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4 The Early Detection Research Network

Foreword

Remarkable strides in cancer research and technology in the late 20th Century have
given way today to an opportunity for exponential progress against the disease. With
this in mind, the National Cancer Institute (NCI) is pursuing a forward-looking goal
to eliminate suffering and death due to cancer by 2015.

We believe in the next few years that new intervention strategies will allow us to prevent
and/or eliminate many cancers and ultimately transform cancer into chronic, manageable
diseases that patients live with-not die from.

Research has led to the understanding that cancer, once mysterious, is actually a disease
process whose mechanisms can be revealed and to some extent controlled. Our growing
understanding of this process has exposed multiple chances to intervene in the process.
These new intervention strategies include preventing initiation of the process; detecting
it early when it is most amenable to elimination; and arresting the process to stop the
metastasis.

Scientific advances and major discoveries from areas such as genomics, nanotechnology,
proteomics, metabolomics, immunology, molecular imaging, and bioinformatics allow
us to envision a future when a patient’s genetics, lifestyle, and environmental risk for
cancer can be combined with effective prevention and early intervention strategies,

especially for those at high risk.

While vast amounts of information about the genetic basis of cancer has been produced,
we are more critically learning that the functioning of normal and tumor cells is controlled
by the proteins that are transcribed from abnormal genomes. These proteins along with
genes and other indicators of the processes and pathways that distinguish cancer are true
“biomarkers.” Through the use of advanced transformational technologies NCI’s Early
Detection Research Network is developing innovative ways to discover and validate such
biomarkers for use in clinical applications.

EDRN is a leader in establishing and using criteria for the validation of biomarkers;

the creative use of information technology; and a multidisciplinary collaborative approach
to discovery and development. Powerful tools for detecting cancer and cancer risk will
support valuable partnerships across the cancer community, including other federal
agencies, academic institutions, and private industry, to implement key elements of

our strategic plan.

EDRN's discovery, development and delivery of cancer biomarkers will establish a strong
foundation necessary to help make NCI’s 2015 strategic goal happen.

/w«(fmm

Andrew C. von Eschenbach, M.D.
Director, National Cancer Institute




Introduction

Since 2000, the National Cancer Institute’s
Early Detection Research Network
(EDRN) has fostered a highly collabora-
tive, multidisciplinary research venue to
improve the early detection of cancer.

The Network is focused on translating
new molecular knowledge into practical
clinical tests that identify cancer at the
earliest stages of a normal cell’s transforma-
tion into a cancer cell, and to identify
individuals at risk of developing cancer.

This scientific consortium of more than
30 institutions and their research teams
from preeminent academic, private, and
government institutions is a vital compo-
nent of the core NCI mission to conduct
and support research to decrease incidence,
suffering, and death due to cancer.

Early detection of disease has played a
pivotal role in patient survival and quality
of life throughout the history of medicine.
Found early, many lethal diseases can

be prevented from progressing by using
existing methods, such as vaccination,
drug therapy, surgical, or lifestyle interven-
tions. The inherent difficulty of this task,
however, is to effectively detect conditions
at the earliest possible stage with enough
certainty that occurrences can be addressed
successfully.
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EDRN’s overarching goal is to establish
meticulously validated biological markers
that are ready for large-scale clinical
testing. Progress toward this end includes
a strengthened Network infrastructure;
increased usage of novel technologies and
rigorous methods to prove the efficacy
of biological markers of disease; and key
research milestones in the development
and validation of these biomarkers.
Throughout this report certain terms
appear in bold face. These are defined in

the glossary found at the back inside cover.

EDRN is funded by NCI’s Division

of Cancer Prevention, headed by Peter
Greenwald, M.D., Dr.PH., and adminis-
tered by the Cancer Biomarkers Research
Group and its chief, Sudhir Srivastava,
Ph.D., M.PH. In addition to biomarker
development and validation, the Division
of Cancer Prevention plans and directs

a broad extramural program of cancer
prevention research focused on chemopre-
vention, nutritional science, genetic and
infectious agents, and biometry; fosters
training and career development; and
advances community-based clinical
research and the dissemination of
effective practices.
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The potential of molecular techniques to
significantly improve early detection of
localized cancers provides an unprecedented
opportunity to understand the biology,
improve diagnosis, enhance treatment, and
reduce mortality. Research in the past 30
years has deepened our insights into nearly
all biological processes, particularly with the
complete sequencing of the human genome
in 2000. Yet, translating these discoveries
into daily medical practice takes time.

EDRN was established to help expedite
this translation of discoveries into medical
practice. Instead of funding individual
investigators in single laboratories, NCI
funds groups of researchers in the form of
a Network. Each competitively funded
investigator within the group assumes

- o Chall

specific responsibilities that relate to the
overall success of the specific research objec-
tive. They are basic scientists, clinicians,
and others, who agree to collaborate with
each other to move new discoveries into the
clinical validation process, that is, to prove
that a discovery—be it a biological marker
that can be measured or a specific test
method-actually works in people.

The Network is based on the premise
that integration of discovery, evaluation,
and clinical validation phases of medical
research are more likely to succeed when
they are carried out in a concerted and
systematic fashion. For this reason, all
investigators in the Network have a stake
in all of its broad research objectives.




The challenge is to identify biomarkers and
other technologies that provide an earlier
indication of disease with a more reliable
and precise predictive ability than current
methods. The past decade has witnessed

a revolution in biological science in which
researchers can study thousands of different
molecules in a single experiment. These
so-called high-throughput studies allow a
multitude of genes or proteins to be ana-
lyzed simultaneously. Genes, the functional
and physical unit of heredity passed from
parent to offspring, are pieces of DNA,
with most genes containing the information
for making a specific protein. Proteins are
molecules made up of amino acids that are
needed for the body to function properly
and form the basis of body structures such
as skin or hair, and of substances such as
enzymes, cytokines, and antibodies.

High-throughput studies allow for the rapid
comparison of samples from many different
patients with the expectation of finding
biological indicators that are directly related
to the disease state. However, individual
differences among people are a major
hurdle when attempting to discover a
disease-related biomarker in biological
fluids, such as serum.

Nonetheless, the coupling of high-
throughput technologies and protein
science enables samples from hundreds

of patients to be rapidly compared. These
high-throughput technologies have greatly
benefited proteomics (the study of the
structure and function of proteins including
the way they work and interact with each
other inside cells), genomics (the study

of the organization of genomes and the
nucleotide sequences of the component
genes), and transcriptomics (the study

of genes transcribed from DNA within
living cells to molecules of messenger RNA
as the first step in protein synthesis).
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Although proteomic approaches cannot yet
remove the “needle-in-a-haystack” quality of
discovering novel biomarkers, they do pro-
vide the capability to inventory components
within the “haystack” at an unprecedented
rate. In fact, such capabilities already have
exponentially expanded our knowledge of
the different types of proteins within serum,
and opened the way for novel technologies
for diagnosing cancers to emerge.

While many proteomic technologies and
data management tools are in their infancy,
the future of proteomics in disease diagnos-
tics is promising. Molecular strategies
involving imaging, proteomic and genomic
analysis of tumors and other specimens
may ultimately identify small and early
lesions that to date have been inaccessible
in conventional clinical practice. There

are currently markers for diseases such as
prostate (prostate-specific antigen, or PSA)
and ovarian cancer (cancer-antigen 125,

or CA125), that have not been shown

to possess the sensitivity and specificity
necessary to be used as a general screening
tool in the diagnosis of early stage prostate
and ovarian cancer.

Some have asked whether the amount

of data accumulated in such studies will
overwhelm researchers. This does not seem
to be the case based on the leads already
discovered using proteomics. It is likely that
biomarkers with better sensitivity and speci-
ficity will be identified, and individuals will
be treated using customized therapies based
on their specific protein profile.
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Timeline

The Early Detection Research Network

November 13, 1998 Early Detection Implementation Group proposes concept for
Early Detection Research Network to NCI Board of Scientific
Advisors. Concept is approved.

April 2000 Early Detection Research Network fully launched.

September 26-27, 2000

First EDRN Workshop in Chicago, IL

October 2000

Initial Report of Early Detection Research Network
published.

June 26, 2001

Progress Report presented to the Board of Scientific Advisors.

October 13-15, 2001

Second EDRN Workshop convened in Seattle, WA

March 10-15, 2002

EDRN-Gordon Research Conference on New Frontiers in
Cancer Detection and Diagnosis, Ventura, CA

November 14-15, 2002

Progress Report to NCI Board of Scientific Advisers

March 2003

EDRN Approved for Second 5-year cycle

July 2003

Validation Study launched: Profiling for Prostate Cancer

August 17-22, 2003

EDRN-Gordon Conference on New Frontiers in Cancer
Detection and Diagnosis, Andover, NH

September 2003

Launching of the First Clinical Validation Study for
Microsatellite Instability as a Biomarker for Bladder Cancer

March 17-19, 2004

Training workshop on the Analysis of Proteomic Spectral Data
including SELDI/MALDI-TOF-MS Applications; Review of SELDI
Phase 1, Seattle, WA

June 14 - 16, 2004

Third Annual Scientific Workshop, Bethesda, MD

July 28-29, 2004

Workshop on Research Strategies, Study Designs and
Statistical Approaches to Biomarkers Validation for Cancer
Diagnosis and Detection, Gaithersburg, MD

September 2004

EDRN Outreach Meetings

Breast/GYN Collaborative Group Meeting, New York, NY; Gl
Collaborative Group Meeting, Norfolk, VA; GU Collaborative
Group Meeting, Houston, TX; Lung Collaborative Group
Meeting, Denver, CO

November 2-3, 2004

Investigators Training Meeting for EDRN’s Validation of Serum
Markers for Early Detection of Hepatocellular Carcinoma
(DCP), Boston, MA

November 4, 2004

Biomarkers Developmental Laboratories Investigators’
Training Meeting, Bethesda, MD

January 16-21, 2005

EDRN-Gordon Conference on New Frontiers in Cancer
Detection and Diagnosis, Buellton, CA

March 21-23, 2005

Tenth Steering Committee Meeting, Rockville, MD




NCI considers collaboration as a prompt,
effective, integrated response to harness the
tremendous potential of projects that are
critical to the NCI mission. Collaboration
accelerates the response time to discoveries,
and provides the unique opportunity for
leveraging resources and extending research
bases beyond the reach of an individual
organization.

EDRN offers a fitting example of the col-
laborative model in which the substantive
outcome and the relationship outcome are
intertwined. This new approach depends on
a distinctive organizational culture in which
a set of important understandings held in
common by its members guides individual
and collective behavior. EDRN promotes
a “vertical” approach for conducting
biomarker research, whereby criteria for
judging the roles and clinical significance
of each newly discovered biomarker are
provided, as are the criteria and strategies
for judging biomarker relationships to one
another. This is in contrast to the current
culture in most academic environments in
which researchers compete rather than col-
laborate, thereby creating redundancies in
projects and reducing potential synergies
across disciplines. Such a system fosters a
“horizontal” approach, which may result
in rapid discoveries of many biomarkers
by participating laboratories, but limits
elements to further advance the validation
of biomarkers.
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The Network is structured around four

main components. EDRN comprises a
group of Biomarkers Developmental
Laboratories, which develop and character-
ize new biomarkers, or refine existing
biomarkers; Biomarkers Reference
Laboratories, which serve as a resource

for clinical and laboratory validation

of biomarkers, including technological
development, standardization of assay
methods, and refinement; Clinical
Epidemiology and Validation Centers,
which conduct and support the early phases
of clinical and epidemiological research

on the application of biomarkers; a Data
Management and Coordinating Center
which provides statistical, logistics, informa-
tion support, and develops the theoretical
statistical approaches to pattern analysis

of multiple markers simultaneously;

an Informatics Center led by investigators
at the National Aeronautics and Space
Administration’s Jet Propulsion Laboratory
serving as the lead for the informatics
component, leveraging its experience in
building science information systems.
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A Steering Committee, comprised of the
Network’s Principal Investigators and

NCI staff, coordinates the work of the
consortium and provides major scientific
management oversight. The group is
responsible for developing and implement-
ing protocols, designs, and operations.

An Executive Committee of the Steering
Committee meets monthly; it is comprised
of chairs for the Collaborative Groups,

the NCI program director, the Steering
Committee chair and co-chair.

Subcommittees and working groups report
to the full committee.

Additional collaborations are encouraged
through an Associate Membership pro-
gram, which supports pilot and resource
sharing projects, and provides open partici-
pation in meetings, workshops, and
conferences by non-Network professionals
with proposals focused on biomarker
research.

This chart outlines
the EDRN infrastruc-
ture for supporting
collaborative research
on molecular, genetic
and other biomarkers
in cancer detection
and risk assessment.

Components of the Early Detection Research Network

==
“lE
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Principal Investigators

Clinical Epidemiology and Validation Centers

Principal Investigator Institution Organ Focus Funding Period
(alphabetic by last name) (by calendar year)
Dean E. Brenner, M.D. Colon 2000-2010
University of Michigan

Ann Arbor, MI

Daniel W. Cramer, M.D. Ovary 2000-2010
Brigham and Women’s Hospital

Boston, MA

Paul Engstrom, M.D. Breast 2005-2010

Fox Chase Cancer Center
Philadelphia, PA

Kathy Helzlsouer, M.D. Breast 2000-2005
Johns Hopkins University
Baltimore, MD

Henry T. Lynch, M.D. Pancreas 2000-2010
Creighton University
Omaha, NE

Alan Partin, M.D. Prostate 2000-2010
Johns Hopkins University
Baltimore, MD

William N. Rom, M.D. Lung 2000-2010
New York University School of Medicine
New York, NY

Martin Sanda, M.D. Prostate 2005-2010
Beth Israel Deaconess Medical Center
Boston, MA

Margaret R. Spitz, M.D., M.P.H. Head & Neck 2000-2005
University of Texas, M.D. Anderson
Houston, TX

lan M. Thompson, M.D. Prostate 2000-2010
University of Texas Health Science Center
San Antonio, TX

Elizabeth R. Unger, M.D., Ph.D. Cervix 2000-2010
Centers for Disease Control and Prevention
Atlanta, GA
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Principal Investigator Institution
(alphabetic by last name)
*=new grantee

William L. Bigbee, Ph.D.
University of Pittsburgh Cancer Center
Pittsburgh, PA

Timothy Block, Ph.D.
Drexel University
Philadelphia, PA

*Paul Cairns, Ph.D.
Fox Chase Cancer Center
Philadelphia, PA

*Arul Chinnaiyan, M.D., Ph.D.
University of Michigan
Ann Arbor, Ml

Bogdan A.Czerniak, M.D., Ph.D.
University of Texas

M.D. Anderson Cancer Center
Houston, TX

*Laura J. Esserman, M.D., M.B.A.
University of California
San Francisco, CA

Wilbur A. Franklin, M.D.
University of Colorado Health
Science Center

Denver, CO

Adi F. Gazdar, M.D.

University of Texas Southwestern
Medical Center

Dallas, TX

Samir Hanash, M.D., Ph.D.
Fred Hutchinson Cancer
Research Center

Seattle, WA

*Michael Hollingsworth, Ph.D.
University of Nebraska Medical Center
Omaha, NE

Biomarker Developmental Laboratories

Organ

Focus

Colon

Liver

Kidney

Prostate

Bladder

Breast

Lung

Lung

Lung and

others

Pancreas

Technology/
Approach

Proteomics

Proteomics,
Glycomics

Methylation,
Proteomics

Genomics,
Proteomics, and
Immune Response

Genomics

Genomics and
Proteomics

Genomics

Genomics
and Proteomics

Proteomics and
Auto anitbodies

Proteomics and
Mice Models

Industry
Collaboration

Predicant Biosciences

Xenomics, Inc.,
Immunotype, Inc.

GMP
Companies, Inc.

Sequenom Biotrue,
BD Biosciences,
Celera Diagnostics,
Biospect, Chroma

Rules-Based Medicine

Funding
Period

1999-2009

1999-2009

2005-2009

2005-2009

1999-2009

2005-2009

1999-2009

1999-2009

1999-2009

2005-2009
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*Anne M. Killary, Ph.D.
University of Texas

M.D. Anderson Cancer Center
Houston, TX

*Alvin Y. Liu, Ph.D.
University of Washington
Seattle, WA

Jeffery R. Marks, Ph.D.
Duke University Medical Center
Durham, NC

Stephen J. Meltzer, Ph.D.
University of Maryland School of Medicine
Baltimore, MD

*Hemant K. Roy, M.D.
Evanston Northwestern Research Institute
Evanston, IL

J. Oliver Semmes, Ph.D.
Eastern Virginia Medical School
Norfolk, VA

David Sidransky, Ph.D.
Johns Hopkins University
Baltimore, MD

Biomarker Reference Laboratories

Principal Investigator Institution

Peter E. Barker, Ph.D.
National Institute of Standards and Technology
Gaithersburg, MD

*Daniel W. Chan, Ph.D.
Johns Hopkins University
Baltimore, MD

David Chia, Ph.D.
University of California
Los Angeles, CA

William E. Grizzle, M.D., Ph.D.
University of Alabama
Birmingham, AL

Pancreas Genomics
Prostate Proteomics
and Bladder
Breast Genomics
(Gene Expression),
Proteomics

Esophagus  Genomic and

Proteomics

Colon Spectral imaging

Multi-organ  Proteomics

Lung Genomics

Organ Focus

All sites

All sites

All sites

All sites

-- 2005-2009
MacroGenics Inc. 2005-2009
Abbott 1999-2009
Laboratories
Diagnostic
Division

1999-2009
-- 2005-2009
Ciphergen 1999-2009
Oncomethylome 1999-2009

Sciences, Affymetrix

Funding Period
(by calendar year)

2001-2010

2005-2010

2000-2010

2000-2010
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*Sanford A. Stass, M.D. All sites
University of Maryland
Baltimore, MD

2005-2010

Data Management and Coordinating Center

Principal Investigator Institution Organ Focus Funding Period

2000-2010

Ziding Feng, Ph.D. All sites

Fred Hutchinson Cancer Research Center
Seattle, WA

Informatics Center

Principal Investigator Institution

Dan Crichton, M.S.

National Aeronautics and Space Administration
California Institute of Technology

Pasadena, CA

Organ Focus

All sites 2001-2010

Network Consulting Team

Chair

Bernard Levin, M.D.

University of Texas M.D. Anderson Cancer Center
Houston, TX

Powell Brown, M.D., Ph.D.
Baylor College of Medicine
Houston, TX

Judy Ellen Garber, M.D., M.P.H.
Dana-Farber Cancer Institute
Boston, MA

Sylvan Green, M.D.
Arizona Cancer Center
Tucson, AZ

Steve Gutman, Ph.D.
U.S. Food and Drug Administration
Washington, DC

Leland Hartwell, Ph.D.
Fred Hutchinson Cancer Center,
Seattle, WA

Robert Jaffe, M.D.
University of California San Francisco
San Francisco, CA

Heidi Malm, Ph.D. (Ethicist)
Loyola University
Chicago, IL

Larry Norton, M.D.
Memorial Sloan-Kettering Cancer Center
New York, NY

Olufunmilayo I. Olopade, M.D.
University of Chicago
Chicago, IL

Anil K. Rustgi, M.D.
University of Pennsylvania
Villanova, PA

John Wagner, M.D., Ph.D.
Meck Research Laboratory
New York, NY

Jane Beth Williams (Cancer Survivor)
Houston, TX

Funding Period
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Advancing Biomarker Discoverycand
Development; Progress fromy the EDRIN

Biomarker Development Labotdtorics

Through its established, integrated, and
multidisciplinary environment, the Early
Detection Research Network facilitates
collaboration among basic scientists,
clinicians, epidemiologists, biostatisticians,
technology developers, and other health
professionals. The initial challenge of
encouraging researchers to work as collabo-
rative teams rather than as competing
individuals continued in 2003 and 2004 as
the NetworK’s institutional components
and linkages were solidified.

The program focuses on speeding laborato-
ry discoveries and their subsequent
translation to clinical biomarkers. The
effort to provide timely, cost-effective
clinical tests for early detection of cancer
and identification of high-risk individuals
remains in high gear. Investigator-driven
research is aimed at developing, testing,
and evaluating promising biomarkers

and technologies. At the same time,
researchers are analyzing biomarkers and
expression patterns to form the foundation
for subsequent large definitive validation
studies of cancer detection and screening
methodologies.

Phase 3 Retrospective Longitudinal

Phase 2 Clinical Assay and Validation

rigires GUiding Principles for Biomarker Research: Phases of Early Detection Research

Phase 5 Cancer Control
Evaluate both the role of the biomarkers for detection of
cancer and the overall impact of screening on the population
through large-scale population studies

Phase 4 Prospective Screening
Identify the extent and characteristics of disease detected
by the test and determine the false referral rate

Determine how well biomarkers detect preclinical disease by testing the
markers against tissues collected longitudinally from research cohorts

Studies to determine the capacity of biomarkers to distinguish between people

with cancer and those without

Phase 1 Preclinical Exploratory
Exploratory studies to identify potentially useful biomarkers
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The Network is testing and evaluating pre-
dictive biomarkers for cancers in numerous
organ sites. Research progress is presented
here based on the formal organization of
the EDRN Collaborative Groups: breast
and gynecologic cancers; gastrointestinal
and other associated cancers; lung and
upper aerodigestive cancers; and prostate
and urologic cancers.

Breast and Gynecologic Cancers

Some 30 investigators from 18 different
institutions participating in EDRN are
members of the Breast/Gynecologic
Collaborative Group, whose shared goal
is to advance the early detection of breast,
ovarian, and cervical cancers.

BREAST CANCER

Biomarkers can play a critical role in
decreasing both the number of women
who are misdiagnosed with and those
who will die from breast cancer. Breast
cancer remains the most frequently
diagnosed cancer in U.S. women, with
over 211,000 new cases diagnosed each
year, and is the cause of more than
40,000 deaths yearly.

Investigators at Eastern Virginia Medical
Center are evaluating proteins from samples
collected from the lining of the milk ducts
by a technique known as ductal lavage.
Little is known regarding this unique
proteome source, so normal breast duct
material was examined for identification
of the major protein components.
Employing a molecular profiling process
using chips to capture proteins and then
analyze them (Surface Enhanced Laser
Desorption/Ionization or SELDI), the
researchers identified about 60 different
proteins. About 15 of these proteins were
common to every sample. Table 1 lists
some of the identified proteins.

In a follow-up study to discern which set
of these proteins would most likely indicate
cancer or cancer risk, fluid from ductal
lavage of 18 women with breast cancer
and 12 women at high risk of the disease
was evaluated by investigators at Emory
University. Using a statistical method
known as CART (Classification and
Regression Trees), which helps select

the most reliable indicators from many
possible combinations, they distinguished
3 protein peaks in samples indicative of
cancer or high risk for cancer.

Cross validation studies showed that mea-
surement of these three proteins allowed a
correct cancer diagnosis with a sensitivity
of 81% (identified 81% of breast cancers)
and a specificity of 91% (correctly identi-
fied 91% of women without breast cancer).
Future efforts will focus on purifying and
identifying the different biomarker proteins
observed in these ductal lavage samples,
especially in lavage fluids associated with
ductal tumors.



Researchers from Eastern Virginia Medical
Center also profiled the proteins from the
serum of women who have a mutation in
the breast cancer gene BRCAI before any
of these women were diagnosed with the
disease. The BRCAI women were followed
for 7 years or until they developed breast
cancer and then were divided into two
groups (BRCAI Cancer or Carrier) for
analysis. In addition, a collection of serum
samples from 15 women with breast cancer,
but who do not have a mutation in BRCAI
(called ‘sporadic’ breast cancers) was also

included.

These samples were analyzed by SELDI-
TOF-MS to reveal differentially expressed
proteins between cancers with BRCAI
mutations, BRCAI carriers, and sporadic
breast cancer samples. Using the differences
in proteins from the serum samples, the
investigators were able to correctly identify
13 out of 15 women with BRCAI who
had cancer versus women with BRCA1
mutations but no disease and 14 out of 15
women with BRCAI who had cancers vs.
women with sporadic cancers. Twenty-nine
proteins were overexpressed in the women
with BRCAI related cancer relative to the
non-cancer BRCAI carriers.

Whether the proteins identified represent
a very early detection of breast cancer or
show cancer risk remains to be determined.
Identification of the proteins is in progress.
Follow-up studies are planned in women
with BRCAI mutations and their sisters
who do not have mutations.

In collaborations between Duke and Abbott
Developmental labs, investigators are
making progress on the banking of biologi-
cal samples for research and on biomarker
development for breast cancers. This group
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has now collected over 1,500 specimens
from nearly 500 women undergoing
definitive diagnosis and treatment for
breast cancer. Continued efforts are
focused on women who are in the process
of being diagnosed. To this end, a protocol
has been instituted to obtain blood speci-
mens before sonographic-directed biopsy
of suspicious lesions. These are the women
who will most immediately benefit from
additional tests that could discriminate
benign from malignant conditions.
Furthermore, radiologic information will
be incorporated (both mammographic and
sonographic) in future predictive models
based upon circulating biomarkers.

Other promising biomarkers being investi-
gated are:

1. Markers of methylation: The addition
of a methyl group to specific sites on
DNA is a fundamental process that
can modulate gene expression and
regulate the stability of chromosomes.
Methylation markers in breast cancer
includes Zyxin and alpha Catenin genes;
and

2. Plasma-based expression markers:
Proteins present in blood plasma that
are the result of the expression of a gene
are an area that is being actively mined
for markers of cancer and cancer risk,
including a focus on BS106, mamma-
globin, and cytokeratin 19.
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OVARIAN CANCER

Opvarian cancer has the distinction of
being the most fatal cancer of the female
reproductive system. About 22,200 are
diagnosed with this disease each year and
more than 16,000 die of the disease yearly.
Symptoms of the disease are often vague
and can be ignored as gastrointestinal in
origin. Early detection of ovarian cancer
via biomarkers is a critical element in
reducing deaths from this disease.

Advances have been made in describing
new markers for ovarian cancer using
different techniques. Research is under way
using cDNA microarray analysis to identify
genes that overproduce specific proteins

Early Discovery

(upregulated genes) in ovarian cancer

cell lines, compared to normal ovarian
epithelial cells. Investigators at Brigham
and Women’s Hospital in Boston reported
on prostasin and osteopontin as two
candidate biomarkers for ovarian cancer.

A third gene identified in that study

was epithelial cell adhesion molecule
(Ep-CAM). Ep-CAM expression in ovarian
cancer cells was correctly identified using
an auto-antibody test with a sensitivity of
71% and a specificity of 81%. The fact
that the body is producing antibodies to
this protein suggests that it plays some

role in a disease process. All three markers
identified through these gene up-regulation
studies could prove to be complementary



to CA125, a tumor marker for ovarian
cancer that is already under study in a
large-clinical trial for its value in detecting
ovarian cancer.

Progress also continues on the isolation
and identification of markers in both

serum and urine originally identified
through SELDI. Five proteins from
serum were identified as likely to be able
to predict ovarian cancer and four of these
have been identified as known proteins.
One protein was higher in controls than
cases, making it a candidate biomarker

by looking for its absence, and was identi-
fied as calmodulin-like skin protein. The
remaining peaks/proteins were present

at higher levels in women with ovarian
cancer. One protein was identified as
survival promoting peptide dcd-1; another
as the alpha chain of haptoglobin, and a
third as apolipoprotein Al.

A protein often found in the urine of
ovarian cancer patients was purified,
sequenced, and identified as non-secretory
ribonuclease. Antibody assays qualitatively
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confirmed presence of the antigen in urine
from ovarian cancer patients but not from
women without the disease, making this
another candidate biomarker.

In continuation of earlier work in which

it was reported that low resolution MS
proteomic pattern profiling was an effec-
tive tool to segregate cancer from
non-cancer with a sensitivity, specificity
and positive predictive value of 100%,
95% and 94%, respectively, investigators
are following up analysis of sera from 248
women comparing spectra obtained from a
newly developed high-resolution mass
spectrometer versus the relatively low-reso-
lution spectrometer currently in use.
Results showed that the higher resolution
spectra generated superior diagnostic mod-
els, several of which attained 100%
sensitivity and specificity. Validation of this
new tool is ongoing in larger study sets of
serum.

The University of Texas M. D. Anderson
Cancer Center is enrolling women from
families at high risk for ovarian cancer into
a prospective study to assess the value of
longitudinal CA125 screening. In addition
to information about CA125 generated
from this study, thousands of prospective
serum specimens are being generated for
future use in validating other ovarian
cancer screening tests.
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ENDOMETRIAL AND
CERVICAL CANCER

Cancer of the lining of the uterus, better
known as endometrial cancer, occurs in
nearly 41,000 women each year and causes
7,310 deaths. Cancer of the uterine cervix
occurs in more than 10,000 women each
year, despite the widespread use of Pap
smear testing which can identify most
cancers before they are invasive. More
than 3,700 women will die of cervical
cancer in 2005.

Investigators at the Creighton Epidemi-
ology and Validation Center continue to
offer EDRN researchers the resources of
their Familial Cancer Clinic for collabora-
tive studies, including extensive pedigrees
and specimens. Potential biomarkers for
endometrial cancer are being investigated
in a project with investigators at The
University of Texas M. D. Anderson
Cancer Center using endometrial speci-
mens from women from families with
hereditary non-polyposis colon cancer

Pre-validation
(Assay refinement)

(HNPCC) in which endometrial cancer
also occurs more frequently.

Researchers at the Centers for Disease
Control and Prevention have ongoing
efforts in biomarker discovery based on
gene expression profiling of RNA from
exfoliated cervical cells. Based on results
of a proof-of-principle study, using 15
samples and arrays of 3,800 genes, they
completed a study on 30 samples using
arrays that explored 30,000 genes. This
larger study verified the effectiveness of
sample labeling, image processing and
data analysis. The most promising genes
and others selected from literature will be
tested in a “pre-validation” study using
qPCR. (See box, previous section.)

The test will include 50 samples from
women with grade 3 cervical intraepithelial
neoplasia (CIN) plus 50 matched samples
randomly selected from women without
disease. Results from the “pre-validation”
study will determine the design of a full
validation study.



The CDC has also initiated marker
discovery using protein profiling in cervical
mucous samples. Analysis of 60 age- and
race-matched samples, including various
permutations of CIN and/or HPV 16
positive cases, is in progress. Tissues from
subjects enrolled in the CDC’s study, as
well as anonymous tissue blocks, will be
used to construct a tissue microarray as

a key tool for biomarker validation.

Candidate Biomarker

Phase | (Discovery
and Early Refinements)
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Other ongoing studies include serum
samples from the biorepository being test-
ed for EGRF and IGF-II, and Abbott/Vysis
is investigating the performance of a panel
of FISH chromosomal probes on exfoliated
cells in the biorepository collection.
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Colorectal and Other
Gastrointestinal Cancers

There are more than 30 investigators
representing more than 17 institutions
within the EDRN Colorectal and Other
Gastrointestinal Cancers Collaborative
Group. To date, the bulk of their work has
been discovery of biomarkers. Biomarkers
have been identified and preliminarily
characterized, and a summary of data

for each of these biomarkers follows.

COLORECTAL CANCER

Investigators at Fred Hutchinson Cancer
Center are investigating antibodies to ubiq-
uitin C-terminal hydrolase L3 as a potential
biomarker for colon cancer. The fact that
the body is producing an antibody to the
protein suggests it may be involved in a
disease process (proteins that are ‘normal’
would not incite the body to this kind of

immune response). Using sera from

15 newly diagnosed patients with colon
cancer, 15 with lung cancer, and 15 normal
controls, 39 proteins showed enhanced
reactivity with sera from patients with colon
cancer relative to controls. One protein
that reacted with 9 of the 15 colon cancer
sera was identified as ubiquitin C-terminal
hydrolase isozyme 3.

Investigators have also found mutations
in the K-ras gene in soluble urinary DNA
from patients with colon cancer. The data
from 66 patients are summarized in Table
5. Of interest is the high “false-positive”
rate of approximately 20% with the DNA
urine test. These samples were amplified
and sequenced and although the K-7as
mutation was found in these samples, the
endoscopy was negative, possibly indicating
cancer or cancer risk in a very early stage.

These data suggest that 1) there is a signifi-
cant correlation between K-7as mutation
detected in disease tissue and urine; and

2) a high incidence of K-7as mutations is
detected in urine of patients with colorectal
cancer and adenoma polyps. These studies
support the concept that urine can be used
as a source of DNA for early cancer detec-

tion. This work will be expanded in a larg-
er Phase 2 biomarkers trial that studies 600
subjects with colon cancer, adenomas, and
normal controls. Investigators at Drexel are
expanding this assay to include probes for
APC mutations and other common genetic
mutations associated with colon cancer.



Another approach is to purify DNA from
stool and measure the K-7as mutation
levels. Current methods of fecal DNA
purification and detection of cancer-associ-
ated genetic expression require the home
collection and laboratory processing of
large quantities of stool-an unpleasant

task. Investigators at the Great Lakes-New
England Consortium, in collaboration with
investigators in Israel, have developed a
method to isolate DNA from fecal occult
blood test cards. This method requires no
more stool than that used for standard fecal
occult blood in stools screening tests. The
stool on the card, once assessed for occult
blood, may be reused for DNA extraction.
Stool samples are excised from the cards,
and DNA is isolated and processed to
detect the presence of K-7as mutations

from amplified DNA.
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A total of 250 cards from fecal occult
blood tests (FOBT) (211 positive and 39
negative) were studied. Twenty-six malig-
nancies were detected among 211 positive
cards using standard follow-up procedures
and no malignancies were detected among
39 negative cards after a 2-year follow-up
period. K-ras mutations were detected in
47 samples (38 in positive cards and 9 in
negative cards). In a preliminary validation
study, adding the K-7as test to a FOBT test
doubled the positive predictive value for
cancer detection (adenoma) (see Figure 2)
while not changing false predictions from
non-malignant colonic disease (hemor-
rhoids, diverticulitis, inflammatory bowel
disease).
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These data suggest that sufficient quality
and mass of DNA can be recovered from
fecal occult blood test cards to enable
amplification of key tumor-associated
genes. Such a tool will be useful for
multiple genes associated with colonic
carcinogenesis and transformation.

Sufficient preliminary data are available
from Phase I to consider Phase II biomark-
ers research. The preliminary data were
drawn from a cohort of subjects with
positive fecal occult blood tests. Phase II
research will focus upon assessment of
sensitivity and specificity for cancer, adeno-
mas in subjects with and without a positive
fecal occult blood test. The test will also
be matched with urine sample assays for
K-ras and tissue samples from colonic
adenocarcinomas and adenomas to deter-
mine its detection sensitivity and specificity
for prediction of K-7as mutations present
in tissue samples.

Investigators at Creighton, in collaboration
with Exact Science, continue to evaluate
stool DNA for BAT-26, a site subject to
microsatellite instability (MSA) in some
cancers. It appears that stool BAT-26 testing
may detect early-stage colorectal neoplasia
in high-risk individuals with hereditary
nonpolyposis colorectal cancer (HNPCC).
In 52 patients with negative colonoscopies,
there were no false-positives.

Aberrant DNA methylation is a common
epigenetic alteration that contributes to
colon cancer formation. Aberrant DNA
methylation results in transcriptional silenc-
ing of genes and is a mechanism for
inactivating tumor suppressor genes in
colon cancer. The methylated tumor DNA
can be detected using methylation-specific
PCR (MSP) and thus has the potential to
be used as a molecular marker for cancer.
In colon cancer, the methylation of a
number of genes occurs early in the
adenoma-carcinoma sequence suggesting
these alterations could be used for the early
detection of colon cancer. Furthermore,
DNA methylation and microsatellite insta-
bility appear to have a high concordance in
colon cancer suggesting that methylated
genes may be especially informative markers
for neoplasms that occur in patients with
HNPCC syndrome, who are at very high
risk for developing colon cancer. Finally,
aberrant DNA methylation of tumor
suppressor genes may occur secondary

to a genetic predisposition, such as
HNPCC or to an organ-wide environmen-
tal exposure that increases risk and thus
may be useful as a prognostic molecular
marker for recurrent colon neoplasms

in individuals with a history of colon
adenomas or adenocarcinomas.

Methylation-specific PCR assays that assess
the methylation status of CDKN24,
MGMT, and MLH] genes have been
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developed. The MLHI MSP assay can
detect tumor DNA in the sera of patients
with sporadic colon cancer. A second-gener-
ation, highly-sensitive MSP assay that can
detect DNA from colonic adenomas and
colon adenocarcinomas in colonic lavage
effluent has been developed. In a feasibility
study on colon lavage effluent samples,

the MLH]1 assay did not reach analytical
sensitivity and specificity to be considered
for insertion into an early diagnostic or

risk assessment panel. Analytical sensitivity
and specificity for CDKN2A and MGMT
(accuracy of the assay) ranged from 50%

to 90% (Table 6).

These markers will be studied in much
larger cohorts to verify these findings in a
multi-center environment. The data can be
used to develop more complex algorithms
to individualize detection and risk biomark-
ers from stool samples.

PANCREATIC CANCER

Adenocarcinoma of the pancreas will
occur in more than 32,180 people in the
United States this year and 31,800 will
die of the disease. The 5-year survival rate
for this highly lethal cancer is about 4%,
but if found at an early stage it increases
to 15%. This relative improvement in
survival associated with earlier stage
pancreatic cancer motivates the search for
effective early detection and screening,.

EDRN investigators have identified
potential biomarkers from genomic and
proteomic platforms, many of which
have been preliminarily tested in serum
and in cell culture systems. Genomic
amplification tools with cells obtained
from aspiration of pancreatic masses is
yielding promising results. Other markers
being discovered using protein arrays and
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proteomics tools appear to be promising
for use as predictive serum biomarkers.

The collaborative plans are to proceed with
both approaches— endoscopic ultrasound
guided aspirates with genomic application
of potential biomarkers for pancreatic trans-
formation and ongoing protein discovery.

Investigators are working to identify
proteins that commonly induce an immune
response in pancreatic cancer. Sera from

36 newly diagnosed patients with pancreatic
cancer, 18 patients with chronic pancreati-
tis, 33 patients with other cancers, and

15 healthy subjects were analyzed. Auto-
antibodies to two forms of the protein
calreticulin were detected in 40-50% of
patients with pancreatic cancers but seen
only rarely in the other subjects. Further
analysis suggests that these tumor-associated
antigens may have utility as biomarkers for
the early diagnosis of pancreatic cancer.

Candidate Biomarker Phase |

At the University of Pittsburgh, investiga-
tors analyzing sera from patients with
pancreatic cancers and people without the
disease, found five markers that exhibited
levels significantly different between the
groups. Future plans are to evaluate these
five markers along with other markers
under a Phase II biomarker validation
trial for pancreatic cancer detection.

Investigators at the Van Andel Institute,
MI are using a new detection method

for antibody microarrays called two-color
rolling circle amplification that allows high
sensitivity detection of a wide range of
proteins. The method measures the relative
levels of proteins from two serum samples
that have been captured on antibody
microarrays. The samples came from five
disease conditions: healthy, benign GI tract
disease, pancreatitis, other cancers, and
pancreatic adenocarcinoma. The prelimi-
nary data suggest that antibody panels
identified using this method may be useful
in the early detection of pancreatic cancer.

These antibodies will be developed further.
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HEPATOCELLULAR CARCINOMA

EDRN investigators are already validating
des-gamma carboxyprothrombin (DCP)

as a potential biomarker for hepatocellular
cancer (see the next section, Translating
Discovery to Clinical Applications). They
also continue to investigate other biomark-
ers in hope that in the cohort being
assembled for the validation study, newly
discovered biomarkers could be tested
quickly, efficiently and economically.

A collaborative translational project
between the investigators from the
University of Michigan and Drexel has
identified a potential new biomarker for
the early diagnosis of hepatocellular carci-
noma. The protein GP73 was identified in
serum samples from patients with hepato-
cellular carcinomas. GP73 was originally
described as a Golgi type II transmembrane

Candidate Biomarker Phase |
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protein expressed primarily in epithelial
cells of many human tissues. In human
liver, expression was found in biliary
epithelial cells, but was barely detectable in
normal hepatocytes. However, expression
of GP73 was found to be strongly up-regu-
lated in hepatocytes from patients with
advanced liver disease of both viral and
non-viral origin. A collaborative EDRN
phase I project is being performed to deter-
mine if 1) GP73 could be detected in the
serum, 2) serum GP73 levels are higher in
patients with liver disease, particularly
those with cirrhosis and HCC, 3) serum
GP73 levels are higher in patients with
liver disease due to chronic HCV infection
versus non-viral causes, and 4) GP73 is a
better serum marker than alpha-feto pro-
tein (AFP) for differentiating HCC from
non-malignant chronic liver disease.
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ESOPHAGUS

Despite advances in surgical technique

and multimodal therapy, the 5 year survival
rate for esophageal cancer remains dismal
at 5-15%. Most patients have advanced
disease when they are diagnosed, and the
disease often recurs, with both factors con-
tributing to the low survival. About three
times more common in males than females,
this cancer occurs in more than 14,500
people each year and causes 11,550 deaths.
Developing and refining methods for early
cancer detection will be a means of improv-
ing survival from this deadly disease.

Because the condition known as Barrett’s
esophagus frequently precedes esophageal
cancer, DNA promoter methylation in
Barrett’s esophagus tissue is under consider-
ation as a potential cancer biomarker.
Investigators at the University of Maryland
performed methylation assays on tissue
samples from a group of 14 Barrett’s
esophagus patients known to have
progressed to develop dysplasia and/or
adenocarcinoma along with a group

of 17 Barrett’s eosphagus patients who
have not progressed to dysplasia and/or
adenocarcinoma. These studies revealed

a statistically significant trend toward
more hypermethylation in tissues from
patients with Barrett’s esophagus who

later progressed to develop dysplasia or
adenocarcinoma.

Investigators have now begun measuring
methylation of circulating genes using plas-
ma from patients with Barrett’s esophagus,
dysplasia and adenocarcinoma. Among 24
patients with adenocarcinoma in an initial
study, 19 (79%) showed detectable specific
gene methylation in their plasma, while
none of 8 healthy control subjects showed

this finding. The high frequency of specific
gene methylation in plasma among patients
with adenocarcinoma suggests that this
event may be an important prognostic
biomarker of esophageal adenocarcinoma.
It is also conceivable that the specific gene
methylation may be an early event in
esophageal carcinogenesis.

Studies being conducted at the University
of Michigan have shown that Cathepsin B
(CTSB) along with GATA4 are overex-
pressed in esophageal adenocarcinomas.
CTSB is a secreted protein involved in
extracellular matrix degradation and tumor
cell invasion. Serum protein levels from
patients with CTSB amplified tumors,
non-amplified tumors, or high-grade
dysplasia were then examined and CTSB
serum protein levels varied tremendously
between serum samples. This indicates
that CTSB would not provide a useful
alternative to measuring GATA4 DNA

in serum samples.

Investigators have also tried to identify
protein biomarkers that might be useful
for detection of dysplastic Barrett’s. Relative
concentrations of the top 23 proteins that
showed significant differences between
non-dysplastic Barrett’s metaplasia
samples and the six samples of Barrett’s
with high-grade dysplasia are shown in
Figure 3. The spots that were observed

to be optimal candidates were picked and
subjected to analysis. Proteins that already
have commercial antibodies available are
currently being chosen for further valida-
tion using cryosections or formalin-fixed
sections of Barrett’s mucosa, high-grade
dysplasia and adenocarcinomas.



Advancing Biomarker Discovery and Development 29

Lung and Upper Aerodigestive Cancers

Lung cancer continues to be the most
common cause of cancer death, with
more than 163,000 lung cancer deaths
expected in 2005, and the search for lung
cancer biomarkers continues to challenge
EDRN investigators. Unfortunately, the
disease is so heterogeneous that a single
marker often fails to meet the expectations
of desirable sensitivity and specificity.
EDRN investigators are trying to create
an ensemble of biomarkers that may
collectively offer better performance
characteristics. Some of the biomarkers
towards this panel are described below.

Johns Hopkins University has explored
aberrant DNA methylation patterns in
bronchoalveolar lavage (BAL) samples from
lung cancer patients. BAL from 31 patients
with primary lung tumors and matching

samples from 10 healthy individuals were
examined for aberrant methylation of eight
gene promoters. Hypermethylation of at
least one of the genes was detected in all
31 lung primary tumors and BAL samples
from the same patients showed a similar
profile in hypermethylation as that found
in the tumors. In contrast, BAL samples
from the 10 control subjects without
evidence of cancer revealed no methylation
for five genes of this panel and low levels
of methylation for the remaining three
genes. These findings suggest that promoter
hypermethylation in BAL can be detected
in the majority of lung cancer patients
prompting further development as a
promising lung cancer biomarker panel.

To expand the panel of useful markers, a
number of other EDRN labs are pursuing
additional genes that appear to be hyperme-
thylated in lung cancer. Death-associated
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Table 10 Summary of the Developmental Status of Barrett’s
Progression/Esophageal Cancer Biomarkers
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protein kinase (DAPK) is often aberrantly
methylated and linked with a concomitant
down-regulation in expression. Investigators
at the Mofhtt Cancer Center are studying
silencing via methylation in non-small

cell lung cancers of both facilitative and
inhibitory genes regulating the TGF-£§
signal pathway. In a preliminary study,

it was demonstrated that in cell lines,
silencing of these genes is associated with
promoter methylation and reactivation
occurs after treatment with a demethylating
agent. In primary lung cancers, methyla-
tion frequencies were rather high ranging
from 23% to 62% and at least one gene
from this set was methylated in 81% of
tumors. These findings indicate that the
TGF-§ signaling pathway is frequently
deregulated in lung cancers via epigenetic
changes of facilitative and inhibitory genes.

Recent reports of mutations in the epider-
mal growth factor receptor gene (EGFR)

in lung cancers have generated considerable
interest because they predict sensitivity

to EGFR kinase inhibitors. To further
understand the role of £EGFR mutations

in the pathogenesis of lung cancers,

653 lung cancers and 243 other epithelial
cancers were sequenced and compared.
EGFR mutations were present in 20%

of non-small cell lung cancers and were
absent in other types of carcinomas. EGFR
mutations were somatic (nonhereditary) in
origin, found in cancers showing an adeno-
carcinoma histology, were significantly more
frequent in never smokers, people from
Oriental countries (Japan and Taiwan),

and in women. Mutations were not related
to patient age, clinical stage, bronchi-
oloalveolar histologic features, or patient
survival. Mutations of K-7as were present in
8% of lung cancers and while they also tar-
geted adenocarcinoma histology, mutations
in both genes were never present in individ-
ual tumors. These findings demonstrate
that geographic origin, absence of smoke
exposure, gender and histological type
influence the frequencies of EGFR
mutations in lung cancers. Furthermore,
the pathogenesis of EGFR mutant and
K-ras mutant adenocarcinomas are different
and unidentified carcinogen(s) contribute
to the origin of lung cancers arising in
never smokers.



Transforming growth factor £§ (TGER)
regulates growth and differentiation in
normal squamous epithelium via the
interaction with specific receptors and
intracellular signaling molecules (Smads).
A decrease in the TGFR type II receptor
(TBR-II) expression is believed to be partly
responsible for the resistance of tumor cell
lines and 85% of malignant tumors to

the anti-proliferative effects of TGFR. As
previously shown for breast and head and
neck tumors, the expression of TRR-II is
greatly reduced in all types of lung carcino-
mas examined. In contrast, the reduction
of Smad2 was dependent on tumor type,
with only undifferentiated carcinomas
showing a statistically significant reduction.
In this series of lung carcinomas, a
sensitivity of 80% and a specificity of
69% were observed for the TRR-II anti-
body. However, when other antibodies
examined in this study are also included,
both sensitivity and specificity increase,

to 91% and 78%, respectively. These data
suggest that defects in the TGF£ signaling
pathway are common in lung carcinomas
and could be exploited as potential detec-
tion and diagnostic markers.

Advances in protein tagging, fractionation,
and mass spectrometry have made it possi-
ble to detect, analyze, and identify proteins
in tumor tissue, serum and plasma at an
unprecedented level of sensitivity. SELDI-
TOF-MS was used to generate protein
profiles in malignant lung tumors, and
premalignant airway epithelium showing
neoplastic transformation. Lung tumor
specimens taken from patients participat-
ing in a lung cancer screening study at the
H. Lee Mofhtt Cancer Center were laser
capture microdissected to obtain pure cell
populations from frozen sections of normal
lung, atypical adenomatous hyperplasia
and malignant tumors. Three proteins in
tumor samples were markedly increased
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compared with normal cells and one was
not detected in any of the normal cells.
Although additional study is ongoing to
validate these patterns as unique diagnostic
tools, these “malignant” protein signatures
lend themselves to identification of popula-
tions at high-risk for lung cancer and for
monitoring response to lung cancer
chemopreventive agents.

As part of its ongoing research activity,
investigators at the Moffit Cancer Center
are also conducting a prospective, longitu-
dinal, single-arm cohort screening trial,
with the hypothesis that screening with
CT and sputum molecular markers will
increase the proportion of stage I cancers
to over 60% of total cohort lung cancers
while reducing the advanced stage cancers
to less than 40% (stage shift). Samples
collected at the Center have the potential
to assess the risk of developing lung cancer
and might inform who should be screened
to detect lung cancer early, at a localized
stage when current therapies might lead
to cure.

The group at the Fred Hutchinson

Cancer Center is pursuing several
proteomic approaches for developing
markers for early detection. The humoral
immunogenic response against tumor
antigens that occurs in cancer is being
exploited at the University of Michigan to
develop a screening test for early detection.
Several tumor antigens that induce an
antibody response in lung cancer have been
identified that are currently going through
EDRN validation. If successfully validated,
these markers would be highly beneficial
for developing strategies for early lung
cancer detection, either as a stand alone
screening procedure, or to complement
other modalities such as CT screening,.
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Recently, an innovative strategy that allows
microarray-based display of tumor lysate
proteins has been implemented. The
microarray-based approach has a much
higher throughput than 2-D gels with
improved quantitation of antigen/antibody
reactions. Proteins are spotted on microar-
rays and interrogated with subject sera.
[lustrative of this approach is the identifi-
cation of anti-UCHL3 auto-antibodies

in sera from colon cancer patients. This
establishes the potential of natural protein
microarrays in a high throughput approach
to uncover cancer antigens that induce

an antibody response. Such a paradigm is
being pursued to allow rapid screening of
large numbers of sera from lung cancer
patients.

Investigators at the University of Colorado
have focused on enhancing sputum cytolo-
gy for detection of precancerous growth

Candidate Biomarker Phase |

and cancer by FISH. They have expanded
on conventional morphology by applying
new multi-color FISH to the analysis of
malignant and dysplastic sputa from high
risk patients. Two findings emerge from
these studies. One is the high-frequency
(26%) of aneuploidy in the sputa of
individuals at high-risk for lung carcinoma.
A second finding is that aneuploidy is
present in the sputum of 40-50% of
individuals who subsequently develop
carcinoma within 12 months of analysis.
In combination with abnormal sputum
cytology, the predictive power of these
tests is 83%. Future plans include the
evaluation of automated image analysis
for the detection of aneuploidy in sputum
cytology samples. They will also be
testing additional probes from the Vysis
Corporation for their sensitivity and
specificity in the early detection of lung
carcinoma in high-risk patients.
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Prostate and Other Urologic Cancers

EDRN prostate cancer investigators are
developing biomarkers for early detection
of prostate cancer, to predict which tumor
is likely to progress and become aggressive,
as well as biomarkers for assessment of risk
for prostate cancer. In research focused on
biomarkers to one day replace prostate-spe-
cific antigen (PSA), EDRN investigators
are developing and/or testing the following
biomarkers.

Efforts are under way to identify patterns
of prostate cancer serum immunoreactivity
to characterize the immune responses
elicited by tumors. Microarrays of tumor-
derived proteins are being used to profile
the antibody repertoire in sera of prostate
cancer patients and controls. Proteins
from a prostate cancer cell line were sepa-
rated into 1760 fractions, each of which
were screened against serum samples from
25 men with prostate cancer and 25 male
controls. Statistical analysis revealed that
38 of the fractions had significantly higher
levels of antibody binding in the prostate
cancer samples compared to the controls
and two fractions showed higher binding
in the control samples. The significantly
higher antibody reactivity may reflect a
strong immune response to the tumors

in the prostate cancer patients. Analysis
was used to classify the samples as either
prostate cancer or control with 84%
accuracy. Adding a decision tree with two
levels of partitioning helped to classify the
samples with 98% accuracy. These results
suggest that microarrays of fractionated
proteins could be a powerful tool for
tumor antigen discovery and cancer
diagnosis.

Investigators at the Eastern Virginia
Medical School are employing mass
spectrometry-assisted immunoassay to
optimize the utility of protein expression
profiling. The approach builds upon the
concept that disease-specific actions cause
the cleavage of proteins that, in turn,
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amplify the signal to cause more cleavage
of proteins. These signals will be fragments
of whole proteins and cannot be distin-
guished by standard ELISA immunoassays.
The EVMS researchers have shown that
fragments of relatively abundant whole
proteins, such as apoplipoproteins, can

be used to discriminate the presence of
cancer, especially in men with PSA levels
lower than 4 ng/ml. A multiplexed
immunoassay consisting of several families
of amplified protein pieces is currently
being examined for the ability to distin-
guish cancer from benign disease in men
with marginal clinical status.

In collaboration with Ciphergen
Biosystems, investigators have formed

a collaborative network, the EDRN
Prostate Cancer SELDI Investigational
Collaborative (EPSIC), to evaluate the
utility of protein expression profiling for
the early detection of prostate cancer. The
investigators have completed the first phase
of the study, which evaluated the analytical
reproducibility of the diagnostic platform.
The second phase will evaluate the clinical
utility of the system in 1,000 men. In par-
allel, a study lead by investigators as Johns
Hopkins is identifying a panel of serum
proteins to discriminate men with prostate
cancer confined to the prostate gland from
men with benign prostate disease. A set of
345 men who had a stored serum sample
available were included in this study. The
most optimal panel of biomarkers for
maximum separation of the prostate cancer
and the benign prostate disease cohorts
was revealed using protein chip arrays.

A panel of 3 proteins was selected and
tested separately and in combination;

all three proteins exhibited greater
specificity with prostate cancer than PSA
and at a specificity range of 30% to 80%.
The combination of the three chips
showed significant improvement over PSA.
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In collaboration with Matritech, Inc.,
EDRN investigators have identified in the
serum of an individual with prostate cancer
a protein previously called NMP48, which
is related to vitamin D-binding protein. To
further investigate the possible relationship
of this serum protein to prostate cancer,
serum samples were obtained from men
with biopsy-confirmed prostate cancer,
high-grade prostatic intraepithelial neopla-
sia, and benign prostatic hyperplasia.

In 52 samples, the NMP48 protein was
found in 96% of the sera from individuals
with prostate cancer including 11 of 12
specimens that exhibited prostate-specific
antigen values of less than 4 ng/ml.
NMP48 was found in 10 of 19 samples
from men with prostatic intraepithelial
neoplasia. By comparison, it was not
detected in over 70% of sera obtained
from men with benign prostatic hyperpla-
sia, in 80% of patients who had previously
undergone radical prostatectomy, or in
96% of specimens from healthy controls.

Using three Dunning rat prostate cancer
cell lines, investigators identified a
protein that is overexpressed in the types
of prostate cancer most likely to spread
throughout the body (metastatic). After
this protein has been sequenced, it will
be characterized using stored serum from
patients with varying stages of disease to
determine if this novel protein can serve
as a clinically useful biomarker.

Research aimed at improving PSA includes:

* EDRN centers exploring the clinical
utility of proenzyme PSA, in collabora-
tion with Hybritech Beckman Coulter,
Inc., recently discovered that free,
uncomplexed PSA in serum is more
complicated than originally thought.
Free PSA (fPSA) is now known to be
comprised of at least three distinct forms:
(1) a proenzyme or precursor form
(pPSA) that is associated with cancer,

(2) an internally cleaved or degraded
form of PSA, termed BPSA, that is more
highly associated with benign prostate
hyperplasia, and

(3) intact, enzymatically inactive forms.
Truncated forms of pPSA are not detect-
ed in seminal plasma, but are found to be
elevated in peripheral zone cancer tissues
and can be detected in serum using
specifically designed immunoassays. The
specificity to detect cancer was signifi-
cantly greater for pPSA than for fPSA.
Thus, in the 2.5 to 4.0 ng/ml total PSA
range, 75% of cancers can potentially

be detected with 59% of unnecessary
biopsies being spared by determining the
fraction of pPSA as compared to sparing
only 33% of unnecessary biopsies when
considering the fraction of fPSA.

A second study examined the role of
pPSA in the detection of prostate cancer
in 93 men (44% cancer, 56% non-can-
cer) with a total PSA in the range of 4-10
ng/ml. Using multivariate logistic regres-
sion, a model with total PSA, fPSA and
all pPSA forms was predictive for prostate
cancer detection at 90% sensitivity

and 44% specificity. This model proved
significantly more predictive of prostate
cancer than that determined by analysis
of any individual PSA species. In summa-
ry, these initial studies suggest pPSA

has promise as a biomarker to improve
prostate cancer detection in the 2.5-10
ng/mL total PSA range.

BLADDER CANCER

A major accomplishment of EDRN inves-
tigators working in bladder cancer is the
3-year study to validate a test to detect the
recurrence of bladder cancer that has been
initiated by NCI at 13 centers across the
United States and Canada. By examining
genetic changes in DNA obtained through
urine samples, the test, if successfully
validated, will provide a sensitive and
non-invasive method of screening for
bladder cancer recurrence.
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prostate cancer
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prostate cancer

EZH2

(advanced metastasis
prostate and breast
cancers)

hKLKs5 (splice variant 1)
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In addition, EDRN investigators have
developed a model of human urinary
bladder cancer progression from in situ
precursor lesions to invasive carcinoma
using whole-organ histologic and genetic
mapping. The model is based on the anal-
ysis of chromosomes 1-22 in over 50,000
tests and was developed by extensive stud-
ies performed over the last decade.

Investigations of the deletion patterns of
genes in the 13q14 chromosomal region
of the cell have implicated the involvement
of a number of genes (P2RY5, ITM2B,
CHCIL) in the earliest stages of carcino-
genesis, but prior to the expression of the
much analyzed retinoblastoma gene (RBI).

The term “forerunner genes” is used in
referring to them because they may be
involved in cancer progression prior to the
involvement of their neighboring tumor
suppressor RBI gene. Since the loss of just
one RBI allele is also an early event associ-
ated with the beginning of cancer, the
P2RY’5 gene located within an intron of
RBI may represent a candidate forerunner
gene. The /TM2B gene encodes a mito-
chondrial membrane protein that induces
apoptosis (programmed cell death). The
CHCIL gene encodes a ras-related protein,
while P2RY5 encodes a receptor which
may affect the proliferation rate of cells.
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Inactivation or reduced expression of these
genes may increase cell survival and pro-
vide a growth advantage that drives the
initial expansion of the first cancer cells.

Opverall, the data indicate that three fore-
runner genes, /7M2B, P2RY5, and
CHCIL, located in the immediate vicinity
of RBI, are inactivated by various mecha-
nisms in an early phase of bladder
carcinogenesis and that the loss of their
function drives the initial growth of cells
with preneoplastic changes. It also shows
that inherited mutations in forerunner
genes may represent a novel risk factor for
cancer development. These observations
are confirmed by studies showing that
down-regulation or loss of forerunner
genes provides a growth advantage for cells
lining the bladder. In contrast, reintroduc-
tion of active forerunner genes into cells
with inactivated forerunners, significantly
reduced their proliferation rate.

Another potential biomarker is a novel
oncogene (cancer promoting gene),
Aurora-A, that is frequently over expressed
in different human cancers, including
bladder cancer. The over expression of a
protein that acts as a regulatory switch to
this gene, called Aurora-A kinase, induces
aneuploidy and other chromosomal
abnormalities in human cells. These results
demonstrate that Aurora-A is a key inter-
mediary in multiple pathways that regulate
many different cellular characteristics
affected during the transformation of
healthy cells into tumor cells. Published
reports have identified several Aurora-
A-interacting proteins, which appear to

be involved in the regulation of these
pathways. It is hypothesized that each
Aurora-A-interacting protein has the
potential of being an early detection
biomarker.

Investigators at the University of Texas

M. D. Anderson Cancer Center have
identified a set of Aurora-A kinase sub-
strate proteins (proteins that are also
regulated by this kinase) based on their
involvement in Aurora-A kinase-related
pathways regulating cell division processes.
The study demonstrated that when Aurora-
A kinase is over expressed in human
bladder tumors, there is a loss of the activi-
ty of the tumor suppressor gene p53.

FISH analysis demonstrated that most
diploid and near-diploid bladder cancers
had 3-4 copies of Aurora-A (normal cells
contain 2 copies), while aneuploid bladder
cancers frequently contain more than 4
copies of Aurora-A per cell.

Immunohistochemical analysis demonstrat-
ed that overexpression of Aurora-A was
associated with decreased metastasis-free
interval and survival. These preliminary
data suggest that Aurora-A has increased
expression in bladder cancer and high (>4)
copy numbers are associated with high-
grade aneuploid aggressive bladder cancers.
In contrast, low level of Aurora-A amplifi-
cation (3-4 copies) is associated with
low-grade superficial bladder neoplasia.
Recent analysis on exfoliated cells in
voided urine specimens confirms that
amplification of Aurora-A is ubiquitous in
bladder cancer. In addition, FISH analysis
of 20 samples of voided urine from healthy
individuals showed the normal 2 copies of
the gene. These data demonstrate that
FISH analysis of Aurora-A in voided urine
is an extremely promising molecular mark-
er for detection of bladder cancer and is a
candidate for validation by the EDRN.



In collaboration with EDRN researchers
at the University of Texas Southwestern
Medical Center, investigators are also
studying methylation status of tumor
suppressor genes in bladder cancer. The
methylation status of 10 genes was
determined in 98 bladder tumors and

the methylation index (MI), a reflection
of the methylated fraction of the genes,
was determined. The MIs of this panel
ranged from 2% to 36% and correlated
significantly with several parameters of
poor prognosis (tumor grade, growth pat-
tern, muscle invasion and aneuploidy).
Methylation of the genes CDH1 and

FHIT and a high MI were associated with
shortened survival. CDHI methylation
positive status was independently associat-
ed with poor survival. They also examined
54 samples of voided urine from patients
with bladder cancers. The methylation
profile of the urine samples closely mim-
icked that of bladder cancers. These results
suggest that the methylation profile of
voided urine may be a potential biomarker
of risk prediction and early detection of
bladder cancer.

In a recent study, methylation of laminin-5
genes correctly distinguished invasive from
non-invasive tumors, and their methylation
frequencies in urine samples (from cancer
patients) mimicked the tumor patterns,
indicating that urine examination was an
excellent method to detect invasive cancers.
Methylation of LAMA3 was most frequent
in both cancers and urines. Methylation
of LAMA3 and LAMB3 were significantly
associated with growth pattern, muscle
invasion, tumor grade, tumor stage, tumor
ploidy but not with survival. While
methylation of LAMC2 was relatively
infrequent, it correlated with survival.
Thus, the methylation status of LAMA3
and LAMB3 correlate with multiple
important clinico-pathological features,
while methylation of LAMC2 is an
independent marker for prognosis.
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Aurora B & C Discovery Phase

Promising
preclinical/clinical
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Moesin Promising prognostic

Caveolin Promising prognostic

Promising prognostic
Loss of expression

is associated with
progression

Kiss-1

e
R,

P33ING1 Promising prognostic

MSA Validation phase
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Transtating Discovery to

Clhimical Applications: Delivery

Since its inception, the Network has This section highlights the Network
initiated validation studies and developed paradigm for validating biomarkers;
concepts for several more in the quest to ongoing Network validation studies
narrow the vast field of potential and utilizing this approach; and current studies
promising biological markers for the early exploring emerging technologies for
detection of cancer. These efforts under- discovery, development and validation

score the Network’s successful steps forward  of cancer biomarkers.
in fulfilling its mission to deliver transla-

tional studies necessary to meet NCI's 2015

goal of eliminating the suffering and death

due to cancer.

The Network developed a new validation Adapted from the National Aeronautics
paradigm for setting standards for reagents ~ and Space Administration’s Technology
and study designs. The approach is intend- Readiness Levels, the Network paradigm
ed to expedite methods to evaluate and is designed to evaluate and measure a
validate biomarkers for clinical application ~ biomarker’s readiness level (BRL) for
during the early stages of investigation. validation.

The concept of validation asks: In brief, these levels are:

* Whether a test is clearly described; 1) BRL1: This is the lowest level of

evidence at which scientific research
or characteristics are identified and
translational research is proposed. The
evidence may derive from experiments

* If the true presence or absence of disease
can be established for all individuals;

* Whether the spectrum of patients with

. . . in animal models, cell cultures, or
and without disease is adequate; dels, ’

human specimens.
¢ Whether the assessment of test and
disease status is conducted in an
unbiased manner; and

2) BRL2: At this level, practical application
characteristics including technology
assessment can be identified and

e If the test performance is summarized evaluated.

by the important terms of sensitivity

and specificity. 3) BRL3: At this level of maturation, active

research and development is initiated.
This includes proof of principle in
support of addressing the clinical ques-
tion: detection, diagnosis, or prognosis.
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4) BRL4: At this level, the system or com-
ponents of the system, i.e., biomarker
and associated assay, must be integrated
to establish that the “pieces” will work
together in the laboratory environment.

5) BRL5: The fidelity of the system or
component has to be tested in appropri-
ate samples or cohorts.

6) BRLG6: This level represents a model
or prototype that is ready to be tested
in a controlled setting under rigorous
experimental proto