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Cancer:
Disease of the Genes
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Dysplasia

P ADENOMA
TOBACCO USE

Colon

Head + Neck

5-20 yrs
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Precancer =

5-15yrs

P DYSPLASTIC ORAL LEUKOPLAKIA

4-10 yrs

6-8 yrs

Esophagus BARRETT'S

est. 9-13 yrs

P SEVERE DYSPLASIA
CIN 3/CIS

Cervix CINA

5-13 yrs

»

est, 3-4 yrs

1

0-20 yrs

Lung

5-20 yrs

Lung (Smokers)

Skin (Non-melanoma)

20-40 pack-yrs

30 —40 yrs

Breast ATYPICAL HYPERPLASIA

Prostate PIN

20 yrs
Bladder

> ACTINIC KERATOSIS

=10 yrs

» DCIS

14-18 yrs

LATENT

>10 yrs

P CANCER
-
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From Clin Cancer Res, 2002; 8:314
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Adults 18 Years and Older

Age-adjusted percent
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Age-adjusted death rate per 100,000 standard population
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Notes: Data are age adjusted to the 2000 standard population.
Source: National Vital Statistics System-Mortality (NVSS-M), NCHS, CDC.
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~1971-1975 +0.33%
~1976-1980 2.09%
~1981-1985 2.41%
~1986-1990 11.14%

—-1991-1995
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B & L5 0 T ok
FHTUIR — Remove known tumor masses

GGG T —r ~ Killrapidly dividing tumor cells,

including tumor cells in adjacent tissues

L2/ f  — Kill rapidly dividing tumor cells

Inhibit the growth and survival of

hormone-dependent tumor cells
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F gtk e Remove known tumor masses

: Kill rapidly dividing tumor cells,
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LG  — Kill rapidly dividing tumor cells

R L Inhibit the growth and survival of
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(EBM, Evidence-based Medicine)
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* Identify the Problem
* Use your Experience
* Aska Colleague

* Consult a Textbook
 Read a Review

m 2k BX B
A 2 8 T

2K BX B4,
A o2 B T

N

Formulate a Question

Conduct Search of
Literature

Select Key Articles

Critically Judge the
Articles

Apply result to Patient
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Cancer:
Disease of the Genes
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* The changes that cause a cancer 1n an individual
patient 1s called the molecular signature or

* The signature dictates how aggressive it will be
and what treatment will work best

* We can now measure the genes 1n a tumor and
classify the patient on the basis of its gene
signature 1nto groups
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The Cancer Genome Atlas
http://cancergenome.nih.gov

;"’ Technology Development )
u
' Throughout the pilot project,

technology development will enable
[ improvements to genomic analysis
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1B AL & B Personalized Medicine

e Personalized Medicine —what is it? A

 Then and now —what we can do today that we
couldn’t do before

* (AjBiomarkers and (genetic) testing

o (AjDose and drug selection —some Kkey points to
consider

* Drug—test co--development —a paradigm change?{A

e ‘AiTheme:Evidence and Benefit- Risk considerations
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18 At &5 Personalized Medicine

"The management of a patient's disease or
disposition by using molecular knowledge
to achieve the best possible medicinal
outcome for that individual'
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1B AME & B Personalized Medicine

Personalized medicine is the use of information
from a patient's genotype to:

* Initiate a preventative measure against the
development of a disease or condition , or

* Select the most appropriate therapy for a disease

or condition that 1s particularly suited to that
patient.
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UK/USA, 1950-2004/2: recent decrease in
breast cancer mortality at ages 45-54
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*Mean of annual rates in the two Source: WHO monrtality &
component 5-year age groups UN population estimates
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 Era of Autopsy Pathology — Curious physicians
(1700 — early 1900s)

 Era of Surgical Pathology — Branched out from
Surgery (early to mid-1900s)

 Era of Personalized Medicine — Integrated

Anatomic and Clinical Pathology (turn of the
century)
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* Tumors genetic signature stratifies TR TR L
° ° ° . St as e <
patients risk for metastasis (OncodxTM, <738 8 o% .2
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Breast Cancer 1s Not
ONE Disease

INKING ON

AN
ANCER
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[HC-based subtypes

 [uminal A: ER+ and/or PR+, HER2-

 [Luminal B: ER+ and/or PR+, HER2+

 Basal-like: ER-, PR-, HER2-, CK 5/6+ and/or EGFR+
« HER2+/ER-

* Unclassified: negative for all five markers

JAMA 295:2492, 2006
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[CJLluminalA [ElLuminalB [JHER2+/ER Basal-like [] Unclassified

African (mean age = 45y)

African American (premenopausal)

African American (postmenopausal)

White in US (premenopausal)

White in US (postmenopausal)

White in Poland (mean age = 56y)

Japanese (median age = 54y)
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Personalized Medicine

\

Old Paradiegm: Trial and Error Medicine

Successful When it Leads to
Innovation and Improves
Standard of Care.

Fails When We Settle for
“Trial and Error”
Medicine A4S the Standard
of Care.

Observation

e

Doing Move 1o Personalize Tndngw
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Personalized Medicine

\

New Paradigm: Personalized Medicine
Linking Tests to Action and Therapy

/ Observation \

Breaking The of Trial and Error Medicine

Doing More to Personalize Tesa'n:w W
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Symptoms vs. Genetic-based Medicine

Symptoms-based

* Symptomatic diagnosis, prescription & monitoring
» Treatment Targets selected based on largest population

 Blockbuster drug for all patients effective in only 40-60%
and can have adverse drug reactions (ADR)

e Reactive
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Symptoms vs. Genetic-based Medicine

* Genetic-based

e Molecular Diagnosis
 Risk-stratification by molecular
* Drug-targeted therapy

e Less orno ADR

* Molecular monitoring of disease
* Preventive
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More effective
Less toxic
Less costly

Standard Therapy

In 2001, only one of three patients

benefited from cancer drug treatment
(Spear et al. (2001) Trends Molec. Med. 7, 201-203)

Molecular diagnosis

Therapy 1 Therapy2 Therapy 3
-~ y 4 ’ |
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Personalized
Healthcare
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Genetic variation
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The patient has disease X, subclass
Y, which will likely respond to drug Z

Proteomic expression
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Genetics and Genomics in

Clinical Medicine

* Assessment of risk (eg., Breast cancer and Colon
cancer)

* Pharmacogenomics — Efficacy of drugs based on
genomic changes

* Pharmacogenetics — Efficacy of drugs based on
genetic differences
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Personalized Medicine involve

 Risk stratification

 Inform treatment selection

* Inform dosage

* Prognostic testing

e Treatment monitoring

e Improve or optimize clinical treatment pathways
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Genomic Tools for Prediction and
Personalized Care

Decision Predisposition Screening Pharmacogenomics Monitoring
Support Tools:

Baseline Risk Initiating Earliest Earliest Typical
Events Molecular Clinical Current
Detection Detection Intervention

/N L

1/reversibility
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Time

Baseline Risk Preclinical Disease Initlation and Progression
Progression

Sources of New  Stable Genomics: Dynamic Genomics:
Biomarkers: Single Nucleotide Gene Expression
Polymorphisms Proteomics
(SNPs) Metabolomics
Haplotype Mapping  Molecular Imaging
Gene Sequencing
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and DPD Gene Expression with Survival

TS =4 TP =18, and
DPD = .5(n=12)

TS>4, or TP>18, or
DPD>25(n=21)
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P<.0001 (Logrank)
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Months Since Start of Chemotherapy
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1B ANALTE E 22 49 06 P

 Which drug should I use?

» Tamoxifen(ER), Herceptin(Her-2),Glivec(CML Bcr-Abl),Erbitux
(EGFR),Tarceva(EGFR)

 How much of the drug do I need?
» Camptosar(UGTI1AI)

* [s the drug working ?
» Glivec(CML QT-PCR for Bcer-Abl)
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Personalized Medicine: Fears

e Pharma * Reduce market

* Payers * Add cost without return

* Doctors * Too prescriptive

« Patients * Will I be denied access to new drugs?
 Regulators  How do handle new complexities?

» Diagnostics * More tests with poor reimbursement
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Personalized medicine:
multiple pathways analyzed on a single microarray

Will tumor come (Is BRCA1 mutated?) Yy respond
back? (prognosis) to PARPI?

Will tumor respond Will tumor respond
to EGFR drug? to hormonal therapy?

(Is PI3K pathway active?) (Is ER pathway active?)
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Personalized Medicine

The right drug or treatment, at
the right time, for the right
patient, at the right cost
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