PRECLINICAL
DEVELOPMENT
HANDBOOK

Toxicology

SHAYNE COX GAD, PH.D., D.A.B.T.

Gad Consulting Services
Cary, North Carolina

F)WILEY-INTERSCIENCE

A JOHN WILEY & SONS, INC., PUBLICATION






Innodata
File Attachment
9780470249048.jpg





PRECLINICAL
DEVELOPMENT
HANDBOOK

Toxicology






PRECLINICAL
DEVELOPMENT
HANDBOOK

Toxicology

SHAYNE COX GAD, PH.D., D.A.B.T.

Gad Consulting Services
Cary, North Carolina

F)WILEY-INTERSCIENCE

A JOHN WILEY & SONS, INC., PUBLICATION



Copyright © 2008 by John Wiley & Sons, Inc. All rights reserved

Published by John Wiley & Sons, Inc., Hoboken, New Jersey
Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy fee
to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax
(978) 750-4470, or on the web at www.copyright.com. Requests to the Publisher for permission should
be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken,

NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permission.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts
in preparing this book, they make no representations or warranties with respect to the accuracy

or completeness of contents of this book and specifically disclaim any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be created or extended by sales
representatives or written sales materials. The advice and strategies contained herein may not be
suitable for your situation. You should consult with a professional where appropriate. Neither the
publisher nor author shall be liable for any loss of profit or any other commercial damages, including
but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, please contact
our Customer Care Department within the United States at (800) 762-2974, outside the United States
at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print
may not be available in electronic formats. For more information about Wiley products, visit our web
site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data is available.

ISBN: 978-0-470-24846-1

Printed in the United States of America

10987654321


http://www.copyright.com
http://www.wiley.com/go/permission
http://www.wiley.com

CONTRIBUTORS

Duncan Armstrong, AstraZeneca R & D, Alderley Park, Macclesfield, Cheshire,
United Kingdom, Secondary Pharmacodynamic Studies and In Vitro Pharmacologi-
cal Profiling

Michael Balls, FRAME, Nottingham, United Kingdom, Preclinical Drug Develop-
ment Planning

Alan S. Bass, Schering-Plough Research Institute, Kenilworth, New Jersey, Current
Practices in Safety Pharmacology

Nirmala Bhogal, FRAME, Nottingham, United Kingdom, Preclinical Drug Devel-
opment Planning

C. Anita Bigger, U.S. Food and Drug Administration, Center for Drug Evaluation
and Research, Silver Spring, Maryland, In Vitro Mammalian Cell Mutation Assays

Eric A. G. Blomme, Global Pharmaceutical Research and Development, Abbott
Laboratories, Abbott Park, Illinois, Genomics; Toxicogenomics in Preclinical
Development

Joanne M. Bowen, Royal Adelaide Hospital Cancer Centre, and University of
Adelaide, Adelaide, South Australia, Use of Project Teams in Preclinical Develop-
ment; Relationship between Animal Models and Clinical Research: Using Mucositis
as a Practical Example

Joanne Bowes, AstraZeneca R & D, Alderley Park, Macclesfield, Cheshire, United
Kingdom, Secondary Pharmacodynamic Studies and In Vitro Pharmacological
Profiling

William J. Brock, Brock Scientific Consulting, LLC, Montgomery Village, Mary-
land, Regulatory Issues in Preclinical Safety Studies (U.S. FDA)

Arie Bruinink, Materials—Biology Interactions, Materials Science & Technology
(EMPA), St. Gallen, Switzerland, In Vitro Toxicokinetics and Dynamics: Modeling
and Interpretation of Toxicity Data



vi CONTRIBUTORS

Maribel E. Bruno, National Center for Toxicogenomics, National Institute of Envi-
ronmental Health Sciences, Research Triangle Park, North Carolina, Toxicopro-
teomics: Preclinical Studies

Juan Casado, Spanish National Cancer Center (CNIO), Madrid, Spain,
Proteomics

J. Ignacio Casal, Spanish National Cancer Center (CNIO), Madrid, Spain,
Proteomics

José A. Centeno, Armed Forces Institute of Pathology, Washington, DC, Toxico-
logic Pathology

Robert Combes, FRAME, Nottingham, United Kingdom, Preclinical Drug Devel-
opment Planning

Mary Ellen Cosenza, Amgen Inc., Thousand Oaks, California, Safety Assessment of
Biotechnology-Derived Therapeutics

Mark Crawford, Cerep, Redmond, Washington, Secondary Pharmacodynamic
Studies and In Vitro Pharmacological Profiling

Dipankar Das, University of Alberta, Edmonton, Alberta, Canada, Preclinical
Development of Protein Pharmaceuticals: An Overview

N.J. Dent, Country Consultancy Ltd., Copper Beeches, Milton Malsor, United
Kingdom, Auditing and Inspecting Preclinical Research and Compliance with Good
Laboratory Practice (GLP)

Jacques Descotes, Poison Center and Claude Bernard University, Lyon, France,
Safety Assessment Studies: Immunotoxicity

Krista L. Dobo, Pfizer Global R&D, Groton, Connecticut, In Vivo Genotoxicity
Assays

Shayne Cox Gad, Gad Consulting Services, Cary, North Carolina, Repeat Dose
Toxicity Studies; Irritation and Local Tissue Tolerance Studies in Pharmaceutical
Safety Assessment; Carcinogenicity Studies; Bridging Studies in Preclinical Pharma-
ceutical Safety Assessment

Rachel J. Gibson, Royal Adelaide Hospital Cancer Centre, and University of Ade-
laide, Adelaide, South Australia, Use of Project Teams in Preclinical Development;
Relationship between Animal Models and Clinical Research: Using Mucositis as a
Practical Example

Gary A. Gintant, Abbott Laboratories, Abbott Park, Illinois, Current Practices in
Safety Pharmacology

Robin C. Guy, Robin Guy Consulting, LLC, Lake Forest, Illinois, Drug Impurities
and Degradants and Their Safety Qualification

Andreas Hartmann, Novartis Pharma AG, Basel, Switzerland, In Vivo Genotoxicity
Assays

Kenneth L. Hastings, sanofi-aventis, Bethesda, Maryland, Regulatory Issues in Pre-
clinical Safety Studies (U.S. FDA)



CONTRIBUTORS vii

Ronald D. Hood, Ronald D. Hood & Associates, Toxicology Consultants, Tuscalo-
osa, Alabama; and Department of Biological Sciences, Tuscaloosa, Alabama, Repro-
ductive and Developmental Toxicology

Robert H. Heflich, U.S. Food and Drug Administration, National Center for Toxi-
cological Research, Jefferson, Arkansas, In Vitro Mammalian Cell Mutation
Assays

Dorothy M. K. Keefe, Royal Adelaide Hospital Cancer Centre, and University of
Adelaide, Adelaide, South Australia, Use of Project Teams in Preclinical Develop-
ment; Relationship between Animal Models and Clinical Research: Using Mucositis
as a Practical Example

Joanne R. Kopplin, Druquest International, Inc., Leeds, Alabama, Selection and
Utilization of CROs for Safety Assessment

Prekumar Kumpati, University of Pittsburgh, Pittsburgh, Pennsylvania, Bacterial
Mutation Assay

Duane B. Lakings, Drug Safety Evaluation, Inc., Elgin, Texas, Regulatory
Considerations

Hans-Jorg Martus, Novartis Pharma AG, Basel, Switzerland, In Vivo Genotoxicity
Assays

B. Alex Merrick, National Center for Toxicogenomics, National Institute of Envi-
ronmental Health Sciences, Research Triangle Park, North Carolina, Toxicopro-
teomics: Preclinical Studies

Jacques Migeon, Cerep, Redmond, Washington, Secondary Pharmacodynamic
Studies and In Vitro Pharmacological Profiling

Martha M. Moore, U.S. Food and Drug Administration, National Center for Toxi-
cological Research, Jefferson, Arkansas, In Vitro Mammalian Cell Mutation
Assays

Dennis J. Murphy, GlaxoSmithKline Pharmaceuticals, King of Prussia, Pennsylva-
nia, Current Practices in Safety Pharmacology

Robert M. Parker, Hoffmann-LaRoche, Inc., Nutley, New Jersey, Reproductive and
Developmental Toxicology

Hans-Gerd Pauels, Dr. Pauels—Scientific and Regulatory Consulting, Miinster,
Germany, Immunotoxicity Testing: ICH Guideline S8 and Related Aspects

Roger Porsolt, Porsolt & Partners Pharmacology, Boulogne-Billancourt, France,
Current Practices in Safety Pharmacology

R. Julian Preston, National Health and Environmental Effects Research Labora-
tory, U.S. Environmental Protection Agency, Research Triangle Park, North Caro-
lina, In Vitro Mammalian Cytogenetic Tests

Ronald E. Reid, University of British Columbia, Vancouver, British Columbia,
Canada, The Pharmacogenomics of Personalized Medicine



viii CONTRIBUTORS

Ward R. Richter, Druquest International, Inc., Leeds, Alabama, Selection and Uti-
lization of CROs for Safety Assessment

Michael G. Rolf, AstraZeneca R & D, Alderley Park, Macclesfield, Cheshire, United
Kingdom, Secondary Pharmacodynamic Studies and In Vitro Pharmacological
Profiling

Dimitri Semizarov, Global Pharmaceutical Research and Development, Abbott
Laboratories, Abbott Park, Illinois, Genomics;, Toxicogenomics in Preclinical
Development

Evan B. Siegel, Ground Zero Pharmaceuticals, Inc., Irvine, California, Regulatory
Considerations

Peter K.S. Siegl, Merck Research Laboratories, West Point, Pennsylvania, Current
Practices in Safety Pharmacology

Sonu Sundd Singh, Nektar Therapeutics India Private Limited, Secunderabad,
India, Toxicokinetics: An Integral Component of Preclinical Toxicity Studies

Mavanur R. Suresh, University of Alberta, Edmonton, Alberta, Canada, Preclinical
Development of Protein Pharmaceuticals: An Overview

John Taylor, ProPhase Development Ltd, Harrogate, United Kingdom, Immunotox-
icity Testing: ICH Guideline S8 and Related Aspects

Paul B. Tchounwou, Jackson State University, Jackson, Mississippi, Toxicologic
Pathology

Jean-Pierre Valentin, AstraZeneca R & D, Alderley Park, Macclesfield, Cheshire,
United Kingdom, Secondary Pharmacodynamic Studies and In Vitro Pharmacologi-
cal Profiling

Jeffrey F. Waring, Global Pharmaceutical Research and Development, Abbott
Laboratories, Abbott Park, Illinois, Toxicogenomics in Preclinical Development



CONTENTS

Preface xiii

1 Preclinical Drug Development Planning 1
Nirmala Bhogal, Robert Combes, and Michael Balls

2 Use of Project Teams in Preclinical Development 65
Dorothy M. K. Keefe, Joanne M. Bowen, and Rachel J. Gibson

3 Relationship between Animal Models and Clinical Research: Using
Mucositis as a Practical Example 81
Rachel J. Gibson, Joanne M. Bowen, and Dorothy M. K. Keefe

4 Bacterial Mutation Assay 109
Premkumar Kumpati

S In Vitro Mammalian Cell Mutation Assays 129
C. Anita H. Bigger, Martha M. Moore, and Robert H. Heflich

6 In Vitro Mammalian Cytogenetic Tests 155
R. Julian Preston

7 In Vivo Genotoxicity Assays 169
Andreas Hartmann, Krista L. Dobo, and Hans-Jorg Martus

8 Repeat Dose Toxicity Studies 213
Shayne Cox Gad

9 Irritation and Local Tissue Tolerance Studies in Pharmacetical Safety
Assessment 233
Shayne Cox Gad

10 Safety Assessment Studies: Inmunotoxicity 269

Jacques Descotes

ix



11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

CONTENTS

Immunotoxicity Testing: ICH Guideline S8 and Related Aspects
Hans-Gerd Pauels and John Taylor

Reproductive and Developmental Toxicology
Ronald D. Hood and Robert M. Parker

Carcinogenicity Studies
Shayne Cox Gad

Toxicokinetics: An Integral Component of Preclinical Toxicity Studies

Sonu Sundd Singh

In Vitro Toxicokinetics and Dynamics: Modeling and Interpretation of

Toxicity Data
Arie Bruinink

Toxicologic Pathology
Paul B. Tchounwou and José A. Centeno

Secondary Pharmacodynamic Studies and In Vitro Pharmacological
Profiling

Duncan Armstrong, Jacques Migeon, Michael G. Rolf, Joanne Bowes,

Mark Crawford, and Jean-Pierre Valentin

Current Practices in Safety Pharmacology

Alan S. Bass, Peter K. S. Siegl, Gary A. Gintant, Dennis J. Murphy, and
Roger D. Porsolt

Safety Assessment of Biotechnology-Derived Therapeutics

Mary Ellen Cosenza

Preclinical Development of Protein Pharmaceuticals: An Overview
Dipankar Das and Mavanur R. Suresh

The Pharmacogenomics of Personalized Medicine
Ronald E. Reid

Genomics

Dimitri Semizarov and Eric A. G. Blomme

Proteomics
Juan Casado and J. Ignacio Casal

Toxicogenomics in Preclinical Development
Eric A. G. Blomme, Dimitri Semizarov, and Jeffrey F Waring

Toxicoproteomics: Preclinical Studies
B. Alex Merrick and Maribel E. Bruno

Regulatory Considerations
Evan B. Siegel and Duane B. Lakings

Regulatory Issues in Preclinical Safety Studies (U.S. FDA)
Kenneth L. Hastings and William J. Brock

323

363

423

459

509

551

581

611

695

713

41

801

839

867

911

945

965



CONTENTS xi

28 Selection and Ultilization of CROs for Safety Assessment 979
Joanne R. Kopplin and Ward R. Richter

29 Auditing and Inspecting Preclinical Research and Compliance with

Good Laboratory Practice (GLP) 993
N. J. Dent

30 Drug Impurities and Degradants and Their Safety Qualification 1015
Robin C. Guy

31 Bridging Studies in Preclinical Pharmaceutical Safety Assessment 1047

Shayne Cox Gad

Index 1053






PREFACE

This Preclinical Development Handbook: Toxicology focuses on the methods of
identifying and understanding the risks that are associated with new potential drugs
for both large and small therapeutic molecules. This book continues the objective
behind this entire Handbook series: an attempt to achieve a through overview of
the current and leading-edge nonclinical approaches to evaluating the nonclinical
safety of potential new therapeutic entities. Thanks to the persistent efforts of Mindy
Myers and Gladys Mok, the 31 chapters cover the full range of approaches to iden-
tifying the potential toxicity issues associated with the seemingly unlimited range
of new molecules. These evaluations are presented with a thorough discussion of
how the approaches fit into the mandated regulatory requirements for safety evalu-
ation as mandated by the U.S. Food and Drug Administration and other regulatory
authorities. They range from studies on potential genotoxicity and cardiotoxicity in
cultured cells to a two-year study in rats and mice to identify potentially tumorigenic
properties.

The volume differs from the others in this series in that although the methods
used by the researchers are fixed by regulation at any one time, these methods are
increasingly undergoing change as it is sought to become ever more effective at
identifying potential safety issues before they appear in patient populations.
Although we will never achieve perfection in this area, we continue to investigate
new ways of trying to do so.

xiii
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1.1 INTRODUCTION

1.1.1 Overview of Objectives

It is well recognized that productivity in drug development has been disappointing
over the last decade, despite the steady increase in R&D investment [1] and advances
in techniques for producing potentially new candidate molecules. The principal
problems appear to be a lack of efficacy and/or unexpected adverse reactions, which
account for the majority of drug withdrawals and drugs undergoing clinical testing
being abandoned. This high attrition rate could be dramatically reduced by improv-
ing the preclinical testing process, particularly by taking account of multidisciplinary
approaches involving recent technologies, and by improving the design of preclinical
projects to facilitate the collection and interpretation of relevant information from
such studies, and its extrapolation to the clinical setting.

The objective of this chapter is to provide an overview of the early drug discovery
and development processes. The main focus is the use of in vitro and
in silico methods. This is because these techniques are generally applied during the
earliest stages to identify new targets (target discovery) and lead compounds (drug
discovery), as well as for subsequent drug development. They are also used to
resolve equivocal findings from in vivo studies in laboratory animals, to guide selec-
tion of the most appropriate preclinical in vivo models, and to help define the
mechanistic details of drug activity and toxicity. However, the use of animals in
preclinical testing is also considered, since animal data form part of new medicine
dossiers submitted to regulatory bodies that authorize clinical trials and the market-
ing of new products. The drug development process that will be considered is shown
in Fig. 1.1. Definitions of the terminology and abbreviations/acronyms used in this
chapter are listed in Table 1.1.
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Preclinical Phase Clinical Phase

Target Lead Lead In vitro screens Invivo Authorization - New drug [
" SAR ' Clinical trals w dru /
discovery discovery optimization ADME studies of clinical trials registration surveillance

Literature review Assay development SAR Target confirmation
Prior knowledge Library development Hit refinement Specificity
Bioinformatics. HTS Lead derivation Efficacy

Omics Bioinformatics In vitro efficacy, PK
Biochemical assays Toxicology & PK PD

Cellular assays Safety pharmacology

Drug formulation
Clinical dose setting

FIGURE 1.1 The key stages of drug discovery and development. A typical series of methods
and strategies uses preclinical phases. Note that some of the studies may not be required and
the process can be iterative. Refer also to Fig. 1.2 for a more detailed description of toxicity
testing planning.

1.1.2 Drug Development Models

An essential part of drug development is the selection of the most appropriate
animal, ex vivo, in vitro, or in silico systems, to allow the collection of information
that can be interpreted in terms of the effects of a new therapeutic agent in humans
or in one or more subpopulations of humans. There are several deciding factors that
guide model selection. During early drug discovery screening, the main consider-
ation is whether the chosen model can cope with large libraries of potentially bioac-
tive molecules. It is generally accepted that, while nonanimal models generally lack
the sophistication of studies on vertebrate animals and are based on nonclinical
endpoints, they are a useful means of filtering out poor candidates during early drug
discovery. The possibility of false hits during this stage is accepted as a trade-off, but
it is also recognized that data from the use of several techniques and prior informa-
tion can assist with the weeding out of false hits. The drug development process
involves a more extensive evaluation using in vitro and in silico approaches and
preclinical studies in vertebrate animals on a limited number of potential thera-
peutic agents.

The drive toward the use of systems biology approaches that take into account
the roles of multiple biological and physiological body systems earlier in the drug
development process has prompted a dramatic change in the way that data from
cell-based studies are used. In many instances, data from several tests can be assem-
bled and analyzed by using in silico models to gain a systems biology overview of
drug ADMET and activity. Advances in comparative genomics have also opened
up the scope for using zebra fish (Brachydanio rerio) and invertebrate organisms,
such as nematode worms (C. elegans) and the fruit fly, Drosophila melanogaster,
during the early stages of drug development. Likewise, advances in information
mining, bioinformatics, data interpretation, the omics technologies, cell culture tech-
niques, and molecular biology have the potential to greatly enhance the drug devel-
opment process. Ironically, up to now, few of these methodologies has been
standardized, formally validated, and accepted for regulatory use. Indeed, in vitro
data are generally considered supplementary to animal data, rather than as an
alternative source of information that is useful and applicable in its own right. Nev-
ertheless, in vitro approaches provide information about the mechanisms of action



‘so[nov[ow AYI[-3nIp pue sInIp £q pajenpowr 9q A[jeuonouny

ued YOIyM ‘SJUQWId A101B[NFaI uoIssaIdxo ouos 10 ‘surjoid poje[o1-0SeIsIp POPOOUd 1Y} ‘SOUT 9y} JO wns Y],
"Apoq o)

UIy}IM punoj 9dueISqNs B Jo 1By} s9[quIasal jey) AJA10R AI01B[NPOW 10 9INJONIS B YIIM [NIJ[oW dI[-3NIp 10 InIp Y

QwiAzud Sulkjipow-yNd V

‘soouanboasuoo o[qissod 11oy) pue sao10yd Junodwod Fuowre O[S 10j [00) 11oddns v

"[199 & [[13 1o o3ewep 0) doue)sqns e Jo AJ[Iqe 9Y) JO dInseouwl
‘uonduUNJ pue UONEBZIUEBIIO

ouo3 uewny Jurroydroop Jo SUBSW B Se SWSIUBIIO I9YI0 JO SO1ouag 9y} 0) 90UaI9jal AQ SO11ouas uewny Jo Apnis oy,
"1981e] Ie[NOnIRd ® JOo UONIUZ0daI

10} syuowaambar oy Jo Surpueisiopun pue uonsmboe Jo uoneUIqUOD B £Q PAJRISUDS S[EIIWAYD JO SOLIBIQI] 9318
‘sowAzuo oy10ads Jo uonoe

oY) soAJoAUl A[[ensn yorym ‘Apoq 2y} ulyiim pagipow Ajjeuonouny o A[[esrwayd s1 aouelsqns € yorgam £q ssovoxd oy,
‘swistues100101w 10 ‘sjuefd ‘Sornyno (9o

‘srewtue O Sursn Aq paonpoid 10 woiy pajelost syonpoid YN 10 urejoid jueurquiodar 1o sonnadersy) juowaoe[doy

"JUQAQ [B2130[01q B JO I10}BdIpUI JB[NI9[oW Y/

"3nIp Io [eOTWOYD B 0} WSIUBFIO Uk Jo 2Insodxd oY) mo[[o] 1ey) sassadoid [eor3ojorsAyd Loy oy soqriosoq
"SJUOAD

[eo130]01q pue)sIopun 03 s3ssa001d paseq-rondwod asn 03 I9PIO Ul ‘UOHBULIOJUL JO SISA[BUER PUB JUSWISRURW JY],

"UOIJIE JO 9IS POPUIIUI SJI SAYIBAI Ry} SNIP PIISISIUIWIPE UR JO JUNOWE J) JO dINSLIUW Y/

-0d£) 1129 10 onssy Jemoned e ur (s)ojrjoqeiow s 1o Fnip e Jo dnppng ayg,

‘urojo1d renuojod e sopooud jeyl YN JoSudssow [ernjeu 2y} jo jsoddo joexo oyj s jey) [eLjew o13ouds Jo 0091d v
‘paurejal aIe
uonsonb ur jo31e) o) 10J Aoy0ads 10/pue KoeoyJe ‘Ayuyge Jurpuiq jey) os ‘YourIsqNs Id[[eWS € Jo painbar soinjeoy

JO IoqUINU WNWIUIW B QALIOP 0} }9318) B 10 puesI| [BINJBU ) JO SJUBLIBA JNOQR UONBWIOJUI uisn Jo ssodoxd ayf,
‘suBWINY 0} S[EWIUE WO} UorjeuLIojul jo uonejodenxa

SuLmp JUNodoE OJUI U e} I8 WSIUBSIO UR JO SOINJBIJ [BOIWOJRUR PUE ‘QUIN[OA POO[q ‘DzISs Yorym Aq ssaooid oy,

swouad 9[qesdIni(q

onownw §nig

SOWAZYN(
9311 UOISIA(T
£I101X01014D)

sorwouad aaneredwo)
ATe1qI] [BII0IBUIQUIO))
UOT)BULIOJSURIIONY
yonpouid A3ojouyo9jorg
IoyIRWONg

dpaunyorg
sonjeuLIOJUIONg
fynqepreaeorg

o) R[NWNIOROIg

asuasnuy

UOT)RZIUITUTUX
poseq-on3ofeuy

Suress oLowo Yy

‘urajos woyqoxd IIM ISISSE 0] SO JO 39S wyIosNy

‘uolsoype pue uonoenje spnied jo ssooord oy, UuonBIdWO[3IY

AN £q 2118 Surpurq & jo dewr [EUOISUSWIP-0M] B JONIJSUOD 0) PIsN dIk SIPIPNUOIPEI OM], YJAN IBI[ONU0INAY (T
uonIuyo(g Loy,

suonedIqqy pue ASojouruiay, 1T ATGVL

<



"POALIOP 2Iom
Aay3 yorym woy Apoq 2y} 9pISINO SUOIIORIJ [[9 IO ‘S[[D ‘SINSSI} JO DUBUIIUIBW 0} 19Jd1 0} pasn—,sse[3 ul,, ‘A[[eroyr]
"SWOISAS [eN}IIA pue spoylow paseq-rojndwod Suisn)
"VNJ Ul suojenu uona[ap Io [eUOIIasu|
"9[NOJ[OW AIBPUOIAS PUB J[NIJ[OW SUIZIUF00I APOquIuE 9y} UIM)Oq
SUOI}ORIIUI JO J[NSAI B SB UONN[OS JO INO dNd3[ow puodds e [[nd 03 xo[dwos snosjow—Apoquue ue jo Ajiqe ayJ,
‘Apoquiue Ue )M poure)s 9q 0} anssi) € Jo A[Iqe 9y} Jo Junsal ayJ,
-osuodsal unwiwl Uk 9Je[NWINS 0} dUBISqNS B JO AJ[Iqe o],
(“K&yorydodiy se owes oy} SUBSJA]) 'SO[NOS[OW JoJeM IPN[OXD Jo [odar 03 9[noojowW B Jo AOUSPU) U],
‘wsIue3I0 SUIAI[ 1O ‘[0 ‘Qnoo[ow & uo sonrodoid oyIj-urwny o10W 19JU0d 03 pawe sI Jey) ssad01d e jo jonpoid oy,
'so100ds 910w IO 0M] UI SUOIOUNJ JO S9INJONIIS SUIpuodsalIod yiim 9[ndd[ow
JuowdofoAap AfIed
Sunmp Aprenoned ‘uorssordxo ouad o1e[nSaI JeY) SWSIULSIO JSOW JO dWOUF ) INOY3noIy} punoj saduanbas vyNO
‘spopaw 021715 u1 10 ‘Ky1ANde ‘Ajuyge joys-ouo Appueurwopald £q peygnuopr ‘surojoid
10 ‘sopndad ‘syjuowSey ‘spunodwod oYI[-nIp Jo soueIql 931e] Jo Juruaalds ndysnoryl-ysiy oy jo jonpoid ayf,
'S[[99 poo[q Jo sadAy oyroads oonpouid jety) s9ss9201d J0 S[[99 Y} UO IO S[[90 POO[] UO dJURISANS B JO $)09JJO ISIOAPE A,
‘uononpoid Apoqnue oyads oonpur 03 19pIO Ul ‘IOLLIED B M QUIQUOD ISNW JBY) ddUBISqNS
WY} 9JBATIORUL IO AJIX0)OP O} ‘S90uB)SqQNS 0} 9s09N[3 JO pIoe druoin ay) Junesn(uod jo sseooid oy,
‘wsIue3I0 10 [ € Jo dnoyew o130u03 oY) U0 9OUBISANS B JO S]O9JJQ ASIQAPE U],
‘wistuedio ue jo dnoyew onjouad oY) Jo Apnjs oYy,
‘wisiuedIo ue jo dnoyew 210ua3 211U Ay,
‘passo1dxo Fureq woiy ouasd e Junjuoaaid Jo ssaooid ayf,
‘WISIuBSIO SUIAL B
woIy A[I091Ip PAJR[OSI S[[9J 10 SANSSI) UO PIJINPUOd Ik Jey) sjuswradxa 03 10Ja1 03 pasn— SUlAll 9Y) JO INO,, ‘A[[eIANI]
‘S[ewiue pue
‘syueld ‘13uny SuIpniour ‘s9[OISOA PUNOQ-AURIQUIAW I9YJO PUR SNI[ONU B $s3ssOd S[[90 9sOym SWISIUBSIO SIqLISI
"SO[NOJ[OW JO SSB[J 10 d[ndd[ow Ienonted e 10j 9[nodjowW & UO 9)Is UONIUT0IAI Y],
“wo)sAs [BJIS0[01q B UO 9OUBISNS B JO JO9JJ9 d[qeINSeauw o],
*109JJ0 [BOIS0[01q PAIISAP YY) asned 0} juade ue jo Ayoeded oy,
'sonjrodoid eonnooewreyd oAy
Aew 31 s91BDIPUI JBY) 2INJONIIS B pUE (SUOj[Eep ()OS punole) nip e jo [ed1d4) 1ysrom Jenodow e sey jey) punodwod vy
‘3nIp o[qelovIeW B pIemo) AI9A0ISIP SnIp woly ped| & Jo ssardord oy,
‘Juase onnaderoy) enusjod B Jo UONBIYNUIPI oY ],
AT 0T Mmofeq Ajtugje SuIpulq e [Im SSNIp puiq jeyl surajoid

o1a uf
oonis uy
S[opuL

uonedardounuwy
Ansruoyosoisijounuw]
Kyruofounuwwu]
KoiqoydoipAH
poziuewng]

3ojowoy

X0qOoWOH

NH
£)101X0101BWOH
uaydeyg
UOIJBRUOPLININ[L)
K)101X010U00)
SOIIOUQD)
Jwouon
SUIOUI[IS QU

oa1a x5

onoAreyng
odoydg
jutodpuyg
Koeoyyg

punodwods oy1-3ni
juowdo[oasp Sni(
K19A00SIp 3nIq
surojoid o1qe3sniq



19818)
S)1 UO 931 SUIPUIq S} PUB 9[NIJ[OW B U9IM)IQ SUOIIORIIIUL dUYAP JBY) SQINJBdJ IB[NOJ[OW PUB [BILIJIJ[I JO UONII[[0
‘uonjeurw[o juonbosqns 10y} pue
‘SonssI) 93 Ul s9jIjoqeldw s3I pue juoge [eonnodewreyd e Jo uonnquisip pue ‘uoneuLIojsueIolq ‘Oyeldn oY) soqLsoq
(1199 pooiq
9IyM Jo ad4) e) $914003n9f Aq ‘wisiue3io ue Jo jred 10 WSIUBSIOOIIIW B 9[NOJ[OW B JO JUYn3ud 9y} SaqLIdsd
‘(e8eydorojoeq ©) SNIIA [BLI9J0BQ B JO 99€JInS ) U0 paAe[dsip st urojoid e Aqoroym wolshs v
"QUBIQUIOW FUIAI] B SSOIO 0) AJ[Iqe oY,
"SOPOIII[A FuIsn AQ QUBIQUIOW FUIAI] B SSOIOR AJIATIOR [BOLIJOJ[Q FuLInseow I0J ss0001d
‘uonenys
0414 U1 AY) JIWIW O} ‘UBFIO IO 9NSSI) B JO 9INJONIS (J¢ 9Y) 9ININSU0IAI IO 9ATasa1d 0) pouSISop WISAS 04714 Ul Uy
‘SWISIUBSIO PUB ‘SONSSI) ‘S[[99 JO sasuodsar orjoqeiaw 10 Quoo3oid Quoudsd ay) Jo Apnis 9y} 01 Furneal so130[0uyda],
VN 2N9YIUAS JO Uo)a13S 1I0yS
‘WU (O] SUIPISOXd J0U 9ZIS JIun B Yim dponted ordossoromu y
'soponredoueu Jo osn 9y} uo paseq sjuage onnaderoy],
"WOPaIJ JO $90139p pardnod jo sroquinu o3Ie] YIIm 2501} A[feroadse ‘suroisAs JuiApnis I0J poyjou [eda1snels v
"SUOTIBULIOJUOD
ure1Ied urejurew o) paimbar £310uo oY) ur safueyd UO paskq ‘SWOJ. JO JUIWIAOW JY) Jo suonenuis 19indwo)
"XLIJBW pINjj & £Q po)oouuod SIoquieyd Jo pastduod suo)sAs oeos-[jews
"S[eOIWIAYD pue sgnIp 03 sesuodsar orjoqejowt Jo Apnis oy,
"9ZI[0qeIoW 0) WIAISAS B JO AJIqe Y],
'S90INOS JUIISJJIP WOIJ UOT)RWLIOJUI SUTUIqUIOD 10] $s001d [eoansne)s v
‘uonie[ndod uewny oyj Jo (9SIMIAYIO
10 papuojur) arnsodxo [enjoe oy} pue S[BWIUE Ul }O9JJO OU SOSNED JBY} 90UBISqNS € JO JUNOWE WNWIXBW ) JO Ol
“I9JoUWRIP WU ()] B SUIPIIOXD A[[BIOUSS ‘DINJRU SUI[[RISAID © JO I9)JRW 9je[ndnied
Kyorrydodiy ssexdxe 03 pasn—juanygjo0o uonnted 19yem/[0-T-UBIO0 YT,
Juowuoiaud orydodr] © 10} o[nosow © Jo Ajugje ayf,
3nip aiqeioytew A[enuajod e jo juowdoroasp oy 10y jurod Furyiels
© se 9A10s 0] sontodoid [euonouny pue [eorwoyd0o1sAyd 9[qelIns sey Jey) uoneIouad 11y Aq peynuapl punodwod y

aroydooewrreyq
onjounjoorwWIRyJ

onAocoseyq
Kerdsip o3eyq
Aqeowiog
Surdwepd yoreq

aidKjoue3ip

Raltiife)

apnoapNUosINO
opnredoueN
SOUIDIPOWOUEBN
UOT)R[NUIS O[TB)) 9JUOIN

SOTWRUAD IB[NOAOIA
SOIPIMPOISIN
SOIOUOQBIAN
Qouajodwos o1j0qeIoN
SISA[eUR-B)OIN

(SO) K1ages jo urdrey
opnredoroey

d 307

Lorgdodry

punodwos peo]

"WISIUBSIO Uk JO Juawo[dwod [ewosowoIyd Ay, adKjohrey]
‘Kyiqour onrporoydornooo
Io/pue aInjonys Arewrrd Ul I9Y10 Yoro WOIJ IOJIP Ing (S)UONOBAI dwes oY) 9ZA[eIed Jel) SOWAZUD JO SJUBLIBA QUWIAZOS]
‘SWSIUESIO SUIAI] J0BIUL UO P)ONPUOI SIUSWIIdXa 01 IJaI 01 pasn—, SUIAI 9} UIYIIM,, ‘A[[eIIr] odia uj
uonmuya (g WLy,

ponuyuo) 1T ATAVL



‘)1 01 pasodxo wistuedio oy Jo dnoyew o) jo juouodwiod [eInjeu & Jou SI Jey) 2ourISqNs I9YJ0 IO [BIAMWAYD
"SONSSI} pue

S[199 Aq [e1I1eW 2130u03 USIaI10] Jo oyeldn Jeny[ed Jo/pue uoIssaIdxo o) )elIoe] Os[e Aew Jey) YNY/VNJ JoLIe)

‘wisiuedio ue jo dnoyew o130u03 oY) 0jul PAIASUL SI JeY) QU3 B JO JUBLIBA IO QU3 Y/

-ouad v wotj uononpoid YN Ioguassouwr jo ssaooxd oy,
‘uonjeurwi[o juonbasqns 119y} pue ‘sonssy oY) Ul S9[0qeIoW

S]1 pue 20uB)Sqns J1X0) A[JOIIPUL 10 A[I02IIP € JO S}09JJ0 puUE ‘UonNgLISIP ‘UoNeULIOJSURIOIq ‘Oyeldn oy} SaqLIsa(]
'syduosuen YN W jo uononpoid oy} Aq poIojiuow se uorssardxo

Quo3 ur sOFUBYD UO PIseq ‘UONIE JO SWSIUBYIIW OZIIJORIRYD puR AJIJUIPI 0] SOIJBULIOJUIONq PUB SOIWOUAS JO asn o],
"SSOIISIP PUE SULIOJNS AZIWIUIW O} JOPIO UI ‘pasn saInpadold o) Jo juatuoufaL 10

‘Apn3s UQAIS B UI PIsn S[BWIUE JO IoqUNU 9Y) JO ©0yINpa. ‘S)udwLIddxo [ewue Jo juawaovjdat jo sordound oyJ,

"'SOIA 23 03 pPaje[al sI Yarym ‘SnIp & Jo 2sop onnaderay) oy} pue 9sop 91x0) ) U2IM)dq OIjel Y],
‘Jonpoud [eonnooewreyd paysiuy e jo juouodwod

QAnodE o) suioj jey) 1onpoid A3ojouyo9jolq 10 Jonpoid [einjeu [0 wdls ‘YN ‘Opndod/urojoid ‘qesrwoyd v

‘JuowLIodxo Ue UIYIM punoIdyoeq Ay} jsurede (paalasqo Juroq a3ueyd) yI3ualls [RUSIS YY) JO INSEIN

‘uorssa1dxo uroyord Juruaduwrep 10 Furoud[Is Jo $$9001d—oouoIofINUI YNY

"SOWAZUD 0] PUIq JBY) SI[NIJ[OW PISeq-YN I

uowdooAap 3nip I0J peol & AJ1Iuspl 0) 1931e) Jenonied auo jsurede spunodwods jo A1eiqi e Jo 3uruaaIds oY,

“JUQAQ JRY[} JOJIUOW O} PIsN 9q UBD YIIYM ‘JUAD [BdIWAYD0Iq weadrisdn ue 0) asuodsar ur passordxa s jey) ouasd y
"9[nod[oW Idyjoue AQ UaSoIpAy

JO ss0[ 10 uo3Ax0 Jo ures oy Aq poruedwoodor o[novjow duo Aq UdS0IPAY Jo ures 10 ud3AxXo Jo ssof Jo ssedoxd ayf,

“JUQWUOIIAUD [eYNIE ue ul uonemdiuew YN Jo ssoooid oy,

-o8ewep B[N0 Sursned jo ojqedes a1 jey) s[edrpel-1adns 10 s[edIper udsAXQ

*910J [B1OW JOJONPUOIIWAS B JO pasLIdwod s[eIsf1ooueN

"SWISIUBSIO I0 ‘SanssI) ‘S[[90 dy1oads ur sureyjed uorssoidxoe urejoxd jo Apnis ayj,

‘wISIue3I0 Uk Jo owoudd ay) Aq papooud juswodwod urejoxd (8103 oy,

‘(e11930BQ “3°9) SO[[OUBSIO PUNOQ-OUBIQUIOW 1O QUBIQUIdW IBJ[ONU JOUNSIP B JOB[ JBY) SWSIUBSIO Ie[n[[o)
"J09JJ0 PAIISOp 9y} donpul 0} Inip e jo Ajiqe aaneredwos oy,

"SOI}910W JY109ds JO [BAOWAL IO [RUONIPPE Y} AQ ‘PIZISIYIUAS SI J1 193Je patdje st urdjoid e yorym £q ssooo1d oy,
210U 10 9,1 Jo Aouanbaij € je ouaF uoAIS e 10j Inodo jey) uonendod oy} UM SOOUIIJJIP O1JOUID)
"POOIQq 9T} WOIJ PIAOTIAI ST 90UB)SQNS € YOTYM Je paads oY,

onoIqoudx

VNI/VNA 10399A
Quagsuely,

uondrosuely,
OTJOUTY0IXO],
SOTUIOUAF0ITXO],

s¥ 9211,
xopur onnaderay],

juage onnaderoyy,
o1}eI 9SI0U-0}-[euU3IS
IVNY

srowelde VNI
A3ojooewreyd 9SIoAY
oua3 19110doy

Xopay
A3ojouyo9)
VN 1UBUIQUIOdY
soroads ua3AX0 aanoBRIY
jop wnjueng)
SOTI09)0I]
QW09)0I]
9johrey01g
Kouajog
uoredyIpowr
[eUONB[SUBINSO]
swstydiowA[og
Q]I 90UBILAD BWSE[

~



Answonoadg ssey wopue], pue Aydeidorewory) pmbry SIN/SIN-DT
NI MON [eUOT)BIIISOAU] QNI

UONBZIUOWLIRE] JO] 90USIJUO)) [BUONBUIIU] HDI

SPOYISIA QANBUINY JO UOIEPI[EA AU} UO 99O SUneuIpIoo)) Aousferojuy INVADDI
QUBIQUISIN [BDYNIY POZIIqOWI] VI

Suruoorog ndysnory] -ysiy SIH

[[°D WId)S JTUOAIqUIF UBWINE] OSdH

101doooy pordno)-urajoig-o ADdD

U19]01 JUSISAION],] UIIID) ER{s)

IoJsuel], ASIoUr] S0UBUOSIY JUIISIION]] 1T9d

uonensIuIupy Sni( pue pooq vad

3unI0S [[0) PIIBANOY-0UIISAION]] SOV

Juswary 2arsuodsay uafonsyg T

£Kouagy UOI1199101 [BIUSWIUOIIAU vda

Kouafy sounIpajp ueadoing VANA

KBSSY 90UBQIOSqQY PONUI[-OWAZU VSI'Td

SPOYIOA QANRUIAY JO UONEPI[EA Y} 10} o13ue)) ueadoing IWVADA
98pomouy] FunsIXy wolj JSr Jo uononpa SIHYAa
9seua3AX00uoN Juapuado-0Syd QWoIyd0IL) OINA-0SFd XD

0Std PWOIY0IL) dXD

juowo[yg 2arsuodsoy dure-o104) TID

A30[091X0T, [eOTWIAY) JO SISA[RUY dLjoweIed poziwundQ pozuoindwo) IDVAINOD
SIsA[euy p[aL] IB[NOS[OJA dAneIRdWO)) VAINOD

[0IBasSay puk UOneN[RAL ‘SSNI(] I0] 191U NAaD

[0I89SOy pue uonen[eAd ‘sdI13o[org I10J I0Jua)) NAgD

uonen[eAq 2INONIS pajewoiny Iandwo)) ASVD
oreydsoydouojy auisoudpy o1[0L) JINVO

IoJsuel], ASIoUF Q0URUOSIY JUISIUTWIN[OTY 1799

wo1sAS uoneoyIsse[) sonnadseuwreydorg sO9g

IoLLreq utelg—poorq add

UOT}OBY SNI(J 9SIQAPY Nav

(Kyd1x0],) uoneurI[H ‘WSIOQRIdN ‘Uonnqusi( ‘uondrosqe (Lanwav
QweN g WAUOIOY /UOTIRIAIQQY

ponuyuo) 1T ATAVL



QIBJ[OA\ [BWIUY JOJ UOIIBIOPA,] SOIIISIOATU) AVAN

Jj[o0], uonismboy o3pajmouyy [eonoerd uadQ oYy, ILVIIdOL
90UBUOSIY UOWSE[J 90BJINS MdS

Kessy AJTWIX01J UOTIR[[IIUIDS vdsS

diysuone[oy A11A108—2In30N11S MVS

9[0Ad [BIINO3[3 $,1183Y Y} UL 9ABM [, ) JO PUS 9Y) pUk 2ABM ) Y} JO 1IBIS ) UaMIdq W) YT, reaIauy 1.0
wo1sAS 11odxg—dIysuone@y AANOY—aInoNIng aAneIuen) SA-9YVSO
aAneInuEnQ) AVSO

QUIIA)o0I0NJRIIAIA[O] AALd

JUBISUOD UONBZIUOL-PIOR Y, tyrd

S1JoUIOdRWLIRY ] SId

uonoeBaY urey)) oseIowA[oq MOd

onjounjooruLIey paseq A[[eo130[0ISAYJ SIddd

ABSSY UONIBAULISJ SUBIQUIAIA [BIOYNIY [9[[eled VANV
juswdoraas(q pue uonerado-o)) dSIouod I0J UOnezZIuesI() anao
OUBUOSIY INQUTRIA JBS[ONN MAN

[0Ie9say [BOI30[0JIX0], 10 19jud)) [euoneN V. MIDON

Anuy [esruay) mMoN AON

9S0(] PAILBISIO], WINWIIXEIA AN

Anowonoadg ssejy SIN

K1a3eg Jo wIrey SO

Koupry| surue) Aqre-uipey SIDAN

dSVO-BINA dSVOIN

JSBUIY[ UIS10IJ PIIBANOY-USSOIA] aseury JVIA

JUaIOYF200 uonnied 1ajem/[o-T-ULIDO 43071

(srewrue Jo) dnois 3593 ® JO 9,06 S[[IY 38y} aso( [BYI] ST



10 PRECLINICAL DRUG DEVELOPMENT PLANNING

of a drug that is vital for the design of in vivo animal studies and can add substantial
weight to the product dossier submitted to regulatory bodies.

Increasingly, predictions about the ways in which a particular chemical is likely
to interact with its desired cellular target are made by undertaking in silico model-
ing. These results are used to filter out poor candidate molecules according
to chemical class and structural or functional features during drug discovery.
However, filtering of this kind is sometimes impossible, so lead identification
still relies to some extent on serendipitous finds from random libraries, rather
than on rational lead discovery. For instance, for new chemical entities (NCEs)
for which there are no data, i.e., are first-in-class, in silico screenings are difficult to
handle, particularly where there is also limited knowledge of the structure of
the active site of the target. Also, there might be a lack of important information
for other compounds. For example, predicting drug effects can be seriously compro-
mised when ADME data on the behavior of a molecule in different tissues and
species are lacking. This is confounded by the reality that this kind of information
for different individuals will always be limited. Both of the above situations are most
evident in the case of large molecules, such as (1) peptides and proteins with
complex structures and multiple conformations, (2) humanized products that
could be differentially immunogenic in different species, and (3) nanoparticle
formulations.

1.1.3 Information Required Prior to Drug Authorization/Approval

Once a new therapeutic candidate has been successfully identified from preclinical
studies, the next stage involves the authorization of clinical studies. The information
required prior to the authorization of any clinical trial is crucial for the design and
execution of preclinical studies, irrespective of whether the aim is to define drug
action or provide safety information. Such information includes (1) manufacturing
quality, (2) physicochemical properties, (3) efficacy, (4) proposed mechanism of
action, (5) selectivity, (6) ADME, and (7) possible adverse effects in humans.

In the United States, the Food and Drug Administration (FDA) handles drug
approvals. The FDA has fast tracked this process for treatments for serious diseases
where no therapies currently exist [2]. Drug developers are required to submit an
Investigational New Drug (IND) Application, in which evidence from preclinical
studies is provided for review by the FDA. The FDA decides whether it is reason-
ably safe for the company to test the drug in humans. Under the FDA’s jurisdiction,
the Center for Drugs, Evaluation and Research (CDER) and the Center for Biolog-
ics, Evaluation and Research (CBER) are responsible for reviewing different types
of therapeutic agent applications (Table 1.2). Note that these changes in jurisdiction
mean that biological products, the testing of which was at one point based on limited
animal tests (because of their poor predictivity), are likely to require more stringent
testing under the CDER [3].

The FDA has exclusive executive control over decisions regarding drug approvals
in the United States. However, in Europe, it is possible to have a drug approved by
a number of different routes. This is because companies can apply either via the
EMEA (European Medicines Agency) for pan-European approval or via one or
more national agencies. However, since November 2005, all new drugs for the major
diseases, including AIDS, cancer, diabetes, and neurodegenerative disorders, and
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TABLE 1.2 CDER and CBER:’ Review of New Therapeutic Agent Applications
CDER

* Traditional small molecule therapeutics

* Growth hormone, insulin, and other endocrine peptide therapeutics

* Monoclonal antibodies

* Proteins (e.g., cytokines, enzymes, and other novel proteins), except those specifically
assigned to the CBER, namely, vaccines and blood products that are assigned to CBER

* Immunomodulatory agents (but not vaccines)

* Growth factors intended to modulate hematopoiesis in vivo

* Combination products where the primary mode of action is that of an agent assigned to
the CDER

CBER

* Products composed of human, bacterial, or animal cells or fragments of cells, for use as
preventative or therapeutic vaccines

* Gene therapy products

* Vaccines

* Allergenic extracts used for the diagnosis and treatment of allergic diseases

* Antitoxins, antivenins, and venoms

* Blood and blood products from humans or animals

* Combination products where the primary mode of action is that of an agent assigned to
the CBER

“The CDER and CBER are afforded jurisdiction by the U.S. FDA.

medicinal products developed by means of biotechnological processes must be
approved via the EMEA.

With the globalization of the pharmaceutical industry, the International Confer-
ence on Harmonization (ICH) guidelines have, since 1990, set out to standardize
drug applications in terms of their content and format. Japan, the United States and
the European Union (EU) comply with these requirements for the quality, safety,
and efficacy assessment of new drugs. These guidelines operate alongside national
requirements. Quality assessment guidelines are provided to standardize the assess-
ment of drug stability (shelf-life), and the management of risks due to impurities,
such as residual solvents and infectious agents, such as viruses (which can be present
when a drug is isolated from plants, animals, humans, or cell lines). The guidelines
also require the standardization of cell lines, test procedures, acceptance criteria,
and procedures for formulation and development. Efficacy guidelines are also pro-
vided, to standardize the conduct, interpretation, and reporting of clinical trials.

There are some important practical considerations that should be borne in mind
when conducting preclinical studies. The most comprehensive guidelines are those
provided for drug safety testing, which cover a number of toxicological endpoints,
including carcinogenicity, genotoxicity, reproductive and developmental toxicity,
and immunotoxicity. Some of the guidelines apply generically to all new drugs, while
others focus on specific types of therapeutic agents, such as biotechnology products.
These guidelines are essential reading for researchers engaged in drug development
and are considered in more detail throughout the remainder of this chapter.
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Another important source of reference is the Organization for Economic Co-
operation and Development (OECD). By ratifying the convention of the OECD,
many European countries, Australia, Japan, New Zealand and the United States
have agreed to abide by a set of test guidelines for assessing the human health
effects of chemicals [4], which apply equally to the testing of therapeutic agents.
Later, we refer to a number of nonanimal methods and refinements of animal pro-
cedures accepted by the member countries of the OECD.

1.2 FINDING NEW DRUG TARGETS

1.2.1 Background

Until relatively recently, drug development focused on a limited number of targets,
against which NCEs with a desired effect could be selected. These “druggable”
targets were once most extensively investigated by using animal models. However,
greater access to recombinant DNA technology means that most early screens are
now conducted primarily by using different genetically engineered cell lines express-
ing putative targets that can be arrayed into high density plastic plate formats suit-
able for interactions between the targets and potential lead chemicals (for methods,
see later discussion).

Overington et al. [5] derived a consensus figure for the number of therapeutic
drug targets for the FDA-approved drugs that were available in 2005. They identi-
fied 324 drug targets for all classes of approved therapeutic agents, which were tar-
geted by in excess of 1357 drugs, of which 1204 were small molecules and 166 were
biologicals. Cell surface receptors and channels represented the targets for >50%
of all the FDA-approved drugs. A further 10% of the drugs, including monoclonal
antibodies, also target other cell surface proteins. Most of the remaining targets were
enzymes, nuclear receptors, DNA, or ribosomes. These targets represent a minute
fraction of the genome, and a mere 3% (266 proteins) of the predicted proteome.

According to this survey, on average 5.3 new druggable targets are discovered
each year. This means that many more potential drug targets remain to be discov-
ered. Whether a potential drug target will be a good therapeutic target, however,
depends on whether (1) it plays a key role in gene regulation, (2) it is selectively
expressed in certain disease states or tissues, and (3) it has a definable and unique
binding site.

Often, a further important piece of information is the nature or identity of the
endogenous modulator. For example, >1000 G-protein-coupled receptors (GPCRs)
have been cloned from various species, including 160 distinct human subtypes with
known ligands, although these represent only a limited set of targets for current
therapeutic agents. A further 100 or so are orphan receptors, for which there is cur-
rently no known natural ligand. In such cases, the starting point is the gene, from
which the protein receptor can be expressed and used to screen large combinatorial
libraries of chemicals in the search for a modulator. Such a reverse pharmacology
strategy uses the orphan receptor as a “hook” for screening libraries and hit genera-
tion, where little is known about the natural ligand. In many cases, receptor models
use the crystal structure of rhodopsin as a template, as this is the only GPCR whose
structure has been resolved. The importance of GPCRs is emphasized by the fact
that, although >20% of the top 200 current best-selling drugs interact with these cell
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surface receptors, they generate worldwide sales of drugs such as cimetidine, losar-
tan, and ropinerole of over $20 billion (U.S.) [6].

1.2.2 Impact of New Technologies on Target Discovery

Comparative genetics can provide much relevant information, particularly with
regard to the role of human-specific genes and the suitability of animal models for
drug development. The application of microarray techniques, standards, and
resources that permit the comparison of gene expression patterns across species and
between cell types and tissues has started to provide some insight into the metabolic
and biochemical differences between health and disease states. A good example of
this is the Cancer Genome Anatomy Project (www.ncbi.nlm.nih.gov/CGAP) [7],
in which mutational sites in cancer cells have been identified.

A cursory examination of the 373 completed genome sequences for archeal,
prokaryote, and eukaryote [8] species suggests that, although genome size increases
from archea through prokaryotes to eukaryotes, genome size is not directly linked
to the number of genes within the functional genomes, nor with evolutionary status.
It is, however, clear that, as the complexity of organisms increases, so does the com-
plexity of gene regulation and the level of genetic redundancy—the ability of several
genes to rescue loss-of-function of another gene. Nevertheless, for highly conserved
genes, such as those that are involved in early development, and homeobox genes,
studies on early life stages of species such as zebra fish and invertebrate models can
indicate the roles of genes. However, in general, such studies are more relevant to
safety pharmacology than to mechanistic and efficacy studies. It is worth bearing in
mind that computational predictions and statistical analyses have suggested that the
bacterial Escherichia coli and human genomes account for 35 common metabolic
pathways, namely, those that are important in biosynthesis and in degradation and
respiratory processes [9], and that, possibly as a result of bacterial infection, a
number of bacterial genes have become permanently integrated in the human
genome [9, 10]. This opens up the possibility of using bacterial studies to decipher
a limited number of biochemical pathways affected by drugs, as well as for geno-
toxicity testing.

Unicellular eukaryotes, such as yeast, share remarkable genetic and functional
similarities with multicellular eukaryotes. The most useful yeast strain in terms of
dissecting protein and gene interactions is Saccharomyces cerevisiae. At 12,100
kilobases, the S. cerevisiae genome is much smaller than the human genome. However,
because its gene density is 50 times greater than that of the human genome, genes
found in the S. cerevisiae genome resemble around 30% of the genes associated with
diseases in humans [11]. Since the entire genome of S. cerevisiae encodes no more
than 6000 proteins, it is relatively straightforward to investigate gene function in
yeast and make genome-wide microarray measurements. Such data, together
with information from other sources, have made it possible to identify a number of
putative drug targets [12] and protein—protein interactions [13], thereby facilitating
the development of extensive maps of protein and gene interactions. Such studies
in S. cerevisiae have been particularly useful in neurodegenerative and ageing
research and in studies on diseases that arise as a consequence of mitochondrial
DNA damage. One example is the observation that yeast mutants for o-synuclein
result in a large change in yeast sexual reproduction, as well as causing cytotoxicity,
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both endpoints of which are suited to high-throughput screening assays for new
treatments for Parkinson disease [14].

Subsequent studies on yeast-based models of Parkinson disease have suggested
that there is substantial scope for using yeast for the high-throughput screening of
chemicals for drug discovery [15]. For example, S. cerevisiae possesses three distinct
G-protein-coupled receptors (GPCRs), which are involved in pheromone (Ste2 and
Ste3 receptors) and glucose sensing (Gprl) [16]. These receptors are related, albeit
to a limited extent, to the vastly expanded human GPCR repertoire. By coupling
heterologously expressed human GPCRs to the yeast MAP kinase pathway (associ-
ated with yeast mating and growth arrest), in yeasts where the MAP kinase pathway
is linked to reporter gene expression [17], it is possible to monitor receptor recogni-
tion and activation by simple growth or colorimetric reporter assays.

Caenorhabditis elegans is another organism that can be used in early drug dis-
covery. This nematode worm is transparent, has a short life span, is a mere 1 mm in
length and 80uM in diameter, reproduces every 3 days by self-fertilization to
produce over 300 offspring, and is a multicellular organism composed of exactly 959
somatic cells. It displays many of the basic features of higher eukaryotes, including
the possession of muscle, excretory cells, and neural cells, and has been extensively
used to increase understanding of the mechanisms of gene regulation and gene
function. Antisense knock-out or knock-down of gene expression can be achieved
simply by feeding the worm with E. coli bacteria transformed with plasmid DNA
containing antisense DNA. More recently, RNA interference (RNAi) has been used
to manipulate the genomes of organisms such as C. elegans, although the possibility
of transmission of RNA silencing to subsequent generations can occur [18]. Like all
multicellular organisms, C. elegans exhibits programmed cell death (apoptosis) [19],
in a way that is very similar to that seen in higher organisms as part of ageing and
disease processes. Similarities between the signaling pathways involved in the regu-
lation of cell proliferation in C. elegans and humans suggest that this organism might
provide information on the regulation of cell proliferation, which will be of rele-
vance to cancer therapeutics. The entire 302-cell nervous system of this worm has
been mapped by electron microscopy, and although the average human possesses
somewhere in the order of 100 billion neurons, it seems that neurotransmission is
similar in the two species. Thus, C. elegans possesses the major classes of ion chan-
nels, receptors, transporters, and neurotransmitters that make it a suitable candidate
for some forms of drug screening, such as the discovery of new dopaminergic drugs.
Similarly, D. melanogaster shares much of its basic neurobiology with higher organ-
isms, including humans. It possesses the same neurodegenerative states, neurotrans-
mission mechanisms, and receptor homolog that are found in humans as key targets
for neurally active therapeutic agents, making studies with these organisms useful
for the development of treatments for conditions such as Parkinson’s disease [20].

1.2.3 Data Mining

Novel drug targets can also be found in other ways, including data mining. This
involves analyzing the literature, to determine the biochemistry underlying particu-
lar human diseases, and human physiology. In addition, human population genetics
studies can be undertaken, to determine the roles of human genes, how they interact,
the consequences of population differences at the gene level, and, ultimately,
the complete physiology of the human body. In the last-named case, since the



