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PREFACE

Dr. James H. Doroshow, Director,
NClI Division of Cancer Treatment clinical trials. In conjunction with NEXT and operated similarly, DCTD

and Diagnosis

This edition of Program Accomplishments of the Division of Cancer Treatment and
Diagnosis (DCTD) offers a multi-year review of the undertakings and achievements of
this segment of the National Cancer Institute (NCI). Though not meant to be a complete
inventory of the division, this report covers activities and advances from 2005 through
2010 and provides important highlights during my tenure that have helped advance the
diagnosis and treatment of cancer.

Our greatest challenge is to increase the speed with which new treat-
ments are brought to the millions of Americans with cancer. DCTD
has implemented a number of actions to streamline the drug discovery
and development process. Chief among them is the transformation of
the NCI therapeutics pipeline. Working with the NCI Center for Cancer
Research (CCR), we now have a unified platform, the NCI Experimental
Therapeutics (NExT) program, which allows researchers to enter can-
didate agents into the pipeline at any of a number of key steps, such as
the discovery stage or preclinical drug development. Researchers may
come from academia and CCR as well as biotechnology and pharma-
ceutical companies. Other entry points further down the development
pipeline include providing agents for testing in early- and late-stage

has just implemented the Clinical Assay Development Program (CADP)
to generate new assays that could significantly advance the ability to
choose among cancer treatments for an individual patient.

In the past, clinical trial commencement was often a long and arduous process, some-
times taking years. Upon recommendations from the Operational Efficiency Working
Group, we have overhauled the process of initiating clinical trials so that, as of January 1,
2011, the time allowed from submission of a concept to activation has been cut in half.
For phase 1 and 2 trials, the process is targeted to take 210 days from the time that a
concept is submitted to the NCI Cancer Therapy Evaluation Program (CTEP) to the time
that a trial is begun. Phase 1 and 2 trials will be terminated if they are not activated in
18 months. For phase 3 studies, the target for submission to opening is 300 days, with a
drop-dead date for activation of 24 months. NCI has also made administrative changes
within the institute to increase the efficiency with which clinical trials are conducted. In
addition, upon the 2007 recommendations of the Translational Research Working Group,
a Translational Research Program was created within DCTD to move promising basic
research discoveries into phase 1 clinical studies. Together, these changes should make
better use of resources and increase each trial’s chance of completion.
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To eliminate possible redundancies and to ensure that only the most promising agents
and scientifically sound proposals are approved, NCI has successfully retooled the way
clinical trials are selected. Following the advice of the 2005 Clinical Trials Working
Group Report, nine disease-specific steering committees for phase 3 and large phase 2
studies and one investigational drug steering committee for phase 1 and 2 trials have
been established to develop, prioritize, and evaluate clinical trial proposals.

This report also underscores the contributions of the 2009 American Recovery and
Reinvestment Act (ARRA), which has provided the necessary support for the division to
continue critical programs that otherwise would have been extremely difficult to fund
and to more rapidly advance initiatives that were already under way. These efforts span
the spectrum of therapeutics development, including validation of potential targets,
identification and movement of hit-to-lead molecules, conduct of preclinical activities
required for an investigational new drug filing, production and formulation of critical
therapeutics, and support for several key phase 0, 1, and 2 clinical trials.

Recent advances in cancer treatment and diagnosis are also highlighted in this report.
Among them are a practice-changing treatment for neuroblastoma with a monoclonal
antibody; the results of a landmark 8-year clinical trial of current and former smokers,
conducted in partnership with our colleagues in the NCI Division of Cancer Prevention,
clearly showing that screening with helical computed tomography reduces lung

cancer mortality; and successful preclinical research that has led to the approval for
70% of the anticancer treatments marketed today, including the new prostate cancer
therapeutic sipuleucel-T (Provenge®), the first-ever vaccine for cancer treatment.

In these pages, the reader will find summaries of recently established priorities and
scientific advances made possible by the many talented and committed staff members
throughout the division.
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OVERVIEW

The Division of Cancer Treatment and
Diagnosis (DCTD) takes prospective
detection and treatment leads, facilitates
their paths to clinical application, and
expedites the initial and subsequent
large-scale testing of new agents,
biomarkers, imaging tests, and other
diagnostic and therapeutic interventions
(radiation, surgery, immunotherapy)

in patients.

DCTD has eight major programs that work
together to bring unique molecules, diagnostic
tests, and therapeutic interventions from the
laboratory bench to the patient bedside:

The Cancer Diagnosis Program (CDP) stimulates,
coordinates, and funds specimen resources,
databases related to those specimens, and
research on diagnostics and improved
technologies to better characterize tumors.

The Cancer Imaging Program (CIP) uses new
technologies to expand the role of imaging
in noninvasive diagnosis, identification of
disease subsets in patients, disease staging,
and treatment monitoring.

The Cancer Therapy Evaluation Program (CTEP)
functions as the National Cancer Institute’s
(NCT’s) primary clinical evaluator of new
anticancer agents, radiation treatments, and
surgical methods. The program administers
the 11 cooperative research groups that
unite researchers around the nation and
the world in the pursuit of distinctive and
effective new treatments for cancer.

The Developmental Therapeutics Program (DTP)
serves as a vital resource in discovering
potential cancer therapeutics and acquiring
information pertaining to their preclinical
development. The program provides
research materials and manufactures new
agents in bulk quantities for use in investi-
gational new drug (IND)-directed studies.

The Radiation Research Program (RRP)
provides expertise to investigators who
perform novel radiotherapy research and
assists in establishing future directions for
radiation research.

The Translational Research Program (TRP)
translates novel scientific discoveries from
laboratory and/or population studies to
the clinic for testing in cancer patients
and determines the biological basis for
clinical observations.

The Biometric Research Branch (BRB) provides
state-of-the-art statistical and biomath-
ematical analyses for DCTD and other NCI
components.

The Office of Cancer Complementary and
Alternative Medicine (OCCAM) aims to increase
the amount of high-quality cancer research
and information about the use of comple-
mentary and alternative modalities.

Additional information about NCI’s Division
of Cancer Treatment and Diagnosis is
available at http://dctd.cancer.gov and
http://cancer.gov.
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James H. Doroshow, M.D., FACP, has been the Director of the Division of Cancer Treatment and
Diagnosis (DCTD), National Cancer Institute (NCI), National Institutes of Health (NIH), since 2004.

He is responsible for integrating the activities of DCTD with NCI's other divisions and offices, as well
as extramural scientists and clinicians, patient advocates, and professional cancer organizations. He
leads more than 800 DCTD professional staff who represent a wide array of scientific specialties in a
multidisciplinary endeavor to discover and develop better diagnostic and therapeutic interventions for
cancer. Since coming to the NCI, Dr. Doroshow has led the effort to modernize NCI's
clinical research infrastructure through the efforts of the Clinical Trials Working Group
and has initiated several new programs to reinvigorate early therapeutics discovery
and development across the institute. Dr. Doroshow also oversees his own active
laboratory program focusing on understanding the role of oxidative signals in the
development and treatment of solid tumors.

From 1983 to 2004, Dr. Doroshow was the Associate Director for Clinical Research
at the City of Hope’s (COH) Comprehensive Cancer Center in Duarte, California; the
Chairman of the COH Department of Medical Oncology and Therapeutics Research;
and the Leader of the COH Cancer Center’s Clinical and Experimental Therapeutics
Program. While at COH, he founded an early therapeutics consortium of three
NCl-designated cancer centers in California funded by NClI's phase 1 and 2 support grants. He was
also the principal investigator for COH’s membership in the Southwest Oncology Group (SWOG) and
the founding Chair of the SWOG Early Therapeutics Committee.

From the time he received his first research grant in 1980, Dr. Doroshow was funded continuously by
NCI and NIH until moving to NCI in 2004. He is the author of more than 300 full-length publications
in the areas of the molecular and clinical pharmacology of the anthracycline antibiotics, the role of
oxidant stress in signal transduction, and novel therapeutic approaches to breast, gastrointestinal, lung,
and gynecologic cancer. Dr. Doroshow is a senior editor of Clinical Cancer Research and is a member
of the editorial boards of several other journals. Dr. Doroshow served from 1995 to 2001 as a member
of the Subspecialty Board on Medical Oncology of the American Board of Internal Medicine, from
1999 to 2000 as Chair of NCI’s Scientific Review Group A Cancer Centers, and from 1990 to 1992 as
Chair of the NIH Experimental Therapeutics Il Study Section. He served as a member of the U.S. Food
and Drug Administration Oncologic Drugs Advisory Committee from 2004 to 2007.

Dr. Doroshow received his bachelor’s degree, magna cum laude, from Harvard College in 1969 and
his medical degree, Alpha Omega Alpha, from Harvard Medical School in 1973. After completing an
internship and residency at Massachusetts General Hospital in Boston, he spent three years
(1975-1978) as a clinical associate in NCI's Medicine Branch. He is board certified in internal
medicine and medical oncology.
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MAJOR INITIATIVES AND
ACCOMPLISHMENTS

Research Emphasis for the Future

DCTD recently completed a process in
which unmet research needs in cancer
therapeutics and diagnostics were
evaluated. Areas of research currently
under-investigated in the DCTD portfolio
include:

Enhancing tumor response to therapy

+ Development of combination targeted
therapies in clinically relevant models

»  Reducing toxicity using image-guided
interventions to target drug delivery and
activation

+ Studies on the beneficial or harmful
effects of anticancer agents on
unintended targets

+ Discovery and re-discovery of drugs
from natural products

Investigations of the tumor
microenvironment

+ Designing and testing agents that target
the tumor microenvironment using new
in vitro and in vivo models

¢ Understanding the dynamic relationship
between tumors and cells in the
microenvironment

+  Understanding the role of the tumor
microenvironment in tumor trans-
formation and response to treatment
through imaging and other noninvasive
methods

DCTD PROGRAM ACCOMPLISHMENTS 2010

Development of new methods and
technologies

¢ Development of new imaging technol-
ogies, including novel hardware, new
research interfaces, refinement of image
processing, and further development of
virtual imaging

«  Development of in vivo imaging—based
assays of relevant biomarkers

+ Integration of imaging into biomarker
development strategies for new thera-
peutic agents and combinations

+  Development of new imaging agents

*  Development and application of
diagnostic devices and technologies that
support multi-analyte molecular assays
for proof-of-mechanism clinical trials
and preclinical studies

¢ Development of integrated diagnostic
devices for real-time analysis of
biospecimens

*  Methods, mechanisms, and technologies
to ensure the availability of appropriately
collected clinical specimens for transla-
tional research

Clinical studies

« Translational and clinical studies in
under-investigated diseases—pancreatic
cancer, squamous cell carcinoma of
the head and neck, bladder cancer, and
sarcoma

+  Development of pharmacodynamically
based proof-of-mechanism clinical
trials of investigational targeted agent
combinations

+ Validation of the clinical utility of
molecular profiles



+ Clinical studies using imaging
approaches to characterize
disease anatomy, physiology, and
molecular biology

+ Validation of the clinical utility of novel,
innovative clinical diagnostic devices

+ Development of personalized medicine
approaches, including the discovery,
development, and qualification of
biomarkers to define efficacy, toxicity,
dosing, and schedule of therapy

Consolidating and Expediting
NCI Drug Discovery and Development

The NCI Experimental Therapeutics
program (NExT), a partnership between
NCI’s Division of Cancer Treatment and
Diagnosis (DCTD) and the Center for Cancer
Research (CCR), consolidates the institute’s
anticancer drug discovery and development
resources in support of a goal-driven
therapeutics pipeline. Combined, these
resources are capable of supporting a
discovery and development continuum
from initial discovery through phase 2
clinical trial evaluation.

The NCI is focused on moving high-priority
discovery and development projects
through to proof-of-concept clinical trials.

Recognizing the importance of an integrated
approach to therapeutics development, NCI
senior leadership has organized a unified
governance structure for the NExT program
responsible for coordinating and integrating
available resources.

With a goal of reaching go/no-go decisions

as efficiently as possible, the purpose of

the NEXT program is to ensure a pragmatic
approach to drug discovery and development

in support of our academic partners. In
addition, NEXT leverages existing scientific
and development expertise across the
broader NCI community.

The discovery engine of this program,

the Chemical Biology Consortium (CBC),
was launched in 2009. The NCI has
established this collaborative network
comprising 12 specialized and compre-
hensive screening and chemistry centers
with world-class capabilities covering
high-throughput methods, bioinformatics,
medicinal chemistry, and structural biology.
Additionally, DCTD’s Developmental
Therapeutics Program (DTP) provides the
resources needed to facilitate discovery

and late-stage preclinical development
through the final steps of development to
first-in-human studies. Integrated molecular
imaging and/or pharmacodynamic assay
development provided by the Cancer
Imaging Program (CIP) and DTP allow early
assessment of potential clinical biomarkers.
These coordinated and focused research and
development processes enable continued
incorporation of new data and disease
insights into every step of the discovery and
development process, thereby increasing

the potential for the successful clinical
evaluation of agents. Clinical evaluation is
supported by the Cancer Therapy Evaluation
Program (CTEP).

NEXT is envisioned to streamline the
development and testing of promising
new anticancer drugs and expedite their
delivery to the bedside, and is specifically
focused on adding value for academic
investigators and on unmet needs in
cancer therapeutics.
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Examples of NExT Projects

During its first 10 months of existence, NEXT
received 128 applications, of which about 20%
were approved to participate in the program.
Two sanctioned projects are described here.

Discovery and Optimization Agents for the
Treatment of Squamous Cell Carcinoma
of the Head and Neck

In partnership with NEXT, Dr. Jennifer Grandis

of the University of Pittsburgh is working to
identify novel inhibitors of STAT3 activation as
cancer therapeutic agents. The transcription
factor STAT3 is activated in more than 95% of
head and neck cancers, where it regulates the
expression of genes necessary for tumor survival,
proliferation, and metastasis. Activation of STAT3
correlates with decreased survival of patients
with head and neck cancers.

The challenge is to identify inhibitors specific
for STAT3 rather than STAT1, a closely related
transcription factor that functions as a tumor
suppressor. It is thought that improving the
selectivity and potency of STAT3 inhibitors will
improve patient outcome by decreasing the risk
of side effects in patients with head and neck
cancer as well as other cancers in which STAT3
is activated.

To differentiate inhibitors of STAT3 from STATI,
Dr. Grandis has developed a cell-based high-
content screening (HCS) imaging assay that
measures the translocation of STAT3 from

the cytoplasm (inactive form) to the nucleus
(activated form), so that the effects of STAT3
inhibitors can be “seen” under a microscope.
Optimization of the HCS assay is currently
under way.

DCTD PROGRAM ACCOMPLISHMENTS 2010

Developing Small-Molecule Candidates for Novel
Treatment of Acute Lymphoblastic Leukemia

Standard chemotherapy will cure most children
who develop acute lymphoblastic leukemia
(ALL). Unfortunately, some rare B- and T-cell
subtypes of ALL confer a poorer prognosis,

and many of these patients develop resistance
to chemotherapy. Finding better drugs to treat
children with ALL is the objective of the NEXT
project from Dr. Shelton Earp of the University of
North Carolina.

Dr. Earp studies Mer kinase, a protein important
in macrophages for engulfing and clearing
apoptotic cellular material. Mer kinase is not
expressed in normal B or T lymphocytes, but
Dr. Earp noticed that Mer kinase is expressed in
many ALL cell lines and is highly expressed in a
variety of childhood leukemias.

In target validation experiments with a mouse
leukemia model, Dr. Earp used RNA interference
techniques to limit the expression of Mer kinase,
resulting in increased survival. A lead compound
has been identified, and current NEXT program
efforts are focused on establishing whether this
Mer kinase inhibitor is the molecule to bring
forward for further testing or whether further
chemical modification of its structure would
improve its characteristics.



Compressing the Drug Development
Timeline with Phase 0 Clinical Trials

As part of the NEXT program, DCTD has
developed a new type of clinical trial (phase 0)
with the intent of compressing the drug
development timeline.

The compound used in the inaugural
study, ABT888, inhibits poly-(ADP ribose)
polymerase, which is critical for repairing
damage to DNA. The results from the first
phase 0 trial showed that an approach
focusing on mechanism of action can
reduce the number of patients required

for an early clinical study and the time
necessary to gather critical information for
development of the drug.

An important aspect of this trial was

the development of rigorous assays to
measure the molecular effects of ABT888
in tumor tissue. The study showed that
the compound inhibited its target enzyme
in tumor cells as well as in circulating
peripheral blood mononuclear cells
(PBMGs). This latter finding may allow
PBMCs to be used in ongoing trials to
measure whether the agent is altering its
presumed target.

Phase 0 trials are useful for testing targeted
therapeutic drugs with wide therapeutic
indices, as well as drugs that require
development of biomarkers that may be useful
for future studies. There are several different
types of phase 0 trials, ranging from those
that examine new drugs to those that validate
new imaging agents. Both of these are being
evaluated in a joint effort between DCTD and
the NCI's intramural program (CCR):

¢ Firstin-human imaging studies to
demonstrate agent targeting (indium-
labeled trastuzumab)

+  First-in-human comparisons of analogs
based on target inhibition assays
(indenoisoquinolines)

Phase 0 trials allow:

+ Validation of targets or biomarkers in
human tissue prior to the initiation of
large-scale clinical trials

- Assessment of reproducibility across
labs and technicians for assays used
to measure the effect of the drug on
the target

* Definition of standard operating
procedures for handling tissues and
biospecimens in the clinic

Recommendations Developed to
Re-envision NCI's Clinical Trials Systems

During the last five years, three related
working groups have made recommenda-
tions to NCI to improve, modernize, and
streamline clinical and translational
research at the institute. The end results
aim to reduce by half the time it takes to
open clinical trials.

These review groups were the Clinical
Trials Working Group (CTWG), which
evaluated the entire range of NCI-supported
clinical trials; the Translational Research
Working Group, which focused on research
to move basic research discoveries into
phase 1 clinical studies; and the
Operational Efficiency Working Group,
which was formed to make specific recom-
mendations to improve the efficiency of all
NCI-sponsored clinical trials.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS
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Each of the working groups used an
inclusive approach to examine ways to
increase the efficiency of cancer clinical
trials, decrease redundancy and admin-
istrative burdens, and better coordinate
activities to enhance the development and
delivery of the best therapies to cancer
patients. Each of the teams assembled

to advise NCI included well-respected
translational and clinical research experts
as well as patient advocates and practicing
physicians from the cancer community,
and each group solicited public comments
before submitting recommendations to

the institute.

The NCI’s clinical trials cooperative group
program, administered by DCTD, was
created in the 1950s, before the discovery
of the genetic underpinnings of cancer
that have led to the recent development

of targeted cancer therapies and the
dawning of personalized cancer treatment.
Over time, the process of activating new
phase 3 clinical trials conducted by NCI’s

cooperative groups became extraordinarily

lengthy, so that on average, more than
2 years was required to open a phase 3
study and activation of most phase 1 and

Indenaisoquinoline structure.
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2 studies required more than 500 days.

A recent analysis of NCI’s clinical trials
activation process demonstrated that many
trials, especially those that took the longest
to open, never reached their accrual goals
and had to be closed, wasting precious time
and resources. Major changes to the NCI
clinical trials system are currently being
implemented on the basis of these reports.

Clinical Trials Working Group

*  Recommendations made in 2005
+ Chaired by Dr. James H. Doroshow

«  Focused on the entire range of clinical
trials supported by NCI

* Recommended 22 strategic initiatives
and corresponding implementation plans
for revamping the institute’s cancer
clinical trials system, most of which are
nearing completion

+  Recommendations addressed six
key issues:

Coordination

Scientific prioritization

Standardization

Operational efficiency

Enterprise-wide oversight

S Ok w =

Informatics

* Resulted in the creation of nine
extramural disease-specific steering
committees to develop, evaluate,
and prioritize clinical trials at a
national level

¢ Resulted in the creation of a new
oversight structure for NCI’s clinical
trials program:

o Coordinating Center for
Clinical Trials (CCCT), which


http://www.cancer.gov/cancertopics/factsheet/NCI/clinical-trials-cooperative-group
http://ccct.cancer.gov/home
http://ccct.cancer.gov/home

oversees implementation of the CTWG
recommendations

o Clinical Trials and Translational
Research Advisory Committee
(CTAC), an external group, to
provide strategic advice regarding
NCT’s clinical trials portfolio and
established the Operational Efficiency
Working Group

o Clinical Trials Operating Committee
(CTOCQ), an internal group, to coordi-
nate and prioritize clinical research
across NCI

Resulted in a systematic review of the
steps involved in opening a clinical trial
and an implementation plan to decrease
by 50% the time required to activate
clinical trials

Resulted in the development of support
for biomarker validation clinical trials

Translational Research Working Group

Recommendations made in 2007

Co-chairs Dr. Ernest Hawk, Dr. Lynn
Matrisian, and Dr. William Nelson

Focused on early translational research,
essential to moving basic research
discoveries into phase 1 clinical studies

Examined how NCI could best ensure
that the most promising basic research
concepts enter developmental pathways
and are advanced rapidly and efficiently
to either translational success or
productive failure

Developed 15 recommendations and
implementation plans in three key
categories:

1. Coordinated management

2. Tailored funding programs

3. Operational effectiveness

Resulted in changes to three existing
entities to include translational research
in their goals:

1. CCCT was tasked to oversee imple-
mentation of the CTWG and TRWG
recommendations.

2. Clinical Trials Advisory Committee,
an external group, became the CTAC.

3. Clinical Trials Operating
Committee, an internal group, ex-
panded to become the Clinical and
Translational Research Operations
Committee (CTROC).

Resulted in the creation of the
Translational Research Program (TRP),
the chief component of which is the
Specialized Programs of Research
Excellence (SPORE) program and

the initiation of the first STRAP
(Special Translational Acceleration
Project) awards

Operational Efficiency Working Group

Recommendations made in 2010

Co-chaired by Dr. James H. Doroshow
and Dr. Gabriel Hortobagyi

Established under the auspices of CTAC
to advise NCI on strategies to reduce the
time required to activate clinical trials

Resulted in 14 recommendations

that were developed into several key

initiatives:

o Cooperative group phase 3 trial pro-
cess improvements

o Early drug development trial process
improvements

o Cancer center investigator-initiated
trial process improvements

o Process improvements applicable
across trial categories

DIVISION OF CANCER TREATMENT AND DIAGNOSIS
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o Process improvements to enhance
overall clinical trials program
+ Resulted in key activation milestones
to cut in half the time it takes to open
clinical trials:

o By January 2011, phase 3 trials are
targeted to be activated by 300 days
after submission to CTEP; trials will
be terminated if not approved within
24 months.

o By January 2011, phase 1 and 2 stud-
ies are targeted to be activated in 210
days, with trial termination if not
activated in 18 months

* Resulted in the April 2010 implemen-
tation by CTEP of an action plan to
improve efficiency and speed protocol
development

Projects Funded by the American
Recovery and Reinvestment
Act of 2009

Under the umbrella of the American
Recovery and Reinvestment Act of

2009 (ARRA), DCTD awarded funds for
competitive grants and initiated and
expanded several cancer diagnostics and
therapeutic initiatives. These initiatives
concentrate on facilitating the development
of new research resources in support of
clinical trials, the acceleration of early
stage clinical studies, and enhancement of
the NEXT drug discovery and development
program. Each project underwent multilevel
review in NCI prior to ultimate approval
from the White House. The following is

a brief description of some of the DCTD
ARRA projects.

DCTD PROGRAM ACCOMPLISHMENTS 2010

Patient Characterization Center and
Clinical Assay Development Program

The intent of this initiative is to improve
patient outcome by translating information
from the comprehensive molecular
characterization of a patient’s tumor

and associated tissues to their clinical
management. Critical to this endeavor

is accelerated evaluation of molecular
alterations in the tumor as well as the
development and validation of clinical
assays assessing these alterations. This
initiative provides resources focused on the
development, optimization, and validation
of molecular profiling procedures and
predictive assays based on profiles with
clinical utility.

The initiative consists of two distinct, but
technologically linked, components. The
first is the Patient Characterization Center
(PCC), which will molecularly characterize
patient tumors using different genomic
analysis platforms. Specific alterations in
the genome and transcriptome of tumors are
poised to become an essential parameter for
stratifying patients into different clinical
trials. The PCC, initially funded as a pilot
program through ARRA, will continue to
perform a molecular workup of patients and
deposit the molecular characterization of
tumor and normal tissue into a searchable
database for clinicians to proactively
identify potential participants for inclusion
in clinical trials.

The second component of the initiative,
the Clinical Assay Development Program
(CADP), builds on data generated by the
PCC to carry out the final development,
optimization, and validation of clinical
assays critical to individualization of
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cancer therapy. In addition, it facilitates
the validation of assays proposed as being
integral to clinical trials. In anticipation of
projects requiring a multitude of technol-
ogies, implementation of the PCC and the
CADP involves active collaboration with
various components of NCI with expertise
in aspects critical for development of the
assays. Under the ARRA timeline, initial
development of the molecular character-
ization/diagnostic assay pipeline will be
completed. To accomplish these goals,
CADP comprises both the Clinical Assay
Development Center (CADC) at NCI and
the Clinical Assay Development Network
(CADN), a group of NCI-supported service
laboratories in the extramural community.
Together these centers will create a
process to efficiently develop diagnostic
tools addressing clinical needs, including
co-development of targeted agents and
predictive markers.

Implementation of Operational
Efficiency Working Group
Recommendations at NCI's Cooperative
Groups and Cancer Centers

Barriers to conducting clinical trials must
be overcome to decrease the length of
time necessary to evaluate the efficacy of
a particular therapeutic agent, to receive
approval from the U.S. Food and Drug
Administration (FDA) to treat cancer
patients, or to more quickly move on

to the development of other potential
agents. To the extent that such barriers
can be overcome, the overall cost of drug
development, as well as the speed with
which therapeutic interventions and
diagnostic capabilities become available
in the clinic, are closely linked with the
ability to effectively and efficiently conduct

clinical trials. The aim of this initiative is
to incentivize implementation of the NCI
Operational Efficiency Working Group
recommendations to decrease clinical trial
activation times by 50%.

Specific project-based milestones and
deliverables have been established that,
upon achievement, will result in funding to
an individual Cancer Center or Cooperative
Group. This incentive-based procedure

is designed to increase the rate at which
efficiency-promoting processes are
implemented.

Clinical Pharmacodynamics

Validated clinical pharmacodynamic
assays that reliably quantify drug effects
on molecular targets in tissue specimens
are critical to converting breakthroughs

in molecular oncology into targeted thera-
peutics, and subsequently to evaluate these
new drugs in patients by confirming that
they work as intended in early clinical
trials (phases 0, 1, and 2). DCTD’s vision

is to develop, clinically implement,

and transfer to the oncology research
community highly reproducible and
informative pharmacodynamic assays. To
that end, the division has made the strategic
decision to use only those assay technol-
ogies that have proven clinical applicability
and to apply diagnostic assay expertise
and developmental principles to pharma-
codynamic assays. These decisions have
already yielded validated assays for several
molecular targets since the program’s
inception in mid-2005. One of these assays
accelerated the clinical development of

a molecular targeted agent from phase

0 trials directly into combination phase

1 studies in five CTEP-sponsored trials,
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saving over a year of development time.
The molecular data from the validated
assay justified bypassing any single-agent
phase 1 or 2 trials, where the drug was not
expected to show single-agent activity in
most genetic backgrounds. DCTD expects
that using multiple pharmacodynamic
assays, developed by this ARRA-supported
effort to simultaneously interrogate multiple
molecular targets both within and across
important signaling pathways in a single
biopsy specimen, will allow the evaluation
of rational combinations of molecularly
targeted agents.

Coordination of Clinical/Translational
Research Across NCI

Fostering collaboration among translational
cancer researchers supported by various
NCI funding mechanisms will lead to

the development of a more integrated and
efficient and less costly system for taking
significant laboratory findings into clinical

trials. This collaboration, however, has been
difficult to implement. As part of its partici-
pation in ARRA, the NCI was interested in
furthering its high-priority goal of acceler-
ating high-impact translational research by
encouraging and rewarding collaborative
team science. In that spirit, this initiative
provided a unique incentivized opportunity
for the creation of a team of investigators
with the collective expertise and resources
to answer, within two years, a hypothesis-
driven, mechanism-of-action-oriented
scientific question within the context of a
clinical trial.

Adoption of New Technologies for
Remote Data Capture and Protocol
Authoring

To strengthen the infrastructure of its
clinical trial networks, the NCI is in the
process of purchasing licensing rights for

a commercial clinical data management
system (CDMS) software product that allows

Projects Approved for Coordination of Clinical/Translational Research across NCI

NCI Program/Division  Project

TRP/DCTD Predicting pancreatic cancer responses for a PARP inhibitor-based clinical trial
CTEP/DCTD Targeted therapies for childhood acute lymphoblastic leukemia

CDP/DCTD Translation of predictive rhabdomyosarcoma biomarkers into clinical practice
CDP/DCTD Refining a molecular partitioning analysis model for glioblastoma

DCP Validation of a multi-gene test for lung cancer risk

TRP/DCTD Biomarker prediction of Gleason upgrading in prostate cancer

TRP/DCTD Proteasome/HDAC inhibition in leukemia/MDS; phase 1 trial and correlative studies
DCP Clinical evaluation of a bioadhesive gel for oral cancer chemoprevention

TRP/DCTD Defining the importance of immunity to NY-ESO-1 in melanoma therapy and prognosis

CDP = Cancer Diagnosis Program; CTEP = Cancer Therapy Evaluation Program; DCP = Division of Cancer Prevention;
HDAC = histone deacetylase; MDS = myelodysplastic syndrome; PARP = poly(ADP ribose) polymerase;

TRP = Translational Research Program.
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remote electronic data capture and protocol

authoring, along with the related instal-

lation, support, and maintenance services,

to support the conduct of cancer clinical

research by all of CTEP’s mechanisms. The

purpose of the CDMS procurement is to:

Deliver full-function clinical
data management capability for
NCI-supported studies

Facilitate integration of clinical data
with biospecimen banking, imaging,
gene expression, and population
databases to promote a uniform
biomedical research enterprise

Streamline the development and conduct
of clinical trials

Carbon nanofibers as gene delivery tool.

+ Facilitate sharing of data and simplify
collaboration

The potential benefits of using this
technology include improved speed,
quality, and security of clinical trial data
acquisition, reduction in data discrep-
ancies, and access to data in real time for
more immediate review of adverse events
as well as for interim review. The CDMS
software will be integrated into existing
NCI-sponsored clinical trial mechanisms.

This program, called ADOPT, focuses on
accelerating the adoption and integration
of this new technology for remote data
capture. Importantly, ADOPT includes
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implementation of a core library of
standardized phase 2 and 3 electronic case
report forms currently being developed

by NCI to improve the efficiency of data
collection and to accelerate the cancer
clinical trial development process used

by CTEP’s trial mechanisms. Careful
planning, staff development, and computer
resources are being provided for each
clinical trial component to adopt this
improved technology and build the
necessary connections from their existing
infrastructure to the NCI “biomedical
internet.” Since neither biomedical nor
informational technologies are static, the
trial infrastructure is being designed to
allow the flexibility necessary to adapt to
an evolving research environment.

Phase 1 and 2 Therapeutic and
Imaging Clinical Trials

CTEP and the Cancer Imaging Program

are well positioned to coordinate the

rapid design and conduct of phase 1/2

and pilot trials with novel agents alone,

in combination, or as part of standard
therapies. Several categories of early-phase
studies are currently being funded through
this initiative.

Accelerating Clinical Trials of Novel
Oncologic PathWays. An ARRA-funded,
phase 1/2 initiative, called Accelerating
Clinical Trials of Novel Oncologic
PathWays (ACTNOW), is focused on
accelerating progress by speeding the
development of approximately 35 new
clinical treatment trials. These trials test
novel agents (alone, in combination, and
with other standard therapies) that target
new pathways by which cancer cells grow,
metastasize, and develop resistance to
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current treatments. A competitive review
of CTEP-solicited nominees for this
program from all grantees and contractors
involved in this research was conducted

to identify the most meritorious proposals.
The selected trials have received enhanced
resources to enable rapid development

and approval of the treatment protocol
such that 90 days from notification of

the award, the trial would be either open
to enrollment or in review at the local
institutional review board. This timeline
is significantly faster than that typically
attained by industry-sponsored early
clinical trials and is about nine months
faster than NCI's standard approach to trial
development. This accelerated timeline

is being made possible through the
investment of ARRA resources to:

« Allow the hiring of more staff devoted to
protocol writing and statistical plans

+ Increase the number of personnel
available for the development of database
and case report forms

« Permit the use of innovative diagnostic
scans, specimen sample collection,
assay development, and adequate
reimbursement for the research costs
associated with data management at
local sites

Development of 3-Deoxy-3'-['*F]
Fluorothymidine Positron Emission
Tomography as a Predictive Marker

in Cancer Therapy. Promising evidence
exists that mid-therapy 3'-deoxy-3'-['*F]
fluorothymidine (FDG) positron emission
tomography (PET) imaging may be
predictive of tumor response, but interpre-
tation is complicated by the fact that
['8F]FDG PET can accumulate in inflam-

matory as well as malignant tissues.
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Preliminary data with [**F|fluorothymidine
(FLT) PET promises better prediction of
response to therapy as a superior correlate
to cellular proliferation without accumu-
lation in inflammatory tissues. Establishing
the utility of this radiolabeled imaging
agent with PET will advance existing
scientific understanding of which uptake
parameters of ["*F]FLT best correlate with
early tumor response to chemotherapy.

A direct comparison to standard-of-care
["*FIFDG PET imaging parameters will

be performed in this trial to determine
predictive value.

Evaluation of [*®F]Fluoride PET as a
Pharmacodynamic Biomarker for
Dasatinib, a Src Kinase Inhibitor, in Men
with Castration-Resistant Prostate Cancer
and Bone Metastases. It is estimated that
30—40% of patients with prostate cancer
will experience a relapse after local surgery
or radiation therapy. Most will develop
osteoblastic bony metastasis. Prostate cancer
metastases also have a strong constant
osteolytic component that correlates to an
elevated N-telopeptide of type I collagen
excretion into the urine. Current methods of
imaging bone cannot detect the therapeutic
impact of existing therapies, let alone
differentiate the therapeutic effects between
varying therapies. Standard imaging
methods such as computed tomography

and magnetic resonance imaging (MRI)
scans (measured with Response Evaluation
Criteria in Solid Tumors [RECIST]) and bone
scintigraphy fall short of enabling the deter-
mination of tumor activity and therapeutic
response that would assist in treatment
selection and prognostics for patients with
bone metastasis.

['*F]Fluoride PET in patients undergoing
treatment with dasatinib will advance
scientific understanding of the effect of the
drug (effect of regional bone metabolism
[K;] and fluoride delivery [K,]) on bone
metabolism and blood flow as an indirect
measure of angiogenesis. Preliminary
data in breast cancer patients suggest that
fluoride K, and K; can be independently
and accurately measured for both normal
bone and bone metastases. The ability to
quantify the changes in fluoride kinetics
in response to therapy is critical to better
evaluate response to treatment. This study
will explore the hypothesis that patients
with significant changes, as measured by
[8F]fluoride in bone metastases, resulting
from dasatinib therapy may respond
better and have improved progression-free
survival. Further, it is anticipated that
this hypothesis-generating project will
potentially lead to subsequent trials of ['*F]
fluoride PET as a prognostic biomarker.

Application of Nanoparticle-Based

MRI to Direct Brain Cancer Therapy.
Differentiation between pseudoprogression
and true tumor progression is critical in
decision making for treatment options in
patients with brain tumors so that patients
can be maintained on therapies that are
effective and can be switched to other
therapies if a tumor is progressing. Using
standard T2-weighted and gadolinium
contrast—-enhanced, T1-weighted MRI
sequences does not provide a reliable
distinction between tumor recurrence or
true progression and pseudoprogression.
Dynamic susceptibility-weighted, contrast-
enhanced (DSC) MRI (sometimes called
perfusion-weighted imaging) measurements
of relative cerebral blood volume in regions
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of interest in the brain may be a useful
approach to resolve this dilemma.

Ferumoxytol is an ultrasmall superpara-
magnetic iron oxide nanoparticle that

is gaining use for brain imaging. It has
been extensively tested and found to be
safe, most importantly, in patients with
impaired kidney function, who should
not receive gadolinium-based contrast
agents. Unlike gadolinium, ferumoxytol
is resistant to passage through the leaky
capillaries at first-pass bolus and, in the
short term (minutes to hours), stays in
the intravascular compartment as a blood
pool marker. The funded trials (adult and
pediatric) are assessing the capability of
DSC MRI in combination with ferumoxytol,
in comparison to the gadolinium-based
contrast agent gadoteridol, to distinguish
these two pathologies so that patients can
receive the most efficacious therapy.

Chemical Biology Consortium and
Overall Therapeutics Program

New Therapeutic Molecules. The immediate
goal of CBC’s New Therapeutic Molecules
initiative is to prevent short-term gaps in
the supply of clinical materials to treat
patients on NCI-supported clinical studies.
Its long-term goal is to develop sufficient
efficiencies in production and evaluation of
new candidate drugs to make the process
more sustainable in supplying patients

in clinical studies. This ARRA initiative
focuses on all three cornerstones of systemic
anticancer treatment: biologics, natural
products, and synthetic compounds.

As a new biologic therapy begins to show
promise, supply of clinical materials can
be the rate-limiting step for expanding
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access to larger populations. Major delays
in expanding production are due to the
qualification procedure of facilities and
processes for production of biologics at
additional sites. When the original site of
production is at NCI-Frederick, NCI is in a
unique position to expand capacity to treat
a larger set of patients before commercial
facilities can be approved by the FDA. This
scenario has been fully substantiated by the
recent results of the Children’s Oncology
Group trial demonstrating a survival
advantage by adding the ch14.18 antibody to
the therapy of children with neuroblastoma.
This antibody, which was made by DTP
without commercial support, is illustrative
of NCI's commitment to finding treatments
for rare cancers that generate commercial
interest. Due to stimulus funding, in late
2010 NCI delivered a sufficient quantity of
ch14.18 for ongoing clinical trials studying
neuroblastoma. The NCI product will be
used during a transition period while
licensing and commercial production are
established. Similarly, for the proposed
Cancer Immunotherapy Network, the
extramural immunotherapy community
identified various molecules that are of great
interest for further clinical investigation but
for which there is currently no commercial
source available. With stimulus funding,
NCI now has the capability to move directly
into the phase 1/2 arena with two agents
(interleukin [IL]-15 and IL-7) and supply
sufficient clinical material to support three
to four peer-reviewed clinical trials with
each compound.

Natural products were once the dominant
source for new cancer medicines. Because of
the de-emphasis of natural products by the
commercial sector, there is a unique role for
NCI in the investigation of therapies from



Scientists with pixon computer.

this source. The NCI collection of natural
products is the largest in the world but has
yet to be fully exploited. Short-term stimulus
funding provides a focused opportunity to
evaluate new patterns of development for
natural products. NCI has been piloting

a procedure for more extensive biological
testing of natural-product extracts before
investing scarce and expensive chemical
resources to isolate the active ingredient.
With stimulus resources, it is expected that
investigators will be able to identify up to
100 natural-product extracts with sufficient
activity to warrant further advancement of
active ingredients toward the clinic.

For synthetic anticancer compounds,
short-term stimulus funding is being
utilized by DTP to outsource a one-year
backlog of about 100 in vitro positive
synthetic compounds.

Diverse Chemical Libraries for Drug
Discovery. Diverse chemical libraries are
critical to improving the potential hit rate
from screening of new targets by CBC
centers. By creating a uniform library

of individual compounds, compound
fragments, and fit-for-purpose libraries,
NCI and the scientific community may be
able to determine whether one approach is
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more meritorious than another in selecting
clinical candidates that may have a greater
likelihood of showing activity in the clinic.

Chemical Repository for the CBC.

NCI is developing a state-of-the-art
chemical repository facility to support
high-throughput screening projects brought
into the NEXT pipeline and then studied by
CBC participants.

In Vitro/In Vivo Screening of Combination
Targeted Therapeutic Drugs. Most new
anticancer agents are tested singly, but
clinical cancer treatments often involve
multiple agents and modalities adminis-
tered in combination over time. To model
clinical applications early in the drug
development process, DCTD is expanding
and accelerating the in vitro screening
program for combinations of both approved
and investigational therapeutics. Currently,
DTP supports an applied drug development
program that initially uses a panel of 60
human cancer cell lines for its in vitro
screening of potential therapeutics. The
primary endpoint of the NCI-60 cell line
screen is the phenotypic reduction in cell
growth and/or cell death. Subsequently,

in vivo testing is performed via implan-
tation into mice of human tumor cell line
xenografts to evaluate the efficacy and
toxicity of potential therapeutics. The
primary endpoints of the in vivo testing are
inhibition of tumor growth and toxicity.
DTP has initiated an internal pilot program
for combinatorial drug screening. One
result of this pilot is the definition of
parameters for study design, cell culture
plate layout, and statistical approaches to
synergy and/or additivity, throughput rates,
and costs. This has formed the basis for the

DCTD PROGRAM ACCOMPLISHMENTS 2010

establishment of a network of collaborative
in vitro and in vivo screening laboratories.

The in vitro program supports the
application of techniques in molecular
biology (genomics, siRNA, proteomics,
and more), computational and statistical
modeling (such as response surface
mapping for synergy), and robotics

into an applied drug screening effort.
Engineering principles and computational
models are now being applied to describe
cellular signaling pathway responses to
environmental cues leading to cell growth,
survival, and death. Investigators can
interrogate intracellular responses to drug-
induced perturbations at the molecular
level in order to prospectively design
combinatorial pharmacological regimens
that independently modulate key signaling
nodes, cooperatively block redundancy
loops, and/or concurrently target epithelial,
stromal, and immunologic cells. While

the scientific tools to do this are available,
there are relatively few published examples
in applied drug development. The model
developed through this program will also
have applicability for scientists working
with non-cancer cells and diseases.

The in vivo program expands and
accelerates the ability of DTP to identify
promising new combinatorial anticancer
regimens and advance them to the
clinic. Because the necessary bioassays
are technically demanding and time
consuming, the in vivo efficacy and toxicity
testing of potential cancer therapeutics
is a rate-limiting step in applied drug
development. Currently, all xenograft
testing for DTP is done at NCI-Frederick.
The network collaboration supported by
ARRA funds will expand access to new
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tumor cell lines, animal models, and drug
development expertise to help inform
decision making in advancing potential
new therapies to clinical trials. In addition,
the in vivo study of combinations will help
validate the models developed using in
vitro approaches. In follow-up studies to
the initial in vivo screen, tumor samples
and adjacent normal tissue collected from
animals receiving efficacious combina-
tions will be assessed by genomic and
proteomic technologies, and the in vitro
and in vivo data from the same cell lines
will be compared. Thus, the drug-targeting
hypotheses generated in vitro will be
corroborated in the next higher-level
system, the whole organism. All of these
data will be made available electronically to
the entire cancer community.

Comprehensive Information Technology
Program for Facilitating Drug Discovery
and Development. The discovery and
development of new drugs to treat cancer
and other diseases increasingly relies on
information technology (IT) to collect and
analyze the expanding data sets derived
from new technologies. The NCI-60
screen in 96-well plates was state of the
art 20 years ago. Today, however, 20,800
data points are generated per week. In
comparison, an ultra-high—throughput
screening assay conducted in 1,536-well
plates can generate 2.2 million data points

in a week. With the advent of new assays to
evaluate pharmacodynamics, an experiment
that did not analyze any samples from
tumor or normal tissues a few years ago
may now generate up to 4,000 samples to

be analyzed in multiple assays at multiple
sites. This creates data storage and handling
issues as well as an analytical bottleneck,
since correlations among as many as 10
different endpoints in one experiment is
typical. The implementation and integration
of new IT software for data acquisition,
storage, and evaluation is imperative to drug
discovery and development. A software
package was selected for primary collection
of all data generated by CBC projects.
Implementation, however, had been slow
due to the limited divisional IT resources

to collect the different data streams from
DCTD-funded scientists. The goal of this
ARRA initiative is to integrate additional
software that will facilitate the analysis of
data from multiple software companies.
These software packages will also be
integrated to the extent possible with the
current server used to manage projects

for the NEXT pipeline. This initiative is
mission critical for DCTD to support, in an
integrated manner, the various functional
components of NExT, including pharmaco-
dynamic assays; in vivo studies including
toxicology, pharmacology, and efficacy; in
vitro high-throughput screening assays; and
microarray data capture.
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OVERVIEW

The overarching goals of the Cancer
Diagnosis Program (CDP) are to:

«  Provide the most effective tools to
optimize treatment decision making

+ Bring to fruition the promise of
biomarkers

CDP’s initiatives over the past several years
have contributed significantly to progress
in the field of biomarker development and
clinical application. The program is now
building on lessons learned and advances
in the science to launch the Clinical Assay
Development Program (CADP). These
programs, initially using funds from the
American Recovery and Reinvestment Act
of 2009 (ARRA), will facilitate the transition
of assays based on new molecular insights
from the research laboratory to clinical use.

The CADP will provide access to:

+  NClI-sponsored service laboratories (the
Clinical Assay Development Network) for
evaluation of the analytical performance
and clinical validity of assays

*  Specimens with associated clinical data

«  Reference materials and standardized
reagents

- Statistical design consultation and
regulatory expertise to ensure that assays
evaluated in clinical trials are ready
for submission to the Food and Drug
Administration (FDA) or for clinical use
at the conclusion of the trials

The CADP will also support an internal
laboratory, the Clinical Assay Development
Center (CADC), to assist with earlier phases
of assay development and transition to
clinical laboratory readiness.

CANCER DIAGNOSIS PROGRAM

The Patient Characterization Center

(PCQC), a collaborative effort among CDP,

the NCI Center for Cancer Research, the
NCI Community Cancer Centers Program
(NCCCP), and the new cancer Human
Biobank (caHUB), will provide full genomic
characterization of newly diagnosed cancer
patients and test the importance of results
being generated by The Cancer Genome
Atlas (TCGA) project and other large

cancer profiling efforts. The results of these
characterizations may identify patients who
would benefit from trials of new interven-
tions targeted to specific genetic alterations.

CDP’s Program for the Assessment of
Clinical Cancer Tests (PACCT) has provided
strategic guidance to the translational
cancer research community and leveraged
NCI-supported programs to achieve
significant research goals. These include:

« Launch of the landmark Trial Assigning
Individualized Options for Treatment
(TAILORXx) to evaluate the ability of the
OncotypeDX® assay to predict benefit
from chemotherapy

+  Publication of the Reporting
Recommendations for Tumor Marker
Prognostic Studies (REMARK) guidelines
for reporting tumor marker studies in
biomedical journals

« Development of standards for analytic
performance for assays incorporated into
clinical trials

+ Establishment of a major series of inter-
national meetings on cancer molecular
markers in collaboration with the
American Society of Clinical Oncology
(ASCO) and the European Organisation
for Research and Treatment of Cancer
(EORTC)
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Barbara A. Conley, M.D., is the newly appointed Associate Director of the Cancer Diagnosis Program
(CDP). She is an NCI veteran who has held previous positions at the Institute. From 1997 to 2004,

she participated in several key programs within the NCI, including Senior Investigator in the Clinical
Investigations Branch of CTEP and Chief of the CDP Diagnostics Research Branch, as
well as Head, Aerodigestive Diseases, in the intramural medicine branch. Immediately
prior to her current appointment at DCTD, she was Chief, Division of Hematology/
Oncology, at Michigan State University (MSU), as well as Scientific Director of the
MSU Clinical Translational Science Institute. At MSU and the University of Maryland
(1987-1997), Dr. Conley was the principal investigator on several NCI grants and an

investigator with the National Surgical Adjuvant Breast and Bowel Project.

Board certified in Internal Medicine and Medical Oncology, Dr. Conley has research
interests in diagnostic markers, drug development, and cancers of the aerodigestive
tract. She has published extensively in many journals, including the Journal of Clinical Oncology and

Nature Medicine, and is on the editorial board of several professional publications.

Dr. Conley holds an undergraduate degree from the University of Michigan and received her medical

degree from MSU.
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CDP has designed and implemented the
Strategic Partnerships to Evaluate Cancer
Signatures (SPECS), a cooperative agreement
program that has accelerated progress in
moving molecular profiles of tumor tissue
from the research setting into clinical
practice. New diagnostic tools developed by
SPECS investigators include:

* An assay for the “intrinsic” subtypes of
breast cancer (luminal A and B, HER2
and basal) that can be performed in a
clinical laboratory

« A commercially available mass spectro-
scopic assay to predict response to
epidermal growth factor receptor (EGFR)
inhibitors

* An improved risk classifier for adult and
pediatric patients with acute lympho-
blastic leukemia, now incorporated into
clinical trials

« A diagnostic signature for rhabdomyo-
sarcoma based on genomic data that
predicts outcome more reliably than
standard histopathology

« A system for classification of adult
non-Hodgkin lymphoma based on gene
expression patterns

» A molecular signature for aggressive
prostate cancer that can be applied to
biopsy specimens with minimal amounts
of tissue

CDP collaborates closely with the Cancer
Therapy Evaluation Program (CTEP)

to promote the effective integration of
biomarker studies into CTEP’s cancer
therapy trials and to implement recom-
mendations of the Clinical Trials Working
Group (CTWG), especially through the new
Biomarker, Imaging, and Quality of Life
Studies Funding Program (BIQSFP).

CANCER DIAGNOSIS PROGRAM

CDP also supports earlier stages of
biomarker discovery research and clinical
assay development through an actively
managed portfolio of investigator-initiated
research project grants. More than half

of its grant portfolio has been developed

by means of targeted initiatives designed

to provide grant mechanisms, such as
exploratory grants, that sustain each part of
the assay development process.

Research supported by CDP extends to

the development of new technologies:

the instruments and analytical methods
that provide the technical platforms for
innovative diagnostics. These development
efforts encompass:

¢ Genomics and next-generation sequencing

*  RNA and microRNA (miRNA) expression
and sequencing

- DNA methylation and epigenetic
regulation

* Proteomics and immunoassays
¢ Metabolomics and glycomics

¢« Circulating tumor cells and molecules

Finally, CDP is an essential component

of NCI's program to provide cancer tissue
specimens for research and to develop

the tissue resources of the future. CDP
provides ongoing support for two major
biospecimen resources, the Cooperative
Human Tissue Network and the Cooperative
Group Banks, which each year provide
thousands of tissue specimens with
appropriate pathologic and clinical data to
researchers across the country. The new
Specimen Resource Locater will enable
the CADP to quickly and efficiently gain
access to existing tissue resources housed
in pathology archives.
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STRUCTURE AND FUNCTION

CDP strives to improve patient outcomes by
effectively moving molecular diagnostics
into clinical practice. The program
stimulates and funds resources and
research on diagnostics and improvements
in technologies to better characterize
cancers in order to develop information that
can aid cancer patients and their physicians
in clinical decision making. CDP was
established as a DCTD program in 1996.

Numerous barriers have been cited to
explain the slow progress in the field of
biomarker and assay development. These
have included, among others, the lack

of appropriate specimens, the lack of a
well-defined pathway for development

and evaluation of clinical biomarkers,

and a lack of standards that assays must
meet before being incorporated into trials
or clinical practice. The Program for

the Assessment of Clinical Cancer Tests
(PACCT), launched in 2000, has addressed
a number of these barriers. The PACCT
strategy group prepared a set of standards
that assays must meet prior to incorporation
into clinical trials and a set of criteria for
prioritization of assays for funding through
the Biomarker, Imaging and Quality of

Life Supplemental Funding Program
(BIQSFP). CDP staff and members of the
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PACCT strategy group collaborated with
international partners to develop guidelines
for reporting studies of prognostic markers.
The Reporting Recommendations for Tumor
Marker Prognostic Studies (REMARK)
guidelines were published in several major
scientific journals in 2005 and 2006 and
are now used by major journals as criteria
for evaluation of articles submitted. A
working group of PACCT led the effort to
integrate biomarkers into the treatment
decision-making process for patients with
early-stage breast cancer; the landmark
Trial Assigning Individualized Options for
Treatment (TAILORX) was launched in the
spring of 2006 and completed its testing
and accrual of more than 11,000 patients in
the summer of 2010. This trial is expected
to have a major impact on the treatment of
women with breast cancer. Other PACCT-
directed projects have focused on ensuring
that assays being evaluated in clinical trials
or being used in clinical practice can be
performed with sufficient reproducibility
and minimal lab-to-lab variation. This

is critical for dissemination of clinical
laboratory tests into community practice.

These achievements, which are beginning
to have an impact on medical practice,
have depended on significant collaboration
and coordination among basic and clinical
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scientists. The “Director’s Challenge: Toward discovery of mutations in the EGFR gene that
a Molecular Classification of Cancer” are associated with response to inhibitors of
(1999-2004) first required the cancer EGFR signaling, as well as the identification
research community to form multidisci- of the “intrinsic” subtypes (luminal A,
plinary teams to demonstrate the power of luminal B, HER2, and basal) of breast cancer.
comprehensive molecular technologies in The Strategic Partnerships to Evaluate
developing profiles of molecular alterations Cancer Signatures (SPECS) program has built
in human tumors. Among the many on the successes of the Director’s Challenge

noteworthy results during this time were the by establishing the large interdisciplinary
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teams needed to evaluate the clinical
utility of molecular signatures. The SPECS
program has successfully brought cancer
profiles for pediatric leukemias into clinical
trials. Other cancer signatures are being
refined and readied for clinical testing.
This initiative requires broad collaboration
among clinical trials groups, translational
researchers, and technology developers in
industry; it has been reissued and will be
adding new grants to the portfolio.

CDP directly supports research projects at all
stages of the cancer biomarker development
pipeline through an actively managed
program of research project grants. The
majority of the grants in CDP’s portfolio are
solicited for exploratory and developmental
projects to encourage the translation of basic
discovery research into diagnostic tools.

Although industry and academic researchers
are actively developing novel technologies,
incentives and guidance are required to
encourage these researchers to focus their
efforts on technologies and the application
of technology that can benefit cancer
patients. The NCI, with significant input
from CDP staff, developed the Innovative
Molecular Analysis Technologies (IMAT)
program. This program supports important
research to develop and apply new
technologies to cancer diagnosis. CDP staff
members continue to play a major role in
this ongoing program. The staff also works
with the technology research community
to advance the development of new tools
and platforms for high-throughput analysis
of biomarkers and point-of-care analysis
systems for clinical applications. This
encompasses the development of genomic,
proteomic, metabolomic, and bioinformatic
technologies, and the engineering of new
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devices that have the potential to be used for
analysis of human tumors. CDP collaborates
with programs in the NCI Office of the
Director, the National Institute of Biomedical
Imaging and Bioengineering (NIBIB), and
bioengineering efforts across the National
Institutes of Health (NIH).

CDP collaborates with CTEP to promote the
effective integration of biomarker studies
into DCTD’s cancer therapy trials. CDP staff
members review biomarker studies proposed
for inclusion in concepts and protocols for
CTEP trials and provide recommendations
at all stages of trial design, considering

both the analytic validity and the clinical
utility of novel assays. This effort improves
the quality of protocols while also serving
CDP’s planning processes by enabling staff
to identify obstacles to progress in the field.
Trials that include investigational biomarker
assays, particularly where assays are integral
to the trials, pose special challenges to

the implementation of NCI's operational
efficiency initiatives. Members of the CDP
staff are actively engaged with CTEP and the
investigators of its clinical trials consortia to
improve both the efficiency and the scientific
output of DCTD trials.

Research must also be supported by provision
of critical resources and infrastructure.
Biomarker discovery research, assay
development, and evaluation of clinical
utility of assays all depend on the avail-
ability of human tumor specimens with
various amounts of associated demographic
and clinical data. CDP has a long history

of creative approaches to addressing

these needs. The Cooperative Human
Tissue Network (CHTN), first funded in
1987, continues to be a mainstay for the
community, providing high-quality human



specimens to support biomarker discovery
and early assay development. The first virtual
specimen resource with significant clinical
data, the Cooperative Breast Cancer Tissue
Resource (CBCTR), was recently phased out,
but the specimens were used to create statisti-
cally designed tissue microarrays that are
still in great demand and are being provided
to support prognostic marker research. The
CDP also supports the specimen banking
activities of the Clinical Cooperative Groups;
prior to this stable support, collection

of valuable specimens in the context of
randomized trials was haphazard at best.
Tissue collection and processing are being
standardized and transparent access
procedures are making the specimens more
widely available for critical research.

The CADP will require large numbers of
clinical specimens with associated outcome
information for assessment of analytical
performance of assays. Toward that end,
the CDP is developing a Specimen Retrieval
System (SRS) that uses natural language
processing to identify cases from two health
maintenance organization (HMO) members
of the Cancer Research Network. Both
HMOs have extensive electronic medical
records systems and have agreed to provide
paraffin blocks and data from cases that
meet specific criteria. The system depends
on open-source software developed under

a previous CDP initiative. The software has
been adapted to each institution’s systems
and has been shown to be able to remove
from the records all personal information
as required under the Health Insurance
Portability and Accountability Act of 1996
(HIPAA), including from free-text clinical
notes. Funding from ARRA will be used

to collect large sets of reference specimens
for the CADP.
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PROGRAM ACCOMPLISHMENTS

The activities of CDP fall into three major
categories:

1. Developing and evaluating assays for
clinical decision making

2. Discovering biomarkers and develop-
ing enabling technologies

3. Providing the resources, particularly
the human specimens, and other in-
frastructure to ensure that discovery
and development can proceed

Development and Evaluation of Assays for
Clinical Decision Making

In order for patients to benefit, biomarkers
must move out of the research setting and
become the basis for standardized assays
that can be performed reliably in clinical
laboratories as part of routine medical care.
Through its Diagnostics Evaluation Branch,
the CDP supports both laboratory research
and clinical trials to establish both the
analytic validity and the clinical utility of
emerging biomarkers.

In its Diagnostics Evaluation Branch, CDP:

+ Actively manages a portfolio of research
grants to support translation of research
biomarkers into clinical assays

« Pursues the effective integration of
biomarker research into NCI cancer
therapy trials

«  Promotes the adoption of community-
wide standards for assay performance in
both anatomic and molecular pathology
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Program for the Assessment of
Clinical Cancer Tests

Many decisions relating to cancer patient
management depend on information
derived from clinical laboratory tests.
Significant research and development are
involved in producing a test that is reliable
enough for routine clinical use. CDP
launched the Program for the Assessment
of Clinical Cancer Tests (PACCT) in 2000 to
develop a process for moving advances in
new technologies and new understanding
of cancer biology more efficiently and
effectively into clinical practice.

MARKER DEVELOPMENT PROCESS

PACCT is not a grants program. It
leverages many NCI-supported activities
to accomplish goals identified by the
PACCT strategy group. The strategy group
comprises scientists from academia, as
well as FDA and NCI, with expertise

in clinical oncology, pathology, basic
cancer biology, diagnostics technology
and assay development, clinical trials
methodology, and statistics. The strategy
group establishes working groups to guide
development of specific projects.
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The TAILORXx Trial

The Trial Assigning Individualized
Options for Treatment (TAILORX), the first
trial launched by PACCT, is pioneering
the integration of molecular diagnostics
into clinical decision making for breast
cancer. The trial is testing whether a set
of expressed genes that have been shown
to be associated with risk of recurrence
in women with node-negative, hormone
receptor-positive breast cancer can be used
to assign patients to the most appropriate
and effective treatment. The signature
being tested is the 21-gene Oncotype DX®
panel developed by Genomic Health, Inc.,
in collaboration with an NCI cooperative
group, the National Surgical Adjuvant
Breast and Bowel Project. U.S. Postal
Service sales of breast cancer stamps
have played a critical role in making
possible a groundbreaking treatment trial
by providing a portion of the funding for
TAILORx. Without this support, the trial
would not have been possible.

The trial is being carried out as a collabo-
ration of CDP, CTEP, and all of the NCI
clinical cooperative groups that perform
breast cancer studies. Accrual was
completed during 2010.

Biomarker Evaluation in NCI Cancer
Therapy Trials

Members of the CDP staff review biomarker
studies proposed for inclusion in CTEP
clinical trials, providing critiques and
recommendations for both concepts and
protocols for phase 1, phase 2, and phase

3 trials. CDP staff members also serve

as reviewers on Intergroup Correlative
Science Committees for applications

CANCER DIAGNOSIS PROGRAM

to use specimens from the cooperative
group tissue banks. Members of CDP have
provided critical biomarker expertise at
clinical trials planning meetings and serve
on intergroup task forces. The expertise of
the CDP staff has also been critical to the
implementation of initiatives of the Clinical
Trials Working Group (CTWG).

The CTWG report (“Restructuring the
National Cancer Clinical Trials Enterprise”)
made a series of recommendations that
included the need to provide support for
performing assays that are essential to
clinical trials. A definition was needed of
standards that must be met for any assay
being used to make a decision such as
eligibility or assignment to a treatment

arm. A PACCT working group developed a
standards document and a set of criteria for
prioritization for funding. These recommen-
dations were approved (July 11, 2007) by the
Clinical Trials Advisory Committee and are
being implemented in the ongoing BIQSFP.

The CTWG also recommended that the
problem of co-development of biomarkers
and targeted agents be addressed. PACCT
organized a workshop with the FDA

and industry to assess the barriers and
develop a white paper to address issues

to be considered. The workshop, which
took place in October 2007, resulted in a
commentary published in the Journal of the
National Cancer Institute.

In 2007, CDP staff issued a Request

for Information (RFI), as suggested by
the PACCT strategy group, to gather
information about the needs of the assay
development community. In addition

to the anticipated responses citing the
need for tissue specimens, technical and
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statistical expertise, and access to the

types of resources that have been incor-
porated into the CADP, issues related to
intellectual property (IP) were cited as

a major impediment. CDP presented the
CADP concept to the public in a workshop
with members of industry, academia, and
the FDA in May 2009, and participants
told CDP and the FDA that 50% of the
barriers to assay development now arise
from the detrimental effect of patents and
licensing. The issues were discussed further
at a second workshop convened later in
2009 that included representatives from
diagnostic and pharmaceutical companies,
a medical device trade association,
academic technology transfer offices,
patient advocates, the FDA, and CTEP.

DCTD PROGRAM ACCOMPLISHMENTS 2010

Information was presented to demonstrate
that as much as 40% of the cost of clinical
assays is for royalty and licensing fees.
These workshops contributed to the current
revision of the CTEP Cooperative Research
and Development Agreement (CRADA) IP
options that are under review. CDP staff
continue to collaborate with CTEP and NIH-
industry task forces convened under the
auspices of the National Center for Research
Resources (NCRR) Clinical and Translational
Science Awards (CTSA) program to explore
additional approaches. The CADP will work
to identify ways to help assay developers
that are either IP neutral or that facilitate
negotiations regarding licensing, royalties,
or transfer of IP.



REMARK and the EORTC-NCI-ASCO
Cancer Molecular Markers Collaboration

CDP has led an NCI collaboration with the
European Organisation for Research and
Treatment of Cancer (EORTC) to convene a
series of meetings on molecular diagnostics.
At the first meeting, held in Denmark in
2000, four international working groups
were established. One of the working
groups focused on the development of
guidelines for information that should be
included in all publications about tumor
markers. The Reporting Recommendations
for Tumor Marker Prognostic Studies
(REMARK) were published in several major
scientific journals in 2005 and 2006. These
guidelines are now being used by journals
as standards for the review of manuscripts
on markers.

The American Society of Clinical Oncology
(ASCO) has now joined the NCI-EORTC
collaboration on these meetings. With
ASCQO’s involvement, the “Molecular
Markers in Cancer” meeting, sponsored
since November 2007 by EORTC, NCI, and
ASCO, is being held annually. The meetings
alternate between sites in the United States
and Europe. A tutorial for young oncologists
and scientists involved in biomarker
research occurs each year in conjunction
with the meeting. The 2010 meeting took
place in Hollywood, Florida, in October
and drew more than 450 participants. The
tutorial was attended by more than 50
participants, half of whom were awarded
highly competitive travel grants to cover
their expenses.

CANCER DIAGNOSIS PROGRAM

Clinical Assay Standardization

Members of the CDP staff are acknowl-
edged experts in the fields of anatomic,
surgical, and molecular pathology. As
members of major professional societies,
they contribute to the establishment of
nationwide practice guidelines for cancer
pathology and tumor staging.

The CDP has also initiated proactive
efforts to improve the standardization
and reliability of newer assays entering
into clinical practice. Pilot projects were
suggested by the PACCT strategy group

to assess whether assays that were either
being planned for clinical trials or in
commercial use met the proposed standards
and were reproducible when performed in
multiple labs. Loss of heterozygosity (LOH)
on chromosome 18q has been shown to be
associated with disease progression and
poor outcome in intermediate-stage colon
cancer. The use of an assay for 18q LOH to
assign adjuvant therapy for patients with
stage II colon cancer was approved for use
in Eastern Cooperative Oncology Group
trial E5202. CDP was aware that different
laboratories were performing the assay
with different methods. The assay for the
trial was to be performed in a laboratory
certified under the Clinical Laboratory
Improvement Amendments (CLIA) at MD
Anderson Cancer Center, but there was
concern whether other laboratories would
be able to perform the assay reliably if the
assay proved to be clinically important.
CDP convened the clinical reference
laboratories for the North Central Cancer
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SPECS Projects

A number of SPECS projects are under way to
refine and validate molecular signatures in a variety
of cancers:

Diagnostic and Prognostic Sarcoma Signatures

Timothy J. Triche, M.D., Ph.D., Children’s
Hospital Los Angeles

This project is refining and validating molecular
signatures that provide a more accurate diagnosis
and more accurately predict the clinical behavior
of common childhood sarcomas (Davicioni et al.,
2009). Planning is under way with the Children’s
Oncology Group (COG) to incorporate a diagnostic
signature for rhabdomyosarcomas into COG
clinical trials.

Evaluation of Predictive Signatures of
Prostate Cancer

Dan Mercola, M.D., Ph.D., University of
California, Irvine

This project is refining and validating molecular
signatures that predict relapse in prostate cancer
patients and distinguish indolent disease from
disease that will progress (Koziol et al., 2009).

A clinical version of the assay is being evaluated
in collaboration with Althea Diagnostics, a small
diagnostics company.

Molecular Signatures to Improve Diagnosis and
Outcome Prediction in Lymphoma

Wing C. Chan, M.D., University of Nebraska
Medical Center

This project is refining and validating molecular
signatures for the major subclasses of non-
Hodgkin lymphoma (Lenz et al., 2008a and
2008b). This project is a collaboration between
the University of Nebraska Medical Center,

NCI investigators, investigators from the clinical
cooperative groups, and investigators from five
international institutions.

DCTD PROGRAM ACCOMPLISHMENTS 2010

Leukemia Signatures for Risk of Classification
& Targeting

Cheryl L. Willman, M.D., Ph.D., University
of New Mexico

This project is refining and validating molecular
signatures that improve risk classification and
prediction of response to therapy in pediatric and
adult ALL (Mullighan et al., 2009a and 2009b).

A plan to incorporate a signature that predicts
minimal residual disease in children with high-risk
ALL into COG clinical trials is under discussion.

Molecular Signatures of Lung Cancer

David P. Carbone, M.D., Ph.D., Vanderbilt-
Ingram Cancer Center

This project is refining and validating a number

of types of molecular signatures in lung cancer,
including serum proteomic signatures that
differentiate patients with cancer from those without
disease, signatures that predict risk of recurrence
after surgery, and signatures that predict response
to EGFR-targeted therapies (Taguchi et al., 2007).
A clinical trial evaluating the signature that predicts
response to anti-EGFR therapies is under way in
collaboration with Genentech.

Biological Breast Cancer Classification
by qRT-PCR

Matthew J. Ellis, M.D., Ph.D., Washington
University

This project is refining and validating a molecular
signature, PAM50, that identifies four “intrinsic”
subtypes of breast tumors, using gPCR to
measure gene expression in formalin-fixed,
paraffin-embedded tissues (Parker et al., 2009).
This signature will add useful information

to the established diagnostic categories of

breast cancer and help avoid under- and over-
treatment. A commercial partnership has been
established to pursue FDA clearance for an in vitro
diagnostic assay.



Treatment Group (Mayo Clinic) and Cancer
and Leukemia Group B (Brigham and
Women’s Hospital) cooperative groups that
led other adjuvant trials in colon cancer to
perform a laboratory comparability study
with MD Anderson. The first phase of
this study demonstrated some problems
with concordance, but when the patholo-
gists agreed on procedures for dissection
and isolation of tumor and normal tissue,
concordance among the laboratories
improved. These results were presented at
the ASCO annual meeting in 2009.

A second study was organized to

address a problem with a quantitative
reverse transcriptase—polymerase chain
reaction (QRT-PCR) assay. The assay

in question measures BCR-ABL fusion
gene transcripts in blood and is used for
monitoring the molecular recurrence of
chronic myelogenous leukemia (AML)
after treatment. The assay has produced
inconsistent results when performed in
different laboratories. An international
scale has been devised, but concerns have
arisen in the United States and elsewhere
about the lack of comparable results
among clinical laboratories. CDP formed
a consortium of seven major commercial
reference and academic clinical laboratories
to perform a comparability study. This
consortium demonstrated that estimation
of actual BCR-ABL gene transcripts and
the international scale in a set of clinical
samples varied among the laboratories by
more than two orders of magnitude when
each laboratory used its own test in its
CLIA-certified laboratory. Introduction
of a calibrator alone did not reduce this
disparity in results, but the introduction
of a calibrator with a common set of
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primers, reagents, and standard operating
procedures produced comparability among
the laboratories that was within an order of
magnitude. These studies will be presented
in fall 2010 and have significant implica-
tions for the application of these types of
sensitive assays for the measurement of
gene transcripts.

Strategic Partnering to Evaluate Cancer
Signatures

The Strategic Partnerships to Evaluate
Cancer Signatures (SPECS) initiative
supports large collaborative research groups
that are exploring how information derived
from comprehensive molecular analyses
can be used to guide the care of cancer
patients and ultimately improve outcomes.
SPECS supports research that bridges the
gap between the discovery of molecular
signatures and their integration into clinical
practice. Investigators are refining and
confirming both genomic and proteomic
signatures that have already been shown to
address clinical needs or questions. They
are defining the critical components of the
signatures and developing robust assays

for measuring those components in the
clinical setting. They will confirm that the
modified signatures provide reproducible,
reliable information that can potentially
inform clinical decision making. Several of
the signatures developed in SPECS will be
evaluated in prospective clinical trials.

The current SPECS program consists of

six grants that support multi-institutional,
multidisciplinary research teams. The
SPECS program leverages NCI's investment
in cancer clinical trials, cancer centers, NCI
intramural programs, and the Specialized
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Programs of Research Excellence (SPORE)
program. The projects include collabora-

tions with biotechnology companies,
community hospitals, national laboratories,
and academic institutions in the United
States, Canada, and Europe.

A formal evaluation of the SPECS program
was conducted in 2008. An outside review
panel concluded that “providing targeted
funding for biomarker development

has resulted in remarkable progress in
three years” and recommended that NCI
continue SPECS by inviting applications
for new projects. A Funding Opportunity
Announcement for SPECS II, PAR-10-126,
has been published, and new awards are
anticipated in the spring of 2011.

The investment in the SPECS projects is
being leveraged in the Therapeutically
Applicable Research to Generate Effective
Treatments (TARGET) program being
developed in collaboration with CTEP

DCTD PROGRAM ACCOMPLISHMENTS 2010

and the NCI Office of Cancer Genomics.
Gene expression data on more than 200
patients with high-risk pediatric acute
lymphoblastic leukemia (ALL), generated
in the leukemia SPECS project, are being
combined with data being developed

by investigators at St. Jude Children’s
Research Hospital on genomic alterations
in the same patients. The combined data
are being used to identify genes that are
altered in ALL and are candidates for
sequencing. Approximately 200 genes are
being sequenced to identify mutations
that may be potential targets for drug
development. A second TARGET project has
been initiated to take advantage of the gene
expression data being developed on the
SPECS pediatric sarcoma project. In 2009,
ARRA funding permitted expansion of the
TARGET program; its current portfolio of
childhood cancers includes high-risk ALL,
AML, osteosarcoma, neuroblastoma, and
Wilms tumor.

ARRA funds have also significantly
accelerated several of the SPECS projects.
Antibodies to components of the proteomic
signatures identified in the lung cancer
SPECS project are being produced with
ARRA support to the NCI Clinical
Proteomics Center at Vanderbilt University.
An ARRA supplement to the lymphoma
SPECS project will support the translation
of gene expression signatures, developed
by using frozen tumor tissue, into assays
that can be performed on samples of
formalin-fixed, paraffin-embedded tissue.
This will accelerate the application of the
new assay in routine clinical practice.
ARRA support will also be used to test the
breast cancer gene expression signature
developed at Washington University on
specimens collected from several large


http://grants.nih.gov/grants/guide/pa-files/PAR-10-126.html

phase 3 clinical trials to support an
application for regulatory clearance of
this assay by the FDA.

Discovery of Biomarkers and
Development of Enabling Technologies

CDP promotes the discovery of

diagnostic, prognostic, and predictive
cancer biomarkers and advances the
development of new technologies for
high-throughput analysis of biomarkers
and point-of-care analysis systems for
clinical applications. This enterprise
encompasses the development of genomic,
proteomic, metabolomic, and bioinformatic
technologies and the engineering of new

devices that have the potential to be used
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for analysis of human tumors. Through
its Diagnostic Biomarkers and Technology
Development Branch, CDP:

+  Provides grant support for high-risk
biomarker discovery projects

« Supports advances in instrumentation
and IT

+ Recruits specialists from outside fields
into cancer research

CDP’s critical role is to develop innovative
grant programs supporting investigator-
initiated research projects that do not fit
into the typical NIH R01 award mechanism
and to build collaborations that cross
traditional disciplines.
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CDP staff has recognized that R21 awards
effectively support the initial steps to
determine whether a newly identified
biomarker has the potential clinical utility
to justify further investment. NCI does not
accept unsolicited applications for R21
(exploratory research) grants. CDP therefore
maintains a program announcement for
R21 applications, Exploratory Studies

in Cancer Detection, Diagnosis, and
Prognosis (PA-08-267), which is managed
in collaboration with the early detection
biomarkers program in the Division of
Cancer Prevention. CDP R21 grants are
currently supporting efforts to understand
the diagnostic potential of microRNAs and
to explore novel combinations of gene and
protein expression.

CDP also supports a substantial proportion
of the R21 and R33 awards funded through
NCI’s Innovative Molecular Analysis
Technologies (IMAT) program, which
provides support for investigators from fields
not traditionally related to cancer biology
or clinical research, such as engineers,
mathematicians, informatics specialists,
and physicists. Investigators supported by
CDP’s IMAT grants are applying increas-
ingly sophisticated analysis technologies to
the assessment of gene expression in tumor
tissues and devising methods to analyze
increasingly smaller amounts of sample.
Until recently, CDP managed a portfolio

of small business grants, and it continues
to collaborate with the new NCI Small
Business Innovation Research Development
Center to develop contract solicitations and
organize workshops.

The effective support of research in this
area requires proactive effort from CDP staff
to engage investigators from a multitude

of disciplines and to guide them toward
the most appropriate sources of both

NCI grant funds and collaborators. For
example, in 2009, CDP staff organized a
public workshop to provide investigators
developing methods to assess circulating
tumor cells with an opportunity to interact
not only with each other but also with
clinical trialists interested in prospectively
testing these new techniques.:

Biomarker discovery is just the first in a
series of steps toward the implementation
of a useful clinical test. Substantial
further exploratory and developmental
work is required to achieve the necessary
analytic performance and to establish the
usefulness of a test in its intended setting.
CDP has designed and promoted a compre-
hensive series of Funding Opportunity
Announcements that provide appropriate
grant mechanisms to support successive
stages of developmental biomarker research:

+ Developmental Research in Cancer
Prognosis and Prediction (R21 and
R33 awards)

* Development, Application, and
Evaluation of Prediction Models for
Cancer Risk and Prognosis (R21 and
RO1 awards, in collaboration with
NCTI’s Division of Cancer Control and
Population Sciences)

« Correlative Studies with Specimens from
Multisite Trials (R21 and R01 awards, in
collaboration with CTEP)

1. See “Putting Circulating Tumor Cells to the Test,” NCI Cancer Bulletin, Vol. 6, No. 24, December 15, 2009 (http://www.cancer.gov/aboutnci/

ncicancerbulletin/archive/2009/121509/page7).
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Support from these grant programs has
generated a number of assays now moving
into late translation or clinical practice.
Examples include:

¢ A seminal publication to establish a
molecular classification system for
melanoma

+  RNA-based tests for differential
diagnosis and prognosis in mesothelioma

* A clinical assay for the internal tandem
duplication of the FLT3 oncogene in
pediatric AML, now in use in phase 3
trials

- Biomarkers to predict response to chemo-
therapy for non—small-cell lung cancer

Members of the CDP staff collaborate with
staff of other NCI programs and extramural
investigators to monitor progress, respond
to inquiries from Congress, and develop
targeted initiatives in high-priority areas,
such as the Community-Oriented Strategic
Action Plan for Melanoma Research. CDP
staff also played a pivotal role in the
process to establish a chartered Cancer
Biomarkers Study Section at the NIH Center
for Scientific Review.

Biospecimen Resources and
Biospecimen Science

Access to high-quality tissue specimens
annotated with appropriate clinical and
outcome data is critical to continued
scientific progress. Through its Resources
Development Branch, CDP:

+ Develops and supports human specimen
resources that provide tissue samples to
translational cancer researchers

CANCER DIAGNOSIS PROGRAM

+ Assists researchers in locating additional
tissue resources and gaining access to
the specimens needed for their research

*  Supports the development of informatics
tools to improve access to human
specimens and associated clinical data

+  Manages a portfolio of investigator-
initiated research grants for development
of emerging technologies in biospecimen
science solicited through the IMAT program

+ Serves as a source of current information
on legal and ethical issues related to the
use of human specimens in research for
the NCI and the extramural community

« Provides expertise related to human
tissue specimen resources and advises
staff in NCI, NIH, and other federal and
nonfederal agencies and institutions,
as well as researchers and specimen
resource staff throughout the world

The Resources Development Branch
monitors changes in scientific needs

for tissue specimen resources and acts

to ensure that new requirements for
specimens can be met in a timely manner.

Cooperative Human Tissue Network

The Cooperative Human Tissue Network
(CHTN) provides access to human tissue

for basic and translational scientists from
academia and industry with the goal of
accelerating discoveries in cancer diagnosis
and treatment. CHTN offers prospective
investigator-defined procurement of
malignant, benign, diseased, and uninvolved
(normal adjacent) tissues. Network institu-
tions, organized into six divisions, coordinate
the collection and distribution of tissues
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across the United States and Canada. Trained
personnel at member institutions perform

the retrieval, preservation, and delivery of
specimens obtained from surgical resections
and autopsies according to protocols defined
by the investigator. Since its establishment by
CDP in 1987, CHTN has provided more than
800,000 high-quality specimens from a wide
variety of organ sites to several thousand
investigators. The CHTN also produces and
distributes sections of tissue microarrays
constructed from multiple tissue types with
several disease-specific designs.
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The CHTN consists of six divisions, one
that specializes in pediatric biospecimen
requests nationwide and five that serve
specific geographic regions in the United
States. Its Midwestern Division also serves
researchers in Canada. Each division is
led by an institution supported by a U01
cooperative agreement award from NCL
Six institutions currently participate in
the CHTN:

1. Children’s Hospital of Columbus—
Pediatric Division

2. Ohio State University—Midwestern
Division

3. University of Alabama, Birmingham—
Southern Division Tissue

4. University of Pennsylvania—Eastern
Division

5. University of Virginia—Mid-Atlantic
Division

6. Vanderbilt University—Western Division

The CHTN is not a tissue bank; it primarily
collects samples prospectively. Limited
numbers of certain tumor types (e.g., rare
pediatric tumors) are stored to ensure their
availability, but specimen storage is not a
significant part of CHTN’s mission.

Access to the CHTN is provided to any
investigator who submits a summary of
the project for which the biospecimens are
requested and signs the tissue and data use
agreements, if appropriate. Priority is given
to requests from investigators with peer-
reviewed, funded research projects and to
new investigators at academic or nonprofit
research institutions.



Specimens from CHTN are utilized
primarily in basic and early translational
cancer research. Recent examples include
the identification of a new polyoma virus
with suggestive association to human
Merkel cell carcinoma, identification of p53
isoforms that regulate cellular senescence
in colon cells, and discovery of the role of
SATBI1, a chromatin organizer, in breast
cancer progression.

The CHTN underwent an external review
in 2007. The reviewers noted that approxi-
mately 850 peer-reviewed studies published
between 2002 and 2006 were based on
analysis of materials provided by the
CHTN. During this period, more than 130
grants were obtained using CHTN biospec-
imens, and a large number of patents (116)
were identified that cite the CHTN. The
reviewers concluded: “Altogether, the
CHTN has had wide-ranging and significant
impact on the research community at large.
The CHTN’s strength lies in the collection
and distribution of a wide variety of
biospecimens in response to the need of
investigators.”

NCI Specimen Resource Locator and NCI
Tissue Expediter

CDP provides a specimen resource locator
and a tissue expediter to assist individual
investigators locate specimens for their
research. The NCI Specimen Resource
Locator is a searchable Web database that
includes resources such as tissue banks and
tissue procurement systems with access

to normal, benign, precancerous, and/

or cancerous human tissue. Researchers
can specify types of specimens, number of

CANCER DIAGNOSIS PROGRAM

cases, preservation methods, and associated
data. When no match is obtained, the
researcher is referred to the NCI Tissue
Expediter. The NCI Specimen Locater is
currently being updated and improved in
collaboration with the Cancer Biomedical
Informatics Grid (caBIG) and the Office of
Biorepositories and Biospecimen Research.

The role of the NCI Tissue Expediter is to
identify sources of human tissue specimens
and to help guide researchers to appropriate
resources or collaborators. The tissue
expediter is a scientist with contacts in

the resources community who can rapidly
match investigator needs to available
resources. The expediter can also help
researchers identify potential collaborators
when needed.

Cooperative Group Banks

The Cooperative Group Banks (CGB) collect
and store high-quality, well-annotated
human specimens from cancer patients
enrolled in NCI-funded phase 3 and large
phase 2 clinical treatment trials. These
banked specimens are most useful for
clinical correlative studies on uniformly
treated patient populations. The Resources
Development Branch has supported the
CGB since 2005 through U24 awards to
each of the nine Cooperative Oncology
Groups, thereby ensuring that the groups
implement best practices such as common
data structures and standardized collection
and storage practices. Currently, each
group has a review process for research
proposals. If proposals receive favorable
reviews, specimens with clinical,
treatment, and outcome data can be made

DIVISION OF CANCER TREATMENT AND DIAGNOSIS

45



46

available to researchers through collab-

orative arrangements. The Group Banking
Steering Committee was established with
representatives from all the cooperative
groups and NCI to lead and implement

a harmonization of standard operating
procedures and a process for fair access to
specimens. A public website and a common
application process are being developed to
improve access to specimens by the broader
research community.
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Tissue Microarrays for Breast Carcinoma,
Melanoma, and Colorectal Carcinoma

CDP has developed tissue microarrays
(TMASs) to assist investigations in breast
cancer, melanoma, and colorectal
carcinoma. Application and access
procedures are available at http://cdp.nci.
nih.gov/tma.html.

Breast Cancer Progression and Prognostic
TMAs were constructed with tissue

and associated pathological and clinical
outcome data from the NCI Cooperative
Breast Cancer Tissue Resource. The Breast
Cancer Progression TMA is designed to
permit comparisons of biomarker expression
across three stages of disease (node negative,
node positive, and metastatic). The Breast
Cancer Prognostic TMA is designed for
correlation of biomarkers with survival and
recurrence outcomes in stage I, II, and III
breast cancer. Both TMAs were designed

to ensure high statistical power for the
intended comparisons.

The Melanoma Progression TMA consists

of 273 tissue specimens including nevi,
primary melanomas, melanomas metastatic
to the lymph node, and visceral and

dermal metastatic melanomas. This TMA

is designed to investigate differences in the
expression of markers across various stages
of melanoma progression and should be used
as a screening array.

The Colon Cancer Progression-Prognostic
TMA has more than 350 primary colon
cancers and 100 control tissues and is
designed for examination of associations of
markers with tumor stage, clinical outcome,
and other clinico-pathological variables in
Stage I-IV colon cancer.


http://cdp.nci.nih.gov/tma.html
http://cdp.nci.nih.gov/tma.html

FUTURE INITIATIVES

Clinical Assay Development Program

The mission of the newly established Clinical
Assay Development Program (CADP) is to
increase the availability of validated and
qualified diagnostic tests for patients and
thereby improve access to molecularly
guided therapy. This program is designed to
identify promising tests, assess the need for
further development, and provide services
to facilitate optimization of analytical
performance and to establish clinical validity
so that the clinical utility of an assay can be
evaluated in well-designed clinical studies.
The overall goal of the CADP is to create

a process to efficiently develop diagnostic
tests that will address clinical needs,
including co-development of targeted agents
and predictive markers. Projects will meet
rigorous performance standards so that they
can be applied in clinical decision making.
Eight external CLIA-certified laboratories
have been competitively identified to assist
with assay validation, and the first applica-
tions for these resources are expected in
January 2011.

Specimen Retrieval System for
Assay Validation

The performance characteristics of an
assay must be assessed in the same types of
specimens as the ones on which the assays
will be performed in clinical practice.
Therefore, although evidence-based,
standardized preparation of specimens is
an important goal, assays that are ready

for use in current trials must be tested on
currently available clinical material.
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The CDP is establishing a Specimen
Retrieval System (SRS) that will be able to
provide sets of appropriate specimens to
facilitate evaluation of an assay’s analytical
performance and initial assessment of
clinical validity. These sets of specimens
will come from community settings

and will be associated with clinical and
outcome data. The specimen sets will
have to be assembled rapidly to meet assay
development needs identified during
clinical trial concept review.

Two member organizations of the Cancer
Research Network, a subset of the HMO
Research Network, are participating in a
pilot study to determine whether previously
developed software can identify cases that
meet defined assay development needs. The
software, developed by a group at Harvard as
part of an earlier NCI initiative, is designed
to interact with existing medical records at
the participating institutions, to strip the
records of protected health information,

and to use natural-language processing to
collect specified data related to treatment
and outcomes. Sufficient progress has

been made during the pilot study to allow
preliminary implementation of the system.
The current objective is to support the
collection of specimens from 500-1,000
cases each of defined tumor types. The cases
will be evaluated for their completeness,

and paraffin blocks will be submitted to a
repository for subsequent distribution to the
Clinical Assay Development Network labora-
tories. Demographic and clinical data will be
assembled into a database. Prior to utilization
of specimens, a pathologist will review each
case to ensure that it meets the requirements
of the study in which it will be used.
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SELECTED PUBLICATIONS

Publications by CDP Grantees

Strategic Partnerships to Evaluate
Cancer Signatures (SPECS)

Molecular classification of rhabdomyosar-
coma—genotypic and phenotypic determinants
of diagnosis: a report from the Children’s
Oncology Group, Davicioni E, Anderson MJ,
Finckenstein FG, Lynch JC, Qualman SJ,
Shimada H, Schofield DE, Buckley JD, Meyer
WH, Sorensen PH, Triche TJ. The American
Journal of Pathology, 2009;174:550—564.
http://www.ncbi.nlm.nih.gov/pubmed/19147825

+ A gene expression signature determined
by the Triche SPECS project to distinguish
the alveolar and embryonal subtypes of
rhabdomyosarcoma outperforms histology at
predicting patient outcome.

The wisdom of the commons: ensemble tree
classifiers for prostate cancer prognosis,
Koziol JA, Feng AC, Jia Z, Wang Y, Goodison

S, McClelland M, Mercola D. Bioinformatics,
2009;25:54-60.
http://www.ncbi.nlm.nih.gov/pubmed/18628288

«  The Mercola SPECS project has developed
a classifier to distinguish indolent from
aggressive prostate cancer.

Stromal gene signatures in large-B-cell lympho-
mas, Lenz G, Wright G, Dave SS, Xiao W, Powell
J, Zhao H, Xu W, Tan B, Goldschmidt N, Igbal J,
Vose J, Bast M, Fu K, Weisenburger DD, Greiner
TC, Armitage JO, Kyle A, May L, Gascoyne

RD, Connors JM, Troen G, Holte H, Kvaloy

S, Dierickx D, Verhoef G, Delabie J, Smeland

EB, Jares P, Martinez A, Lopez-Guillermo A,
Montserrat E, Campo E, Braziel RM, Miller TP,
Rimsza LM, Cook JR, Pohlman B, Sweetenham
J, Tubbs RR, Fisher RI, Hartmann E, Rosenwald
A, Ott G, Muller-Hermelink HK, Wrench D,
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Lister TA, Jaffe ES, Wilson WH, Chan WC,
Staudt LM. New England Journal of Medicine,
20084a;359:2313-2323.
http://www.ncbi.nlm.nih.gov/pubmed/19038878

Molecular subtypes of diffuse large B-cell
lymphoma arise by distinct genetic pathways,
Lenz G, Wright GW, Emre NC, Kohlhammer H,
Dave SS, Davis RE, Carty S, Lam LT, Shaffer
AL, Xiao W, Powell ], Rosenwald A, Ott G,
Muller-Hermelink HK, Gascoyne RD, Connors
JM, Campo E, Jaffe ES, Delabie J, Smeland EB,
Rimsza LM, Fisher RI, Weisenburger DD, Chan
WC, Staudt LM. Proceedings of the National
Academy of Sciences of the United States of
America, 2008b;105:13520-13525.
http://www.ncbi.nlm.nih.gov/pubmed/18765795

« These two papers present gene expression
signatures developed by the Chan SPECS
project that classify therapeutically
important categories of adult lymphoma.

Deletion of IKZF1 and prognosis in acute
lymphoblastic leukemia, Mullighan CG, Su X,
Zhang J, Radtke I, Phillips LA, Miller CB, Ma

J, Liu W, Cheng C, Schulman BA, Harvey RC,
Chen 1M, Clifford R], Carroll WL, Reaman G,
Bowman WP, Devidas M, Gerhard DS, Yang W,
Relling MV, Shurtleff SA, Campana D, Borowitz
MJ, Pui CH, Smith M, Hunger SP, Willman CL,
Downing JR. New England Journal of Medicine,
2009a;360:470—480.
http://www.ncbi.nlm.nih.gov/pubmed/19129520

JAK mutations in high-risk childhood acute
lymphoblastic leukemia, Mullighan CG, Zhang
J, Harvey RC, Collins-Underwood JR, Schulman
BA, Phillips LA, Tasian SK, Loh ML, Su X,

Liu W, Devidas M, Atlas SR, Chen IM, Clifford
RJ, Gerhard DS, Carroll WL, Reaman GH,

Smith M, Downing JR, Hunger SP, Willman

CL. Proceedings of the National Academy

of Sciences of the United States of America,
2009b;106:9414—9418.
http://www.ncbi.nlm.nih.gov/pubmed/19470474
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+ These two publications from the Willman
SPECS project improve the classification of
infant ALL into meaningful risk categories
for assignment of therapy.

Supervised risk predictor of breast cancer
based on intrinsic subtypes, Parker JS, Mullins
M, Cheang MC, Leung S, Voduc D, Vickery T,
Davies S, Fauron C, He X, Hu Z, Quackenbush
JF, Stijleman IJ, Palazzo J, Marron JS, Nobel

AB, Mardis E, Nielsen TO, Ellis MJ, Perou

CM, Bernard PS. Journal of Clinical Oncology,
2009;27:1160-1167.
http://www.ncbi.nlm.nih.gov/pubmed/19204204

« This paper from the Ellis SPECS project
describes the PAM50 assay, which can be
run in a routine clinical laboratory setting
to distinguish the intrinsic subtypes of
breast cancer.

Mass spectrometry to classify non-small-cell
lung cancer patients for clinical outcome after
treatment with epidermal growth factor recep-
tor tyrosine kinase inhibitors: a multicohort
cross-institutional study, Taguchi F, Solomon B,
Gregorc V, Roder H, Gray R, Kasahara K, Nishio
M, Brahmer J, Spreafico A, Ludovini V, Massion
PP, Dziadziuszko R, Schiller J, Grigorieva J,
Tsypin M, Hunsucker SW, Caprioli R, Duncan
MW, Hirsch FR, Bunn PA, Jr., Carbone DP.
Journal of the National Cancer Institute,
2007;99:838—-846.
http://www.ncbi.nlm.nih.gov/pubmed/17551144

+ This publication from the Carbone SPECS
project describes a proteomic test, now com-
mercially available as the Veristrat® assay.

Exploratory Studies in Cancer
Detection, Diagnosis, and Prognosis

MicroRNA expression, survival, and response
to interferon in liver cancer, Ji ], Shi J, Budhu

A, Yu Z, Forgues M, Roessler S, Ambs S, Chen

Y, Meltzer PS, Croce CM, Qin LX, Man K, Lo
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CM, Lee ], Ng IO, Fan J, Tang 2Y, Sun HC,

Wang XW. New England Journal of Medicine,
2009;361:1437—-1447.
http://www.ncbi.nlm.nih.gov/pubmed/19812400

« This work demonstrates the novel use of
miRNA profiles for predicting survival and
therapeutic response in liver cancer. The
work also reveals a connection between
the signaling pathways between nuclear
factor kappa B and interleukin-6 and
disease development that are important for
disease analysis.

Development and evaluation of BioScore:

a biomarker panel to enhance prognostic
algorithms for clear cell renal cell carcinoma,
Parker AS, Leibovich BC, Lohse CM, Sheinin Y,
Kuntz SM, Eckel-Passow JE, Blute ML, Kwon ED.
Cancer, 2009;115:2092—-2103.
http://www.ncbi.nlm.nih.gov/pubmed/19296514

¢ A biomarker panel, “Bioscore,” based on
tumor expression levels of B7-H1, survivin,
and Ki-67 was developed for outcome
prediction in RCC patients. The test promises
to improve estimation of the risk of relapse
and selection of appropriate forms of therapy
for patients with renal cell carcinoma.

Innovative Molecular Analysis
Technologies (IMAT)

Enrichment of glycoproteins using nanoscale
chelating concanavalin A monolithic capillary
chromatography, Feng S, Yang N, Pennathur S,
Goodison S, Lubman DM. Analytical Chemistry,
2008;81:3776—-3783.
http://www.ncbi.nlm.nih.gov/pubmed/19366252

+ This work demonstrates how analysis of
alternative pre-mRNA processing can shed
additional light on differences between tu-
mors and normal tissues as well as between
different tumor types. Such studies may lead
to the development of additional tools for
tumor diagnosis, prognosis, and therapy.
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Whole genome exon arrays identify differential
expression of alternatively spliced, cancer-
related genes in lung cancer, Xi L, Feber A,
Gupta V, Wu M, Bergemann AD, Landreneau R]J,
Litle VR, Pennathur A, Luketich JD, Godfrey TE.
Nucleic Acids Research, 2008;36:6535—6547.
http://www.ncbi.nlm.nih.gov/pubmed/18927117

« This modification of immobilized lectin
chromatography makes this technique
applicable to minimal amounts of sample
material. This improves efficiency of the na-
noscale monolithic capillary for analysis of
glycoproteins in complex biological samples
where only limited material may be available
for clinical analysis.

Developmental Research in Cancer
Prognosis and Prediction

Distinct sets of genetic alterations in melanoma,
Curtin JA, Fridlyand J, Kageshita T, Patel HN,
Busam KJ, Kutzner H, Cho KH, Aiba S, Brocker
EB, LeBoit PE, Pinkel D, Bastian BC. New
England Journal of Medicine, 2005;353:2135—
2147.
http://www.ncbi.nlm.nih.gov/pubmed/16291983

«  These important studies generated ground-
breaking discoveries for understanding the
etiology of melanoma. The authors provide
experimental evidence for the existence of
distinct genetic pathways in the development
of melanoma and propose a novel molecular
classification system for melanoma based on
these genetic pathways. Importantly, these
newly identified molecular pathways could
be targeted for treatment in various subtypes
of melanoma.

Four-gene expression ratio test for survival in
patients undergoing surgery for mesothelioma,
Gordon GJ, Dong L, Yeap BY, Richards WG,
Glickman JN, Edenfield H, Mani M, Colquitt

R, Maulik G, Van Oss B, Sugarbaker DJ, Bueno
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R. Journal of the National Cancer Institute,
2009;101:678—686.
http://www.ncbi.nlm.nih.gov/pubmed/19401544

* Building on prior work in which they
developed and validated an algorithm for
the diagnosis of mesothelioma using a series
of gene ratio—based tests, these researchers
describe building a molecular prognostic
model for mesothelioma. These assays can be
performed on the minimal amounts of tissue
collected in fine-needle aspirates.

Structural and numerical variation of FLT3/
ITD in pediatric AML, Meshinchi S, Stirewalt
DL, Alonzo TA, Boggon TJ, Gerbing RB, Rocnik
JL, Lange BJ, Gilliland DG, Radich JP. Blood,
2008;111:4930—-4933.
http://www.ncbi.nlm.nih.gov/pubmed/18305215

« This publication details and builds on earlier
publications that define the impact of the
internal tandem duplication of FLT3 onco-
gene in pediatric AML. These investigators
have developed an assay that quantitates the
amount of mutation and have used this assay
as the basis for assigning therapy in two large
phase 3 trials.

Randomized phase III trial of gemcitabine-
based chemotherapy with in situ RRM1 and
ERCC1 protein levels for response prediction

in non-small-cell lung cancer, Reynolds C,
Obasaju C, Schell MJ, Li X, Zheng Z, Boulware
D, Caton JR, Demarco L.C, O’Rourke MA, Shaw
Wright G, Boehm KA, Asmar L, Bromund J, Peng
G, Monberg M], Bepler G. Journal of Clinical
Oncology, 2009;27:5808—-5815.
http://www.ncbi.nlm.nih.gov/pubmed/19884554

« This study shows that quantitative measure-
ment of RRM1 and ERCC1 protein expression
in routinely processed tumor specimens can
be used to predict response to gemcitabine
and gemcitabine plus carboplatin in lung
cancer patients.
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Research with Biospecimens Supplied
by the CHTN

Clonal integration of a polyomavirus in human
Merkel cell carcinoma, Feng H, Shuda M, Chang
Y, Moore PS. Science, 2008;319:1096—1100.
http://www.ncbi.nlm.nih.gov/pubmed/18202256

»  Merkel cell carcinoma (MCC) is a rare but
aggressive human skin cancer that typically
affects elderly and immunosuppressed
individuals, a feature suggestive of an
infectious origin. These investigators studied
MCC samples by digital transcriptome
subtraction and detected a fusion transcript
between the T antigen of a previously
unknown polyomavirus and a human receptor
tyrosine phosphatase. The prevalence and
pattern of integration suggested that viral
infection preceded clonal expansion of the
tumor cells. Thus, this newly discovered
virus may be a contributing factor in the
pathogenesis of MCC.

p53 isoforms Delta133p53 and p53beta are
endogenous regulators of replicative cellular
senescence, Fujita K, Mondal AM, Horikawa I,
Nguyen GH, Kumamoto K, Sohn JJ, Bowman ED,
Mathe EA, Schetter AJ, Pine SR, Ji H, Vojtesek
B, Bourdon JC, Lane DP, Harris CC. Nature Cell
Biology, 2009;11:1135—-1142.
http://www.ncbi.nlm.nih.gov/pubmed/19701195

« The finite proliferative potential of normal
human cells leads to replicative cellular
senescence, which is a critical barrier to
tumor progression in vivo. Fujita et al. show
that the human p53 isoforms A133p53 and
p530 function in an endogenous regulatory
mechanism for p53-mediated replicative
senescence. The increased A133p53 and
decreased p538 isoform expression found in
colon carcinoma may signal an escape from
the senescence barrier during the progression
from adenoma to carcinoma.
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SATB1 reprogrammes gene expression to
promote breast tumour growth and metastasis,
Han HJ, Russo J, Kohwi Y, Kohwi-Shigematsu T.
Nature, 2008 ;452:187-193.
http://www.ncbi.nlm.nih.gov/pubmed/18337816

SATB1 is a genome organizer that teth-

ers multiple genomic loci and recruits
chromatin-remodeling enzymes to regulate
chromatin structure and gene expression.
Han et al. show that SATB1 is expressed by
aggressive breast cancer cells and its expres-
sion level has high prognostic significance,
independent of lymph node status. SATB1
also directs epigenetic modifications at spe-
cific target gene loci and thereby reprograms
chromatin organization and the transcription
profiles of breast tumors to promote growth
and metastasis; this is a new mechanism of
tumor progression.

Research with Biospecimens Supplied
by the Cooperative Group Banks

A multigene assay to predict recurrence of
tamoxifen-treated, node-negative breast cancer,
Paik S, Shak S, Tang G, Kim C, Baker J, Cronin
M, Baehner FL, Walker MG, Watson D, Park T,
Hiller W, Fisher ER, Wickerham DL, Bryant J,
Wolmark N. New England Journal of Medicine,
2004,351:2817-2826.
http://www.ncbi.nlm.nih.gov/pubmed/15591335

« This report is an original description of the
OncoTypeDX® recurrence score assay.

Gene expression and benefit of chemotherapy in
women with node-negative, estrogen receptor-
positive breast cancer, Paik S, Tang G, Shak S,
Kim C, Baker J, Kim W, Cronin M, Baehner FL,
Watson D, Bryant ], Costantino JP, Geyer CE, Jr.,
Wickerham DL, Wolmark N. Journal of Clinical
Oncology, 2006;24:3726—-3734. http://www.ncbi.
nlm.nih.gov/pubmed/16720680

» The authors present a retrospective
demonstration that the OncoTypeDX®
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recurrence score assay predicts benefit
from chemotherapy.

Additional Publication

Medicine. Cancer’s circulation problem,
Kaiser J. Science, 2010;327:1072—1074.
http://www.ncbi.nlm.nih.gov/pubmed/20185704

« This commentary was stimulated by a 2009
workshop initiated by CDP and co-sponsored
by the NCI Small Business Innovation
Research Development Center and the Cancer
Biomarkers Research Group of the Division of
Cancer Prevention. (See “Putting Circulating
Tumor Cells to the Test,” NCI Cancer Bulletin,
December 15, 2009 [http://www.cancer.gov/
ncicancerbulletin/121509/page7]).

Publications by CDP Staff

Guidelines for the development and incorpora-
tion of biomarker studies in early clinical trials
of novel agents, Dancey JE, Dobbin KK, Groshen
S, Jessup JM, Hruszkewycz AH, Koehler M,
Parchment R, Ratain MJ, Shankar LK, Stadler
WM, True LD, Gravell A, Grever MR. Clinical
Cancer Research, 2010;16:1745-1755.
http://www.ncbi.nlm.nih.gov/pubmed/20215558

+  From the Biomarkers Task Force of the NCI
Investigational Drug Steering Committee,
this paper presents guidelines for correla-
tive studies and associated clinical assays to
clinical investigators who participate in early-
phase clinical trials.

American Society of Clinical Oncology/College
of American Pathologists guideline recommen-
dations for immunohistochemical testing of
estrogen and progesterone receptors in breast
cancer, Hammond ME, Hayes DF, Dowsett M,
Allred DC, Hagerty KL, Badve S, Fitzgibbons PL,
Francis G, Goldstein NS, Hayes M, Hicks DG,
Lester S, Love R, Mangu PB, McShane L, Miller
K, Osborne CK, Paik S, Perlmutter J, Rhodes
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A, Sasano H, Schwartz JN, Sweep FC, Taube S,
Torlakovic EE, Valenstein P, Viale G, Visscher D,
Wheeler T, Williams RB, Wittliff JL., Wolff AC.
Journal of Clinical Oncology, 2010;134(6):907—922.
http://www.ncbi.nlm.nih.gov/pubmed/20524868

< This report presents practice guidelines from
the American Society of Clinical Oncology
(ASCO) and the College of American
Pathologists (CAP) for testing for estrogen
and progesterone receptors in breast cancer.

American Society of Clinical Oncology 2007
update of recommendations for the use of tumor
markers in breast cancer, Harris L, Fritsche

H, Mennel R, Norton L, Ravdin P, Taube S,
Somerfield MR, Hayes DF, Bast RC, Jr. Journal of
Clinical Oncology, 2007;25:5287-5312.
http://www.ncbi.nlm.nih.gov/pubmed/17954709

+ This report presents the ASCO 2007 recom-
mendations for the use of tumor markers in
breast cancer.

Colon and Rectum, Jessup JM, Gunderson L, et
al. In: Edge SB, Byrd DR, Compton CC, Fritz AG,
Greene FL et al., editors. AJCC Cancer Staging
Manual, Seventh Edition. New York, Dordrecht,
Heidelberg, London: Springer Publishers.
2009:143-164.

+  This chapter is the new, seventh edition of
the TNM system that is used for staging all
colorectal carcinoma in North America.

ASCO 2006 update of recommendations for the
use of tumor markers in gastrointestinal cancer,
Locker GY, Hamilton S, Harris J, Jessup JM,
Kemeny N, Macdonald JS, Somerfield MR, Hayes
DF, Bast RC, Jr. Journal of Clinical Oncology,
2006;24:5313—-5327.
http://www.ncbi.nlm.nih.gov/pubmed/17060676

+ This report presents the ASCO 2006 recom-
mendations for the use of tumor markers in
gastrointestinal cancers.
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http://www.ncbi.nlm.nih.gov/pubmed/20215558
http://www.ncbi.nlm.nih.gov/pubmed/20524868
http://www.ncbi.nlm.nih.gov/pubmed/17954709
http://www.ncbi.nlm.nih.gov/pubmed/17060676

Reporting recommendations for tumor marker
prognostic studies (REMARK), McShane LM,
Altman DG, Sauerbrei W, Taube SE, Gion M,
Clark GM. Journal of the National Cancer
Institute, 2005;97:1180-1184.
http://www.ncbi.nlm.nih.gov/pubmed/16932852

« Published in six major journals in 2005—
2006, the REMARK guidelines are now
applied by journal editors and reviewers.

A perspective on challenges and issues

in biomarker development and drug and
biomarker codevelopment, Taube SE, Clark GM,
Dancey JE, McShane LM, Sigman CC, Gutman
SI. Journal of the National Cancer Institute,
2009;101:1453—-1463.
http://www.ncbi.nlm.nih.gov/pubmed/19855077

« This is an NCI-FDA white paper developed
at the request of the Clinical Trials
Working Group.
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American Society of Clinical Oncology/College
of American Pathologists guideline recom-
mendations for human epidermal growth factor
receptor 2 testing in breast cancer, Wolff AC,
Hammond ME, Schwartz JN, Hagerty KL, Allred
DC, Cote RJ, Dowsett M, Fitzgibbons PL, Hanna
WM, Langer A, McShane LM, Paik S, Pegram
MD, Perez EA, Press MF, Rhodes A, Sturgeon

G, Taube SE, Tubbs R, Vance GH, van de Vijver
M, Wheeler TM, Hayes DF. Journal of Clinical
Oncology, 2007;25:118—145.
http://www.ncbi.nlm.nih.gov/pubmed/19548375

+ This paper presents the ASCO-CAP practice
guidelines for HER2 testing in breast cancer.
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OVERVIEW

The Cancer Imaging Program (CIP) of the
Division of Cancer Treatment and Diagnosis
(DCTD) is a learning organization that
encourages coordination and collaboration
among experts in basic, translational, and
clinical research to advance the under-
standing of cancer through imaging and

to create better diagnosis and treatment
options for patients.

The CIP mission: visualizing the problem
and directing the solution:

+ Enabling discovery
« Directing development
« Personalizing care

To advance this mission, CIP supports:

+ Basic biological research

« Technological innovation to provide tools

« Early-phase clinical trials

+ Integration of imaging into therapeutic
drug development

Imaging is an enabling scientific discipline
combining advanced technology and
complex computational and analytic
methods to provide a unique ability to
extract spatially and temporally defined
information from in vivo systems. Imaging
allows the interrogation of an intact
biologic system across the spectrum from
subcellular to macroscopic and from
discovery to clinical decision making.

In the last decade, major advances have
been made in our understanding of tumor
systems, in part due to advanced imaging
that has not only made strides in spatial
and temporal resolution but has also
progressed from anatomical to functional,
physiological, pharmacodynamic,

and molecular domains.

CANCER IMAGING PROGRAM
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The role of imaging in cancer research is
changing, and CIP continues to be a catalyst
for this transformation. In the past, the
focus of imaging research was on creating
clearer and more detailed anatomic pictures
of organs and tissues. Today, the primary
thrust in imaging is functional or molecular
imaging, which visualizes the physiological,
pharmacodynamic, cellular, or molecular
processes in living tissues as they take
place. Advanced imaging is critical for
fundamental improvements in the care

of cancer patients. As NCI continues to
discover new molecular signatures of cancer
to develop effective therapies with lower
morbidity, success can be achieved only by
understanding how these targets integrate
into complex biological systems. In vivo
imaging uniquely allows noninvasive
visualization of the entire organism in space
and over time.

Even more sophisticated and integrated
imaging will be required to provide insight
into the complex, heterogeneous, and ever-
changing biologic system that constitutes
cancer. The challenge is to visualize the
integrated genomic information needed to
understand and manipulate this system
through prevention and therapeutic inter-
vention. Imaging will be critical to the
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James L. Tatum, M.D., joined the Cancer Imaging Program (CIP) in 1998 as a special assistant

to the associate director, lending his expertise to the areas of molecular imaging and imaging

drug development. In 2006, Dr. Tatum became Chief of CIP’s Molecular Imaging Branch. In July
2007, he became the Acting Associate Director, and in July 2008 he was named
CIP Associate Director, Division of Cancer Treatment and Diagnosis. Dr. Tatum
serves as an imaging expert on several NCI steering committees, including the
Nanotechnology Characterization Laboratory, a joint effort of NCI, the Food and
Drug Administration (FDA), and the National Institute of Standards and Technology;
the Small Animal Imaging Program at NCI-Frederick; the Discovery Committee;
and the Senior Advisory Committee of the NCI Experimental Therapeutics program
(NEXT). He frequently serves on FDA advisory panels when imaging applications are

under consideration.

Dr. Tatum received his undergraduate degree in biology from the College of William and Mary and

his M.D. from the Medical College of Virginia (MCV). He completed his residency in medicine and
radiology at MCV Hospitals, followed by a nuclear medicine fellowship at Duke University. He is board
certified in diagnostic radiology, nuclear medicine, and nuclear cardiology. In 1978, he joined the
faculty of Virginia Commonwealth University (VCU), where he was ultimately appointed Professor of
both Radiology and Medicine. During his tenure at VCU, he served as the Chairman of the Division of
Nuclear Medicine, Director of Nuclear Cardiology, Chairman of the Department of Radiology, Associate

Vice President for Health Sciences, and Director of the Molecular Imaging Center.
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understanding of subcellular structural
and molecular interactions executed by the
proteome-to-cell microenvironment and
cell-cell interactions executed by complex
signaling and transfer systems. Imaging
currently provides information at several
places across the genotype-to-phenotype
axis, especially at the extremes. At one
extreme, imaging is being applied increas-
ingly to evaluate subcellular structure

and biology including protein-protein
interactions and compartmentalization with
unique intracellular microenvironments.
At the other extreme, macro-level imaging
is used clinically to evaluate phenotypic
changes noninvasively on a daily basis.

In the next decade, CIP-sponsored research
will not only contribute to the basic
understanding of various cancers but will
also enhance the clinical role of imaging
in noninvasive diagnosis, help identify
disease subsets in patients, improve
disease staging and treatment monitoring,
and play a pivotal role in the development
of new therapies.

As part of its mission, CIP plays a critical
role in the activities of the National
Institutes of Health (NIH) and the National
Cancer Institute (NCI) contributing to

the integration of imaging with emerging

CANCER IMAGING PROGRAM

PHILIPS

technologies such as nanotechnology,
cancer genomics, proteomics, and high-
throughput screening. In addition to
funding projects in key areas, CIP supports
researchers by providing pooled resources
and developing protocols that encourage the
sharing of data, samples, and results.

The CIP portfolio included 352 funded
grants during fiscal year 2010 (see figure,
below). Of these, nearly 25% were for
multiple modalities.
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Historical Note

NCI established the Diagnostic Imaging
Program in October 1996. The name of

the program has changed twice since that
time—to “Biomedical Imaging Program” in
2001 and to “Cancer Imaging Program” in
2003—to more clearly reflect the role of the
program, to both NCI and the public.

STRUCTURE AND FUNCTION

CIP encourages coordination and collabo-
ration among experts in basic, translational,
and clinical research to advance the
understanding of cancer through imaging
and to create better diagnosis and treatment
options for patients. Its mission is to
visualize problems and direct solutions by
enabling discovery, directing development,
and personalizing cancer care. This is done
by supporting basic biological research,
technological innovation to provide

tools, early-phase clinical trials, and
integration of imaging into therapeutic drug
development.

Extracting relevant information from imaging
is a major goal of CIP. More advanced
imaging, as well as quantitative and directed
approaches, will need to be developed
through extensive collaborations to include
not only biologists but also systems modelers,
bioinformaticists, physicists, and chemists.
An emerging example is the application of
imaging as part of hypothesis testing and
hardening of network models that are derived
from available deductive data, including

the rapidly growing “omic” space. Similar
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CIP Strategic Goals

Develop and seek approval for a new
initiative to fund extramural investigators,
including imagers, to design and apply
imaging to better understand tumor
networks and systems.

Identify and promote the development of
imaging techniques that are applicable to
high-priority targets, where imaging could
play a pivotal role.

Integrate imaging biomarker development
with conventional biomarker development
in the therapy development pipeline as
they occur in parallel, providing a more
robust biomarker platform for therapy
translation.

Support the development of clinically
relevant imaging techniques that do
not require the intravenous injection of
exogenous contrast agents.

Expand and improve the correlation

of imaging phenotype extraction data
with genomic and expression data in
parallel with the expansion of The Cancer
Genome Atlas to map additional cancers.

Translate imaging-derived knowledge and
techniques to help realize the potential of
personalized medicine.



approaches employing complex cell systems
have already revealed unanticipated network
connectivity when perturbed with drugs.
This information has led to refined models
that can be used in drug development for
predicting not only target response but also
toxicity. Recent work using optical imaging
in a preclinical model has demonstrated

that imaging allows this powerful approach
to be used in a preclinical setting with

the potential for clinical translation. It is
anticipated that such translation will depend
heavily on collaboration with ongoing
research in nanotechnology.

CIP unites researchers from disciplines

as diverse as radiology, nuclear medicine,
bioengineering, biology, chemistry, computer
science, and physics in a team approach.
The program encourages extramural
researchers to integrate and apply new
imaging discoveries and developments to
drug discovery, monitoring of therapies, and
understanding cancer biology—all directly
aimed at the clinical management of cancer
and cancer risk.

CIP Research Areas

CIP activities and responsibilities can be
divided into five broad areas:

Molecular imaging
Clinical trials
Image-guided intervention

Imaging technology development

A A

Imaging informatics

Through this organization, CIP supports
extramural investigators in academia and
private industry as they create and apply
to human disease the next generation of
imaging technologies, including molecular

CANCER IMAGING PROGRAM

probes, imaging devices, new contrast
agents, and image-guided therapies.

Molecular Imaging Branch

The ultimate goal of in vivo cancer
molecular imaging by the Molecular
Imaging Branch is to provide a definitive,
minimally or noninvasive assay of the
molecular status of cancer cells and their
environment in preclinical models and
clinical settings. The realization of that
goal requires:

¢ In vivo molecular imaging agents that
detect and report perturbations of genes,
gene products, molecular pathways,
pharmacodynamics, and physiological
processes in cancer

- Imaging technologies capable of
detecting rare events at highest
resolution in vivo

* Advanced image reconstruction and
processing capabilities

+ Highly multidisciplinary approaches

CIP supports these approaches primarily
through its extramural grant program and
also by:

+ Filing Investigational New Drug
(IND) applications and encouraging
suppliers for noncommercial positron
emission tomography (PET) molecular
imaging agents

¢ Supporting small-animal imaging to
evaluate novel molecular probes and
their utility to evaluate therapeutic agents

+ Collaboration with the Molecular
Imaging Program of the Center for Cancer
Research (CCR) and the Molecular
Imaging Clinic in the Clinical Center
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Clinical Trials Branch

CIP supports clinical trials several ways:

« Grants and contracts to extramural
investigators for exploratory trials

« Trials performed with an imaging trial—
specific Cooperative Group, the American
College of Radiology Imaging Network
(ACRIN)

«  Phase 1 and 2 Clinical Trials Contract
Program

» Trial-related informatics

The Clinical Trials Branch (CTB) oversees
and directs all aspects of clinical trials
evaluating imaging and image-guided
interventions in the phase 0 to phase 3
setting. The overarching theme for CTB

is to further the evaluation of imaging in
cancer management. The branch serves
as the primary CIP liaison with the NCI
clinical trial system and ensures that CIP
and NCI goals and priorities for imaging are
addressed in these activities.

Image-Guided Interventions Branch

The CIP Image-Guided Interventions
Branch promotes the integration of imaging,
informatics, and interventional methods

to address diverse challenges, such as
directed biopsy, dimensionality of scale,
and targeted drug delivery. The branch is
heavily involved in nanotechnology and
supports the development of nano-based
probes and delivery vectors where imaging
plays a significant role in development

or application.
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Imaging Technology Development
Branch

The Imaging Technology Development
Branch supports the development and
validation of biomedical imaging technology
and methods to enable basic research and
clinical investigations of cancer biology and
treatment responses. Its strategy is charac-
terized by a balanced emphasis on both
current generation (commercially supported)
imaging platforms and the next generation
of imaging platforms. This includes an
emphasis on multimodality imaging

and methods of quantitative imaging on
resolution scales from the molecular level to
the organ level.

Imaging Informatics

CIP has been a driver of the development

of imaging informatics at NCI to support
preclinical, clinical, and technology
development for imaging research. CIP was
the initial sponsor of the Imaging Workspace
of the NCI Cancer Biomedical Informatics
Grid (caBIG) effort, and it continues to
provide leadership in the development of
critical infrastructure in support of cancer
imaging research. Major developments over
the past five years include establishment of
the National Biomedical Imaging Archive,
which provides access to more than two
terabytes of curated image data in purpose-
built collections driven by NCI program
agendas, and the generation of standardized
vocabularies and case report form templates
for cancer imaging trials. CIP is also actively
involved in the important area of data
integration by supporting and directing a
project to integrate imaging and genomic
data as part of the activities of The Cancer
Genome Atlas (TCGA) activities.



PROGRAM ACCOMPLISHMENTS

Major Ongoing Initiatives

CIP initiatives cover the full spectrum

of research efforts from basic research to
clinical trials (see figure, below). These
programs serve a variety of needs in the
cancer imaging community. In addition to
many investigator-initiated basic research
efforts, several key program announcements
use the R01 and R21 grant mechanisms to
foster needed research. The In Vivo Cellular
and Molecular Imaging Centers (ICMIC),

the Network for Translational Research
(NTR): Optical Imaging in Multimodality
Platforms, and ACRIN each use specialized
grant mechanisms suited for their positions
in the research pipeline.

CIP also works in close collaboration
with intramural NCI scientists in the
development of new imaging probes. A
number of these probes are PET agents for

CANCER IMAGING PROGRAM

molecular imaging directed at important
targets such as angiogenesis and prolif-
eration. This collaboration is bidirectional,
forming a novel development pipeline with
CCR, which is providing the infrastructure
for early clinical trials of imaging probes,
and DCTD, which is providing expertise in
drug development.

Imaging Drug Group and NCI Experi-
mental Therapeutics Program

Molecular imaging has an enormous
impact on the entire spectrum of clinical
cancer management and cancer research.
Almost every NCI strategic priority will
depend on the information and knowledge
gained from imaging, whether it is from
the use of molecular imaging as a surrogate
marker, assay, or therapeutic effectiveness
metric or from a greater understanding of
tumor biology and molecularly targeted
therapeutic interventions. The great promise

IMAGING RESEARCH SPECTRUM AND KEY CIP PROGRAMS

Basic Research

Early Validation

NTR ACRIN

Phase 0

Clinical Trials

Development
R0O1 & R21

SBIR & STTR

Multisite Preparation

ICMIC OND Resources

NCI Experimental Therapeutics (NExT) Program
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of image-guided therapeutic interventions

is just beginning to be realized. However,

the ability to provide this information
requires significant innovations in

imaging probes and systems, especially

for molecular imaging agents, where the
greatest opportunities and the strongest
challenges lie. The Development of Clinical
Imaging Drugs and Enhancers (DCIDE)
program was an important contributor of
molecular imaging drugs for the strategic
priorities in early detection, prevention,

and prediction; integrative cancer biology;
strategic development of cancer interventions;
and integrated clinical trials. In 2007, this
imaging drug development program became
the foundation for the Imaging Drug Group
(IDG), which integrated the activities of
several cross-institute imaging drug activities
into one decision-making committee. In
doing so, the IDG subsumed the DCIDE
program and formed bridges to other
important programs in CCR and DCTD. Going
forward, the NCI Experimental Therapeutics
(NExXT) initiative will take on the activities

that the DCIDE program performed.

The IDG has also acted in an advisory

role with the CCR Molecular Imaging
Program and the Small Animal Imaging
Program (SAIP-Frederick), as well as the
Nanotechnology Characterization Laboratory.

The IDG was essential for facilitating the
development of novel imaging agents,
because very few alternative sources of
funds exist for such studies. For most
academic investigators who discover
interesting new lead compounds for
imaging agents, the regulatory process is
unfamiliar and daunting terrain. Most
commercial entities and universities
correctly view the development of such
discoveries as high risk (high cost, low
potential revenue) that often cannot be
justified in an environment of limited
resources. Pre-investigational new drug
application and early feasibility studies
generally cannot be funded through

the typical grant mechanisms because
they are considered neither original nor
novel research.

IMAGING DRUG DEVELOPMENT AT NCI

o
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The NEXT program has now integrated
the IDG ideas and resources and provides
an excellent mechanism to bridge the
gap between new discovery in imaging
drugs and delivery of new agents to the
cancer patient.

Clinical Trials and the IDG

Although phase 0 and imaging feasibility
studies can be performed at the NIH
Clinical Center, this venue is not sufficient
to perform many studies due to a

number of factors, including lack of PET
radiochemistry capabilities and limited
access to imaging time. CIP is working
with academic centers and commercial
vendors that have capabilities and patient
populations that complement the Clinical
Center’s capabilities. Using this mechanism,
CIP has been able to support extramural
efforts to develop imaging drugs.

Later-phase clinical trials, both of imaging
drugs and of imaging for the evaluation

of therapy, are handled through ACRIN, a
Cooperative Group managed by CIP. Another
mechanism for inclusion of imaging in therapy
trials is by supplements to trials being
funded through other Cooperative Groups.

NCI Imaging Clinic

As noted, exploratory and imaging feasibility
trials had been performed outside of the NCI
intramural program, in part because of the
NCI intramural program’s limited access to
the radiochemistry and imaging platform
resources required to perform such studies.
Over the last two years, the intramural
Molecular Imaging Clinic has been developed
to provide a dedicated research infrastructure
for such trials. This facility is now fully
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["*F1Sodium Fluoride New Drug
Application

Fluoride ions accumulate in areas of increased
osteogenic activity, which occur in both benign
and malignant skeletal conditions.

['8F1Sodium fluoride has been used as a skeletal
imaging agent to delineate areas of abnormal
osteogenesis, but it is not reimbursed by the
Centers for Medicare and Medicaid Services.

It can be used for bone scans with PET to
diagnose skeletal metastases from primary
cancers elsewhere, a serious issue for many
cancers, particularly breast and prostate, as well
as many nonmalignant skeletal conditions. In
2007, 2.6 million bone scans were performed,
the vast majority of them with a technetium
agent. However, in the last three years there
have been extended widespread shortages of
the radiopharmaceutical because of serious
problems with the few aging nuclear reactors
that manufacture the precursor isotope, and
these outages are expected to continue for
several more years. Without bone scans,
appropriate treatment for metastatic cancer
may be delayed or patients may be treated with
systemic therapies in the absence of definitive
diagnosis, which can lead to unnecessary side
effects and inappropriate expense.

In view of the public health impact of these
shortages on cancer patient care, CIP filed
NCI's first New Drug Application (NDA) for
[*®F1sodium fluoride in December 2008 so that
the drug, which has a short half-life (2 hours),
could be supplied by commercial firms with
Drug Master Files for manufacturing the agent.
FDA approval, which is expected in late 2010,
will facilitate both availability to patients and
reimbursement by insurance companies.
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Synthesis of radiopharmaceuticals for preclinical investigations.

functional and engaged in performing
multiple phase 0 and 1 imaging studies.

Synthesis of Agents

As part of the imaging drug development
pipeline, the acquisition of trial-acceptable
agents and precursors is a pivotal step

to clinical trials. For imaging agents, the
commercial interest in production is tempered
by limited potential markets. Although there
are a few examples of small biotechnology
products, most imaging agents of interest are
currently downstream markers of nucleic
acid, amino acid, or lipid synthesis or labeled
species of existing drugs through a process
of chelation or by synthesis of labeled species
from precursor compounds. CIP has developed
mechanisms to secure these materials for both
preclinical and early clinical investigations.

DCTD PROGRAM ACCOMPLISHMENTS 2010

Molecular Imaging
Radiopharmaceutical Resources

CIP has filed INDs for some molecular
imaging radiopharmaceuticals to perform
multicenter clinical trials and to facilitate
access by the wider research community.
CIP holds the following active INDs:

«  ["®F]Fluorothymidine, targeted to areas of
increased proliferation

«  [*®F]Fluoromisonidazole, targeted to
hypoxic tissues

+  160-["*F]Fluoro-17p-estradiol, targeted to
estrogen receptors

+  ["®F]Sodium fluoride, accumulating in
areas of increased osteogenic activity

An IND for ["*F]fluorothymidine was filed
in 2004, for [*®F]fluoromisonidazole in


http://imaging.cancer.gov/programsandresources/Cancer-Tracer-Synthesis-Resources
http://imaging.cancer.gov/programsandresources/Cancer-Tracer-Synthesis-Resources

2006, for 16a-["®F]fluoro-17p-estradiol in
2007, and for [**F]sodium fluoride in 2008;
all were accepted by the Food and Drug
Administration (FDA). To facilitate further
clinical research on these radiopharma-
ceuticals by the research community, a
subset of the documents filed in the IND is
freely available to the research community
to implement routine synthesis of tracers
at their own facilities and to assist inves-
tigators with the filing of their own INDs,
including a full set of manufacturing

and quality control documents and an
Investigator Drug Brochure. Extramural
investigators can establish the synthesis

at their sites and then file their own INDs
with the FDA. CIP will provide a letter to
cross-reference the NCI IND file at the FDA
for pharmacology, toxicology, dosimetry,
and previous human experience.

In addition, CIP has contracted with three
commercial firms that have filed Drug Master
Files for the manufacturing and distribution
of ["*F]fluorothymidine and [**F]sodium
fluoride and one firm for [**F]fluoromisoni-
dazole. This effort has made it possible for
clinical investigators without radiochemistry
facilities to study these agents.

Molecular Imaging

Molecular Imaging Program

The In Vivo Cellular and Molecular Imaging
Centers (ICMICs), established in 1999, are
five-year P50 grants that support inter-
disciplinary scientific teams conducting
cutting-edge cancer molecular imaging
research. There have been nearly 650
ICMIC-supported publications since 2005.
ICMIC projects are designed to:
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Support innovative cancer molecular
imaging research projects

Support unique core facilities

Enable awardees to initiate pilot research
in promising new directions

Provide interdisciplinary career devel-
opment opportunities for investigators new
to the field of molecular cancer imaging

Research supported through the ICMICs has
had high impact in a number of areas:

Enabling technologies:

o Advances in optical imaging tech-
nology, particularly in tomographic
imaging

o Split luciferase constructs for study-
ing protein—protein interactions

Fundamental discoveries related to
cancer biology:

Currently Funded In Vivo Cellular and
Molecular Imaging Centers

Emory University: Carolyn Meltzer, Pl

Massachusetts General Hospital:
Ralph Weissleder, Pl

Memorial Sloan-Kettering Cancer Center:
Steven Larson, Pl

Stanford University: Sanjiv Gambhir, Pl

University of California, Los Angeles:
Harvey Herschman, PI

University of California, San Diego:
Robert Mattrey, Pl

University of Michigan: Brian Ross, Pl
Vanderbilt University: John Gore, PI

Washington University: David Piwnica-
Worms, Pl
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o Investigation of the relationship of
hypoxia to breast tumor invasiveness
and metastasis

+ Direct clinical applications:

o Combined virus and cell biotherapy

o Use of the HSV1-sr39tk PET reporter
to monitor the treatment of melanoma
by genetically modified T-cells

o Development of a PET probe for imag-
ing T-cell activation

o Development of magnetic nanoparticles
as a clinical product

Intra/Inter-Divisional Collaborations

NCI Cancer Research Imaging Camp.

The NCI Cancer Research Imaging Camp
is a collaboration between DCTD and

the Division of Cancer Biology. It is an
intensive six-day training course for early-
career, basic cancer biologists on in vivo
imaging techniques. Through lectures and
hands-on laboratory sessions, participants
gain experience with a wide range of
imaging modalities, including advanced
optical imaging, magnetic resonance
imaging (MRI), PET, single-photon emission
computed tomography (SPECT), computed
tomography (CT), and ultrasound. On
completion of this course, participants are
able to select and apply the appropriate

in vivo imaging technique necessary to
investigate a biological hypothesis and to
interpret the resulting imaging data.

Molecular Imaging and Contrast Agent
Database. The Molecular Imaging and
Contrast Database (MICAD), established

DCTD PROGRAM ACCOMPLISHMENTS 2010

in 2004, was generated through the NIH
Common Fund, which was formerly the
NIH Roadmap. It is a collaboration among
NCI, the National Library of Medicine, and
the NIH Office of the Director. This freely
accessible database catalogues, in a compre-
hensive and easily accessible manner, key
research data on in vivo molecular imaging
and contrast agents. More than 800 of
approximately 4,500 molecular imaging
agents have been catalogued.

Future Molecular Imaging Initiatives

Additional research is needed for molecular
imaging to realize its full potential of
integrating data from disparate biological
sources. The discovery and development

of agents and technologies to acquire
high-resolution in vivo imaging data and
the expansion of computational systems
approaches to integrate imaging data with
biological and “omic” data are necessary.

A proposed interdivisional effort between
CIP and the Division of Cancer Biology will
support:

Technologies and methods to advance
high-resolution intravital, in vivo
microscopic imaging

* Development and validation of
cancer-specific in vivo probe and
reporter systems

+ Integration of micro- and macroscopic
data (“Google Earth” for cancer imaging)

+  New approaches of modeling, integrating,
and visualizing multiscale imaging data
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Clinical Trials

American Recovery and Reinvestment Act

As part of NCI's American Recovery and
Reinvestment Act (ARRA) efforts, CIP

is providing additional resources over a
period of two years for the most promising
early-phase trials. The studies receiving
funding from this initiative are:

« Three multicenter studies evaluating
["*F]fluorothymidine—PET as a predictive
marker in cancer therapy of solid tumors
(non—small-cell lung cancer, breast
cancer, and glioblastoma)

* A multicenter study evaluating
[*®F]sodium fluoride—PET as a
pharmacodynamic biomarker

T1 + gadolinium
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+ Single-center evaluations of the role of iron
oxide nanoparticle (ferumoxytol) magnetic
resonance to direct brain cancer therapy in
both adult and pediatric populations

Images from one of the patients in the
pediatric iron oxide study are shown

here. The standard-of-care imaging is a
T1-weighted magnetic resonance image
with gadolinium-based contrast agent.
Experimental imaging with ferumoxytol is
a dynamic susceptibility-weighted, contrast-
enhanced MRI technique that allows
determination of relative cerebral blood
flow and relative cerebral blood volume in
selected areas of the image. Increased flow
and volume indicate increased vascularity
and may correlate with malignancy.

rCBV

Dynamic susceptibility-weighted, contrast-enhanced MRI with ferumoxytol contrast in a five-year-old with medulloblastoma prior
to surgery. The image shows heterogeneously increased vascularity and a relative cerebral blood volume (rCBV) of 2.55-2.76 in the
tumor, despite homogenous gadolinium enhancement. Tumor was confirmed at resection. rCBF = relative cerebral blood flow.
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American College of Radiology Imaging
Network—A Cooperative Group for
Multicenter Imaging Clinical Trials

NCI established the American College of
Radiology Imaging Network (ACRIN) to
provide a flexible, responsive Cooperative
Group for the systematic study of novel
and maturing imaging technologies in
clinical trials. Funded continually for more
than a decade, ACRIN has established and
instituted a formal, well-integrated clinical
trials infrastructure that represents an
exemplary, well-leveraged resource poised
to provide significant contributions in the
field of research on the comparative effec-
tiveness of advanced imaging techniques.

ACRIN is addressing the special issues of
imaging clinical trials (e.g., fast-developing
technologies, quality control, operator
dependence) while providing multi-
disciplinary, multi-institutional, inter-
organizational clinical research that
provides pertinence, validity, reliability, and
generalizability to an extent not possible
with single-institution observational studies.

In the face of several significant challenges
(absence of a preexisting culture of
prospective, controlled clinical trials

in radiology, lack of control of patient
referral, and the expectation that radiology
be service-oriented centers rather than
primary research units), ACRIN has
established an intrinsically collaborative
imaging clinical trials pipeline with ideas
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emerging from key scientific committees.

It conducts clinical trials that have changed
or influenced clinical practice and has
established an information technology
infrastructure sufficient to provide core
services to other NCI- and NIH-sponsored
groups. ACRIN serves as a primary source
for the dissemination of imaging standards,
qualification of sites, core laboratories for
PET and CT/MRI, as well as a National PET
Registry; and National Coverage Determina-
tions for the Centers for Medicare and
Medicaid Services.

Three primary scientific objectives frame
the work of ACRIN:

1. Strategies for imaging surveillance of
populations at high risk for cancer

2. Imaging approaches to the character-
ization of disease to guide targeted
therapy

3. Biomarkers of therapeutic response from
implementation in clinical trials and
clinical care

Currently, there are significant delays in
the time required to open a clinical trial
with advanced imaging as an essential
component. To shorten the process, NCI
and its partners, ACRIN and the American
College of Radiology, plan to develop
standard operating procedures and a
corresponding guideline for qualifying
the 58 clinically focused NCI-designated
Cancer Centers as “Centers of Quantitative
Imaging Excellence.”


http://www.acrin.org/
http://www.acrin.org/

ACRIN Lung Cancer Trial Results Show
Mortality Benefit with Low-Dose CT

 [Initial results from the National Lung
Screening Trial (NLST), released in
November 2010, show that current or
former heavy smokers between the ages of
55 and 74 who underwent screening with
low-dose helical CT at 33 participating sites
experienced 20% fewer deaths from lung
cancer than a group of peers who received
screening with standard chest x-rays.

« NLST is a collaboration between ACRIN
and the Lung Screening Study group in
NCI’s Division of Cancer Prevention. Over
53,000 participants were recruited, more
than 3,400 over its initial goal and more
than 6 months earlier than expected. The
study was designed to have 90% statistical
power to detect progressively smaller
mortality effects. With a large number of
participants in a randomized, controlled
trial, NLST provides clear evidence that a
screening procedure can be effective in
reducing mortality from lung cancer.

« Starting in August 2002, NLST enrolled
about 53,500 men and women at 33
trial sites nationwide over 20 months.
Participants were required to have a
smoking history of at least 30 pack-years
and were either current or former smokers
without signs, symptoms, or history of
lung cancer. Pack-years are calculated by
multiplying the average number of packs of
cigarettes smoked per day by the number
of years a person has smoked.
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* An ancillary finding of the study, which was

not the main endpoint of the trial’s design,
showed that all-cause mortality (deaths
due to any factor, including lung cancer)
was 7% lower in those screened with low-
dose helical CT than in those screened
with chest x-ray. Approximately 25% of
deaths in the NLST were due to lung
cancer; other deaths were due to factors
such as cardiovascular disease.

The ACRIN-NLST participating sites
contributed to a biorepository (blood,
sputum, urine), a tissue bank for future
biomarker research, and the evaluation

of qualify-of-life issues, cost-effectiveness
assessments, and the impact of screening
with low-dose helical CT versus chest x-ray
on smoking cessation.

Further analysis and research will

be required to fully understand the
implications of these results and those
of the secondary aims. Analysis of the
full data set related to the primary aim
is ongoing; submission of the primary
manuscript is anticipated in the first
quarter of 2011.
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Collaboration with the Cancer
Treatment Evaluation Program

As a member of the Cancer Treatment
Evaluation Program (CTEP) Protocol Review
Committee, CIP helps to identify oppor-
tunities for the evaluation of therapeutic
response, such as demonstration projects
evaluating functional imaging techniques in
the assessment of response to therapy. CIP
physicians are also primary reviewers and
subsequent monitors for imaging-related
concepts and clinical trials for molecular
and functional imaging endpoints. They
also ensure that NCI consensus guidelines
for acquisition and interpretation of various
imaging modalities are implemented.
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Phase 1 and 2 Program for the
Evaluation of Molecular and Functional
Imaging Agents

A contract-supported infrastructure
supports phase 1 (safety) and phase 2
(preliminary efficacy) clinical trials of
promising imaging agents. This mechanism
is evaluating the use of molecularly targeted
and functional imaging agents to assess
therapeutic anticancer agents. The goal of
the program is to provide a mechanism

to expedite the development of promising
molecular probes from the laboratory to
IND status as well as early clinical trials.
Established because its projects are not
competitive in the regular grant pool, the



program focuses on studying imaging
agents in a standardized setting to evaluate
reproducibility and translatability across
different histologies, which is necessary
for assay development. The program is
evaluating nine methodologies in tumors
including non—small-cell lung cancer,
breast, cervical, prostate, and glioma.

Future Phase 2 Initiative

Under development by CIP and CTEP is a
phase 2 consortium that includes advanced
imaging support. Reflecting the need to
incorporate novel imaging endpoints in

the development of investigational agents,
this recompeted phase 2 NO1 program

will include the integration of molecular
imaging with investigational drug
development. Participation in this program
will require the inclusion of sites which
have undergone qualification for advanced
imaging and have identified nuclear
medicine physicians and radiologists to be
an integral part of the drug development
team. This contract will support, in
selective phase 2 treatment trials, the
evaluation of molecular and functional
imaging agents, in a standardized,
prospective fashion to enable the evaluation
of the core issues of preliminary efficacy
as well as technical performance issues
(reproducibility and quantitative vs. semi-
quantitative analysis) that are often lacking
in current trials. The imaging agents and
methods that prove successful in these
early clinical trials can then be validated
in larger studies through clinical trials in
Cancer Centers or Cooperative Groups.
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Quick Trials for Imaging and Imaging-
Guided Interventions

Rapid translation of promising imaging
discoveries to clinical practice requires
timely support that can be provided by
Quick Trials. CIP sponsors a Quick Trials
program announcement, PAR-08-147, to
provide investigators with rapid access to
support through the R21 grant mechanism
for pilot, phase 1, and phase 2 cancer
clinical trials. In addition, the grants can
be used for research on patient monitoring
and laboratory studies for the preliminary
evaluation of the safety and efficacy of
imaging agents, as well as assessment of
imaging systems, image processing, image-
guided therapy, contrast kinetic modeling,
three-dimensional reconstruction, and
quantitative tools. The imaging and
imaging-guided intervention (IGI) studies
that prove successful in these early clinical
trials can then be validated in larger studies
through competitive R01 mechanisms or
clinical trials in SPOREs, Cancer Centers, or
Cooperative Groups.

National NCI Steering Committees

CIP has active representation in the
national disease-specific and investiga-
tional drugs steering committees that were
developed based on the recommendations
of the Clinical Trials Working Group
(CTWG). Members of CIP’s Clinical Trials
Branch bring perspective to the trial
planning process regarding available and
developing imaging tools that can help
evaluate cancer patients and inform their
consequent management.
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In 2010, the formation of a Clinical Imaging
Steering Committee (CISC) was approved.
CISC is also a component of the network
of committees recommended by CTWG.
The CISC is a forum for the extramural
imaging and oncology communities to
provide strategic input to NCI regarding
the significant investment in imaging
activities in clinical trials. The CISC

is charged with providing analyses of
proposed clinical trial imaging concepts
and imaging components of concepts and
facilitating the sharing of ideas among

a broad range of investigators, including
radiologists and nuclear medicine
physicians specializing in anatomic,
molecular, and functional imaging; basic
and translational scientists; NCI staff;
community oncologists; community
imagers; and patient advocates.

Biomarker Evaluation

CIP works with a variety of groups and

task forces on guidelines defining the
standards appropriate for adding biomarkers
to therapeutic trials and for evaluating
biomarkers alone. These guidelines will
form the basis for funding opportunities for
clinical trials in both early and late drug
development. There are multiple collabora-
tions with:

- Biomarker task force and clinical trial
design task forces of the Investigational
Drug Steering Committee

«  Program for the Assessment of Clinical
Cancer Tests (PACCT)

*  Oncology Biomarker Qualification
Initiative—two demonstration projects
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evaluating fluorodeoxyglucose PET as a
biomarker in lymphoma and lung cancer

- Interagency Oncology Task Force

Response Assessment Evaluation

In association with the European
Organisation for Research and Treatment

of Cancer (EORTC), NCI's Response
Evaluation Criteria in Solid Tumors
(RECIST) committee has developed updated
guidelines for the assessment of response

to therapy by anatomic imaging. These
organizations are also formulating a joint
guideline for the use of quantitative fluoro-
deoxyglucose PET in the assessment of
tumor response in clinical trials. CIP is also
supporting the development of a proposal
for an infrastructure for the implementation
of RECIST—an FDA-acknowledged imaging
methodology for clinical trial endpoints
where noninvasive imaging is required to
track tumor change over time.

For the Agency for Healthcare Research
and Quality (AHRQ), CIP staff members
have served as reviewers for CMS-related
evaluation of the application for Medicare
reimbursement for fluorodeoxyglucose PET
in glioma, pancreatic, ovarian, cervical,
testicular, and small-cell lung cancer.

An NCI-CMS task force has successfully
implemented strategies to extend CMS
reimbursement for fluorodeoxyglucose PET
studies in all NCI-sponsored phase 2 and 3
therapeutic clinical trials.

As part of the trans-NCI International
Trials Collaboration Group, CIP has been
working on identifying both barriers and
opportunities for enhanced participation in
international trials.



Clinical Trial Information Technology
Infrastructure

Because of the efforts of CIP’s Clinical Trials
Branch, NCI has successfully launched the
revised Adverse Event Expedited Reporting
System (AdEERS), an electronic mechanism
that will for the first time capture severe
adverse events in imaging and image-
guided interventions studies. In addition,

a customizable clinical metadata system—
C3D—has been successfully adopted in

six imaging protocols at phase 1/2 contract
sites and is being piloted in an ACRIN trial.
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Simultaneously, the common data element
directory for imaging trials has been
growing and is being shared across ACRIN
and other Cooperative Groups trials.

Image-Guided Intervention

Extramural funding of IGI-related research
at NCI includes traditional P01, R01, R21,
R33, Small Business Technology Transfer
(STTR) (R41/R42), and Small Business
Innovation Research (SBIR) (R43/R44)
grants, as well as a one-time issuance of
four two-year administrative supplements

Beidy RIIFENEANA I ENENEANNFNEERNNT R ERNREREIED

RECIST measurements taken on a lung tumor at two different times.
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for SPOREs in 2005. Since 2002, there
have been several IGI-related Program

Announcements at NCI. These programs
continue and include SBIR/ STTR,
exploratory R21, and RO1 initiatives:

Image-Guided Interventions (SBIR)
PA-10-079 and (STTR) PA-10-080: The
overall goals of the IGI initiative are to
provide support for the development
and optimization of fully integrated
cancer imaging, monitoring, and therapy
systems and the validation of integrated
IGI systems through clinical evaluations.
These initiatives were adopted by the
NCI SBIR Development Center and were
recently reissued.

Quick Trials for Imaging and Image-
Guided Interventions: Exploratory Grants
(R21), PAR-08-147, was summarized
previously (see “Quick Trials for Imaging
and Imaging-Guided Interventions”).

Image-Guided Drug Delivery in

Cancer (R01), PA-09-253: The Imaging-
Guided Drug Delivery (IGDD) initiative
encourages innovative translational
research in the development of quanti-
tative in vivo imaging characterization of
IGDD in cancer, including characteriza-
tions of the target, delivery validation,
and therapy response. This initiative
will support research in the development
of integrated imaging-based platforms for
multifunctional and multiplexed drug
delivery systems in cancer. Validation
studies in nonhuman primates or large
animal models and first-in-human
studies directed toward translation of
IGDD technology into the clinic are
appropriate for this initiative. A goal

of this research is the development

of minimally invasive or noninvasive
“theranostic” (combined diagnostic and
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therapeutic) approaches to cancer in
order to optimize the therapeutic ratio
and to provide quantitative imaging
evaluation of therapy. These grants
will also support the development of
techniques to identify and modulate
features of the tumor micro-environment
for selective drug targeting and release.
Imaging will not only play a major role
in the development of such techniques
but may well guide their delivery and
release. The first application receipt
date for this initiative was February 5,
2010, resulting in 12 pending applica-
tions. This initiative was developed in
collaboration with the NCI Alliance for
Nanotechnology in Cancer.

Previous IGI Program Announcements
include the Academic—Industrial
Partnerships for the Development and
Validation of In Vivo Imaging Systems and
Methods for Cancer Investigators (R01)
and Quantitative Imaging for Evaluation of
Response to Cancer Therapies (U01).

For the future, the challenge for IGI is to
apply image-guided techniques in unique
applications to address tumor complexity
and heterogeneity. Major emphasis will be
placed on improved methods for rational
and directed biospecimen identification
and collection. It is critical to address the
issue of co-correlation at vastly different
physical scales and the integration of such
disparate data to allow valid alignment of
imaging-defined phenotypes with biologic
characteristics. Developing techniques that
minimize the intrinsic errors of random
sampling and alignment are not trivial but
essential to advancing the understanding of
human cancer.


http://grants.nih.gov/grants/guide/pa-files/PA-10-079.html
http://grants.nih.gov/grants/guide/pa-files/PA-10-080.html
http://grants.nih.gov/grants/guide/pa-files/PAR-08-147.html
http://grants.nih.gov/grants/guide/pa-files/PA-09-253.html

Imaging Technology

Image Database Consortia

The creation of image database consortia
has stimulated the development of more
standardized methods for quantitative
imaging by not only the academic research
community, but also professional imaging
societies such as the Radiological Society of
North America (RSNA), the Society of Nuclear
Medicine (SNM), the American Association
of Physicists in Medicine (AAPM) and the
International Society of Magnetic Resonance
in Medicine (ISMRM). In addition, the FDA is
reviewing how to incorporate these resources
in the process of accelerating FDA approval
of clinical decision tools.

Network for Translational Research
for Optical and Multimodal Imaging
Platforms

The Network for Translational Research
(NTR): Optical Imaging in Multimodality
Platforms is an outgrowth of an earlier
network, the Network for Translational
Research in Optical Imaging (NTROI),
which addressed the logistical and research
issues of translating imaging methods to
the clinical setting. The research scope
was expanded to include the integration
of multimodal and molecular imaging
methods with optical imaging methods,
including nanocarriers and nanoprobes.

This new network, consisting of four
centers, has developed several leading-edge
multimodal platforms, such as opto-acoustic
tomography, optical-nuclear tomography,
and catheter-based combined optical-US
miniaturized detectors targeted at relevant
cancer problems. NTR members are engaged
in the development of consensus-based
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strategies to validate these new technologies
in partnership with more than 20 industry
partners. An important organizational
feature of the NTR is the structure of
working groups, called research support
cores. These cores do not reside within

the individual centers but work across all
centers to solve common problems that arise
in imaging research, such as initiation of
Good Laboratory Practices (GLP) and estab-
lishment of standard operating procedures.
The network’s success is partly attributable
to the fact that it is highly leveraged with
other NCI funding initiatives, such as NCI'’s
P50 molecular imaging centers and the
Nanotechnology Alliance. Scientists from
FDA and the National Institute of Standards
and Technology are active participants in
this network.

Quantitative Imaging Network for the
Measurement of Therapy Response

Quantitative Imaging Network (QIN) teams
have created multidisciplinary teams of
oncologists, radiologists, medical physicists,
and computer informatics scientists. During
the first steering committee meeting, in
March 2009, members agreed to populate
an NCI public resource with prospective
data from several clinical trial networks
and compare the performances of academic
software tools and modeling methods
against this database.

Future Imaging Technology Initiatives

In 2010, the Cancer Research UK agreed

to have its four molecular imaging centers
collaborate with NCI's QIN and NTR to
develop international resources for quanti-
tative imaging.
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As progress is made in the development

of novel therapies directed at several
molecular targets, it is important to ensure
that the performance of current and next-
generation imaging platforms is maintained
for basic and clinical research investiga-
tions for several years. To meet these
increasing performance requirements, it is
important to leverage research resources
and maintain consensus on imaging
standards across NIH and international
funding agencies. Specific foci include:

¢ QIN: Informatics and imaging archiving

standards required for data integration—
clinical decision making

NTR: Expand the range of the imaging
platforms to be developed and validated
to provide the imaging tools necessary
to support CIP interest in the role
addressing “systems biology” in vivo,
such as multiparametric imaging of stem
cell pathways. An example initiative

is the emerging role of microMRI for
imaging at resolution scales close to

the cellular level with the potential for
enhanced investigations of metastatic

cancer with several orders of magnitude

to host the anticipated exponential . i o )
of improvement in sensitivity, particu-

growth of shared images and metadata

while meeting caBIG interaperability larly for preclinical investigations.

NETWORK FOR TRANSLATIONAL RESEARCH CENTERS AND
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Imaging Informatics

National Biomedical Imaging Archive

The National Biomedical Imaging Archive
(NBIA) provides a multiplicity of research
image data collections that encourage

the development of reliable, quantitative
measurement of change over time by
supplying temporally longitudinal clinical
response imaging studies to a wide research
community. T