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Overview

e Definition and aim of biomarkers
* Framework for evaluating biomarkers

e Review of main biomarkers used in localized
prostate cancer



What’s a Biomarker

e WHO definition:

— “any substance, structure, or process that can be measured in
the body or its products and influence or predict the incidence
of outcome or disease”

* |n prostate cancer the term is often reserved for serum,
urine or tissue tests clinically used to help with decision
making or for prognostication

— ? Re-biopsy, ? Add radiotherapy, etc.
— Estimating survival



Biomarker = Test

SENSITIVITY AND SPECIFICITY

increase sensitivity, shift to the left

e Test characteristics
— SN, SP, PPV, NPV

* Cost

* Invasiveness P\ .

* Practicalities: N

— What does the read-out look like?

— How will the result change your management?
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* Prognostic vs Predictive
— Marginal benefit over PSA/clinical details

* Consider specific disease state where test is intended
— Susceptibility biomarkers
— Biomarkers of disease risk
— Risk stratification biomarkers
— Biomarkers for prediction of disease response
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Table 1

Current Food and Drug Administration (FDA) or Clinical Laboratory Improvement
Amendments (CLIA) approved blood-, urine-, and tissue-based biomarkers in prostate cancer.

R Available
Biomarker Test Molecular Markers
as
Serum-based
Prostate Serum Antigen (tPSA) PSA FDA
PHI (Beckman Coulter Inc., Brea,
Total PSA, fPSA, p2PSA FDA
CA, USA)
L ) CLIA-
4K (OPKO lab, Miami, FL, USA) Total PSA, fPSA, intact PSA, hK2
approved
Urine-based
PCA3 (P Hologic,
(Progensa) Hologic. T, FDA
Marlborough, MA, USA
ExoDX Prostate (Intelliscore) T
Exosome Diagnostics Inc., Waltham, Exosomal RNA (PCA3, ERG)
approved
MA, USA
. . CLIA-
MiPS (Detroit, MI, USA) PCA3 and TMPRSS2-ERG mRNA
approved
SelectMDX CLIA-
i HOXC6, DLXI
(MDx Health, Irvine, CA, USA) approved
Tissue-based
ConfirmMDx (MDxHealth, Irvine, . CLIA-
DNA hypermethylation (GSTP1; APC; RASSFI)
CA, USA) approved
Prolaris (Myriad Genetics, Salt Lake X .
. mRNA expression; 31 genes (cell cycle progression) FDA
City, UT, USA)
Oncotype Dx (Genomic Health, X CLIA-
) mRNA expression; 17 genes
Redwood City, CA, USA) approved
. L mRNA expression; 22 genes (cell proliferation, migration,
Decipher (GenomeDx Biosciences, . o . CLIA-
i tumor motility, androgen signaling, and immune system
San Diego, CA, USA) i approved
evasion)
Promark (Metamark, Cambridge, CLIA-

MA, USA)

Protein biomarker test (8 proteins)
approved
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* Prognostic vs Predictive
— Marginal benefit over PSA/clinical details

* Consider specific disease state where test is intended
— Susceptibility biomarkers
— Biomarkers of disease risk
— Risk stratification biomarkers
— Biomarkers for prediction of disease response



available at www.sciencedirect.com
journal homepage: www.europeanurology.com UROLOGY

(A

European Association of Urology

Genomic Markers in Prostate Cancer Decision Making

Vito Cucchiara®, Matthew R. Cooperberg”, Marc Dall’Era®, Daniel W. Lin®,
Francesco Montorsi®, Jack A. Schalken®, Christopher P. Evans ™*

* Prognostic vs Predictive
— Marginal benefit over PSA/clinical details

* Consider specific disease state where test is intended
— Susceptibility biomarkers (SNPs, rare germline mutations)
— Biomarkers of disease risk (MiPS, Select MDx, 4K, ExoDX)

— Risk stratification biomarkers (4K, PHI, PCA3, Confirm MDX, Oncotype
DX, Prolaris, Decipher)

— Biomarkers for prediction of disease response (ARV7, DNA repair)



Urine and Serum tests
PCA3, 4K, Select MDX

 Predictive tests

e Typically used to consider whether or not to
biopsy

 May improve long term prognostication
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* Ratio of PCA3 : PSA mRNA

PCA3 Score

* Post DRE Urine
PCA3 Molecular Urine Assay for Prostate

0.0
Cancer in Men Undergoing Repeat Biopsy 00 01 02 03 04 05 06 07 08 09 1.0
Leonard S. Marks, Yves Fradet, Ina Lim Deras, Amy Blase, Jeannette Mathis, 1-speciﬁcity
Sheila M. J. Aubin, Anthony T. Cancio, Marie Desaulniers, William J. Ellis,
Harry Rittenhouse, and Jack Groskopf 60% Figure 1. ROC analysis using PCA3 score or serum PSA
o 50% level as diagnostic indicator and prostate biopsy as refer-
2 A ence method.
g % J
> 30% ;
Q
a8 20% — ‘ Table 1. Sensitivity and specificity of PCA3 assay
® .
10% j | . ‘ PCA3 Score  Sensitivity  Specificity
0% (%) (%) Odds Ratio
PCA3Score: <5 5 -19 20 -34 35 -49 50 -100 >100 10 87 28 2.5
#Subjects: 26 73 5 2 2 18 35 58 72 3.6
Figure 2. Probabilities of positive biopsy findings at differ- 50 47 81 3.7

ent PCA3 score ranges. Number of subjects in each range
shown at bottom.



PCA3 Score

SCC Accredited
LAE

DynOC}Q r@‘ @ Lab ID: 2017-264140

University Urology Associates
(UUA)/Princess Margaret Hospital

LAB
Accrégite CCN

_Prescriber : Patient
Name : NATHAN PERLIS Name :
Clinic: University Urclogy Associates (€002)
Address: 123 Edward Streel, Suile 1401 Date of birth : Age: T7
Toronto, ON MSG 1E2 .
Telephone: 416.979.50C0 Sex:
Fax: 416.975.8002 Health Ins.
Analysis Specimen Result Reference value Unit  Status
PCA3 (PCAB3/PSA) Urine PCA3/PSA Ratio . 29 LOWRISK
PCA3
120
100
80
60
40
s — Threshold : 36
20
¢ 2017-11-24
Note: PCA3/ PSA Ratioa:
Elevated Risk: PCA3 / PSA Ratio 2 350
Low Risk: PCA3 / PSA Ratio < 35
Indeterminate-: Insufficient quantity of PSA mRNA
Method: a PCA3 mRNA copies divided by PSA mRNA copies, multiplied by 1000

b Fradel Y., et al (2006), Perfonnance of lhe PCA3 Urine test on Subjests with Previous Negative Prostate Biopsies. European Association of Urology
Annual Congress, Poster Presentation: April 5-8, Pars, France,

This test is regarded by Ihe scientific communiy as a useful adjunct in the diagnosis of prostale cancer. Decisions pertaining lo patient care and lreatment
should not be based on a single test. Rather, decisions on care and treatment should be basec on the independent medical judgment of the treating
physician, taking into corst all available ing the palient's condition, including olher pathological tests.
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Normal MRI
Normal PCA3 Abnormal PCA3
Definition of PCa Any PCa Epstein or |Gleason 7 PCa or Any PCa Epstein or worse| Gleason 7 or
worse PCa >4mm CCL Pca >4mm CCL
# of Patients 20f 26 0of26 0of 26 10 of 32 3of32 30f32
positive on Biopsy (7.7%) (0%) (0%) (31.2%) (9.4%) (9.4%)
NPV of PCA3 in 92.3% 100% 100%
each scenario (82.1 - 100%) (100-100%) (100-100%)
(95% Cl, p-value) p<0.0001 p<0.0001 p<0.0002
Abnormal MRI
Normal PCA3 Abnormal PCA3
Definition of PCa Any PCa Epstein or |Gleason 7 PCa or Any PCa Epstein or worse| Gleason 7 or
worse PCa >4mm CCL Pca >4mm CCL
# of Patients 14 of 49 12 of 49 10 of 49
positive on Biopsy (28.6%) (24.5%) (20.4%)
NPV of PCA3 in 71.4% 75.5% 79.6%
each scenario (58.8%-84.1) | (63.5-87.5%) | (68.3%-90.9%)
(95% Cl, p-value) p=0.003 p=0.0004 p<0.0001

Table 3. Chart identifying number of patients with prostate cancer on repeat biopsy stratified by MRI,
PCA3 test and definition of prostate cancer. Abnormal MRI = PIRADs-v2 3-5, Abnormal PCA3 = 35 or

greater. CCL = cancer core length, NPV = negative predictive value

In a man with a prior negative biopsy with clinical suspicion of PC (i.e.
rising PSA), dual negative mpMRI and PCAS3 tests is highly predictive for
the absence of clinically significant prostate cancer.




)

¢,
eo )
9 <
< 0
(%) >
[e) <
o S
b &

EUROPEAN UROLC

Y 68 (2015) 464-470

available at www.sciencedirect.com
journal homepage: www.europeanurology.com

-y
(1]

European Association of Urology oy |

A Multi-institutional Prospective Trial in the USA Confirms that
the 4Kscore Accurately Identifies Men with High-grade
Prostate Cancer
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Fig. 2 - Model calibration showing predicted versus actual Gleason =7
cancer detected using the 4Kscore in the validation cohort.

Table 3 — Biopsies avoided and Gleason =7 cancers with delayed diagnosis for various 4Kscore cutoff values

4Kscore cutoff

Biopsies Biopsies Gleason =7 cancers, n (%)
performed (n) avoided, n (%)

Gleason score for delayed diagnosis of Gleason
=7 cancers, n (%)

Detected Delayed diagnosis 3+4 4+3 4+ 4 or higher
0% 1012 o(o) 231 (23) 0(0) 0(0) o{a) 0 (0)
=6% 705 307 (30) 218 (22) 13(1.3) 10(1.0) 3(03) 0 (0
>0 578 434 (43) 207 (20) 24 (2.4) 15(15) 7(0.7) 2 (0.2)
=12% 499 523 (51) 199 (20) 32(3.2) 20 (20) 7(0.7) 5 (0.5)
=15% 421 501 (58) 183 (18) 48 (4.7) 33(33) 9{09) 6 (0.6)
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l'rwe is a 72% probabilty thet tho patient will not have aggressive disease on a prostato blopsy. J

| The DRE. a companent of tho 4Kscore algeckthm, has cither not been provided or porformed. |

Low Risk Intormediate Risk High Alsk

1% Z% 3% A% 5% 6% 7.5% 10% 12% 14% 10% 18% 20%30% 4% 5% 0% 70% 0N 5004
4Kacere Test Reault

Digital Rectal Exam (DRE) |_NotPordormed ]  Prior Biepsy Status

The 4Kscore result s the predicticn of the individual's risk of aggressive prostate cancer of Gleason scoro 7 or higher If & prostate blopsy is
performed.

The 4Kscoro ic calculatod from the results of four immunoassays: Total PSA, Freo PSA, Inlact PSA, and Human Kaliikegine2 (hK2), plus patient
ago, reported DRE result, and history of prior nagative blopsy,

Based on Ihe 4Kscore US validation study, prostate blopsy should boeenshmo In mom mon with & &Kscore of 7.5% or highar. However,
patient managemant should bo bascd on chnical judg and shared d g about g biopsy,

In a landmark study by smln ot al. 12,542 men were followed for up 10 20 yaars In Visterbolten, Swodon Lo delermine the dsk of prostato
who had a i PSA and a 4Kseore of 7 5% of lass had a low risk (<=1%) of having metastatic prostale cancer

References:
\ Parakh, 0J. Punnen S, S}ebg’ DD, ctal. Eur Uml 20155!96&3] 464-70.
2. Gupta A, Roebel J, Savage ulul BrJC ‘5 0 2 zg)’Tg&ll

3. Suwn P.Vickers AJ,
Noto: This toet was ovaluated and It haw not boon cloared or approved

Mm characleristics by by the
ussw-wmuwmmm FDA has determined that such m«wmuhmmy BloRoforence Laborataries Is conified undor
the Clinicel Laboratory improvomont Act of 1986 (CLIA) as quoifiod 1o parform high compilexity clinleal Toating,

In @ man with clinical suspicion of PC (i.e. elevated PSA) but undecided
about biopsy, 4k score can help predict the likelihood of having clinically
significant cancer and may inform a decision to avoid biopsy.
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Table 3 - Odds ratios, 95% confidence intervals, and p values for
risk factors as obtained in the training cohort during development
of the risk score

Parameter Model 1, OR; CI {p) Model 2, OR; CI {p)

HOXCEand  1.68; 1.38-2.05 [0.003] 1.96; 1.40- 273 [<0.001)
DX

PSAD 2.91; 1.40-6.06 (0.004) 3.78; 1.89-7.53 (<0.001)

DRE 5.53; 2.89-10.56 [<0001) -

Previous 0.28; 0.09-0.83 [0u02) 0.21; 0.07- 0UB3 [0.005]
biopsy

FEA 5.40; 0.81-35.94 [(LO8T) 3.42; 0.59-19.95 (0L17)

Family 1.76; 0.81-3.80 (0.15) 1.56; 0.76-3.18 (0.2)
histary

Age 1.01; 0.87-1.05 [0.7) 1.01: 0.97-1.06 [0.5)

Cl = confidence interval; DRE = digital rectal examination; OR = odds ratio;
PSA = prostate-specific antigen; PSAD = prostate-specific antigen density.

0.6 0.4 0z
Spacificity

0.0

robust predictor for the detection of high-grade PCa, as
illustrated by a successful validation in this independent
cohort by a direct comparison with cohort A (p = 0.3 for the
difference between AUCS). In cohort B, model 2 reached an



In a man with clinical
suspicion of PC (i.e. elevated
PSA) but undecided about
biopsy, Select MDX score can
help predict the likelihood of
having clinically significant
cancer and may inform a
decision to avoid biopsy.

Select MDX

Select MDX.

 for Prostate Cancer

Patient Report

Patient Name: Specimen#: Not Provided Physician: Nathan Perlis

Date of Birth: Collection Date: 06/18/2019 Account: Lifelabs

MRN/Patient#: Received Date: 06/21/2019

Prostate Volume? ot Provided Report Date: 06/28/2019 Address: 100 Internatingl Bivd

PSA: 10 ngimL Specimen Type: Post DRE Urine

DRE: Normal MDxH Accession#f:  SL19-09451 City/State/Zip: Toronto, Ontario, MOW 66

PBatient Result:

The SclectMDx test result for this paticnt indicates a 40% likelihood of detecting prostate cancer, with a 14% probability for Gleason score =7
{GS>7}, when performing a standard 12-core TRUS guided biopsy.

Likelihood of prostate Likelihood of detecting
0 0,
40 % cancer upon biopsy 14 /0 Gleason score 27 cancer

Test Description:

SeiectMDx for Prostate Cancer is a reverse-transcription PCR (RT-PCR; assay performed on urine specimens collected irmmediately following DRE
from patients who are being considered for prostate biopsy. The test measures the urinary MRNA levels of the DLX1 and HOXC6 biomarkers to
aid in patient selection for prostate biopsy. Higher levels of DLX1 and HOXC6 mRNA are associated with an increased probability for GS 27
prostate cancer. A clinical model combining DLX1 and HOXC6 mRNA levels with established clinical risk factors, including PSA, prostate volume,
DRE findings and age, is used to estimate the likelihood of detecting G5 =7 prostate cancer upon biopsy. with an area under the curve {AUC} of
0.85 (95% Cl: 0.83-0.88}, in addition to the likelihood of no cancer or GS <6 disease. Performance is based on the presence of all relevant data
elements, if all data are not available, or Sa-reductase inhibitors (5-ARIs} have been administered to decrease serum PSA values, results should be
interpreted with caution and AUC of the test will vary.




In @ man where suspicion of
GI7 PC is borderline (i.e.
mildly elevated PSA) but
undecided about biopsy,

Select MDX score can may
inform a decision to avoid or
proceed with biopsy.

Select MDX

Select /||

for: Prostate Cancer:

Patient Report

Patient Name:
Date of Birth:

Specimens: Not Provided Physician: Nathan Perlis
Collection Date: 07/25/2019 Account: Uifelabs

MRN/Patients: Recelved Date: 07/3172019
Report Date: 08/142019 Address: 100 internatinal Bivd
Spacimen Type: Post DRE Urlne

MDxH Accession#:  5L19-11051 Clty/State/Zip: Toronto, Ontario, MIW 6J6

Prostate Volume: Not Provided
PSA: 3.06 ng/ml.
DRE: Normal

Very Low R

The SelectMDx test result for this patient Indicates a very low risk for the detection of Gleason score 27 (GS27) prostate cancer upon biopsy with
a negative predictive value of 95%, and a negative predictive value of >99% for Gleason score 28 prostate cancer,

Test Description:

SelectMDx for Prostate Cancer Is a reverse-transcription PCR (RT-PCR) assay performed on urine specimens collected immediately following DRE
from patients who are being considered for prostate biopsy. The test measures the urinary mRNA levels of the DLX1 and HOXCE biomarkers to
ald in patient selection for prostate blopsy. Higher levels of DLX1 and HOXC6 mRNA are associated with an increased probability for G5 27

[+ cancer. A clinical mode! combining DLX1 and HOXCE mRNA levels with established clinical risk factors, including PSA, prostate volume,
DRE findings and age, is used to estimate the lkelihood of detecting GS 27 prostate cancer upon blopsy, with an area under the curve (AUC) of
0.85 (95% Ci: 0.83-0.88), in addition 1o the likelihood of no cancer or GS <6 disease. Performance Is based on the presence of all relevant data
elements; if all data are not avallable, or So-reductase Inhibitors (5-ARis) have been administered to decrease serum PSA values, results should be
Interpreted with caution and AUC of the test will vary.




Tissue based tests
Decipher, Prolaris, Oncotype DX

* Uses biopsy or RP specimen tissue
* Predictive tests

— Genomic classifiers

e Typically used to consider whether or not to treat

— Primary or adjuvant
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Individual Patient-Level Meta-Analysis of the Performance of
the Decipher Genomic Classifier in High-Risk Men After

Prostatectomy to Predict Development of Metastatic Disease
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In a man with localized
prostate cancer Decipher can
be used to

Predict metastasis
Better risk stratify patients
Triage adjuvant or salvage
therapy (NCCN guideline)

Docusign Envelope ID: 67060869.6C69-4D4E-80C6-48C650605B4A \ GenomeDx Biosciences Laboratory

%Decipher
———CEBIOBSY e

Decipher Biopsy Report ]
R ——— ~z .

Patient Details Order Information

Patient Name: Order Date: 03/06/2017

MRN/Patient ID #: Specimen Received Date:  04/05/2017

Date of Birth GenomeDx Accession ID:  MC-207770

Date of Biopsy: ID: 16-72641-13A

—_— -

Pathology Laboratory: Toronto Generaj Hospital Pathology | Ordering Physician: Neil Fleshner, MD

Pathologist: Andrew John Evans, mp Clinic/Hospital Name: Princess Margaret Hospital

Address: 200 Elizabeth St, Ry 11E-220, Toronto, ON CliniciHospital Address: 610 University Ave, Toronto, Ontario, M5G

M5G 2C4, Canada s 2M9, Canada

——————— e ——

Clinical Details: PSA, most %

Specimen 15;:::“ (hg/ml): 58 Clinical stage: T3a Gleason Score: 343
-~ Neodie Blopsy ¥ of Posiive Cores: 2(20f 13 Coros)  NCCN risk category: _ High Risk
S

BIOPSY )
1.00 Your Decipher Result - Genomic Low Risk
Decipher Score 0.16

Decipher Score



Decipher Test Impacts Decision Making Among Patients
Considering Adjuvant and Salvage Treatment After Radical
Prostatectomy: Interim Results From the Multicenter
Prospective PRO-IMPACT Study

John L Gore, MD, Ms', Marguerite du Plessis, Bsc?, Marfa Santiage-Jiménez, MS?; Kasra Yousefi, MS?;
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Prolaris

PROLARIS" BIOPSY TEST RESULT

ORDERING PHYSICIAN CLINICOPATHOLOGIC FEATURES USED FOR ANALYSIS
Nathan Perfis MD
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Genomic Prostate Score
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Summary

 “Biomarkers” are tests with fancy names
— If no marginal benefit over standard nomogram - don’t use

 Serum and urine tests can help decide on whether or not to
biopsy (4K, PCA3, Select MDX)

* Tissue tests (Decipher, OncotypeDX, Prolaris) can predict
survival and adverse findings on RP and used to decide on
adjuvant radiotherapy

* Expensive

* No trials yet to prospectively test whether altering
treatment based on genomic classifier improves outcome
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