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Each Year in the U.S.

Statistics here are 233,000

new cases of prostate cancer.

Prostate Cancer

About 29 g 480 men will
lose their lives to the disease.
2 [}

million _
M E N 1 In 7men will develop
prostate cancer during his lifetime.
DIAGNOSED WITH
PROSTATE CANCER

http://zerocancer.org/ http://www.healthline.com/health/prostate-cancer/facts-statistics-infographic



Prostate Cancer is Clinically Heterogeneous

* Aggressive vs. Indolent

— Some prostate cancers grow and spread quickly
— Others grow slowly

e Current information (clinical and pathological
data) inadequately tell them apart



Figure 3. Screen Detection Capability Based on Tumor Biology and Growth Rates
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Prostate Cancer — how bad is it?

- Stage or amount of
cancer

— Physical exam

— Prostate Specific
Antigen (PSA)

— Imaging tests

Grade 3

Grade 4

« Grade of cancer

— Gleason score
Grade 5




Prostate Cancer is Clinically Heterogeneous

Problems with current care

* Overtreatment of indolent prostate cancer with
radical therapy

-=> high morbidity

* Undertreatment of lethal prostate cancer
-> continued mortality



Variability of Prostate Cancer: Examples

Patient 1 Patient 2 Patient 3
65 years old 65 years old 65 years old
PSAS5 PSA S5 PSA S5

Gleason 7 Gleason 7 Gleason 7




Genomic Classification

Define distinct classes of prostate cancer based
on molecular/genomic characteristics

DNA Abnormalities

ClassB |
/

l

Prognosis
Management Strategy
Targeted Therapy: PRECISION MEDICINE



What is genomics?

« Study of the structure
and function of the
complete set of DNA
In a cell or organism
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“Genomics’ iIn modern medicine
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Can refer to analysis of
any molecular information
(DNA, RNA, etc) that
provides information about
biology.

Genome-wide approaches
(every single gene)
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Genomic Testing for Prostate
Cancer

1. Patients with no biopsy yet or after a
negative biopsy:

To help initially detect (aggressive) prostate
cancer

2. Patients after a positive biopsy:

To determine if prostate cancer is aggressive or
indolent and needs to be treated

3. Tests after a prostatectomy

To determine if additional therapy may be
needed
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Clinical Diagnostics FDA Approves Gen-Probe’s PROGENSA® PCA3 Assay,

First Urine-Based Molecular Test to Help Determine Need for Repeat Prostate Biopsi
Blood Screening

« PCA3: Noncoding RNA overexpressed in >
90% of prostate cancers

* Progensa PCAS test
— FDA approved for men with negative biopsy



TMPRSS2-ERG
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ERG Gene Fusion

~10,000 tumors

(Pettersson et al. Cancer Epid Bio Prev, 2012)

Overexpression
of ETS targets
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Detection of Prostate Cancer Cells in Urine

TMPRSS2-ERG

Anatomy of a gene fusion
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Measure ratio of PCA3 and TMPRSS2-ERG to
PSA transcript in urine after DRE
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Genomic Testing for Prostate
Cancer

1. Patients with no biopsy yet or after a
negative biopsy:

To help initially detect (aggressive) prostate
cancer

2. Patients after a positive biopsy:

To determine if prostate cancer is aggressive or
indolent and needs to be treated

3. Tests after a prostatectomy

To determine if additional therapy may be
needed



Tests after a positive biopsy:
To determine aggressive or indolent

oncotype DX

Prostatev £ Cancer Assay

~BIOLOGICAL-PATHWAYS
ANALYSIS

I ANALYZES 4 BIOLOGIC PATHWAYS

:

80 80 70 60 50 40 30%

Likelihood of Favorable Pathology

more favorable less favorable




Oncotype DX® GPS
Specifically Designed to Work in Biopsy Tissue

» Two spatially distinct areas of tumor
representing the dominant (primary) and
the highest Gleason pattern for each
e e batom patient were analyzed to identify

« Selected genes which

.
Gleason pattem 3
Dominant Gleason
Pattern

o o g | « Standardized analytical platform for
Sl s R | reliable measurement of 17-gene GPS
AT e assay in

« Analytical Performance
— 96% of biopsies yielded successful GPS results

< —  99.5% of samples with > 10 ng RNA yielded
Prostate successful results
Biopsy
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Combining Biologic & Clinical Information Refines
Risk Stratification for Individual Patients

Population-Based Clinical Risk Assessment

VERY LOW
RISK
10% (N=37)

SSS0e3S

LOW RISK

49% (N=191)

([ ]
9000
(X X X}

[ J

[ J

[ J

T

:::%“

LOW-INTERMEDIATE RISK
41% (N=160)

GPS Provides Biologic Risk Information

More Individualized Biologic and Clinical Risk Assessment
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LOW-INTERMEDIATE RISK
44% (N=169)

GPS=51
57%

UCSF Validation Study

NCCN Risk Classification

Klein, Cooperberg et al, Euro Urol (2014).

Likelihood of Favorable Pathology

10% Very Low-risk
49% Low-risk
41% Intermediate Risk




Clinical Utility Study:
Actual Treatment Decision

« Patients who had a GPS result pursued AS*™ more often than those without
an Oncotype DX GPS result, highlighting the influence of personalized
genomic information on treatment decisions

»  56% relative increase in patients who pursued AS when GPS was available
relative to patients without GPS (AS increased from 43% to 67%)

80%
70%
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50%
40%
30%
20%
10%

0%

* Included Active Surveillance/Watchful Waiting
Dall’Era M, PCF 2014.

Increase in AS with GPS
67%

Relative

increase
is 56%

Without GPS With GPS
(baseline)



Testing prostate cancer tissue from a
biopsy to evaluate expression of genes

‘l

Prolaris: that predict aggressive behavior

Prolaris Score: 1.8

»Considerably More Aggressive Than » 10-Year Prostate Cancer-Specific
Average AUA Low Risk Mortality Risk: 5% (95% C12-11%)
Interpretation: The Prolarts Score of 1.8 indicates that this Interpretation: The pationt has a 10-yoar mortality risk of 5% o
cancer is considerably more aggressive than the average managed conservatively, Mortality risks could be allered by
cancer in the American Urclogy Association (AUA)' Low Risk various therapeutic interventions.
category.
, 50
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Tho above chart ilustrates the AUA Low Risk category, which }10
is composed of patients with varying degrees of cancer e §

aggressiveness. Cancer aggressiveness can be stratfied
within this category based upon Prolaris Scores, which are 0 Fmeraammmasaanne

indicated below the graph.?




Genomic Testing for Prostate
Cancer

1. Patients with no biopsy yet or after a
negative biopsy:

To help initially detect (aggressive) prostate
cancer

2. Patients after a positive biopsy:

To determine if prostate cancer is aggressive or
indolent and needs to be treated

3. Tests after a prostatectomy

To determine if additional therapy may be
needed



% Decipher

prostate cancer classifier
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Precision genomic technology

Decipher® genomic signature helps physicians assess
likelihood of metastasis

., -
=

ARCHIVED GENETIC GENECHIP GENOME

FFPE TISSUE MATERIAL TECHNOLOGY ANALYSIS

 Clinical-grade expression assay
* Analyzes 1.4 million genomic markers

* Provides gene signature for probability of metastasis

Abdueva et al., Journal of Molecular Diagnostics 2010, Vergara et al., Frontiers in Genetics 2011, Erho et al., Journal of Oncology 2012

‘ Deqlph,efr GenomeDx Biosciences Confidential December 15 24



Am | a candidate for Decipher?

€ Have you had a radical prostatectomy (prostate removal

surgery) to treat your prostate cancer?
€ Did your doctor indicate that ANY one of the

following applied to you after surgery?
Positive surgical margins
Extraprostatic extension
Seminal vesicle invasion
PSA started to rise again
Pre-surgery PSA 20ng/mL or higher ?
Gleason score 8-10 O

Lymph node involvement ‘ ’3

If you answered yes, talk to you physician about
Decipher

‘ DECithr GenomeDx Biosciences Confidential 12/16/15 25



Tests after prostatectomy:
To determine if additional therapy needed

s Decipher

Extra prostatic
Extension

Gleason Score

Seminal Vesicle
Invasion

Lymph Node Invasion

PreOp PSA

Surgical Margins

0.49

0.56

0.56

0.59

0.65

0.64

0.45

| | |
0.80

Predictive power measured by Area Under the Curve (AUC)



General overview of prostate
cancer management

Radiation (ART
Better Results
Than SRT)

Decipher
High Risk

Order Decipher

Adverse
Pathology

Excellent prognosis

Decipher Observation Until Detectable PSA Rise/BCR with SRT and may

Low Risk PSA Rise, if any Ewid con:::rrent
ormone therapy

Radical
Prostatectomy

May require
intensification of
therapy beyond
radiation

Decipher
High Risk

PSA Rise/
BCR

Order Decipher

Excellent prognosis
with SRT and may

Decipher
Low Risk avoid concurrent

hormone therapy

s Decipher GenomeDx Biosciences Confidential 1216/15 27

prostate



Post-surgery Clinically
High risk (Guideline
recommends treatment)
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‘ Observat

Treatment decisions
without Decipher (49% are
commended treatment)
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Observation was
recommended 78%
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Treatment was
eeeeeeee ded 77%

Decipher
Low-risk
(60%)

Decipher
High-risk
(40%)



How to Interpret Decipher
Results

B~
()

p-value 0.008

High Risk

e Salvage RT
----- Adjuvant RT

w
o

CUMULATIVE INCIDENCE OF METASTASIS (%)
)
o

o

0.0 2.5 5.0 7.5 10.0
TIME (YEARS POST RT)

80% reduction in metastasis risk in Decipher high-risk patients who
received early (adjuvant) radiation therapy compared to those who
received late (salvage) radiation therapy

Den et al, Journal of Clinical Oncologz, 2015

‘ DECiph/Ef GenomeDx Biosciences Confidential 12/16/15 29



How to Interpret Decipher
Results

40-
- Salvage RT

LOW RlSk - = Adjuvant RT

30-

p-value 0.788

20~

Cumulative Incidence of
Metastasis (%)

0.0 25 5.0 75 10.0
Time (Years post RT)

60% of men were classified as Decipher low risk, 90% of them
opted for observation

Michalopolous, et al. Curr Med Res Opin 2014

‘ DECithr GenomeDx Biosciences Confidential 12/16/15 30



Prostate Cancer is Clinically Heterogeneous

* Indolent vs. aggressive
« Current information inadequately distinguish

Problems with current care

* Overtreatment of indolent prostate cancer with radical
therapy

-> high morbidity

* Undertreatment of lethal prostate cancer
-> continued mortality



Genomic Classification

Define distinct classes of prostate cancer based
on molecular/genomic characteristics

DNA Abnormalities

ClassB |
/

l

Prognosis
Management Strategy
Targeted Therapy: PRECISION MEDICINE



ERG gene fusions:
A starting point for molecular classification

TMPRSS2 Gene ERG Gene
O] T

—

TMPRSS2:ERGa [T i ERG Gene Fusion

Gene Fusion

Novel protein

Overexpression
leading to disease

~10,000 tumors



WCMC a leader in state-of-the-art DNA
sequencing for prostate cancer

Strand to be sequenced

4333850485488

[ prostate cancer

whole genomes
Berger et al, Nature 2011

112 whole exomes
Barbieri et al, Nature Genetics 2012

57 whole genomes
Baca et al, Cell 2013




SPOP mutations in Prostate Cancer

Prostate Cancer
Samples F102
(N=453) F133
( F125
Y8 ’\

7

SPOP mutations 10%
(45 of 453)

K134

Substrate



SPOP mutations define a distinct
molecular class of prostate cancer

Each column represents a single prostate cancer sample Affected
Genes
v Type of gene alteration: B Mutation M Deletion Rearrangement
CHHHR N I Hinn i 1 | 1 | TP53
] | PIK3CA
AR THTHH i HHIUL | PTEN
ERG

N SPoOP

Barbieri et al, Nature Genetics 2012



SPOP mutation defines a distinct molecular
class of prostate cancer

Primary Prostate Cancer

ETS rearranged




The Cancer Genome Atlas (TCGA

FLI1

ERG ETV1 ETV4-L FOXA1 IDH1
ETS status MIENNEEEE sFoP L. Other
SPOP

FOXA1 - (-
IDH1 -
TP53 | - 1 m
PTEN |l - N i ] N
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BRAF [ | - [ ]
CTNNB1 1 (] 1 Im [ ] ]
HRAS 1 1 u
MED12 . -
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ZMYM3 1 (] 1 1 [ ] [ ]
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CHD1
BRCA2
CDK12
SPINK1
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SCNA SN FRESI SR A S I e e
Methylation N | MM BN BN DN N EE |
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TCGA et al, Cell 2015 (In Press)



SPOP mutation defines a distinct molecular
class of prostate cancer

2014 new cases: .
Primary Prostate Cancer

233,000 ﬁ, N

ETS rearranged

25,000/year

Brain/Nervous System
23,130

Myeloma
22,350

Lymphocytic Leukemia
21,750

Myeloid Leukemia
20,510



DNA Rearrangements in Prostate Cancer

Complex patterns of DNA
rearrangements



DNA Rearrangements in
Primary Prostate Cancer

Primary Prostate Cancer

DNA sequencing
from 55 clinically
localized PCA

v
Total Genomic .
Rearrangements m H —

| | |
0 200 400 800

Total Rearrangements

Number of Prostate Cancers




Timeline of events is critical

When do SPOP mutations occur in prostate cancer? Early or Late?

Normal Initiated Mild dysplasia Moderate dysplasia Severe dysplasia Carcinoma in situ Invasive cancer

NNy ¢
R Y,

)
L
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o 5
e

SPOP mutations
are present in early

lesions



Temporal Relationships:
Clonality

SPOP mutation is an early event



SPOP impacts DNA break repair

Double-strand DNA break

Error-free Repair Mechanism Error-prone Repair Mechanism



DNA Repair as an Achilles Heel in Cancer:
Synthetic Lethality

Normal Cell Cancer cell
Pathways can Loss of pathway A
compensate for leads to reliance
each other on pathway B

Pathway “ “
l l’ |nh|b|tor

Survival { 1 X *m

SPOP mutation confers sensitivity to specific
DNA damaging agents
~—

Opportunity for novel therapeutic interventions




Distinct molecular classes of prostate cancer

Primary Prostate Cancer

Prostate cancer can be
divided into subclasses
based on molecular ETS rearranged
features

CHD1

Distinct subclasses may
have distinct therapeutic
options

Ongoing research in my laboratory will help refine the
prostate cancer subclasses and develop improved

therapeutic approaches



CONCLUSIONS

* Prostate Cancer is Heterogeneous

* New genomic tests are becoming
available to help:
— With initial diagnosis
— Determining how aggressive
— Need for additional therapy

* Genomic classification is revealing distinct
molecular classes
— Precision medicine approach



