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« An opportunity to improve clinical care
* Individualized medicines through stratification
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Druggable Genome Predictions

Druggability Prediction Method No. Molecular OGPCRs
Targets B Kinases

OProt
Targets of approved NCEs 170 foteases

O Transporters
Sequence homology to NCE 945 B lon Channels
drug targets O Transferases
Targets of chemical leads with 707 B Other Enzymes
activities (binding affinities) : 0 Phosphatases
below 10uM B Cytochrome P450
Targets of Ro5 chemical leads B Nuclear Hormone Receptors
with activities (binding affinities O Phospholipases

<= 10uM) 0 Phosphodiesterases
B Other Receptors
B Cell Adhesion

@ Chemokines

Proteases

Sequence homology to targets 206
with chemical leads* 3%

7%
6% Transporters

5%
Feature-based druggability lon Channels .
sequence probability prediction B Other/Unclassified

Structured-based prediction

Sequence homology to proteins
predicted druggable by

structure-based method Gene family distributions of predicted druggable gen ome

Predicted Drugglable
Genome (small molecules)

Human Genome



Future Drug Target Space
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*Zambrowicz & Sands, Natu rug Disc. Rev. (2003), 2,38-51C




Accessible Genome: protein therapeutics

Druggability Prediction Method

Targets of approved antibodies
Targets of approved biologicals
Secreted protein (high confidence)
Secreted proteins (low confidence)
Transmembrane predictions (high

confidence)

Transmembrane predictions (low
confidence)

Unique, combined transmembrane
and secreted predictions (high
confidence)

Feature-based biological target
sequence probability prediction

Total unique genes predicted
to be accessible via protein
therapeutics

No. of
Molecular
targets

15

59

1516 genes likely to encode proteins
drugable by both small molecules and
protein therapeutics

Total number druggable by
~ pratein therapeutics

3258 gene

w 1989 genes 1516 1742 genes
= 35 0 5 genes \ (small mol. only) genes (protein only)
\

(both)
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Stages of HIV-1 Life Cycle
Targeted by Anti-HIV Drugs
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Chemokine Co-receptors in HIV
Entry

« HIV gains entry into cells that express CD4 and
1 of 2 secondary receptors, either:

— C-C chemokine receptor 5 (CCR5)
» Expressed on monocytes and T cells

— C-X-C chemokine receptor 4 (CXCR4)

» Expressed on T cells, B cells, monocytes, and
neutrophils




HIV Attachment and Fusion
Targets for Inhibition
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CCRS5 32

CCR5 wild type '8 CCR5 32

Normal Heterozygotes Homozygotes

2 normal copies 1 copy of 32 2 copies of 32

Standard disease Delayed disease “Resistant” to

progression progression HIV infection
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CCRb5-tropic HIV (R5 virus)

Nearly all new sexually transmitted HIV-1 infections
are with R5 virus

Infect dendritic cells, macrophages, and T cells
Predominate throughout infection

— X4 virus may appear over time, but ~50% of
patients with HIV-1 subtype B who die from
AIDS have only R5 virus?t:3

— A tropism shift from R5 to X4 virus is associated
with the presence of basic amino acids at
codons 11 and/or 25 of the V3 loop of gp1204
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Maraviroc (UK-427,857) Activity Results:
Mean Reduction in Viral Load over Time
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Pharmacogenetics
& Pharmacogenomics

« An opportunity to improve clinical care
 Individualized medicines through stratification
* More rational decisions on therapeutic options
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Are Drugs Effective?

Alzheimer’s 30%
Analgesics 80%
Cardiac arrhythmia 60%

Depression 60%
Diabetes 55%
Hepatitis C 45%
Incontinence 40%

Migraine 50%
Oncology 25%

Prescribed drugs are generally effective In

$ 1,500
$ 1,350
$ 650

$ 700

$ 1,300
$ 5,000
$ 1,000
$ 600
$ 3,500

about 50% of patients.
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Are Drugs Safe?

Adverse drug reactions (ADRS)
represent the 4t [eading cause of
hospitalization (2 million/yr) and are

responsible for 100,000 deaths/yr In
the U.S.
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Pharmacogenetics of Phase | Drug Metabolism

Table 1. Pharmacogenetics of Phase | Drug Metabolism. ™

Drug-Metabolizing Enzyme

Cytochrome P-450 2D6
(CYP2D6)

Cytochrome P-4502C9
(CYP2C9)

Cytochrome P-4502C19
(CYP2C19)

Dihydropyrimidine
dehydrogenase

Butyrylcholinesterase
{pseudocholinesterase)

Frequency of Variant Poor-
Metabolism Phenotype

6.8% in Sweden
1% in Chinal”

Approximately 3% in England®® (those
homozygous for the*2 and *3 alleles)

2.7% among white Americans®
3.3%in Sweden

14.6% in China'?

18% in Japan33

Approximately 1% of population is
heterozygous®

Approximately 1 in 3500 Europeans*!

Representative
Drugs Metabolized

Debrisoquint®
Sparteinet®
Nortriptyline23
Codeine® 28

Warfarin29.32
Phenytoin3!.32

Omeprazole3+33

Fluorouraci|34°

Sucdnylcholing®

Effect of Polymorphism
Enhanced drug effect
Enhanced drug effect

Enhanced drug effect
Decreased drug effect

Enhanced drug effect2?-32

Enhanced drug effect?®.37

Enhanced drug effect3®4

Enhanced drug effect® 4

* Examples of genetically pelymorphic phase | enzymes are listed that catalyze drug metaboelism, including seleded examples of
drugs that have cinically relevant vanations in tneir effects.

The NEW ENGLAND
JOURNAL o MEDICINE
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Pharmacogenetics of Nortriptyline

O Functional CYPZDE genes
1 Functional CYPZDE gene
£ Functional CYPZDG penes
B 3 Functional CYPZ0DE genes
13 Functional CYPZDe genes
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Weinshilboum R. N Engl J Med 2003;348:529-537

The NEW ENGLAND
JOURNAL o MEDICINE
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Pharmacogenetics of Acetylation

-=+— Fast rate of acetylztion

Slow rate of acetylation
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Weinshilboum R. N Engl J Med 2003;348:529-537

The NEW ENGLAND
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Genetic Polymorphisms in Drug Target Genes That Can

Evans W and McLeod H. N Engl J Med 2003;348:538-549

Influence Drug Response

The NEW ENGLAND
JOURNAL o MEDICINE
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About 25-30% of women who have metastatic breast cancer
overexpress HerB2(EGF) receptor
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Herceptin (TrastuzuMAD)

anti-HER MAbs

1999:Approved

23



24



v

v

25



26



)
it daete o 1=
FRPA LRI
AR AIXIRAL
ghd " Gabg @ aig

Ly

:
Y

i

and tosic ’

g gt

Treat with alternative
drug or cose

Responders and patients

” * not predisposed to toxicity
* * * Treat with
,

conventional

’** * ’ ’ drug or dose

27



Possible Designs for

Pharmacogenomic
Clinical Trials
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Retrospective Design

Randomized, Double Blind, Placebo-controlled Trial
<+ Treatment period —

Placebo
Genetic

analysis

Drug A

entry v
sampling

Patient numbers in a arm maybe unbalanced?
Sampling maybe limited in some patients?
Results are not confirmative?

Confirmative trial would be necessary
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Prospective Design 1
Drug A

Therapy as usual

randomized

Treatment period

Genetic

samplingEUEVES

(-)

To test clinical utility

PGx test is really necessary?
Cost-benefit relationship
Results are confirmative
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Prospective Design 2

Randomized, Double Blind, Placebo-control Trial

<« Treatment period —

— Placebo

randomized

wy Genetic
analysis

N Drug A

Enrichment
approach

Increase analytical power of trial

Results are confirmative

But, data in gene(-) patients can not be obtained
May lose a chance of treatment for (-) patients

@1 No entry

sampling
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sampling

Prospective Design 3

Randomized, Double Blind, Placebo-control Trial

M (Genetic

analysis

<« Treatment period —

» Placebo

™ Drug A

randomized

~ Placebo

™ Drug A
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Benefit of Pharmacogenomics

 Improving benefit/risk ratio

— More safe, more effective drugs
« Adjusting Dose

— Determine the best dose

 Increasing successful rate of clinical trials
— Focusing on data in responder

4L

More drugs, more appropriate
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Doctor Exarnines Patient
and Meakes Initial Diagnosis

2. Laporatory Bucca

Blood Sample

3. Genetic Analysis

|

SwWeln or
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