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Personalized Medicine

A form of medicine that uses
information about an individual’'s genes,
proteins, and environment to prevent,
diagnose, treat, and monitor disease.




If it were not for the great variability
among individuals, medicine might as
well be a science and not an art.

--Sir William Osler, 1892

Personalized Medicine

Often relies on the detection of genetic
variability

Genetic variations may be
Germline (inherited or de novo)

Somatic (acquired)




Extent of Genetic Variation

Variation roughly 1/300 nucleotides

10+ million differences between two unrelated
individuals




Genetic Variation

Varied effects of genetic variation:

No effect

Normal phenotypic variation
Classic inherited disease
Complex disease susceptibility

Complex disease resistance
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Integration of Genotype, Environment,
Behavior, and Chance over a Time Course of 50
Years

An individual may have the genotypeC282Y,
C282Y at the HFE gene on chromosome 6.

This genotype in an environment of years of access
to iron and exposure to other hepatic toxins such
as ethanol (behavior) may result in cirrhosis and
the development of hepatocellular carcinoma
following several somatic mutations (chance).

Personalized Medicine

Applications in:
Cancer Therapy
Pharmacogenomics

Disease Prevention




Personalized Medicine:
Cancer Therapy

HER2/neu and trastuzumab in breast
cancer

K-RAS and EGFR inhibitors in colon
cancer

MGMT and temozolomide in glioblastoma
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Personalized Medicine:
Pharmacogenomics

CYP2C9 and VKORC1 and warfarin
sensitivity

HLA-B*5701 and abacavir
hypersensitivity

CYP2C19 and clopidogrel and AMI,
Stroke, or death following an AMI

UGT1Aland irinotecan and adverse
reactions in colon cancer




Development of Personalized Medicine based on
Genomic Tests and Focus on an Early Health Model

Variabls responses o different drug classes
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Personalized Medicine

Large number of potential Applications:

20,000+ human genes

1,000’'s of FDA-approved drugs

Problem of cost of validation of clinical

utility in all these niches




Figure 3

Abacavir Hypersensitivity and HLA-B*5701

Nucleoside reverse transcriptase inhibitor with
potent antiretroviral effects

5-8% of treated patients have immune-based
hypersensitivity

Hypersensitivity tightly linked to HLA-B*5701

Mechanism rooted in 5701 restricted CD8
T-cell activation

Hypersensitivity can be completely prevented by pre -

screening patients for HLA-B*5701
Chessman et al. Immunity 2008; 28:822-32
Mallal et al. NEJM 2008; 358:568-79




Personalized Medicine:
Disease Prevention

BRCAL1 and breast and ovarian cancer

BRCAZ2 and breast and other carcinomas

APOE4 alleles and alzheimer disease

Warfarin Anticoagulant Treatment

2 million new prescriptions in the US annually
Narrow therapeutic index

Bleeding and thrombotic complications of under- and
overdosing

Appropriate doses for patients range 10-fold due to genetic
and host characteristics

3" most common reason for ER visits due to drug relate d
complications

FDA mandated warfarin label pointing out availabilit y of
pharmacogenetic tests (August, 2007)




Warfarin Adverse Events

2 million new prescriptions in the US annually

10,000 deaths per year (most common adverse eventn  amed
on death certificates)

47,000 emergency room visits per year
87,000 major bleeding episodes per year

17,000 strokes per year

Clinical Challenge Warfarin Dosing
Inter-individual Variation

Dosed by trial & error over past 50 years
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Narrow therapeutic index & non-linear
response
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. . . Warfarin dose (ma/day)
Dose influenced by age, height/weight,
drugs, environmental and genetic factors Am J Cardiol 2005, 96(4):595-8
Sconce, Blood 2005, 106 (7): 2329
Ann Intern Med 2003, 139 (11):893




Warfarin Action and Metabolism

Warfarin inhibits vitamin K epoxide reductase (VKOR) and
reduces regeneration of vitamin K from vitamin K ep oxide.

As a consequence, vitamin K dependent coagulation f  actors

are inhibited.

Warfarin is metabolized to 7-hydroxywarfarin by
cytochrome P-450 isozymes --primarily CYP2CO9.

Genetic Variants Affecting Warfarin Activity

70% of the population has genetic variation influen cing
warfarin activity

60% of genetic factors linked to INR variation with a specific
dose accounted for by two genes:

VKORC1 (Vitamin K epoxide reductase complex 1, chr 16p11)
Several linked mutations of VKORC1 reduce activity

CYP2C9 (Cytochrome P450 gene responsible for metabolism

of warfarin, chr 10924)
18% of population has alleles *2 or *3 which decrea  se CYP2C9 activity




CYP2C9 and VKORC1 Genotypes

CYP2C9*1, *2 and *3 alleles

VKORC1 -1639 G vs A
single nucleotide polymorphism

CYP2C9

*1 *1

*1 *2
*1 *3

*2 *2
*2 *3
*3 *3

0.60

0.35

0.05

VKORC1

G G

G A

A A

0.37

0.47

0.16

CYP2C9 Ethnic Variation

Allele Metabolic | Frequency | Frequency Frequency Frequency
Efficiency | Caucasian Hispanic African Asian
American American
CYP2C9*2 70% 12% 12% 3.2% 0%
CYP2C9*3 10% 8% 3.4% 1.3% 3.3%
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Prospective Study of Genotypes
and Warfarin Response
Wadelius, et al. Blood 2009; 113:78%92

1496 Swedish patients startingvarfarin tx
Endpoints: INR and warfarin dose

Genotypes influenced requiredwvarfarin dose and
correlated with “unstable anticoagulatiori

*3/*3 genotype associated with 4dold increased
risk of severe bleeding (small numbers)
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K-M Curves showing time to first INR value greater than4

Cumulstive probability of overanticoagulation

Patients at risk
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Warfarin Doses Tiered to Genotypes

2mg/day | 2.5mg/day | 3 mg/day | 4 mg/day 5 mg/day

3/3 AG X
3/3 AA
3/3 AA X

x

2/3 AG X
212 AA
1/3 AA X

x

313 GG
212 AG
1/3 AG
1/2 AA

X X X X

212 GG
1/3 GG
213 GG
1/2 AG
1/1 AA

X X X X X

1/1 GG X
1/2 GG
1/1 AG X

x

Genotype & INR

‘Normal’ wild-type 28% patients
Conventional Warfarin Dosing of Patient

4 —e— Dose

3 ——INR

*1/*1 GIG 5.9 5.9

Note smooth trend in INR with increasing dose.




Genotype & INR

Genetic Variant 72% patients
VKORC1 hom/CYP2C9 het
Conventional Warfarin Dosing
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Note erratic INR trend and erratic dosing as aresu It

Genotype & INR
Genetic Variant 72% patients

VKORC1 hom/CYP2C9 het
Conventional vs PGx Warfarin Dosing

Conventional
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Note erratic INR trend and erratic dosing as aresu |t




INR as Surrogate End-Point
of Clinical Outcome

INR range | Risk of Stroke Risk

Intracranial
Hemorrhage

2t0 3 1 (base) 1 (base)

3to4

4t06

>6

Analysis of data from the Anticoagulation and Risk Factors in Atrial Fibrillation

Study by Dr. Elaine Hylek; comparison of INRs from 169 patients with stroke and
55 patients with hemorrhage. http://www.neurologyr eviews

Williams’ Warfarin Experience

Surgery
DATE  DOSE INR DATE  DOSE INR
8 6 22 1 2.0
9 5 23 1
10 5 24 1
11 5 1.7 25 1
r)lz 5 26 2 15
13 5 27 2
14 5 28 2
15 0 4.2 29 2
16 0 30 3 1.7
17 2 31 2
18 0 35 1 2
19 0 2 3 1.8
20 1 3 3
21 1 4 3
Discharge INR target = 2.0-2.5

Genotypes: *1/*3 AA




Genotype & INR

Genetic Variant 72% patients
VKORC1 hom/CYP2C9 het
Conventional Warfarin Dosing
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CSMC Pharmacy & Pathology Parallel Study
Initial vs Final Dosing UsingClinical vs PGx

February to August 2007, N = 57 patients

Comparison of Initial and Final Dose % of

100%- 100%-

80%- 80%-

60%- 60%-

40%1

20%- 20%-

0%+ 0%
Clinical Dosing PGx & Clinical Clinical Dosing PGx & Clinical
Predicted Dosing Predicted Dosing
> 2 mg Outside of Final Dose % Within 2mg of Final Dose
@ Within 2 mg of Final Dose B % < Final Dose

B % > Final Dose







FDA Guidance for Product Insert
Labelling of Warfarin

August, 2007

“The lower initiation doses should be considered fo r
patients with certain genetic variations in CYP2C9
and VKORC1 enzymes . . ."

Prospective & Randomized Clinical Trials

» Clin Pharmacol Therap J, 2008Y P2C9genotype-guided warfarin prescribing
enhances the efficacy and safety of anticoagulatigero&pective randomized
controlled trial

— 191 patients PGx with priori CYP2C9 genotyping
« Isttherapeutic INR 2.73 days earlier than control
« Stable anticoagulation 18.1 days earlier than cooitr

* Thromb Haemost 200Prospectivedosing of warfarin based &C9genotype
— 48 orthopedic patients
« Genotyping predicts 42% dosing variation
« Improves time to reach stable dosing
« Variant 2C9 has more adverse eve@3% vs 22%p=0.03)

¢ Clin Med & Research, 20054 prospective randomized pilot triaif model-
based warfarin dose initiation usi@g@9genotype and clinical data

— 20 patients randomized
— Decreased adverse evemiggenotyping




Need for Prospective Studies Linked to
Outcomes

NIH-NHLB Study:
randomized, double-blind study at 12 centers

2000 patients with myocardial infarction, stroke, o r atrial
fibrillation

Compare 3 approaches:
*Guidance with algorithm and genotypes

*Guidance with algorithm and clinical information
*Standard initiation guidelines

Is VKORC1/CYP2C9 Testing
a “Genetic Test?”

Special consideration for genetic testing:
informed consent
genetic counseling

Are pharmacogenomic assays genetic tests?




How should testing results be reported?”

Option: Provide genotypes, let ordering physician
select dose.

Option: Collect relevant clinical information and
calculate suggested dose for ordering clinician.

Archives of Pathology and Laboratory Medicine
2006; 130:1603-04




Challenges for Personalized Medicine

*“Blockbuster” drug orientation of pharmaceutical
industry

*Regulatory issues

Informational labels
Large generalized studies

*Reimbursement policies

*Need for physician education

Mara G. Aspinall and Richard G. Hamermesh “Realizing
the Promise of Personalized Medicine” Harvard
Business Review, October, 2007
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