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RNA interference (RNAi) RNA interference (RNAI) is a biological process in which RNA
molecules inhibit gene expression or translation, by neutralizing targeted mRNA
(Messenger RNA) molecules.
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» G-protein coupled receptors - 45%

Cellular &
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7 enzymes - 28%
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* Drug design, often referred to as rational drug design or simply rational design, is the
inventive process of finding new medications based on the knowledge of a biological target.
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« Docking is a method which predicts the preferred orientation of one
molecule to a second when bound to each other to form a stable complex.
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modification of
imidazobenzodiazepinone
structures are not decisive for

mutagenicity
dipropyl, 2-dibutenyl, dibutyl,

4-dipentenyl, 2-isoindolyl, cyclopropyl
methyl side chains are negative with
NO-arrangement of heterocycle

the effects
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5-Hydroxytryptamine (5-HT) Sumatriptan (Imitrex)
Serotonin (a natural neurotransmitter Used to treat migrain headaches

synthesized in certain neurons in the CNS) known to be a 5-HT; agonist
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sulphanilamide

(an antibacterial with the side effect of
lowering glucose levels in the blood and also
diuretic activity)
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N
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H2N \O //\\
NH O o

tolbutamide Chlorothiazide
(a compound which has been optimized to only (a compound which has been optimized to only display diuretic
lower blood glucose levels. Useful in the treatment activity.)

of Type II diabetes.)
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X-ray crystallography, NMR spectroscopy. mass, and IR are important
in structure determination.
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Pre-Clinical

Pharmacology

Safety Assessment
Toxicology

Drug Metabolism
/&L (ADME)

2y
»
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Clinical

Clinical Investigator

Clinical Pharmacology
Clinical Research

Process R&D
Chem Eng. R&D
Manufacturing
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Pharmaceutical R&D

Formulation Bio Process R&D

Regulatory Affairs
Project Planning & Management
Marketing

Statistics & Epidemiology
Data Coordination

Research Information Systems
Information Services
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Thalidomide
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Thalidomide
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The two enantiomers of
Thalidomide
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R-Thalidomide S-Thalidomide
(sleep-inducing) (teratogenic)
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Thalidomide

@.\M L_ﬂAAJmJuAOJ.\AJOJ.\B A= g ¢\j.ﬂ‘ tﬂjm d.qaj\ uj.iau\ JAJ.U.:\
S gl Gl 3aliae il 5l eldal) aal i) ¢ Al g gl e
¢l sall Baas laladinl e Canall Ty o)) el il e o5 e gl

. teratogenic 4wl o il (e a2 L

erythema 4ie dudlas 453 (e () sibay ol (m yall O 2a s
a2l ddasi e alge gala e A 24 5 cnodosum leprosum
RYPPLOCIRREC g ) EQEPLL N EFECREI:

67



68

Thalidomide

< Gilla Kaplan Sl Jd e 139 alall 8 cy jal (AT Jel @ el
Oe aldall Al 3 Jary ase sl o & 500 A & Rockefeller dsela
sl LAl Gl Jaladl Jayis JSIA

Gllladl) ol dlal 5 Celgene Corporation &~ Kaplan &S jlis
RIPPAN IR RTRENL

Ae 9GS0 o AaaD) ElanY) & ekl
288) gall Caad c22wiall Lo sLiall 8 Ylad
AV 5 e 5ol Jd e oY) adle
Al a5 W) & il 1 A aladiu
o) sall BT 48yl Ay jla il 3 Sllia
8ac 5 ¢S elay dhladl Gledl) e
il (g g5




Percent of Inventions Introduced
Because of Patent Protection

thnmmuﬂcnl

Source; EdwinMansheld, "Patents and Inmovation: AnEmpincal
Study " Management Scance, Februany 1986,
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Clinical Studies
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Investigational
New Drug
application

IND

ﬁ

Clinical
Trials

Phase |

20 - 100 healthy volunteers take
drug for about one month

Remote data entry

Phase Il

Several hundred health-impaired patients

Treatment Group Control Group
i k ) 1 ‘ ri
fie i

Phase lll

Hundreds or thousands of health-
impaired patients

UL

Compassionate Use

@mﬁle ——> Marketing SOI

Information Learned

1. Absorption and metabolism
2. Effects on organs and tissue
3. Side effects as dosage is increased

Information Learned

1. Effectiveness in treating disease
2. Short-term side effects in health -impaired patients
3. Dose range

Information Learned

1. Benefit/risk relationship of drug
2. Less common and longer term side effects
3. Labeling information
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Clinical Trials
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A Phase 11 trial provides information
about howwell a new drug
or treatment works and it’s safety

Phase 2
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Clinical Trials
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Clinical Trials
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DRUG DEVELOPMENT PROCESS
Years 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Start Approval
Clinical Trials

Phase 1 Phase 2 Phase 3 Phase 4
([ > @ > @ > o—>
50-100 100-200 500-5000
people people people
Initial Drug Clinical Full Scale
research discovery Development Manufacture
[ > [ > [ > o —>»

Toxicology and Pharmacokinetics
. =

Pharmaceutical development

Sales and Marketing

350M 700M
Cost °M

10,000 compounds 1 new medicine
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DRUG Drug Discovery &
DISCOVERY .
Development-Timeline

. PRECLINICAL

CLINICAL TRIALS

~6.5 YEARS ~1.5 YEARS




‘ce: Evaluate

| North Chicago, lllinois [abbvie.com]

Pharma® April 2016, Evaluate Ltd, www.evaluate.com

Ccompany %?(1ssales
_headquarters [website] 0 (USD inmin)
"F"ei‘:'!’%g’i“ew"°rklpf'zerc°m] _______________________________ $ 43112 _____
A A S na novriscom  $42,467
g‘g(':g"e"ze”a"d[mc“ecoml __________________________________ $ 38733 _____
'Mnﬁvcgﬁ%ev(v:grseﬂmemkcoml HaS2Ed
"Saﬁ?g!'!celsamf'coml _______________________________________________ $ 34896 _____
S N eom §32,151
R S M com 529864
Sveomihidine, $27,051
Astrazeneca = 23,264
Abbvie $22724

2015
R&D spend

(USD in miln)

2015 Top-
selling Drugs
[USD in min]

Prevnar 13 [5,940]
Lyrica [4,839]
Enbrel [3,333]
Gleevec [4,658]
Gilenya [2,776]
Lucentis [2,060]
! Rituxan [7,321]
Avastin [6,945]
Herceptin  [6,794]
Januvia [3,863]
Zetia [2,526]
Janumet [2,151]
Lantus [7,089]
Plavix [2,140]
Lovenox [1,907]
Harvoni [13,864]
Sovaldi [5,276]
Truvada [3,459]
Remicade [5,779]
Stelara [2,474]
Zytiga [2,231]

Seretide/Advair [5,625]

Pediarix [1,120]
Triumeq [1,116]
Crestor [5,017]
Symbicort [3,394]
Nexium [2,496]
Humira [14,012]
Viekira Pak [1,639]
i Lupron [826]

How the listings were compiled: 2015 R&D Spend and 2015 Rx Sales analyses were provided by life science market
intelligence firm Evaluate Ltd via its EvaluatePharma®
EvaluatePharma® for assisting in the development of this year's Pharma 50 listing. EvaluatePharma® takes sales estimates
from leading equity analysts to create a consensus sales forecast, currently to 2022. Evaluate’s Sales and R&D Spend
figures represent the fiscal year that ended in 2015. For most American and European companies, that means the year
ending December 31, 2015. For many Japanese companies, the fiscal year ending March 31, 2016, was used. Historic
averages were used in the conversion of companies’ native currency to USD.

service, www.evaluate.com.

Pharm Exec

would like to thank
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