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Preface

The 7th edition of the “Textbook’ reflects the enor-
mous changes in the environment in which the phar-
maceutical industry and the pharmaceutical physician
operate, many of which have occurred since 2009
when the 6th edition was published.

The arrangement of the material is now in three
parts:
Part I: Research and Development;
Part II: Regulation;
Part III: Healthcare Marketplace.
There are fundamental changes in all three areas
with new chapters on topics that have not featured in
previous editions. These include biological therapeu-
tics, vaccines, drugs for cancer, drug development in
paediatrics and neonates, pharmacovigilance, the
European clinical trials directive, lifecycle manage-
ment of medicines, availability of medicines on-line
and counterfeits and the supply of unlicensed medi-
cines. Several pre-existing chapters have undergone
major revision, often by new authors. New chapters
on the ethics of human experimentation in Part I
and legal and ethical issues in Part III reflect a
greater emphasis on ethical issues, which are of such
critical importance to the pharmaceutical industry
as a whole.

The ‘Textbook” started 20 years ago as essential
reading for the pharmaceutical physician preparing

for the professional qualification of the Diploma in
Pharmaceutical Medicine and for Membership of the
Faculty of Pharmaceutical Medicine of The Royal
Colleges of Physicians of the UK. Over subsequent
editions, the scope of the book has broadened and
much of its content should now be pertinent to the
wide range of personnel involved in the development,
regulation and marketing of medicines. This includes
clinical trial investigators and their research teams as
well as those in the industry. We have attempted to
make this book a ‘first stop shop’ for all these readers,
with sufficiently generous referencing to guide further
detailed study included in each chapter.

It is to be hoped that the broad international scope
will make the book of interest to those in the devel-
oped markets of Europe, North America, Japan and
Australasia and also to those in the developing
markets.

Whilst recognising that it is impossible for all its
content to remain up to date, we thank the publisher
Wiley-Blackwell for permitting late changes to some
text where regulations have been updated very recently
so that information is as up to date as it can be.

John P. Griffin

John Posner
Geoffrey R. Barker
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1 Discovery of new medicines

Yves J. Ribeill

Scynexis Inc., Research Triangle Park, NC, USA

Introduction

Patients rely on discovery researchers to embrace
innovation, make advances and deliver new therapies
that will improve their lives. The discovery of drugs
is a complex, costly and lengthy process involving
several distinct stages on the path towards delivery
of a marketable drug (Figure 1.1). It is becoming
increasingly important in the ever competitive enter-
prise of drug discovery for researchers to develop
innovative drug discovery strategies in order to fill
their pipelines. This chapter is designed to highlight
these modern approaches to drug discovery and the
changing therapeutic landscape for the currently
available drugs.

Progress in drug discovery relies on fundamental
biological research in pharmaceutical and biotech-
nology companies as well as academia to identify new
biological targets, to implement target validation
strategies and to confirm target relevance in a disease
state. Initially, drug discovery researchers select a
target that can interact with a modulator, such as
a protein or small molecule. After a target has
been chosen, researchers must demonstrate that the
target is relevant to a disease in both living cells and
animal models. The promise of determining the
whole genome sequence, new insights into molecular
sources of disease, technological advances in both
target and lead validation, and high-throughput
screening (HTS) strategies all provide potentially
novel opportunities for target validation in drug dis-
covery. After such validation, the search begins for a
‘hit’ molecule that interacts with the desired target.
These ‘hits’ may originate from nature, de novo design
or HTS but, in most cases, require optimisation to

‘leads’ via cycles of altering the structure and proper-
ties of the molecules followed by iterative screening.
During this process, lead compounds are further
optimised for the desired absorption, distribution,
metabolism, excretion and toxicological (ADMET)
properties. ADMET optimisation supplies the ‘lead
compound’, which advances to later stages of drug
development.

A case study around the investigation of phos-
phodiesterase (PDE) inhibitors illustrates the suc-
cessful applications of the principles of contemporary
drug discovery and development. Based on the dis-
covery of an endothelium-derived relaxing factor
and the interplay of nitric oxide, cyclic guanosine
monophosphate (cGMP) and PDEs in vasodilation,
researchers at Pfizer reasoned that a PDE inhibitor
might be advanced for the treatment of angina [1].
Their comparison of the structure of cGMP, with
consideration of how it may bind to PDEs, with that
of the weak vasodilator Zaprinast, also a PDE inhibi-
tor, further supported their hypothesis. The screen-
ing of existing compound collections as well as the
rational design of analogues produced active mole-
cules that targeted PDE-5, a ¢cGMP-specific PDE
located in coronary smooth muscle. Further optimi-
sation of these compounds for the desired potency
and ADMET properties led to a clinical candidate for
angina; the compound was found to be ineffective,
and its development as a cardiovascular drug was
halted. During the clinical trials, however, some
patients reported experiencing enhanced penile erec-
tions. Subsequently, PDE-5 was identified as the main
c¢GMP-degrading enzyme in the corpus cavernosum.
Thus, efforts were redirected toward proving the
effectiveness of the lead compound as a treatment for

The Textbook of Pharmaceutical Medicine, Seventh Edition. John P. Griffin, John Posner, and Geoffrey R. Barker.
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Figure 1.1 Drug discovery pipeline.
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Figure 1.2 Structures of PDE-5 inhibitors for erectile dysfunction.

erectile dysfunction and the eventual approval of
sildenafil (Viagra) in 1998 as a prescription medicine
for erectile dysfunction [2,3].

Important parts of drug discovery and develop-
ment are intellectual property protection and the
ability to navigate around prior art. Pfizer filed patent
applications proactively around the lead compound/
series, as well as its therapeutic use, to deter competi-
tors from achieving success in the PDE arena in
similar chemical space. Others interested in advanc-
ing compounds in this therapeutic area became faced
with searching for gaps in the patent coverage or pur-
suing alternative structural classes. Implementation
of a ‘patent busting’ strategy enabled the discovery of
vardenafil (Levitra). Analogues outside of the Pfizer
patents were identified, optimised and evaluated in
clinical trials ahead of product launch in 2003. Con-
versely, Icos and Lilly investigated an unrelated mol-
ecule as a longer-acting PDE-5 inhibitor that led to
the approval of tadalafil (Cialis), also in 2003. Figure
1.2 highlights the structural similarities, and differ-
ences, of these three medicines.

Medicines marketed in the years
2008-2011

The pharmaceutical and biotechnology industries
spend billions on cutting-edge research and develop-

ment (R&D), clinical trials and marketing to intro-
duce drugs to market. However, fewer than one in 50
drug discovery projects results in the delivery of a
drug to market [4], and the average time from
concept to market is 15 years, at a cost of nearly a
billion dollars per drug [5]. Further, since 2008, new
drug approvals have declined sharply despite an
increase in R&D spending [6]. The observed high
attrition rate is unsustainable and researchers must
constantly reassess their tactics in order to translate
discovery research into clinical success.

Despite the steady decline in overall new drug
approvals there has been a steady increase of new
products in the therapeutic areas of anti-infective,
metabolic and orphan diseases, as well as a shift
into specialty-care therapies (Tables 1.1, Table 1.2,
Table 1.3 and Table 1.4) [7-9]. The majority of
new molecular entities (NMEs) continue to be small
molecules; however, vaccines and non-biological oli-
gonucleotides employed as macromolecular thera-
peutics are directed at enzymes and receptors that
have been classically modulated by small molecule
drugs.

In response to the decline in new drug approvals,

new approaches have been put in place:
1. drug combinations that target multiple pathways
continue to increase in drug discovery to modulate
the interplay of complex chemical pathways involved
in diseases;
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Table 1.1 New molecular entities (NME) approved 2008. Reproduced from Hegde S, Schmidt M. To Market, To Market
Annual Reports in Medicinal Chemistry 2009; 44: 577 with permission from Elsevier [8]

Proprietary Established Applicant Treatment/indication

Entereg Alvimopan GlaxoSmithKline/Adolor Oral treatment of postoperative ileus
following bowel resection surgery

Biomatrix Biolimus drug-eluting stent Biosensors Antiresenotic

Lonasen Blonanserin Dainippon-sumitomo Dual antagonist of dopamine D2 and
serotonin 5-HT2 for schizophrenia

Zeftera Ceftobiprole medocaril Basilea/Johnson&Johnson New injectable cephalosporin antibiotic

Cimzia Certolizumab pegol UCB TNEF-o blocker for Crohn’s disease

Trilipix Choline fenofibrate Abbott/Solvay PPAR« dyslipidaemia

Cleviprex Clevidipine The Medicines Co. IV treatement for hypertension

Pradaxa Dabigatran Boehringer Ingelheim Oral administered anticoagulant

Pristiq Desvenlafaxine Wyeth SNRI for antidepression

Intelence Etravirine Tibotec NNRT antiviral for HIV

Toviaz Fesoterodine Pfizer Orally active pro-drug from treatment of
overactive bladder

Ivemend Fosapreptiant dimeglumine Merck Anti-emetic

Firazyr Icatibant Jerini Hereditary angiodema (HAE)

Vimpat Lacosamide Schwarz Pharma Anticonvulsant

Relistor Methylnaltrexone bromide Wyeth/Progenics Opiod-induced constipation

Pirespa Pirfenidone Shinogi Idiopathic pulmonary fibrosis (IPF)

Arcalyst Rilonacept Regeneron Recombinant fusion protein for symptoms
of inherited auto-inflammatory syndrome

Xarelto Rivaroxaban Bayer/Ortho-McNeil Anticoagulant

Nplate Romiplostim Amgen Recombinant fusion protein for treatment
of thrombocytopenia

Gracevit Sitafloxacin hydrate Daiichi Sankyo Antibacterial

Bridion Sugammadex Schering-Plough Reversal of neuromuscular blockade

Taflotan Tafluprost Santen/Asahi Glass Antiglaucoma

Recothrom Thrombin alfa Zymogenetics Recombinant human protein for haemostat

Recomodulin Thombomodulin Asahi Kasei Pharma Recombinant human protein as an

anticoagulant

NNRT, non-nucleoside reverse transcriptase; PPAR, peroxisome proliferator-activated receptor; SNRI, serotonin—

norepinephrine reuptake inhibitor; TNF, tumour necrosis factor.

2. drug repurposing has accounted for two-thirds
of new drug applications. Increased focus on re-
purposing existing drugs for orphan indications
emanates from disease-focused philanthropic groups;

and

3. collaboration strategies between pharmaceutical
companies and academic research institutions have
contributed to the drug discovery process [10,11].

While academic research is focused principally on the

underlying mechanistic components of a disease and
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Table 1.2 NME approved 2009. Reproduced from Hegde S, Schmidt M. To Market, To Market Annual Reports in Medicinal
Chemistry 2010; 45: 467 with permission from Elsevier [9]

Proprietary name  Established name Applicant Treatment/indication

Nuvigil Aromodafinil Cephalon Sleep disorder, oul-adrenoceptor agonist

Saphris Asenapine Merck/Schering-Plough Schizophrenia and bipolar 1, dual
antagonist dopamine D2 and serotonin
5-HT2

Besivance Besifloxacin Baush & lomb Antibacterial, ophthalmic use

Tlaris Canakinumab Novartis Recombinant monoclonal antibody,
anti-inflammatory

Removab Catumaxomab Trion Trifunctional monoclonal antibody,
anticancer

Priligy Dapoxetine Janssen-Cilag Premature ejaculation

Firmagon Degarelix acetate Ferring Pharmaceutical Antagonist of GNRH, anticancer

Kapidex Dexlansoprazole Takeda Gastroesophogeal reflux disease

Multaq Dronedarone Sanofi-Aventis Anti-arrhythmic

Promacta Eltrombopag GlaxoSmithKline Antithrombocytopenic

Zebinx Eslicarbazepine Eisai Anti-epileptic

Adenuric Febuxostat Takeda/Teijin/Ipsen Antihyperuricaemic, selective xanthine
oxidase inhibitor

Simponi Golimumab Centocor Ortho Recombinant monoclonal antibody,
anti-inflammatory

Onbrez breezhaler  Indacaterol Novartis/Skye Pharma Chronic obstructive pulmonary disease,
inhaled B2 adrenoceptor agonist

Victoza Liraglutide Novo Nordisk Antidiabetic

Recalbon, bonoteo  Minodronic acid Ono/Astella Pharma Osteoporisis

Remitch

Arzerra

Votrient

Mozobil

Folotyn
Effient

Onglyza

Nucynta
Arbelic, vibativ
Samsca

Ellaone

Stelara

Nalfurafine hydrochloride

Ofatumumab

Pasopanib

Plerixafor

Pralatrexate
Prasugrel

Saxagliptin

Tapentadol
Telavancin
Taolvaptan

Ulipristal acetate

Ustekinumab

Toray/Japan Tobacco

Genmab/GlaxoSmithKline

GlaxoSmithKline

Genzyme

Allos
Daiichi Sankkyo/Eli Lilly

Bristol-Myers-Squibb/
Astrazeneca

Ortho-McNeil-Janssen
Theravance/Astellas Pharma
Otsuka America

HRA Pharma

Janssen-Ortho

Pruritus (chronic itching)

Recombinant monoclonal antibody,
anticancer

VEGF, anticancer

Haematological malignancies, autologous
haemtopoietic stem cell transplantation

Injectable DHFR inhbitior, anticancer
Antiplatelet therapy

Antidiabetic

Analgesic, pain intervention
Antibiotic
Hyponatraemia

Contraceptive, progesterone receptor
antagonist

Humanized IGG1K monoclonal
antibody, antipsoriatic

DHFR, dihydrofolate reductase; GNRH, gonadotrophin-releasing hormone; VEGE, vascular endothelial growth factor.
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Table 1.3 NME approved 2010. Reproduced from Bronson J, Dhar M, Ewing W, Lonberg N. To Market, To Market Annual
Reports in Medicinal Chemistry 2011; 46: 433 with permission from Elsevier [7]

Proprietary name

Established name

Applicant

Treatment/indication

Lastacaft
Nesina

Bilaxten

Jevtana

Teflaro

Elonva
Ampyra

Prolia / xgeva

Diquas

Kalbitor
Halaven
Gilenya

Inavir

Lurasidone

Junovan
Rapiacta

Daxas

Istodax
Provenge

Egrifta

Brilique

Brinavess

Javlor

Civanex

Alcaftadine
Alogliptin

Bilastine

Cabazitaxel

Ceftaroline fosamil

Corifollitropin
Dalfampridine

Denosumab

Diquafosol

Ecallantide
Eribuline
Fingolimod
Laninamivir

Lurasidone

Mifamurtide
Peramivir

Roflumilas

Romidepsin
Sipuleucel-t

Tesamorelin

Ticagrelor

Vernakalant

Vinflunine

Zucapsaicin

Vistakon Pharmaceuticals
Takeda/Furiex Pharmaceuticals

Faes Farma, Menarini, Pierre
Fabre, Merck-Serono

Sanofi-Aventis

Forest Laboratories

Merck
Acorda Therapeutics

Amgen

Santen

Dyax Corp
Eisai

Novartis
Daiichi-Sankyo

Dainippon Sumitomo Pharma

Takeda
Biocryst Pharmaceuticals

Nycomed

Celgene
Dendreon

Theratechnologies

Astra-Zeneca

Merck/Cardiome Pharma

Pierre Fabre

Winston

Ophthalmologic, histamine antagonist
Antidiabetic, DPP-4

Antiallergy, histamine antagonist

Anticancer, tubulin inhibitor

Antibacterial, bacterial cell wall synthesis
inhibitor

Infertility, FSH agonist

Multiple sclerosis, potassium channel blocker

Osteoporosis, recombinant monoclonal
antibody

Ophthalmologic dry eye, P2Y2 purinergic
receptor agonist

Angiodema, plasma kallikrein inhibitor
Anticancer, tubulin inhibitor

Multiple sclerosis, S1P receptor agonist
Antiviral, neuraminidase

Schizophrenia, dopamine 5-HT receptor
antagonist

Anticancer
Antiviral, neuraminidase inhibitor

Chronic obstructive pulmonary disorder,
PDE4 inhibitor

Anticancer, histone deacetylase inhibitor
Anticancer, therapeutic cancer vaccine

HIV lipodystrophy, growth hormone-
releasing factor

Antithrombotic, P2Y12 antagonist

Anti-arrhythmic, atrial potassium channel
blocker

Anticancer, tubulin inhibitor

Analgesic, TRPV1 channel activator

FSH, follicle stimulating hormone; PDE4, phosphodiesterease 4; TRPV 1, transient receptor potential cation channel
subfamily V member 1.
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Table 1.4 NME approved 2011. Reproduced with permission from U.S. Food and Drug Adminstration, ‘How Drugs are

Developed and Approved?, http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedand Approved/
DrugandBiologicApprovalReports/ucm121136.htm. Last accessed 13 Aug 2012

Proprietary name  Established name Applicant Treatment / indication

Zytiga Abiraterone J&J Advanced prostate cancer

Eylea Aflibercept Regeneron/Bayer Wet AMD

Edarbi Azilsartan Takeda Hypertension angiotensin II receptor blocker

Nulojix Belatacept Bms Renal transplant

Benlysta Belimumab HGSI, GSK Lupus

Victrelis Boceprevir Merck Hepatitis C

Adcetris Brentuximab vedotin  Seattle Genetics Hodgkin lymphoma, anaplastic large cell
lymphoma

Teflaro Caftaroline Cerexa Acute bacterial skin infections and
pneumonia

Erwinaze Crisantaspase Eusa ALL

Xalkori Crizotinib Pfizer NSCLC

Promacta Eltrombopag GSK Chronic immune (idiopathic)
thrombocytopenic purpura

Potiga Ezogabine GSK, Valeant Epilepsy

Corifact Factor xiii Behring Prevention of bleeding with genetic defects
in factor XIII

Horizant Gabapentin enacarbil ~ GSK, Xenoport Restless legs syndrome

Firazyr Icatibant Shire Hereditary angioedema

Arcapta neohaler  Indacaterol Novartis COPD

Yervoy Ipilimumab Bms Metastatic melanoma

Tradjenta Linagliptin Lilly, Boehringer Ingelheim Type 2 diabetes

Edurant Rilpivirine J&J HIV

Xarelto Rivaroxaban Bayer, J&J Blood clot prevention

Daliresp Roflumilast Forest COPD

Jakafi Ruxolitinib Incyte, Novartis Myelofibrosis

Natroba Sphinosad Parapro Head lice

Incivek Telaprevir Vertex, J&J, Mitsubishi Tanabe  Hepatitis ¢

Brilinta Ticagrelor Astra Zeneca Blood clot prevention

Caprelsa Vandetanib Astra Zeneca Medullary thyroid cancer

Zelboraf Vemurafenib Roche, Daiichi Sankyo Melanoma

Zictifa Vendetanib Astra Zeneca Thyroid cancer

Viibryd Vilazodone Forest, Merck KGAA Major depressive disorder

ALL, acute lymphocytic leukaemia; AMD, acute macular degeneration; COPD, chronic abstructive pulmonary disease;

NSCLC, non-small cell lung cancer.
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