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Preface

Jargon, according to the Concise Oxford Dictionary, can either mean unintelligible
words, or gibberish, barbarous or debased language, or else a mode of speech only
familiar to a group or profession. Anyone trying to approach the drug discovery
industry from the outside might have some sympathy with all of these definitions,
particularly if required to deal with industry insiders on a professional basis. The
language may indeed seem barbarous or gibberish, but mostly of course, it is the
mode of speech familiar to the scientists, clinicians and business people who are
responsible for discovering and developing new medicines. All the different profes-
sional groups that deal with the pharmaceutical industry will be exposed to the
jargon at some point, because the business is highly technical. It is true that a non-
scientist, for example, in a technology transfer office, will not be expected to have a
detailed knowledge of a product or service being offered to a pharmaceutical com-
pany because that is normally left to technical colleagues. On the other hand, he or
she should at least be able to recognize where these offerings fit into the bigger
picture of drug discovery and why their clients might be interested in taking discus-
sions to another level. In some ways, listening to scientists talking in a business
meeting is the same as listening to conversations in a foreign language; just having
a sense of the meaning rather than the full detail is enough to avoid feeling excluded.
These general principles apply to other professions as well, such as recruiters and
translators who, of course, have their own specific issues with jargon. So the need
for a guide to the drug discovery industry for non-specialists is clear enough, but
what form should it take?

One possibility is a training program like the How the Drug Discovery Industry
Works course that I run in Cambridge, England. Although it is quite possible to
cover the main points about the biopharmaceutical industry in a single day, only a
limited amount of information about such a vast subject can be conveyed to dele-
gates without all concerned feeling that they had just finished the New York
marathon. My thoughts turned to producing something that could be hosted online.
This not only has obvious attractions in terms of distribution and reach, but also runs
the risk of being submerged in the vast oceans of information available in cyber-
space. Since there is something quite comforting about reading the printed word on
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paper (or e-Reader), I resisted the temptations of the new and decided to write a
book instead. The aim is to provide a thorough review of the technical and business
aspects of drug discovery in a way that can be understood by a reader with little
scientific knowledge while still retaining the jargon and terminology that is actually
used in the pharmaceutical industry. This jargon and terminology can be daunting
even to a trained scientist, so in keeping with the second part of the title Demystifying
the Jargon, the meanings behind the key terms and phrases are explained in simple
terms and placed in the relevant context.

There is no single source of information about all the activities occurring within
the pharmaceutical industry, as the sheer number and variety of different processes
make this impossible. These activities include such disparate topics as the biology
of an infectious microbe, or the leakage of contaminating chemicals from bottle
stoppers. Reference material about drug discovery and development is, of course,
readily available on the Internet and elsewhere, but this is both a curse and a blessing.
When approaching the subject for the first time, it is very difficult to put the infor-
mation in context, to find authoritative sources and to discriminate between what is
important and what is not. On the other hand, once the path through the maze of
information has been mapped out, the available resources are incredibly powerful
and can provide detail on almost any topic. This book focuses on the most important
elements of drug development by laying out a smorgasbord of the topics that under-
pin discovery, clinical trials, marketing and the pharmaceuticals business, without
going into excessive detail about specific points. The vast subject of biochemistry,
for example, is covered in fewer than two pages, but the information given is suffi-
cient to give the reader a sense of the essence of the subject, so they are in a position
to make an informed (rather than random) search of outside sources.

In writing this book, I have drawn upon experiences gained while working in the
pharmaceutical and biotechnology industries for over 20 years since leaving aca-
demia. I discuss the technical aspects of chemical and biological research from the
perspective of a lab scientist and cover more commercial and strategic issues from
a research management background. The great challenge is to convey this knowl-
edge in a way that is intelligible to non-scientists and PhD level scientists alike.
I hope that I have been able to achieve this by offering a choice of material that can
be used or bypassed according to the reader’s experience. Chapter 3, for example,
covers the chemistry of small and large molecules in a very basic way and will prob-
ably be glossed over by anyone with a science background. However, even in a
chapter like this, there will be material that is tailored specifically for some aspect
of drug discovery and its jargon, so it will still be useful to those with a more
advanced knowledge of chemistry.

Science and business move at such a rapid pace that it is sometimes difficult to
keep up with events. Despite this, every effort has been made to keep this book as up
to date as possible on both the technical and commercial aspects of drug development.
New technical areas (or rebranded old ones), such as systems biology, translational
medicine and chemical genomics, are covered in various chapters, as well as the full
range of molecular entities that have pharmaceutical potential, including nucleic
acids and stem cells. Attention is also given to the major structural upheavals



Preface ix

underway in research-based pharmaceutical companies and how these create both
opportunities and barriers to those who deal with the industry.

Finally, to make the demystifying process less arduous, this book intersperses
factual information with lighter comments and asides gained from personal obser-
vations of the pharmaceutical industry and the behaviour of the participants in this
fascinating and important world.

A Brief Note About Terminology

The names used to describe the drug discovery industry and the companies that
form it are used interchangeably according to context:

Drug discovery industry/company
Pharmaceutical industry/company
Pharma industry/company
Biotechnology industry/company
Biotech industry/company
Biopharmaceutical industry/company
Big pharma

Research and development organization
R&D organization

The context should be obvious in most cases. For example, a big pharma company
like Pfizer is clearly not the same as a small biotechnology company, although it
does use the same technologies. The term “biopharmaceutical company” is a useful
term for companies of all sizes that research and develop new medicines, so this
term will be used from now on as a generic name for a drug discovery organization.
Clearly, a Research and Development organization (or R&D organization) is not
restricted to pharmaceuticals, but the term is still used in practice.

Herts, UK Edward D. Zanders






Acknowledgments

I should firstly like to acknowledge my former employers and colleagues in the
biopharmaceutical industry who gave me the opportunity to learn about drug dis-
covery both as a lab scientist and as a manager. In particular, I would like to thank
Dr Alan Williamson for opening the doors of large pharma to me and Drs David
Bailey and Philip Dean for doing the same with the biotech world.

This book grew out of my drug discovery training courses and it would not have
been possible to write it in its present form without helpful discussions and feed-
back from my delegates, in particular Dr Graham Wagner from Medical Research
Council Technology in London. He is an enthusiastic supporter of the approaches
I use to explain the complexities of drug development and I am very grateful to him
for his encouragement.

I am grateful to Springer Science + Business Media, LLC for agreeing to publish
this book and appreciate the editorial assistance of Renata Hutter at their New York
office.

I have also had very useful discussions with pharmaceutical translators, who
keep me on my toes by picking me up on my use of English. I very much appreciate
the assistance of a number of pharmaceutical translators who have helped me with
the courses in general and specifically Chap.20 of the book. They are: Christine
Kirkham, Maria Wyborn, Rebekah Fowler, Barbara Patel, also Shelley Nix and
some members of her I'TI Pharmaceuticals Special Interest Group.

I have been greatly helped by Drs Wendy Snowden and Eddie Blair, who have
provided helpful comments and additions to the chapters on clinical trials and
diagnostics.

A number of individuals and publishers have kindly supplied figures and data;
these include Drs Francesco Falciani, Andrew Filer and Dagmar Scheel-Toellner
from the University of Birmingham, Dr Philip Dean from Cambridge, Michael
Eckstut from Archstone Consulting and David Campbell from IMS Health in
London.

Lastly and by no means least, I am grateful as always to my wife Rosie for her
support and encouragement, particularly as she has been experiencing the same ups
and downs while writing her own book as I have with mine.

xi






Contents

1T INtroducCtion.............cooooviiiiiiiiiieeeee e e e eire e
1.1 The Benefits of MediCINesS ..........cccceveieeiiieiiiieeiee e
1.2 Economic Health..........c.cccooiiiiiiiiiiiccceceee e
1.3 Third World NO LONZET .....cccveriiiiiiiiiiiieiitenieeieeee et

1.4  Why Can We Put a Man on the Moon but Still
NOt CUIe CANCEI?....cccuviieeiieeeiieeeeieeeeite et e et e esveeesreeeevaeeeaaeeens
RETCIENCES ... vvieeiiieeiee et et e e et e e eaaeas

PartI Background to Drug Discovery and Development

2 Introduction to Drugs and Drug Targets.............ccccoceevverviieniencreennnne
2.1 INErOAUCHION. ...ttt e
2.1.1 Different Types of MediCINes........ccceevuerueerieneeneneenienienienne
RETEIEICES. ... ettt e

3 Background to Chemistry of Small and Large Molecules ..................
3.1 INtrOAUCHION.....cotiiiiiiriieiiitciceteeet ettt
3.1.1 Elements, Atoms, Molecules and Compounds.....................

3.1.2  Organic ChemiStIy ......coceereerrieenieriienieeieeneeeieeieesveeaeens

3.1.3 Drug Nomenclature.........ccocueevveereeriieenieniieenieeieenieesveeeeens

3.1.4 Hydrates and Salts.........ccceeceeriieerieriiienienieenieeieeee e

3.1.5 The Chemistry of Proteins .......cccccceecverieeciieniensieeneesieennen.

3.1.6 Large Molecules Other than Proteins............ccecceevuverueennenn.

3.1.7 Drug—Protein Interactions........ccccceevveeriercieeneessueeneeseeennnens
REfEIOINCES...c..eeniieiiiiieiieete e

4 Laying the Foundations: Drug Discovery from Antiquity

to the Twenty-First Century...........c.ccccccceveviriiniinininincnincncnescenene
4.1 INtrOdUCHON. ...c.eieieiiriieiceieeeeeeeee e e
4.1.1 Medicines from ANtQUILY........cccevueerierieerneeriienreenieereenane.
4.1.2 The Dawn of Rational Drug DiScovery .......c..ccccccervuernueennee.

N WO =

~N W

11
11
12
26

29
29
30
33
38
40
41
45
49
55

57
57
58
60

Xiii



Xiv

5

Contents

4.1.3 Nineteenth Century Synthetic Chemistry ............ccoceeevueennee. 62
4.1.4 Interactions Between Synthetic Compounds

and Biological TiSSUES .......cocvervueeniirnieenienieeneeeie et 63

4.1.5 Pharmacology Revisited .......c..cccecuerniiriieinieniiennienieeeeee. 79

4.1.6 Introduction to Biotechnology .......cc..cceceeveeriernienienneennne. 83

4.1.77  The Present.........coccocvevirienieienieineeeeeeeeeee e 87

REfEIENCES...c..eeniieiieiieiee e e 89

Part I The Drug Development Pipeline: Discovery
to Testing in Humans

Drug Discovery Pipeline Overview..............c.cccoovvvviiniiiinienienieeeeenn, 93

5.1 INrOAUCHION. ..c.iiiiiieiieiietietercetcsce ettt e 93

S5.1.1  DISCOVETY weevutiiriiieiieniieeieesiieeieesite st e siresteestaesaeebeesseeaee s 93

5.1.2  Preclinical Development...........cccccoceeveneinienienieneenieneennenne 94

5.1.3  Clinical Development ...........ccoccevereeneneenieneeneneenieneeneene 95

Target DISCOVETY .......ccoeeieiieieiieieeeee et e 97

6.1  INrOdUCHON. ..c..coiiiieiieieit ettt e 97

6.1.1 Modern Biomedical Research............ccccccerieninieninnnnnnnne 98

6.1.2 Understanding Disease Mechanisms ..........c..cccceecvecreneenene 102

6.1.3  Prospecting for Drug Targets ........cccceveevveenieniienneenienneen. 114

6.1.4 How Many Drug Targets Are There?..........ccccccevveceniennnnne 132

6.1.5 Closing Remarks.........cccccoveiriiiniiniiiiniiniienieeeeeeeeeeee 136

REfEIEINCES...c..veniieiieiieiietee e e 137

Medicinal Chemistry ................coocooiiiiiiiiiiieeeeeee e 139

7.1 INErOAUCHION. ..c..iiiiiiieiieiiete ettt 139

7.1.1 The Vastness of Chemical Space .........c.ccccceveenenieieniennnne 140

7.1.2  The Goals of Medicinal ChemiStry.........cccceeceevereereneeneenne 140

7.1.3 How Are Compounds Synthesized? ...........cccceverieieniennnne 147

7.1.4  Natural Products.........ccocevievieniinienieeneeesteeeeeeeeeeene 153

REEIONCES ... e 158

Biotherapeutics.............coooieiiiiiiinieciec e 159

8.1 INrOAUCHION.....cotiiiiiiriieieiitceriteeet ettt 159

8.1.1  TerminolOZY ....cccuerveeruerienienienierirenieerenieerenieeee et 160

8.1.2 The Emergence of Protein Therapeutics...........c.cccceeueueuneee. 161

8.1.3 Technical Aspects of Recombinant Protein Production....... 162

8.1.4  ANUDOIES ....ooveeniiiiiiiiiieiericieeteecee e 167

8.1.5 Other Large Molecule Drugs .......c..cccceeveevienervencnncncennenne. 174

8.1.6  Cell Therapy.....ccccoceereriererienienienieeienieeteieete et 175

RETEIENCES ...eieiiietiiiie e e et 177



Contents

9 Screening for Hits..............ccoooiririieiiieceeeee e
9.1  INrOAUCHON. ...c..coiiiieiieieit et
9.1.1  Terminology ......ccceceeeuireeniiriinieieneereneereseere e
9.1.2  Screening in Practice.........cccccoveevereencniencnienenicieneenene
9.1.3 Chemical Genomics and Proteomics ..........c..cccceeeecreeeenenne
REfEIENCES...c..eeniieiieiieiee e e
10 Process Chemistry and Formulation........................cocooiiiiinnn.
10.1  INtrodUCHON .. .ecueitieiietieie ettt
10.1.1 Scale Up and Manufacture ............ccceceeveereeneneeneenceneene.
10.1.2  Formulation ........ccccceceereeienieeienieeieseeeee e
10.1.3  “There’s Plenty of Room at the Bottom™ .........................
REEINCES ... e e
11 Preclinical Development..................cccocoviviiiiniiniiienienieceeeeeee e
111 INtroduCtion....ccc.eeueeiieiieriinieneeienieec ettt
11.1.1 Basic Requirements.......c...ccccecuerervueneenieneeneineenienceeenee
11.1.2  Preclinical Testing in Animals ........cccceceveevineenencenncnne.
11.1.3  The Preclinical Development Process...........cccoeeveennenne.
11.1.4  Drug Safety...ccccooeveiienenienieienecteeeeeeeeeeeee e

11.1.5 Estimating the Dose for First Time
1N HUMANS. ...cooviiiiiiiiiiiccccce e
REfEIEINCES...c..eeiieiieiieieee et e

Part II' The Drug Development Pipeline: Clinical Trials
to Marketing Authorization

12 Clinical Trials .......ccoooveiiiiiiiiieccccceee e
12,1 INtrodUCHION.c..cveiiieieecictcteteteteteee et
12.2  Preparation for Clinical TeSting .........c.cceeoerueerenienenieneeieneeeee

12.2.1 Good Clinical Practice.........cccoceeueurvererenrenenenenennennenn
12.2.2  TerminolOgY «...ccceveeienieeienieeiesieee e

12.2.3 Regulatory Requirements Before First
Human EXPOSUIE ......ccc.cevieriiiiiiiiiiniciieeiceieeeeeeeee
12.3  Clinical Trial PRases ........ccccoevvevieieieininininincnesceeseseeeerenens
12.3.1 Phase 0 (MicrodoSing).........ccecerveerueneesienieeneeneeneesceneenees
12.3.2 Phase I: Human Pharmacology ..........ccccceceevinieniniennnne.
12.3.3  Phase II: EXploratory........ccoceeeereeiieneenienieieseee e
12.3.4 Phase III: Confirmatory .........ccccceeceereerieneeneneeneenceeeee
12.4  The Need to Improve Efficiency..........ccccceveerinieninieneiencee

A (S (= 111 PR



Xvi Contents

13 Regulatory Affairs and Marketing Approval................cccocovvinnninnen. 255
13,1 INtroduCtioN....cocueeuieiiniieiieiieeeeereec et 255
13.1.1 Regulatory AZenCies .....c..ccoceeeuererreneenieneeeineeeeneeneeneee 255
13.1.2 The New Drug Application ..........cccceeveercieeneencveeneennennns 257
13.1.3 Phase IV: Post-Marketing Studies ..........cc.ccceveeveercenncnne. 263
13.1.4 Marketing the DIug .......cccccoeevieniniieneenienieiineeienceeeee 265
REfEIEINCES...c..veiieiiiiieiceeeee e e 267
14 Diagnostics and Personalized Medicine..................ccccocoovenininininennnn. 269
141 INtrOAUCHION . ...eevuiiiiieriteeieeite ettt ettt 269
14.1.1 Background to Diagnostics (D ) .....cccooeveiririeiniiiniaininininas 270
14.1.2  TeChnolO@Y ....ccceevveeriirieeniiieieete ettt 271
14.1.3 Regulation of Diagnostics ........ccceecueveevueneeciineeneencenennes 281
14.1.4 Personalized MediCine .........cccceveerieenieriiennienieeniienieene 282
REFEIENCES ....eeiiiiiieeiietee e e 289
15 Pulling It All Together: A Drug Development Case History............... 291
15.1  INtrodUCHON ....ccvitieiietieie ettt 291
15.1.1 Discovery and Development Strategy ...........c.ccecevveruennee 292

15.1.2 Scientific and Commercial Analysis:
The Product Profile...........ccooeeviniiiiiiiiieeeeeeee 292
15.1.3 Discovering and Testing the Drug.........c.ccccocevevenenenenn. 295
REEIONCES ... e 302

Part IV The Global Pharmaceuticals Business

16 Commercial Aspects of Drug Development..............c..ccccocceenininennne. 305
16.1  INtroduCtion........coeeciieiieiinieiieieneeeereereee e 305
16.1.1 The Pharmaceuticals Marketplace.............ccccoeeevrercencne. 306

16.1.2 Drug Discovery Organizations ..........ccccceceeeeereenuercennenne. 308

16.1.3 Commercial Operations............cccceceeveevuenreeceeneeneencennennes 314

16.1.4 Intellectual Property ......cc.ccocecevievieniecienienineeienceeeeee 319

16.1.5 Generic DIugs......cococveieeienieienieeeecececeeeeee e 323

16.1.6 Life Cycle Management...........cccecevueeveneeceineeneencennenne. 326

REfEIENCES ..ottt e 328

17 Challenges and ReSpONSes.............ccccocerieniriiiniiiiinieeseeeeeeeeeee 329
17.1  INtrodUCHON....coueitiieietcietciceeeteteee et 329
17.1.1 Pressures on the Industry..........cccoecevieiinienineneicee 330

17.1.2 Meeting the Challenges........c.ccceceeverienienieneneenenceee 335

17.1.3 The Future of Drug DiSCOVErY ......ccccceeviinieninieiincene. 344

A (S (= 11T TR 346



Contents xvii

Part V Professional Interactions with the Drug Discovery Industry

18 Technology Transfer Executives ............c..ccccoceveiiniinvininininencncniennenn 351
I18.1  INtrOAUCHION. ...eiouiiiiieiieeieeiteeieeite ettt ettt 351
18.1.1 Background to Technology Transfer...........ccccccceveennene 351

18.1.2  Some Practical Considerations.........c.cccocueeveerueeneenuenne 352

REFEIENCES ....eeiiiiiieeieete e 358

19 Recruitment EXecutives.............ccccooiiiiiiiiiiiiniiieeeeeeee 359
19.1  INTrOAUCHION....ceiiieiieieieeieerieeieeeiee e esteeereeseeereeseeeesseesseesnsaenseens 359

20 Pharmaceutical Translators and Interpreters...............cccccovevveviennnnn. 363
20.1  INtrodUCtiON.....cc.eveeiieiiniiiienieeteneet ettt 363
20.1.1 Translation Challenges ..........cccccocervuenernicnennieneenicneenienne 364

20.1.2  Types of DOCUMENtatioN.......cecveerreerreerieeieenieeieesveeaeens 364
REfEIOINCES ..ottt e 367
Appendix 1 Further Reading ..............ccccoeveiiiiiiinininininnncccceee 369
Appendix 2 Glossary and External Resources ..............c.coccooiniinnnen. 375



	The Science and Businessof Drug Discovery
	Preface
	Acknowledgments
	Contents


