Case Study: OVAL
The 15t proteomics IVDMIA cleared by FDA
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OV A1 — Wall Street Journal ss2010

Cancer Clues
A new test measures five proteins that increase or decrease in your blood if you have ovarian cancer:

Function ' Cholesterol
Transport tumor cells
LIKELY
CHANGE IF
YOU HAVE
CANCER DOWN

Source: Vermillion Inc




OVAL: IVDMIA

m Vermillion Inc. licensed the invention,
conducted clinical trial and cleared by the
FDA for clinical use on September 11, 2009
as the OVAL test.

m Thiswas the (In
vitro diagnostic multivariate index assays)
cleared by the US FDA.



Case Study: Ovarian Cancer

m A 50 years old woman was presented at the
Johns Hopkins Hospital clinic. Physical
examination revealed masses In the pelvic
area. An ultrasonography was performed,
however, the result was not diagnostic. Her
serum CA125 was 105 U/mL. What was the
diagnosis?



OVAI - Intended Use (FDA)

The OVAL test Is a qualitative serum test that combines the
results of 5 Immunoassays Into a single numerical score.

It Is indicated for women who meet the following criteria: over
age 18, ovarian adnexal mass present for which surgery Is
planned, and not yet referred to an oncologist.

The OVAL test Is an aid to further assess the likelihood that
malignancy Is present when the physician’s independent clinical
and radiological evaluation does not indicate malignancy.

The test Is not intended as a screening or stand-alone diagnostic
assay.



An Integrated Approach for Biomarker Discovery,
Validation and Translation — JH Clinical Chemistry
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Our Strategies
Cancer biomarker discovery, validation & translation

m Select the right technologies: Protein/Lectin array and/or
Mass SPECIrOMELrY.

m Use well characterized clinical specimens — plasma, serum,
urine, body fluid, tissue, cell: Pathology.

m Develop bioinformatics tools for data analysis and
multiplexing of biomarkers: Engineering.

m Design multi-center case control study with extensive
clinical validation to minimize the impact of possible
confounding variables: Statistics.

m Discover and identify biomarkers (profile is not sufficient)
with biological (clinical) significance: Cancer Biology.

m Translation of biomarker into multiplex clinical
diagnostics: Clinical Chemistry.



1St HUPO World Congress (Versailles, France)
Nov 23, 2002

Title: Protein chips and bioinformatics: Essential tools for biomarker discovery.
Proteomic Approaches to Tumor Marker Discovery: Identification of Biomarkers for Ovarian Cancer.
Alex J. Ral, Zhen Zhang, Jason Rosenzweig, le-ming Shih, Thang Pham, Eric T. Fung, Lori J. Sokoll

and Daniel W. Chan. Archives of Pathology and Laboratory Medicine. 126:1518-1526, 2002.




2" HUPO World Congress (Montreal, Canada)
Oct 9, 2003

Title: Cancer Proteomics; From Discovery to Diagnostics.

m Three biomarkers identified from serum proteomic
analysis for the detection of early stage ovarian

cancer. Z Zhang, RC Bast, Y Yu, J Li, LJ. Sokoll, A Ral, J
Rosenzweig, B Cameron, Y Wang, X Meng, A Berchuck, C
van Haaften-Day, NF Hacker, HW de Bruijn, AGJ van der
Zee, 1J. Jacobs, ET Fung & DW Chan. (Johns Hopkins

Univ, MD Anderson, Duke Univ, Royal Hosp, Sydney,

Australia; Groningen Univ Hosp, Netherlands, Ciphergen,
London Univ, UK).



Do you have the right specimens for
biomarker discovery?

m o obtain the right specimens from the right
targeted population for biomarker
discovery.

m For example, If the goal Is to discover
biomarkers for aggressive cancer,
specimens should be obtained from patients
with and without aggressive cancer.



|_esson learned: Do we have the right approach for
biomarker discovery and validation?

Discovery Study

Validation Study

Traditional
Approach

Small convenient
set of specimens
(n=10-100)

Large, well defined
set of specimens
(n=100-1000)

New Approach

Large well defined
set of specimens
(n=100-1000)

Large, well defined
set of specimens
(n=100-1000)
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Bioinformatics:

UMSA for Nonlinear Classification

Genetic Algorithm (GA)
Model selection

Nonlinear UMSA
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UMSA: Unified Maximum Separation Analysis




Model Evaluation and Comparison:
ROC Curves

Independent validation set: stages I/l epithelial ovarian cancert vs. healthy controls.

1.0 R | —1]

0.9 ,—,J
0s[ GRIN

0.7 _|J
o I

>
S 06
%o.s
n | — CA125, AUC=0.770
0.4 — 3 Markers + CA125, AUC=0.920, p=0.028
0.3@ 3 Markers, AUC=0.885, p=0.023
0.2
0.1
0.0 |
00 01 02 03 04 05 06 07 08 09 1.0

1 - Specificity



Lesson learned: The intended use define clinical
performance and the target population.

Desired test . S High sensitivity and | ,. i
performance High sensitivity S becthicity High specificity
Size of biomarker
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AN Cancer Epidemiology,
== Biomarkers & Prevention


Presenter
Presentation Notes
A simplified multidimensional space characterizing clinical needs for cancer detection and desired performance.


The 4B&4G for Biomarker Translation

® (1) To define clearly a specific clinical “intended use™ for
unmet needs.

m (2) To generate sufficient evidence In preliminary studies to
support the investment for a large-scale validation study.

m (3) To select/develop assays with analytical performance
suitable for clinical use.

m (4) To conduct clinical trial to demonstrate clinical utility to
obtain regulatory approval and gain acceptance
M by the clinical community.




OVA 1: Choice of Assay

m Discovery assay: SELDI mass spectrometry
m Clinical assay: ELISA



Summary: The 4B & 4G for Successful
Biomarker Translation




Future Cancer Proteomic Diagnostics

m [he future of cancer diagnostics will most likely come from
the advances In clinical proteomics.

m Construction of a roadmap for the development of cancer
diagnostics: define clinical intended use and understand the
characteristics of cancer diagnostics.

m Translation of cancer biomarker into clinical laboratory will
require close collaboration between researchers, industry,
clinicians and clinical chemists.

m \We learned that the road from biomarker discovery, validation
to clinical diagnostics could be long and winding, sometimes
frustrating, however, we know that at the end of the road
.................................................... there Is a rainbow
waiting for us.
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