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NEw DRrRUG DEVELOPMENT

1.1 INTRODUCTEON

The term “drug” has various connotations in everyday language. In this book,
it refers specifically to traditional pharmaceuticals and biopharmaceuticals that
salely and ellcctively treat or prevent hiological states of ¢linical concern. The text
discusses the development of new cthical drugs, drugs that must be prescribed by a
physician. The development of both small-molecule drugs and biopharmaceuticals
15 addressed. In the case of smali-molecule drugs, attention focuses on the
development of a drug containing a novel chemical compound, i.c., « new chemical
entity (NCE) or new molecular entity (NME), as its active ingredient. In the case
of hiopharmaceuticals, attention focuses on proteins that are produced via the large-
scale cultivation of microbial or mamenalian cells.

New drug development is a lengthy, expensive, and complex endeavor. While
precise guantification of “lengthy™ and “expensive” is dilficolt, it is sufficient to
nole that respective values of 10-15 years and US$(,000,000,000 (one billion
U.S. dollars) are realistic and informative approximations in 2007, the year of
this book’s publication. The complexity of this endeavor is well retlected in the
observation that successful development and marketing approval of a new drug
require the expertise and interdisciplinary cooperation of scicntists and clinicat
rescarchers {rom many diverse disciplines, These include statistics, medicinal
chemistry, molecular biology, bioinformatics and cheminformatics, pharmacology,
pharmaceutical manufacturing, clinical trial operations, data collection and
management, regulalory scicnce, and medical writing, to name but a few.

The process of bringing a new drug from the research laboratory 1o marketing
approval is not an casy journey, and the vasl majority of new drugs that start the
race will not make it to the (inishing line. Again, precise quantification of the
arduousness of this journey is difficult and unnecessary: The folowing rcasonable
estimates convey the message. For small-molecule drugs, only 10 out of 10,000
compounds discovered, synthesized, and screened make it to initial clinical trials
in which the investigational drug is administered to humans for the first time. Of
these 10, only one will success{ully make it through all phases of clinical trials and
he approved by a regulatory agency for marketing. The estimates for hiotech drugs
may have been different at one stage, but this situation may be changing. Meibohm
{2006) noted that, compared with smatl-molecule drogs that entered the clinical
phases of drug development belween 1996 and 1998, biotech drugs that entered
clinical trials during the same period had a fourfeld greater chance of making i into
the marketpluce. However, Grabowski (2006) noted that {he probability of success
tor biotech drugs is converging loward that for small-molecule drugs.
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1.2 ORIGIN AND (GOALS OF THE Book

This book is the result of a course I teach in the Master of Science in Clinical
Research degree program offered by the Depariment of Clinical Research in
Campbell University’s School of Pharmacy. In preparing this book T have
attempted o follow the advice I give to students concerning the preparation of
various types of regulatory documents and clinical publications: Be clear, concise,
and contemporary. With regard to the lauer of these desirable characteristics, the
book includes discussions that capture contemporary trends in drug development
and provides references to sources that address these topics in more detail. Over
60% of the references cited were published in 2004 or later. With regard to the first
two characteristics, clarity and conciseness, judgment must be left to you.

One goal of this book is to provide a relatively brief and self-contained
overview of new drug development, and a second is to illustrate the central role
of the collection and analysis of numerical information in this process. Given the
tremendous scale and complexity of new drug development, attempting to achieve
these goals dictates that the contents need to be presented al an introductory level,
and this is indeed the case. In this spirit, it is hoped that the book will be a useful
road map for entry-level professionals in the pharmaceutical and biotechnology
industries and in contract research organizations and for students interesied in these
areas of activity and potential employment.

1.3 THE DISCIPLINE OF STATISTICS

Throughout the book, statistical considerations are presented conceptually rather
than computationally. It is hoped that, by the end of the book, the word “statistics”
may appear less mysterious, irrelevant, or threatening to readers for whom the very
mention of the word conjures up thesc or similar feelings.

For present purposes, the discipline of Statistics (recognized by the use of
an upper case “S7) can be thought of as encapsulating all of the considerations
in the second part of the book’s title, PDesign, Methodology, and Analysis.
Statistics can be thought of as an integrated discipline that is impottant in all of
the following activities:

# Identifying a rescarch question that needs (o be answered.

¥ Deciding upon the design of the study, the methodology that will be employed,
and the numecrical information (data) that will be collected.

» Presenting the design, methodology, and data to be collected in a study
protocol. This study protocol specifies the manner of data collection and
addresses all methodological considerations necessary to ensure the collection
of optimum quality data for subsequent statistical analysis.
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¥ Tdentifying (he statistical techniques (hat will be used to describe and analyze
the data in an associated statistical analysis plan, which should be written in
conjunction with the study protocol.

# Describing and analyzing the data. This includes analyzing the variation
m the datx to sce il there is compelling evidence that the drug is safe and
effective. This process includes evatuation of the statistical significance of
the results oblained and, very importantly, their clinical significance.

¥ Presenting the resolts of a clinical study 10 a regulatory agency in a clinical
study report and presenting the results to the clinical community in journal
publications.

There are several central temets in this hook. First, study design and
stalistical analysis arc intimately and inexiricably linked: The design of a study
determines the analysis thal will be used once the data have been collected.
Second, experimental methodology is intimately related to both design and
analysis. The goal of expenmental methodology is to cnsure that the dala
acquired during the study are of the highest possible quality. I this is not the
case. the statistical analyses condected on the dala simply cannol produce the
optimum quality information that leads to optimum quality interpretations.
Third. guantilative information provides the rational basis for evidence-based
decision making.  Information is empowering. Evidence-based medicine
{(discussed in Chapter 13) is based on evidence collected during clinical research,
The {ourth tenel can be expressed as: Know where you are going when you start
oul, and plan accordingly at every stage of the journey. A shorter version of this
sentiment is: Plan [or success.

With regard 1o the phrase “plan for success.” success is typically thought
ol in new drug development as obtaining approval [rom a regulatory agency
to market the drug. However, it should be noted here that, due o the costs
ol pharmaceuvtical development, sometimes “‘success” can be thought of as
identifying unsafe or ineffective products as soon as possible in a development
program. (In this scenario, study design is just as critical.) Therefore, one might
consider the overatl goal of new product development as *“Plan for success, but tail
fast il fathure is likely” (see Donahue and Ruberg, 1997).

When  planning  rescarch  stodics in new  drug  development,  two
considerations are ot critical importance. First, the statistical analyses that will
eventually be conducted must be planned at the design slage of the study. Second,
the desired goal, i.e., approval ol 4 new drug by the appropriate regulatory agency,
is known from the outset. Regulatory agencies provide enormous amounts of
detailed guidance for the conduct and reporting of drug development research.
This guidance should be studied belore starling and borne in mind (hroughout the
entire journcy.



6 New Druc DEVELOPMENT

1.4 A LwecycLE PErsPECTIVE ON NEw Druc DEVELOPMENT

The process of new drug development, as defined by bringing a new drug to
marketing approval by a regulatory agency, can be represented by a three-
stage model; drug discovery, nonclinical drug development, and clinical drug
development. All of these stages are addressed in this book. However, two
other areas of activity are crucial in the overall picture. One is manufactoring,
addressed in Chapter 12. The other is postmarketing surveitlance that occurs after
regulatory marketing approval is granted. Postmarketing surveillance is introduced
in Chapter 13 and discussed again in Chapter 14. Combined with discussions of
drug discovery, nonclinical development, and clinical development, discussions of
manufacturing and postmarkeling surveillance allow the book to take a lifecycle
perspective by following a new drug from inception to widespread use.

1.5  DEsiGN, METHODOLOGY, AND ANALYSIS

The structural architecture for this book is presented schematically in Figure 1.1.
This model comprises three components: design, methodology, and analysis.
These components operate together in a process that is integrative, interactive, and
ideally seamless. These components are three of the four central characters in this
book: The fourth central character is identified in Section 1.11.

REGULATORY
Experimental
Methodology
Statistical
Analysis
ENVIRONMENT

Figure 1.1. Design, methodology. and anabysis in drug development.

































