that range from
chemical engineering to clinical practice. A close collaboration among the
members of a global drug development team overcomes this problem. Such
a team is led by a ‘(global) drug development team leader’ who is an expe-
rienced manager and reports to higher management. The team is composed
of experts who are responsible for a specific drug development area.
They represent every function that is required for the development of a drug.
This representation may change during development. For example, in early
development the focus is on introducing the drug candidate into man for
the first time and on proving that it has a therapeutic activity in patients,
whereas in late development more emphasis is laid on the commercial aspects
of the drug. In general, the main functions in the team are represented by
experts in:

— chemical and pharmaceutical development;
— nonclinical development;

— clinical development;

— regulatory affairs;

— finance;

— marketing;

— project management.

Each of these experts is a leader of a functional team that is in charge of
the execution of the decisions taken at the level of the drug development
team. Each functional team (e.g. chemical and pharmaceutical development)
is composed of scientists who contribute to a specific part, (e.g. pharmaceu-
tical development, analytical development, chemical production, chemical
pilot-plant production, supply-chain management, stability investigations,
packaging, and materials science). For example, the development of an
appropriate dosage form such as a tablet, is led by an experienced plant
manager or pharmaceutical drug delivery expert who has the required
interpersonal and technical skills to do the job.

The structure of the drug development team and its relationship with the
functional teams is illustrated in Figure 3.1. The composition of a team may
change during development and Figure 3.2 shows a change in functional
representation in the team when a drug candidate transfers from the early
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Figure 3.1 Drug development team and functional teams. API: active pharmaceutical
ingredient.
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Figure 3.2 Functional input in early and late development teams.

phases of development to the later phases. The size of the squares indicates
their relative contribution in the team. For example, the contribution of clin-
ical development increases substantially upon transferring a drug candidate
from early development into late development when the major clinical trials
take place.
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3.4 Drug development streams

The development of a new drug is a complex process. Mainly, three sets of
scientific disciplines contribute to drug development: chemical and pharma-
ceutical development, nonclinical development and clinical development.
These disciplines represent the core of the drug development team and are
also referred to in this book as drug development streams. Beside the three
development streams, other areas of expertise are essential in drug develop-
ment such as regulatory affairs, quality management, process management,
project management, clinical trial management and data management.
In the end, the drug development team has to provide an answer to three
pivotal questions:

— Is it possible to manufacture a high-quality active ingredient and drug
product (e.g. a dosage form such as a tablet or intravenous infusion)?

— Is the drug sufficiently bioavailable and safe to be administered to
healthy human volunteers and patients?

— Is the drug efficacious and safe in patients?

These questions are addressed by the chemical/pharmaceutical, nonclinical
and clinical team members, respectively. Questions like “can we make the
drug?”, “is it safe?” and “is it efficacious?”, are continuously in the minds
of the team members. Examples of other questions that are addressed are
the cost of production of the active ingredient and the drug product (cost
of goods, CoG), pill size, pill burden, interactions with other drugs that may
reduce its efficacy or increase its toxicity and the regulatory strategy that
will be followed. Many drug development organisations do not conduct all
these activities within their organisational boundaries but outsource them
because they don’t always have the expertise or human resources to conduct
the myriad of studies that are required to develop a new drug. An overview
of the drug development streams with their contributing functions is given
in Table 3.1.

3.4.1 Chemical and pharmaceutical development

The products of chemical and pharmaceutical development are the active
pharmaceutical ingredient (API) — referred to as the ‘active ingredient’ — and
the medicinal drug product, known as the ‘drug product’. The active ingredi-
ent is the pharmacologically active drug molecule, whereas the drug product
is the pharmaceutical formulation that is a mixture of the active ingredient
and formulating aids, i.e. excipients. The components of a pharmaceutical
formulation are introduced into an appropriate dosage form such as an
oral capsule. Drug products can be liquid (e.g. syrup, eye drops, nasal spray,
injectable) or solid (e.g. tablet, capsule, ovule) dosage forms or can take any



28 CH3 DRUG DEVELOPMENT: GENERAL ASPECTS

Table 3.1 Drug development streams and contributing functions.

Drug development streams Scientific discipline

Chemical and pharmaceutical Synthetic chemistry

development Analytical chemistry
Stability research
Pharmaceutical production development
Physical chemistry
Formulation technology and drug delivery
Process chemistry
Chemical engineering
Statistics

Nonclinical development Nonclinical pharmacology (not in the scope of this book)
Pharmacokinetics
Metabolism
Toxicology
Safety pharmacology
Bioanalytical chemistry
Biostatistics

Clinical development Translational research
Clinical medicine
Clinical pharmacology
Clinical toxicology
Clinical pharmacokinetics
Biostatistics
Bioanalytical chemistry
Pharmacotherapeutics
Pharmacovigilance
Pharmaco-epidemiology
Pharmaco-economics

form that is deemed necessary to treat the disease (e.g. implants). In this
book, the active ingredient and its formulation are referred to as the ‘drug
candidate’ in the early phases of development and as the ‘drug under devel-
opment’ in late development. It is referred to as a ‘drug’ or a ‘medicine’ when
it is granted a marketing authorisation by the health authorities. The chemical
and pharmaceutical development of a new drug focuses on the development
of a production process for the active ingredient and the drug product, the
development of quality specifications for both and the investigation of their
stability. This is made possible through the contributions of highly integrated
technical disciplines. A close collaboration between chemical development,
pharmaceutical development, analytical development and manufacturing is
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essential to assure efficient progress during development. The scientific and
technical activities that are necessary to ensure the development of a stable
drug product of high quality include:

— The development and validation of a chemical production process that
leads to an active ingredient of high quality. This requires expertise from
synthetic, analytical and process chemistry.

— The development and validation of a pharmaceutical production process
that leads to a drug product of high quality. This requires expertise from
analytical chemistry, pharmaceutical production development, formula-
tion technology and drug delivery.

— The development and validation of analytical methods for the quality
control (QC) of the active ingredient and the drug product, requiring
expertise from analytical chemistry, physical chemistry and quality
control.

— The development of quality specifications for the active ingredient
and the drug product, the investigation of the stability profile and the
determination of the shelf life of the active ingredient and the drug
product that requires expertise from analytical chemistry and quality
control.

These development activities are also referred to as ‘chemistry, manu-
facturing and control’ or ‘CMC’ activities or are sometimes abbreviated as
‘chem-pharm’ development. Because the primary objective of chemical and
pharmaceutical development is the production of a medicine of high quality,
the section in the registration dossier that will be submitted for approval of a
drug in the EU is referred to as the ‘quality’ section. In the USA, this section
is known as the ‘CMC’ section and contains a similar data package as in the
EU. The guidelines describing the chemical and pharmaceutical development
and production of a new drug are discussed in the section on the regulatory
environment in this chapter.

The amount of active ingredient available at the start of development is
small (milligram to gram range) and is synthesised at a small scale in the
medicinal chemistry laboratory. The chemical synthesis process used in dis-
covery and early development is modified by means of process chemistry and
chemical engineering techniques to gradually increase the production volume
and to improve the yield and the quality of the active ingredient. Attention is
also paid to the health and safety of the operators and the impact of the pro-
duction process on the environment. During the development of a full-scale
and cost-effective chemical and pharmaceutical production process, intellec-
tual property (IP) issues may arise and have to be addressed. For example,
if a specific chemical or pharmaceutical production process step needs to be
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introduced in the manufacturing of the active ingredient or the drug prod-
uct, in-licensing of chemical or pharmaceutical process know-how has to be
considered.

At a certain point in time during the development of the new drug, a
formal transition of chemical manufacturing know-how from the chemical
development department to the chemical production plant takes place. This
is a crucial moment in the chemical development of a new drug and in some
cases — depending on the nature of the drug and its potential commercial
success — the construction of a new chemical plant is considered. This is a
costly and risky enterprise since at the time of such an investment there
is still no definite clinical proof that the drug is efficacious and safe. The
modification of a chemical production process during scaling up may result in
a change in the impurity profile of the active ingredient which may have an
impact on the safety of the drug. When this change involves a new impurity
or a change in the concentration of existing impurities, a risk assessment is
carried out that is called “impurity qualification” Impurity qualifications may
require additional toxicology testing to show that the safety of the active
ingredient has remained unchanged. This is addressed in more detail in
Chapter 5.

The objective of pharmaceutical development is to develop a drug product
that is of high quality and assures an acceptable bioavailability of the active
ingredient, sufficient to exert its therapeutic effect. Therefore, suitable formu-
lation technologies and drug-delivery approaches are selected and introduced
in the development and production processes. During the previous decades,
an increasing number of poorly aqueous soluble and/or poorly permeable
active ingredients have found their way into development pipelines due to
the application of new drug-delivery technologies. The drug product should
enable high patient compliance (e.g. acceptable pill size, limited pill burden)
and acceptable pill recognition (e.g. colour, size). It should be stable for a suf-
ficiently long time period under acceptable storage conditions and it should
be manufactured using reproducible and stable processes. Analytical devel-
opment plays a pivotal role in the chemical and pharmaceutical development
of a new drug and is responsible for the:

— development of quality specifications for the active ingredient and the
drug product;

— development and validation of analytical methods for both;

— quality control of the active ingredient and the drug product;

— assessment of the stability of the active ingredient and the drug product;
and the

— proposal of retest dates/shelf lives for the active ingredient and the drug
product.

Analytical development is discussed in more detail in Chapter 4.
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3.4.2 Nonclinical development

Nonclinical drug development includes the sciences that address the efficacy,
safety and pharmacokinetics of a drug candidate in animals and laboratory
settings, as opposed to clinical drug development that studies these drug char-
acteristics in humans (healthy volunteers or patients).

In drug development, nonclinical development is often referred to as
pre-clinical development.

In this book preference is given to the term “nonclinical development” since
pre-clinical development is limited to the phase of early drug development
preceding the First-in-Human (FIH) clinical trial. Nonclinical development is
involved in the development of a drug from late discovery to post-marketing
and includes nonclinical pharmacokinetics, safety pharmacology and toxicol-
ogy. In the context of this book, nonclinical pharmacology is not included
in nonclinical development since the methods used and testing strategies
followed are very specific to each therapeutic area and drug target and are
addressed in more detail in other textbooks. Besides, the most important
impact of nonclinical pharmacology on drug R&D is in the discovery phase
where the drug molecules with the highest pharmacological potential have
to be selected. The experience gained with nonclinical pharmacology in
discovery is transferred to clinical pharmacology once the drug has been
found to be safe enough to be tested in humans. Pharmacokinetics is the
study of the absorption, distribution, metabolism and excretion of a drug.
This is also often referred to as ADME, which is the acronym of the
above-mentioned components of pharmacokinetics. The term toxicokinetics
is often used when blood or plasma concentrations of the drug molecule
or its metabolites are studied as a function of time in toxicology studies.
Metabolism is the study of the enzymatic and non-enzymatic transformation
of the drug by various organs/tissues and is an important factor in the
elimination of the drug molecule from the body. In safety pharmacology the
effects of the drug on vital physiological functions are studied (e.g. cardio-
vascular, respiratory, central nervous system functions). Toxicology refers to
the study of adverse effects of drug molecules in vitro and in experimental
animal models.

The objectives of nonclinical development in the development of a drug are:

— selection of drug molecules in late discovery (lead optimisation phase)
for release of the drug candidate to early development;

— safety and bioavailability assessment of drug candidates for the first-
in-man study;

— safety and bioavailability assessment of drug candidates for longer-term
treatment, inclusion of women of child-bearing age and children in clini-
cal trials, combination with other drugs, introduction of new pharmaceu-
tical formulations and routes of administration;
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assessment of the carcinogenicity potential of drugs in development;
elucidation of mechanisms of toxic action and the assessment of their
relevance to man;

toxicology and genotoxicology qualification of drug impurities;

safety assessment of intermediates in drug manufacturing for occupa-
tional health and safety;

safety assessment of formulation excipients; and

elucidation of mechanisms of toxic action in translational drug research.

The scientific and functional disciplines that contribute to the nonclinical
development stream are:

Bioanalytical chemistry that develops and validates new methods of
analysis for the determination of the drug and its metabolites in body
fluids and tissues. The results of this activity enable the pharmacoki-
netic analysis of drugs and help in the interpretation of toxicology
studies.

In vitro metabolism of drugs that investigates the enzymes involved
in drug metabolism, differences of metabolism between species and
drug—drug interactions.

Invivo pharmacokinetics that investigates the kinetic behaviour of drugs
and their metabolites in different animal species.

Formulation technology to produce preparations of the drug molecule
with the highest possible bioavailability for early toxicology testing.
Toxicology in experimental animal models, comprising short- and long-
term studies, genotoxicology, reproductive toxicology and long-term car-
cinogenicity studies.

Safety pharmacology, comprising in vitro and in vivo cardiovascular
safety studies, respiratory function studies, neurobehavioural studies
and studies on gastro-intestinal function.

Biostatistics for the interpretation of safety pharmacology and toxicity
studies.

Laboratory data management for the collection and integration of data
produced in safety pharmacology and toxicology studies.

Quality management for the application of good laboratory practices in
toxicology studies and quality control of data recording and reporting.
Nonclinical writing and document management for the reporting and
integration of laboratory data for registration dossiers.

Since it is not always possible for a drug development organisation to have
all these competences available, parts of nonclinical development are out-
sourced to contract research organisations (CRO) for large toxicology studies
and/or to academic institutions when very specific mechanistic investigations
have to be carried out.
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3.4.3 C(linical development

The clinical development stream is considered to be the most complex part
of the drug development process. It also absorbs considerable financial and
human resources.

The objectives of the clinical development of a drug candidate are to:

— study its pharmacological and pharmacokinetic characteristics in healthy
volunteers and patients;

— determine the dose range and dosing regimen needed to demonstrate
therapeutic efficacy and safety in the targeted patient population;

— study drug-drug and drug-food interactions;

— demonstrate a positive benefit/risk ratio in patients, with a competitive
advantage over existing treatment options;

— determine its optimal conditions of use in clinical practice;

— explore new indications, formulations and drug combinations.

The core activity in clinical drug development is the clinical trial, i.e.
an experiment that involves human subjects, either healthy volunteers or
patients, investigating the effects of the drug under study. Guideline ES8
‘General considerations for clinical trials’, issued in 1997 by ICH (Interna-
tional Conference on Harmonisation, see Section 3.6.2.3), introduced the
classification of clinical trials with drugs into 4 main categories according to
their objectives: human pharmacology trials, therapeutic exploratory trials,
therapeutic confirmatory trials and therapeutic use trials [1]. An overview of
the different types of clinical trials arranged according to their objectives is
given in Table 3.2.

A rational clinical drug development plan starts with human pharmacol-
ogy trials and then moves to the exploratory, confirmatory, and therapeutic
use trials. Therefore, human pharmacology and therapeutic exploratory stud-
ies are typically performed in early clinical drug development. Therapeutic
confirmatory and therapeutic use trials are carried out in late clinical drug
development. However, this serial approach does not impose a fixed order
of studies, as for some drugs this may not be appropriate. Moreover, emerg-
ing results from an ongoing study may prompt a change in the development
strategy or identify the need for additional studies from a previous category.
For example, some specific human pharmacology trials, such as a QT interval
study, are generally performed during late clinical development.

The scientific and functional disciplines that contribute to the clinical devel-
opment stream are:

— clinical research that includes the clinical development strategy, the risk
assessment of each study, the scientific input into the study protocols, the
oversight and coordination of ongoing clinical trials and the interpreta-
tion of the results (all in collaboration with the investigators);
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Table 3.2 Overview of types of clinical trials according to objectives.

Type of Study

Objective of Study

Study Examples

Human
Pharmacology

Therapeutic
Exploratory

Therapeutic
Confirmatory

Therapeutic Use

Assess tolerance
Define/describe PK and PD
Explore drug metabolism and
drug-drug interactions
Estimate activity
Bio-equivalence

Explore other routes of
administration

Explore use for the targeted
indication

Estimate dosage for subsequent
studies

Provide basis for confirmatory
study design, endpoints,
methodologies

Demonstrate/confirm efficacy
Establish safety profile

Provide an adequate basis for
assessing the benefit-risk
relationship to support licensing
Establish dose-response
relationship

Refine understanding of
benefit-risk relationship in
general or special populations
and/or environments

Identify less common adverse
reactions

Refine dosing recommendation

Dose-tolerance studies
Single and multiple dose PK
and/or PD studies

Drug-drug interaction studies
Comparative PK of drug
formulations

Single and multiple dose PK
with other route of adminis-
tration (e.g. subcutaneous)

Earliest trials of relatively short
duration in well-defined narrow
patient populations, using
surrogate or pharmacological
endpoints or clinical measures
Dose-response exploration
studies

Adequate and well-controlled
studies to establish efficacy
Randomised parallel
dose-response studies
Clinical safety studies

Studies of mortality/morbidity
outcomes

Large simple trials
Comparative studies

Comparative effectiveness
studies

Studies of mortality/morbidity
outcomes

Studies of additional endpoints
Large simple trials
Pharmaco-economic studies

PK: pharmacokinetics, PD: pharmacodynamics.
Source: Adapted from ICH E8 guideline [1], table 1, p. 3. Reproduced with permission of ICH.

— clinical operations that are responsible for the choice of participating
countries and investigator centres, the central coordination of multina-
tional studies, the proper monitoring of all clinical trials;

— data management responsible for the set-up of the case report form
(CRF) and the clinical database wherein all individual study-specific
data from all study participants are collected and stored, the regular
blind reviews of the study data, the final ‘freeze’ of the database before
transfer to the biostatisticians for blind analysis;
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— medical review for a critical assessment of the medical data of the study
participants, as well as the pharmacovigilance cases;

— study drug supplies for the management of study drugs (test drug,
placebo, comparators, associated medication), from planning and
manufacturing, over distribution to recovery and destruction;

— biostatistics: the development of the statistical analysis plan in the study
protocol, possible intermediate analyses, as well as the final statistical
analysis; and

— medical writing for the drafting of the final study reports in collaboration
with the investigators.

3.4.4 Interaction between the development streams

The development of a new drug is a multidisciplinary process that engages
experts with scientific and technical backgrounds that range from chemical
engineering, medicine, pharmaceutical sciences, biochemistry to finance.
There is constant exchange of data among the scientists who drive the
chemical and pharmaceutical development, those who conduct the nonclin-
ical safety evaluations and the scientists and clinicians responsible for the
clinical development of the new drug. The communication between scientists
involved in drug development is key to its success. Drug development experts
do not work in a vacuum and their decisions and conclusions impact upon
the work of their drug development team members. If, for example, chemical
analysts observe a new impurity in a batch of an active ingredient during a
chemical production process, they will report this to the toxicologists and
to the clinicians who (plan to) run a clinical trial with the drug. The reason
why analysts do so is because this new impurity may be toxic. Toxicologists
may have to evaluate the toxicity of this new impurity and advise the clinical
trial physicians to proceed with the clinical trial only if there is evidence that
the new impurity is safe. Alternatively, if unexpected toxicity is observed
in animal tests whilst clinical trials are ongoing, these should be taken into
account and can lead to modifications in the clinical protocol. These modi-
fications may be the introduction of warning signals that allow physicians to
carefully observe and analyse the symptoms of the patients enrolled in the
trials. Not only the scientists involved in a drug development project play an
important role in the communication and exchange of observations, patients
are also involved. If, during the conduct of a clinical trial, patients experience
problems with swallowing a tablet, pharmaceutical formulation experts are
involved to modify the pharmaceutical form to eliminate the problem. This
can be resolved by applying a coating to the surface of the tablet or using
appropriate formulation technologies to increase patient friendliness and
compliance. Such changes to the formulation may have an impact on analyt-
ical development whereby new stability studies of the coated tablet have to
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be initiated. These examples illustrate that an observation made in one devel-
opment stream (e.g. chemical and pharmaceutical development) may impact
the course and rate at which another stream (e.g. clinical development) will
proceed. The drug development team functions here as a platform for the
exchange of information between the development streams and supporting
functions. A drug development project is therefore not a linear process but
one that is characterised by continuous feedback loops and reiterations.

3.5 Phases in drug development

The traditional approach in the development of a new drug consists in a step-
wise increase in knowledge about the drug. It is a process that consists of two
main parts: early development and late development. In this book early devel-
opment is subdivided into a pre-clinical phase and a clinical phase and late
development is subdivided in a pre-approval phase and a post-approval phase.
There are 5 clinical phases in drug development, phase O for limited micro-
dose exploratory studies, phase 1 for human pharmacology studies, phase 2
when primarily therapeutic exploratory studies are conducted, phase 3 when
essentially therapeutic confirmatory studies are conducted and phase 4 when
mainly therapeutic use studies are performed. Human pharmacology studies
are also still possible in phases 2, 3 and 4, therapeutic exploratory studies in
phases 3 and 4 and therapeutic confirmatory studies in phase 4. The relation-
ship between the types of clinical trials according to objectives and the phases
of drug development where they can be performed is illustrated in Figure 3.3.

The pre-clinical phase of early development and microdosing in human vol-
unteers corresponds with phase 0, the clinical phase of early development with
phase 1 and a part of phase 2 (phase 2a). The pre-approval phase of late devel-
opment corresponds with phases 2b and 3, whereas the post-approval phase
corresponds with phase 4.

3.5.1 Early development

Early development is essentially exploratory in nature, whereas late develop-
ment is confirmatory. The pre-clinical phase of early development is a critical
step because it provides the data that makes it possible to conclude whether
the drug candidate is sufficiently safe and bioavailable to be administered
to man. These pharmacokinetic and safety data have been generated in
in vitro and in vivo experimental systems with the objective to estimate as
good as possible a safe starting dose in man. In the traditional course of drug
development the clinical phase of early development consists of a single and
repeated ascending dose administration to healthy human volunteers (phase 1
trial) often immediately followed by a limited therapeutic exploratory trial
(phase 2a) in patients when the results obtained in healthy volunteers
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Relationship between clinical drug development phases and types of clinical trials by objective
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Figure 3.3 Clinical trials and their place in drug development.

1: Additional clinical pharmacology (e.g. biomarker exploration); 2: Integrated phase 1-2 study;
3: Additional pharmacokinetics (e.g. non-linear PK exploration); 4: Drug-drug interactions;
5: Seamless phase 2b-3 study; 6: Bioequivalence between new and former formulation; 7: New
dosage form bioavailability; 8: Post-authorisation safety study (PASS); 9: Mortality/morbidity
outcomes.

Source: adapted from ICH guideline E8 [1], Figure 1, p. 5. Reproduced with permission from ICH.

are encouraging. The phase 2a trial is performed to assess the therapeutic
potential of the drug candidate in man for the first time (Proof-of-Concept).
During recent years new approaches were explored to counter the increas-
ingly reduced productivity in drug research and development organisations
and proposals were made to use what has come to be called “phase 0”
studies. In the “traditional” approach of new drug development, human
pharmacokinetic data of a drug only become available after a phase 1 clinical
trial is concluded. The amount of toxicology data that has to be produced in
preparation of such a clinical trial with healthy volunteers is considerable. In
order to improve the selection process of new drugs, regulatory authorities
have introduced an alternative approach whereby the extent of toxicology
testing required for an exploratory early phase study is reduced. In one
approach a limited single-dose human trial can proceed with a very low
subclinical starting dose of maximum 100 pg. This is already sufficient to
characterise the pharmacokinetic behaviour of several compounds in man
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at a very early stage of drug development. These “microdose” trials are also
called “exploratory phase 0 trials”” Achieving early pharmacokinetic data for
as many molecules as possible in the earliest stage of drug development is
important as the pharmacokinetic behaviour of a new molecule can break or
make the future of a new drug. The earlier it is known that a drug has poor
pharmacokinetic properties, the faster it can be removed from the pipeline
and the more resources can be saved to look for alternatives. The role of the
three development streams at each phase in early development is shown in
Table 3.3.

3.5.2 Late development

The pre-approval phase of late development leads the drug under devel-
opment from the Proof-of-Concept to marketing authorisation. A drug
candidate that is introduced into late development has the potential to
be developed into a drug but needs further refinement in terms of dose,
frequency of dosing and dosing formulation to enhance its efficacy. It needs
to be tested in larger groups of patients to confirm its efficacy and to further
explore its safety. Such therapeutic exploratory studies coincide with phase 2b
of clinical development. Once sufficient data have been gathered to agree on
a therapeutic strategy, the drug under development has still to be tested in
therapeutic confirmatory trials with larger and diverse groups of patients. In
the case of a drug developed to treat a chronic disease, treatment over longer
periods of time is then envisaged. Such studies are conducted during phase
3 of drug development. The role of the three development streams at each
phase in late development is shown in Table 3.4.

The post-approval phase of late development starts at the time of marketing
authorisation and can continue until the end of the drug life cycle. Once
the drug is approved for marketing, new data are collected through clinical
practice. This phase coincides with phase 4 of clinical drug development.
When unexpected safety problems arise during clinical practice they can also
be addressed in additional nonclinical and clinical test programmes in this
phase of development. These investigations are referred to as translational
drug research.

Also during this phase, new drug formulations, different dosing regimens,
different routes of administration, other indications and new drug combina-
tions may be developed and tested in the clinic.

3.5.3 Milestones in drug development

A milestone is a time point in drug development where important decisions
are taken to progress the drug further in development. Before such decisions
are taken an internal review process is initiated to make sure that all data
needed for the next step are available and that they are of the required
quality. Such a data review is called a ‘stage gate’. Although there are many
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minor stage gates in drug development such as the availability of a validated
analytical method for the quality control test of the active pharmaceutical
ingredient, or the availability of a toxicology report, there are a number
of formal and pivotal stage gates that are shared by all drug development
organisations. A major stage gate in drug development is also referred to as
a milestone. The phases in drug development together with the milestones in
early and late development for all development streams are summarised in
Tables 3.3 and 3.4. Milestones and stage gates will be discussed in more detail
in Chapters 5 and 6.

3.5.3.1 First-in-Human clinical trial

The administration of a drug candidate to a healthy volunteer or a patient for
the first time is an important step in drug development. The exploratory and
experimental nature of a First-in-Human (FIH) clinical trial warrants partic-
ular attention from nonclinical and clinical experts and a thorough analysis
of all the nonclinical data at hand is conducted before the decision is taken
to start clinical research. The proposal to start a FIH clinical trial, the scien-
tific data that support it and the clinical protocol for the FIH are submitted
to the health authorities for approval. The determination of a recommended
safe starting dose for a FIH clinical trial is discussed in detail in Chapter 5.

3.5.3.2 End of phase 2

Therapeutic exploratory trials (phase 2) are important clinical trials as they
explore different dosing regimens from which one with the best efficacy and
safety will be selected for the conduct of therapeutic confirmatory clinical tri-
als in a large and more diverse population of patients (phase 3). The conduct
and the successful outcome of a therapeutic confirmatory clinical trial depend
on the quality of the data obtained from the phase 2 trials and the careful
selection of the definitive dosing regimen. The time point at which the deci-
sion is made to start a phase 3 clinical trial is generally referred to as the ‘end
of phase 2’. The meeting at which the protocol of the phase 3 trial is agreed
upon is the ‘end of phase 2 meeting’ or ‘start of phase 3 meeting’. The pro-
posal to move the drug to phase 3 in clinical development, the scientific data
that support it and the clinical protocol are submitted to the health authori-
ties for approval. The data required to start phase 3 in drug development are
described in detail in Chapter 6.

3.5.3.3 Plant transfer

At a certain moment in time during drug development, the chemical and
pharmaceutical manufacturing process is developed to a level that it is ready
for transfer to a full-scale chemical and pharmaceutical manufacturing plant.
This is a huge undertaking that involves different experts in chemical and
pharmaceutical engineering, analytical chemistry, quality assurance, supply
management, production management, pharmaceutical formulation, finance
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and investment. Once the transfer — which can take a full year or even
more depending on the complexity of the project — is completed, a full-scale
manufacturing campaign is planned to supply phase 3 clinical trials and the
market.

3.5.3.4 Submission for marketing authorisation

Once the data from the phase 3 clinical trial(s) confirm that the selected dosing
regimen is efficacious and safe and all the required chemical/pharmaceutical
and nonclinical data are available, the decision is taken to prepare a regu-
latory dossier for submission to the health authorities to request marketing
authorisation. The activities that lead to the composition of the dossier are
coordinated by the drug development team and may take several weeks to
months to finalise. During this process all data relating to the quality, safety
and efficacy of the new drug are transferred into a preformatted file called
a ‘Common Technical Document’ or ‘CTD’. The ‘CTD’ constitutes the core
database of the registration dossier. Once the dossier is complete and checked
for quality and consistency it is submitted by the regulatory department of the
drug development organisation to all relevant regulatory authorities.

3.5.3.5 Marketing authorisation and launch

The time at which marketing authorisation is granted to a new drug is a crucial
moment for a drug development organisation and the patients who are waiting
for treatment. As soon as marketing authorisation is received the manufac-
turer of the drug will start discussions with the health authorities about price
and reimbursement. Once these discussions are successfully finalised, the drug
manufacturer starts the shipping of the drug product to the wholesalers for dis-
tribution and sale (market launch). Further milestones in the post-approval
phase are the request for variations in the marketing authorisation (new indi-
cation, new formulation), the timely submission of Periodic Safety Update
Reports (PSUR), and the regular updating of the Risk Management Plan and
the Benefit-Risk assessment of the drug on the market.

3.6 Regulatory environment

3.6.1 Legislation and guidelines

The development of new drugs is a highly regulated process. While the
legal framework on medicines enforces the legislation on the development,
manufacture and distribution of drugs, drug development guidelines offer
a non-legally binding framework that drug development organisations are
recommended to apply. To enable the development of a new drug and to
ensure that all drug candidates proposed for the conduct of clinical trials and
for commercialisation are safe and effective and can be produced with a high
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level of quality, national and international regulatory authorities have issued
specific guidelines for the development of drugs. Each of these guidelines
addresses the criteria of quality, safety or efficacy or a combination of these.
Some aspects of drug development, manufacture and control can be legally
enforced and are described in the US Code of Federal Regulations [2] and
EU Legislation [3] such as Good Clinical Practices (GCP) [4, 5], Good Man-
ufacturing Practices (GMP) [6] and Good Laboratory Practices (GLP) [7].
National health authorities also issue guidelines local pharmaceutical indus-
try is advised to follow if it wishes to obtain authorisation for manufacturing
and commercialisation of the drug. However, only a few countries have issued
guidelines that are sufficiently detailed to support and guide the development
of a new drug. These detailed guidelines address the various aspects of a drug
development project such as laboratory experiments, clinical studies, chemi-
cal and pharmaceutical development and manufacturing projects, quality and
data assessment and data reporting. Drug development processes, however,
may deviate from guidelines in so far that it can be scientifically justified.
The following sections address the regulatory authorities and international
organisations that issue drug development guidelines, followed by a section
on regulatory processes and documents.

3.6.2 Regulatory authorities and organisations

3.6.2.1 The European Medicines Agency (EMA)

The European Medicines Agency (EMA) is an agency of the European
Union, located in London. The main responsibility of the EMA is ‘the
protection and promotion of public and animal health, through the eval-
uation and supervision of medicines for human and veterinary use’. As a
result, the Agency is responsible ‘for the scientific evaluation of applications
for European marketing authorisations for both human and veterinary
medicines (centralised procedure)’ and also publishes scientific guidelines on
quality, safety and efficacy testing requirements on its website. Besides, the
agency offers ‘multidisciplinary guidelines’ that connect different disciplines
such as paediatrics, cell therapy and tissue engineering, vaccines, biosimilars,
gene therapy, herbal medicinal products and pharmacogenomics. It is the
EMA’s Committee for Medicinal Products for Human Use (CHMP) that
prepares scientific guidelines after consultation with regulatory authorities in
the EU member states to help applicants prepare marketing authorisation
applications for human medicines. These guidelines provide the basis for
the harmonisation of the interpretation and application of the detailed
requirements to demonstrate the quality, safety and efficacy of the new drug.
Although these guidelines offer guidance and cannot be legally enforced,
the EMA encourages marketing authorisation applicants to follow them.
The EMA strongly advises the applicants of a regulatory dossier — either a
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clinical trial application or a market authorisation application — to discuss
deviations from its guidelines with EU regulators during the process of drug
development following the procedures of scientific advice.

3.6.2.2 The United States Food and Drug Administration (US FDA)

The Food and Drug Administration (FDA) is responsible for ‘protecting
public health through the safety, efficacy and protection of human and
veterinary drugs, biological products, food supplies, cosmetics and irradiated
products, for protecting public health by fast-tracking innovations that make
drugs and food safer, more effective and more available to the population
and for communicating correct scientific information on drugs and food’.
The agency issues ‘guidances’ or guidelines on very different topics of drug
development and has a specialised department for new drug assessment.
This division is the ‘Center for Drug Evaluation and Research’ (CDER).
Every year it publishes new, revised and/or draft guidances. The CDER
communicates with drug development organisations during the development
of a new drug in relation to clinical trials, chemical and pharmaceutical
development and the safety of a drug candidate. CDER is also responsible
for the assessment of drugs submitted for registration of a clinical trial
application and during the clinical trial in the form of an Investigational New
Drug (IND) application and the application for marketing authorisation
in the form of a New Drug Application (NDA). The Center makes use of
“Scientific Advisory Committees” to assist in the assessment of a new drug.

3.6.2.3 The International Conference on Harmonisation (ICH)

The International Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human Use (ICH) is an organisation
that was founded as a result of an international conference organised in Brus-
selsin 1990 and that brought together representatives of the regulatory author-
ities and pharmaceutical industry in Europe, Japan and the United States to
discuss scientific and technical aspects of drug registration. The mission of
ICH is to achieve harmonisation among the regulatory guidelines that govern
the development and registration of a new drug. Before ICH was founded, it
was not uncommon that studies had to be repeated to comply with national
requirements in different countries. The objectives of ICH are to:

— ensure the international harmonisation of the technical requirements for
the safety, efficacy, and quality of drugs;

— allow the development and registration of drugs in an effective and
cost-efficient way;

— promote public health, prevent duplication of clinical trials and minimise
the use of animal studies without jeopardising the safety and efficacy of
a new drug.
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In order to reach these goals, ICH involves six parties during the process
of harmonisation: the Japanese Ministry of Health, Labour and Welfare
(MHLW), the Japan Pharmaceutical Manufacturers Association (JPMA), the
European Union (EU, EMA), the European Federation of Pharmaceutical
Industries Association (EFPIA), the US Food and Drug Administration
(US FDA) and the Pharmaceutical Research and Manufacturers of America
(PhRMA). ICH also invites three parties as observers: the World Health
Organisation (WHO), the European Free Trade Association (EFTA) and
Health Canada (HC-SC).

The activities of ICH are managed by the ICH Steering Committee
and the harmonisation activities are conducted in ICH Working Groups.
These are:

— the Expert Working group (EWG) that develops new (harmonised)
guidelines and of which the members are appointed by the ICH Steering
Committee;

— the Implementation Working Group (IWG) that facilitates the imple-
mentation of the guidelines in the ICH member states; and

— the Informal Working Group that develops concept papers on scientific
topics which may be the subject of future harmonisation.

3.6.2.4 The Organisation for Economic Co-operation and Development
(OECD)

The Organisation for Economic Co-operation and Development (OECD) is
an intergovernmental organisation in which representatives of 34 industri-
alised countries in North America, Europe and the Asia Pacific region, as
well as the EU Commission, meet to coordinate and harmonise policies, dis-
cuss issues of mutual concern, and work together to respond to international
problems. The OECD secretariat is located in Paris, France. The guidelines
of OECD that are of interest to drug development are the test and assess-
ment guidelines (TG) and the guidelines on good laboratory practice (GLP)
and compliance monitoring. These guidelines are issued by the division of
the Environment, Health and Safety. The guidelines of OECD on test meth-
ods and GLP are accepted worldwide and referred to by all international
and national regulations relating to the safety assessment of pharmaceuticals,
veterinary products, foods, food and feed additives, cosmetics and industrial
chemicals. The combination of the ICH and the OECD guidelines on the
safety testing of drugs in development forms the basis of the mutual accep-
tance of safety data on drugs worldwide.

3.6.2.5 The European and US Pharmacopoeia
The mission of the European Pharmacopoeia is to ‘promote public health
by the provision of recognised common standards for use by healthcare
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professionals and others concerned with the quality of medicines, to facilitate
the free movement of medicinal products in Europe, to ensure the quality
of medicinal products and their components imported into or exported
from Europe, to design European Pharmacopoeia monographs and other
texts to be appropriate to the needs of regulatory authorities, those engaged
in the quality control of medicinal products and their constituents and to
the manufacturers of starting materials and their products’. The mission of
the US Pharmacopoeia mirrors that of the European Pharmacopoeia and
consists in ‘improving the health of people around the world through public
standards and related programmes that help ensure the quality, safety, and
benefit of medicines and foods’. Both the European Pharmacopoeia and
the USP are strongly involved in the fight against counterfeit drugs. With
counterfeit and adulterated medicines posing an increasing risk to patients in
the United States and worldwide, the U.S. Pharmacopeial (USP) Convention
has issued standards for drug products that were subject to adulteration. For
example, more than 200 patients worldwide reportedly died after batches
of heparin were adulterated with oversulfated chondroitin sulfate that can
be derived from the dietary supplement chondroitin and mimic heparin’s
blood-thinning properties.

It is beyond the scope of this book to present an exhaustive overview of
all guidelines that are applied in drug development and have been issued by
these organisations. A short overview with some examples and reference to
the relevant websites are given in Table 3.5.

3.6.3 Regulatory processes and documents

In Section 3.5 on the phases in drug development an overview is given of the
most important processes that take place during the development of a new
drug. These processes result in scientific and technical data that are reported
in documents and combined in a dossier that is submitted to the health author-
ities. These dossiers are used to convince the health authorities that the pro-
posed drug is safe and efficacious to be developed or approved for marketing,
and can be manufactured consistently with high quality. The processes that
govern the interaction between the drug development organisation and the
health authorities are ‘regulatory processes’. In such a process, the drug devel-
opment team has to follow a series of administrative steps imposed upon by
the authorities for the submission of scientific and technical data. The author-
ities follow a set of administrative procedures to manage and review the data
in a timely manner and visit and inspect the sites where the raw nonclini-
cal, clinical and chemical and pharmaceutical data were generated and/or the
product (active substance of medicinal drug product) is or will be manufac-
tured. The authorities review the data to make sure that the claim made by
the drug development organisation is justified. They can also raise questions
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or request additional studies to obtain assurance that the claims are justified.
These regulatory processes do not occur exclusively at the end of the drug
development process when the team submits the regulatory dossier for market
authorisation. On the contrary, the exchange of information and the review
of scientific data already starts before the conduct of a phase 1 human phar-
macology trial. The process of data submission, regulatory review and any
communication between the sponsor and the regulatory authorities is called
a regulatory process, see Figure 3.4. For each clinical study conducted dur-
ing drug development, the authorities have to give their approval before a
human pharmacology trial, a therapeutic exploratory trial or a therapeutic
confirmatory trial can be initiated.

Before a clinical trial can proceed in a country, a dossier has to be submitted
to the competent regulatory authorities of that country to obtain authorisation
for the conduct of a clinical trial. This dossier contains country-specific admin-
istrative documents besides chemical, pharmaceutical, nonclinical and clinical

Sponsor submits
| Review by the FDA (CDER) H new data
I
| Medical | | Chemistry | | Pharmacology/ toxicology | | Statistical |

|

Safety review

Safety

. Notify
acceptable? Clinical hold

sponsor

Complete review

Review
Study proceeds Yes complete and No
acceptable?

Figure 3.4 A regulatory process: a simplified representation of the review of an IND.
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data. The authorisation is only granted when the dossier has been reviewed by
the experts of the competent authorities and no objections are made to pro-
ceed with the clinical trial. For example, to conduct a clinical trial in the US, a
regulatory dossier known as an ‘Investigational New Drug’-application (IND)
is submitted to the US FDA to start a clinical study in the USA. By analogy,
a Clinical Trial Authorisation (CTA) is used in the EU. Other regulatory doc-
uments used during drug development are the Investigative Medicinal Prod-
uct Dossier (IMPD), the Investigator’s Brochure (IB) and the Request for a
Special Protocol Assessment to start carcinogenicity studies in experimental
animals. These dossiers are used at critical time points during the develop-
ment of a new drug. At the end of the pre-clinical phase and before the start
of phase 1, an IND, CTA, IMPD and IB are prepared and submitted to obtain
an approval for the conduct of a human pharmacology clinical trial. When the
decision is made to proceed to phase 2 or phase 3 clinical trials, the dossiers are
updated with new knowledge accumulated since the last submission and sub-
mitted to obtain authorisation to proceed to the next phase of development.
The IND, IMPD and IB are frequently updated as new scientific data become
available during drug development. When the drug development process is
completed, a dossier is prepared to apply for a marketing authorisation of the
drug. This dossier is called a ‘New Drug Application’ (NDA) in the USA and
a ‘Marketing Authorisation Application’ (MAA) in the EU. Table 3.6 gives an
overview of the regulatory dossiers that have to be submitted at the various
milestones of the drug development process.

Table 3.6 Regulatory documents to be submitted during drug development.

Phase in drug Milestone in drug Regulatory Regulatory
development development documents documents
submitted to and submitted to and
reviewed by FDA reviewed by EMA
Early development End of pre-clinical  IND, IB IMPD, CTA, IB
phase/start of
phase 1

End of phase 1/ Update of IND, IB  Update of IMPD, CTA, IB
start of phase 2
End of phase 2a/ Update of IND, IB  Update of IMPD, CTA, IB
start of phase 2b
Late development End of phase 2b/ Update of IND, IB  Update of IMPD, CTA, IB
start phase 3

End of phase 3 NDA MAA
Phase 4 Update of IB, Update of IB, IMPD, MAA,
update of NDA Five yearly revisions of the

marketing authorisation
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3.6.3.1 Clinical Trial Authorisation (CTA) application

Before starting a clinical trial in the EU with a drug candidate, a drug in devel-
opment or a medicine, an application is filed with the national authorities of
the member state where the study will be conducted. Prior to the submis-
sion of