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PREFACE

In these pages, we describe the Programs and Initiatives of the Division of Cancer Treat-
ment and Diagnosis (DCTD), providing a multi-year review of the research activities 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 advances from 2013 through 2017
and outlines important highlights that have helped to improve the diagnosis and treatment
of cancer.

One of our greatest challenges is to increase the speed with which new treatments are
brought to the millions of Americans with cancer. DCTD has continued efforts to streamline
the drug discovery and development process. The NCI Experimental Therapeutics (NExT)
Program allows researchers to enter candidate agents into the NCI pipeline at a number of
key steps, including: target development or high throughput screening, the facilitation of
chemical optimization of potential lead molecules, preclinical toxicology, formulation,

DR. JAMES H. DOROSHOW

development of biologicals, pharmacokinetic/pharmacodynamic assay development, and
DIRECTOR, NCI DIVISION

OF CANCER TREATMENT
AND DIAGNOSIS nology concerns, may apply for access to NCI resources and expertise in any of these areas.

the initiation of early phase clinical trials. Researchers from academic sites, or from biotech-

Our goal is to facilitate the development of novel molecules that are not a major focus of
current pharmaceutical research; several ongoing projects are now undergoing first-in-human clinical trials. The development
of the NCI Patient-Derived Models Repository has enhanced access of academic investigators to molecularly- and clinically-
characterized patient-derived xenografts and early passage conditionally-reprogrammed cell lines to facilitate development
of novel investigational drug combinations and to further the development of molecular criteria for treatment selection.

During the past four years, the efforts of DCTD to improve its national clinical trials program have continued at a rapid pace,
including consolidation of the Adult U01 Phase 1 and NO1 Phase 2 Programs into a single NCI Experimental Therapeutics
Clinical Trials Network (ETCTN). In concert with this reorganization, the NCI made major changes in its existing late stage
clinical trials infrastructure, consolidating the ten prior Cooperative Groups into the five members of the NCI National Clinical
Trials Network (NCTN). To support these activities, the NCI’s single Central Institutional Review Board (CIRB) was expanded
to include four Boards to cover early and late stage adult therapy trials, pediatric clinical studies, and cancer prevention investi-
gations. The expanded Cancer Trials Support Unit (CTSU), a unified Medidata Rave clinical trial management system for

all network trials, and a revitalized CTEP Clinical Trials Enterprise IT System are now capable of meeting the needs of studies
used for FDA registration, and of providing a much enhanced auditing and clinical trial tracking capacity. As expected, the
NCTN has been able to rapidly develop, accrue, and complete new generations of genomically-based clinical trials (such as
NCI-MATCH) carried out across a national clinical research infrastructure with enhanced research capabilities. Similar results
with respect to the initiation of a new generation of early-phase precision oncology studies that incorporate state-of-the-art
immunologic and molecular characterization are now a consistent feature of all ETCTN trials.

In addition to these major DCTD efforts, we are providing summaries of recently established priorities and scientific advances

across a wide variety of diagnostic and therapeutic domains made possible by the many talented and committed staff members
throughout the division. It is my privilege to work with these dedicated individuals.

DCTD PROGRAMS AND INITIATIVES (2013-2017)



OVERVIEW

DCTD supports the development of novel diagnostic
and therapeutic approaches for cancer by expediting the
initial and subsequent large-scale testing of new agents,
biomarkers, imaging tests, and other diagnostic and
therapeutic interventions (radiation, surgery,
immunotherapy) in patients.

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

The Biometric Research Program (BRP) provides state-of-
the-art expertise in the areas of biostatistics, bioinformatics
and computational biology for research areas of the DCTD

and other NCI components.

The Cancer Diagnosis Program (CDP) stimulates, coordi-
nates, and funds specimen resources, databases related

to those specimens, and research on in vitro diagnostics
and improved technologies to better characterize tumors,
leading to improved patient treatment.

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. Among these are
nanotechnologies and artificial intelligence methods to
extract comprehensive non-visual information from
medical images to predict biological and clinical correlates.

The Cancer Therapy Evaluation Program (CTEP) functions
as DCTD’s primary clinical evaluator of new anticancer
agents, radiation treatments, and surgical methods. To
accomplish this, the program administers the National
Clinical Trials Network (NCTN) and the Experimental
Therapeutics Clinical Trials Network (ETCTN) along

with several specialty networks in immunotherapy, brain
tumors, and pediatric cancers.

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 preclinical research
materials and pharmacologic services to extramural
investigators, and also manufactures new agents in bulk
quantities for use in clinical studies conducted under

U.S. Food and Drug Administration (FDA) Investigational
New Drug applications.

The Radiation Research Program (RRP) provides expertise
to investigators who perform novel research in radiation
oncology, biology, physics and technology, systemic
radionuclides and other sources of energy (hyperthermia
and photodynamic therapy). The Program also assists in
establishing future directions for radiation research related
to cancer and normal tissue injury.

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

The Developmental Therapeutics Clinic (DTC) is located
in the NIH Clinical Research Center (CRC) on the Bethesda
campus; it works in concert with the Center for Cancer
Research to perform early phase clinical trials that include
development of pharmacodynamic assays for subsequent use
in the extramural community as part of the Experimental
Therapeutics Clinical Trials Network (ETCTN).

DIVISION OF CANCER TREATMENT AND DIAGNOSIS
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Dr. James H. Doroshow has been the Deputy Director
for Clinical and Translational Research of the National
Cancer Institute since 2011, and the Director of NCI's
Division of Cancer Treatment and Diagnosis since 2004.
He continues to pursue his own research program as a
Senior Investigator in the Developmental Therapeutics
Branch of the NCI’s intramural Center for Cancer
Research. He is the author of over 450 full-length
publications in the areas of molecular pharmacology, the
role of oxidant stress in tumor cell signal transduction,
and novel therapeutic approaches to solid tumors.
From 1983 to 2004, Dr. Doroshow was the Chairman
of the City of Hope Comprehensive Cancer Center’s
Department of Medical Oncology and Therapeutics
Research, and Associate Cancer Center Director for
Clinical Investigation. He has served on the Oncologic
Drugs Advisory Committee of the U.S. Food and Drug
Administration, the Medical Oncology Board of the

DCTD PROGRAMS AND INITIATIVES (2013-2017)

American Board of Internal Medicine, and as Chair of
two NIH study sections: Experimental Therapeutics Il
and Subcommittee A, Cancer Centers. He is currently

a member of both the Forum on Drug Discovery,
Development, and Translation and the National Cancer
Policy Forum of the National Academy of Medicine

of the National Academies of Science. He is also the
Associate Editor for Oncology of the 25th Edition of
the Cecil Textbook of Medicine. Dr. Doroshow received
his A.B. degree magna cum laude from Harvard College
in 1969 and graduated from Harvard Medical School

in 1973. Following an Internal Medicine residency at
the Massachusetts General Hospital, he completed a
fellowship in Medical Oncology at the Medicine and
Clinical Pharmacology Branches of the National Cancer
Institute, NIH.
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Dr. Toby T. Hecht
Deputy Director

Additional DCTD information is available at
http://dctd.cancer.gov and http://cancer.gov.
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MAJOR INITIATIVES

SUPPORTING THE
CANCER COMMUNITY
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CURRENT RESEARCH EMPHASIS

DCTD supports research across the entire spectrum of areas
related to diagnostic and therapeutic approaches to the treat-
ment of cancer. Figure 1 depicts the distribution of the nearly
$976 M in grant funding managed by DCTD in 2016 across
the seven Programs with grant portfolios.

FUTURE RESEARCH EMPHASIS

Over the recent past, the NCI has had the opportunity

to participate in two major strategic planning programs

(the NIH Precision Medicine Initiative and the Beau Biden
Cancer Moonshot Initiative) that have identified major

areas of research emphasis that are poised for rapid progress.
Additional resources for the NCI to support these initiatives
have permitted DCTD to make a concerted effort to increase
funding for the research community in the following areas
of emphasis:

MECHANISMS OF CANCER DRUG RESISTANCE
AND SENSITIVITY

* Development of combination targeted and immunothera-
pies to overcome resistance in clinically relevant models

* Understanding the role of the tumor microenvironment
in driving drug and immunotherapy resistance

* Understanding the evolution of therapeutic resistance
by longitudinal studies of human tumor biopsies and
circulating molecular tumor components

DEVELOPMENT OF IMPROVED PATIENT-DERIVED
MODELS TO ENHANCE EARLY PHASE
CLINICAL TRIALS

* Development of a consortium of NCI-Designated Cancer
Centers to produce and standardize the development and
molecular characterization of patient-derived xenograft
models of understudied human tumors

 Coordination of testing of novel targeted therapeutic
agent combinations in pre-clinical patient-derived
xenograft (PDX) trials to develop the rationale for
subsequent clinical studies in the NCI's ETCTN

DEVELOPMENT OF CANCER IMMUNOTHERAPY
BIOMARKERS

* Development of a laboratory consortium to standard-
ize the methodology for analyzing tumor specimens
and associated microenvironmental elements for the

1% "%
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s DTP - $248,010,065

== OCCAM - $2,095,501
== (DP - $103,550,726
== C|P - $184,062,674
m= CTEP - $278,000,000

FIGURE 1: DISTRIBUTION OF DCTD 2016 GRANT FUNDING ACROSS PROGRAMS.

expression and interaction of immunomodulatory
molecules from patients entered on immuno-oncology
clinical trials

* Development of reagents for novel immunobiomarker
analytes

* Development of an information system for the storage,
evaluation, and sharing of both clinical and immuno-
biomarker data developed from the clinical samples
examined by the consortium for patients entered on
immunotherapy clinical trials

NEW CANCER IMMUNOTHERAPY MODEL SYSTEMS

 Utilization of the NCI's Comparative Oncology Network of
Veterinary Oncology Centers to conduct clinical trials of
immunotherapy agents in spontaneous canine malignancies

* Production of clinical grade canine immunotherapy
drugs, as well as reagents for the development of canine
immuno-biomarkers, essential for these clinical trials and
associated pharmacodynamic investigations

UNDERSTANDING THE MICROENVIRONMENT
OF PANCREATIC CANCER TO ENHANCE
IMMUNOTHERAPEUTIC OPTIONS

* Understanding the intracellular crosstalk leading
to the immunosuppressive microenvironment of
pancreatic ductal adenocarcinomas

* Development of a tissue resource for studying the
pancreatic cancer microenvironment

* Development of improved antigen selection and
biomarker development methods for pancreatic
cancer immunotherapy

DIVISION OF CANCER TREATMENT AND DIAGNOSIS



CURRENT PROGRAMS AND INITIATIVES

NCP’S PRECISION MEDICINE TRIALS

In 2014, NCI launched a series of clinical studies whose over-
all aim is to use more precise diagnostics to select patients
for therapies that target particular molecular abnormalities.
These initiatives take advantage of next generation sequenc-
ing (NGS) technologies to look for changes in tumor DNA,
with some including additional technologies to search for
changes in tumor protein levels. By making these studies
accessible via NCI’s National Clinical Trials Network (NCTN)
and Experimental Therapeutics Clinical Trials Network
(ETCTN), patients treated at centers large and small, in

cities and in rural communities, have access to these new
approaches for cancer diagnosis and therapy. The general
goals, eligibility criteria, study designs, and planned outcome
analyses for each study are described below. Information

for physicians is available at the following websites: www.
cancer.gov (NClI/clinical trial information) and www.ctsu.org
(Cancer Trials Support Unit (CTSU)/Patient Enrollment).

NCI Molecular Analysis for Therapy Choice
(NCI-MATCH)

NCI-MATCH, which opened for enrollment in August 2015,
is a prospective clinical trial that requires a tumor biopsy
before enrollment for the performance of targeted NGS sup-
plemented by immunohistochemical (IHC) or fluorescence
in situ hybridization (FISH) assays. The targeted NGS assay,
which sequences approximately 250 genes, and the supple-
mental IHC and FISH are performed in one of four Core
Clinical Laboratory Improvement Amendments (CLIA)-
certified laboratories. The 250 genes were carefully selected
for their alignment with a targeted agent that has demon-
strated activity in a human tumor carrying that genetic
abnormality. The study reached its accrual goal of screening
6000 patients two years ahead of schedule in May 2017 with
a total of 30 targeted agents available in parallel Phase 2 trials
conducted under the NCI-MATCH umbrella. The results of
NGS assays on freshly biopsied tumors guided the assign-
ment of patients to a treatment option hypothesized to target
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the specific molecular abnormality in their tumor. Agent

selection based on the molecular findings of the biopsy was
rule driven in the protocol rather than based upon decisions
by a tumor board. In the event of more than one mutation
or abnormality in a patient’s tumor, decision rules were
developed to select which genetic abnormality, and therefore
treatment option, would predominate.

NCI-MATCH is evaluating Food and Drug Administration
(FDA)-approved agents outside of their approved indication,
as well as investigational drugs that are not yet approved

but have demonstrated evidence of activity against a known
target in a specific human tumor. An agent known to be inac-
tive in a certain type of cancer (i.e., BRAF inhibitors of the
V600E mutation in colon cancer) is not evaluated in those
patients. Conversely, NCI-MATCH also does not compete
with currently open NCI-sponsored trials or trials by NCI’s
pharmaceutical partners. For example, BRAF inhibitors have
been shown to be effective in melanomas containing the
BRAF V600E mutation, but it is not known if other cancer
types with the same mutation are as responsive. Thus, a
sarcoma patient with a BRAF V600E mutation, but not a
melanoma patient with the same mutation, could receive
treatment with a BRAF inhibitor in this study. Similarly, a
melanoma patient, but not a breast cancer patient, with a
human epidermal growth factor receptor 2 (HER2) amplifi-
cation could be treated with a HER2-targeted agent.

Eligible patients have to be greater than 18 years of age, have
good performance status and adequate organ function, and a
solid tumor or lymphoma that has progressed on at least one

standard therapy for metastatic or advanced disease. Patients
must be willing and able to undergo a re-biopsy of their
tumor before enrolling on the study. Following assignment
to a specific study drug based on the molecular abnormality
of their tumor, patients are subsequently evaluated for tumor
response and progression-free survival (PFS). Each arm of
the trial will ultimately have approximately 30 evaluable
patients receiving the same agent, all of whom meet the
molecular eligibility criteria, but do not necessarily have

the same tumor type. Patients whose tumors progress are
removed from the study. They and their doctor will receive

a report of the molecular analyses performed in the CLIA
laboratory, including a list of the genes tested, in the hope
that the information may be useful for future treatment
choices. Additionally, any patient with progressive disease

is eligible for re-biopsy to identify potential new actionable
mutations for which another targeted study agent would be
appropriate. One goal of NCI-MATCH is to find signals of
activity with targeted agents in a wide variety of histologies.
Additional follow-up Phase 2 studies are likely to be needed
to evaluate any active targeted agent(s) in a larger number of
patients with both the precise molecular abnormality and the
histologies that showed a good response to determine if and
where the agent will be of ultimate value.

NCI-MATCH is available to all members of the four NCTN
Adult Groups. ECOG-ACRIN leads the study in partner-
ship with NCI, and it is accessible via the CTSU. The study
received 6,397 patient referrals and performed molecular
profiling for the 5,962 patients who sent in biopsy samples.
With a 93% assay success rate, a total of 992 patients could be
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matched to a therapy based on the molecular abnormalities
found in their tumors. Due to the high rate of accrual (over
100 patients screened weekly), enrollment occurred more
rapidly than expected, and the biopsy phase of the study was
closed in May of 2017. An interim demographic analysis of
the first 795 patients is available.

Outside Assay/Rare Variant Initiative

While the high rate of accrual enabled NCI-MATCH to
successfully reach its goal of screening nearly 6,000 patients,
there remained arms that were not yet “filled” at that point,
particularly in rarer tumors. The Outside Assay / Rare Vari-
ant initiative was thus conceived to help complete accrual

to those arms using a different mechanism for molecular
profiling. During the time that NCI-MATCH has been
open, the availability to NGS tumor profiling has expanded
through commercial companies and academic laborato-
ries. As many patients are now opting to have their tumor
sequenced, the decision was made to work with designated
laboratories outside of the NCI-MATCH laboratory network.
Two commercial companies (Foundation Medicine Inc. and
Caris Life Sciences) and three academic laboratories (MD
Anderson Cancer Center, Massachusetts General Hospital
and Memorial Sloan Kettering) would notify the ordering
physician of patients who are potentially eligible for an
NCI-MATCH treatment arm. Additional laboratories are
also being recruited to refer patients to NCI-MATCH.

Interested and eligible patients will have their outside
assay result confirmed using the NCI-MATCH assay on
an archived tissue specimen, preferably from the same
tissue that was analyzed by the outside laboratory. Patient
enrollment and treatment on the appropriate trial arm,
however, will not be delayed pending confirmation.

While the primary goal of this initiative is to enable complete
enrollment of the rare variant arms of the NCI-MATCH
trial, a secondary outcome is setting the stage for Precision
Medicine trials in the future by aligning trials with current
practices in the genetic analysis of tumors.

NCI-COG Pediatric MATCH
The NCI-COG Pediatric MATCH trial (Figure 2) is enroll-

ing children with advanced cancers that have progressed or
recurred on standard therapy. As in the adult NCI-MATCH

DCTD PROGRAMS AND INITIATIVES (2013-2017)
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trial, DNA sequencing will be used to identify children and
adolescents between the ages of 1 to 21 years whose tumors
have a genetic abnormality for which either an approved or
investigational targeted therapy exists. Pediatric MATCH is
led by the NCTN Children’s Oncology Group and opened for
accrual in July of 2017. Patients with all types of solid tumors
are eligible for the trial, including central nervous system
tumors and non-Hodgkin lymphomas as well as histiocytic
disorders, as long as tissue is available from the time of tumor
recurrence or progression. In the case of brain stem gliomas,
a diagnostic biopsy can be submitted. The trial opened
initially with seven treatment arms, with the intention to

add several more shortly thereafter. A minimum of twenty
patients will be enrolled on each treatment arm, with the
ability for expansion if 3 or more responses are observed.
Enrollment is expected to be approximately 200-300 patients
per year, with the overall goal of screening a minimum of
1,000 pediatric patients.

Several of the treatment arms include agents never before
evaluated in children. Discussions with investigators at the
NCI, COG and FDA resulted in the decision that inclusion
of such agents in Pediatric MATCH could be considered if
an adult recommended Phase 2 dose had been identified
and upon careful review of the observed adult toxicities.
The pediatric patients are monitored closely for these, and
other, toxicities. In this way we hope to be able to offer
pediatric patients as many targeted agents as possible.

One of the unique aspects of Pediatric MATCH is the
submission of peripheral blood at the time of enrollment

for germline DNA sequence analysis. If a genetic abnormal-
ity is identified in the tumor, the treating physician will be
informed whether it was inherited or arose de novo, enabling
recommendations for genetic testing/genetic counseling to
the family.

Adjuvant Lung Cancer Enrichment Marker
Identification and Sequencing Trial (ALCHEMIST)

Agents targeting the epidermal growth factor receptor
(EGFR) and the ALK-EML4 fusion protein both result in
durable responses and an improvement in PFS in patients
with advanced lung adenocarcinoma and the appropriate
mutation. This study, which began in 2014, examines wheth-
er the addition of erlotinib (EGFR inhibitor) or crizotinib
(ALK inhibitor) to standard adjuvant therapy, when indicat-
ed, in patients with resectable, early-stage lung cancer (stage
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1B - 3A) containing the pathognomonic molecular changes
will result in improved survival. Screening of eligible patients
occurs under a common, screening study (Figure 3). A poly-
merase chain reaction (PCR)-based assay identifies EGFR
mutations, and the FDA-approved break-apart FISH assay is
used to reveal ALK fusions. Patients with tumors exhibiting
EGFR activating mutations are randomized to receive stan-
dard chemotherapy +/- erlotinib and, similarly, patients with
tumors exhibiting the ALK fusion are randomized to receive
standard chemotherapy +/- crizotinib. Because EGFR muta-
tion and the ALK fusion occur in only 15% and 5% of early
stage lung cancer, respectively, an estimated 8,000 patients
will need to be screened in order to identify a patient popula-
tion large enough to power the randomized clinical trials.

Although there is reason to be hopeful that these targeted
therapies will improve patient outcomes, their actual
contribution to improving survival is unclear. Only an
appropriately sized, randomized trial of this type can answer
this question definitively. That being said, however, a large
percentage of these patients, perhaps half, are unfortunately
destined to relapse, so better therapy is indeed necessary.
This study enters all patients screened into a registry for
long-term follow-up. All screened patients are evaluated
with an epidemiologic questionnaire, and tumor samples

from their surgical resection are sent for whole exome
sequencing (WES) and other “omic” research tests. All
patients are followed until relapse, at which time another
tumor sample is procured to evaluate the genomic progres-
sion of these treated tumors.

The trial was amended in 2016 to include a third arm using
the PD-1 inhibitor, nivolumab, that was proven active in
patients with advanced non-small cell lung cancer (NSCLC).
Unlike the other two arms of the trial, which are limited to
adenocarcinomas, patients with squamous or non-squamous
histology are eligible for this arm of the trial. As of the end of
2017, over 2650 patients have been screened for this trial.

Lung Master Protocol (Lung MAP)

This clinical trial design is a novel approach to drug devel-
opment and regulatory approval as a second-line treatment
for advanced squamous cell carcinoma of the lung. Patients
whose tumors have progressed after front-line therapy for
advanced disease have their treatment selection based upon
the molecular profiling results of their tumor from an NGS
panel of approximately 250 selected genes. Tumor specimens
for profiling can come from a sample derived at diagnosis

or at any other point during care. There is no charge to the
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Flow diagram based on lung cancer diagnosis and results of gene-specific mutation analysis.
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FIGURE 4: FLOW DIAGRAM OF THE LUNG MAP TRIAL WITH DECISIONS MADE ON THE BASIS OF MOLECULAR PROFILING OF AROUND 250 GENES IN THE

PATIENT TUMORS.

patient for the molecular profiling, and they are able to
obtain their test results if there is progression of their tumor
after having received study treatment.

Patients with abnormalities in specific molecular pathways,
such as phosphoinositide 3-kinase (PI3K), fibroblast growth
factor receptor (FGFR), EGFR, or RAS pathways are treated
on a single-arm study with an agent targeting the abnormal
pathway. If the patient’s tumor profile does not show an
abnormality in one of these pathways or their tumor pro-
gresses on the targeted therapy, they are eligible to participate
in the non-targeted arms of this study, which are currently
testing second and third-line immunotherapy regimens.

In view of the relative rarity of these genetic changes, this
approach of combining several targeted agents into a single
trial represents an efficient way to develop new agents from
different companies in the advanced cancer setting by
sharing the initial screening expense. The common screening
platform effectively allows patients an opportunity to receive
a treatment appropriate for their specific tumor and leverages
NCTI’s NCTN to provide accessibility across the United States.
SWOG is conducting this study for the NCTN, and it is avail-
able via the CTSU. Collaboration between the NCI, SWOG,
the Foundation for the National Institutes of Health, the

DCTD PROGRAMS AND INITIATIVES (2013-2017)

Friends of Cancer Research, and multiple company partners
has enabled the unique framework of this trial design. In
addition, FDA has contributed regulatory advice about how
best to design and conduct this unique trial. As of the end of
2017, over 1,460 patients have been screened for the trial.

NCI Molecular Profiling Based Assignment of
Cancer Therapy (NCI-MPACT)

The goal of this double blind, randomized pilot trial is

to establish whether advanced cancer patients who have
exhausted standard treatment options with proven benefit,
and whose tumors have mutations in one of three genetic
pathways (DNA repair, PI3K, or RAS/RAF/MEK), are more
likely to derive clinical benefit from treatment with agents
targeting their mutated pathway compared to a non-targeted
therapy. Each patient is randomly assigned to receive the
recommended Phase 2 dose of either a study drug identified
to work on their tumor’s mutation/aberrant pathway, or an
agent from the complementary set not targeting their tumor’s
specific mutation. The treatment arms are everolimus (PI3K
pathway), trametinib (RAS/RAF/MEK pathway), and AZD
1775/ carboplatin or veliparib/temozolomide (DNA repair
pathway). The objective is to compare the response rate
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(complete + partial responses) and/or 4-month PFS of both
arms. All patients are biopsied at the time of study entry, and
only those with a predefined mutation of interest are enrolled
in one of the randomized arms.

The NCI-MPACT trial initially opened at the NCI Develop-
mental Therapeutics Clinic (DTC), within the NIH Clinical
Center, to test the feasibility of trial design in 60 patients
prior to opening it in the ETCTN at sites across the U.S. In
the first 60 patients, 92% of the biopsies were evaluable. At
least one actionable mutation was found in 55% of the biop-
sied patients, and of these patients, 70% started treatment. As
of December 2017, this trial has accrued over 191 patients.

In conclusion, these five studies exemplify how NCI is
utilizing its ETCTN and NCTN clinical trials networks to
conduct large-scale studies that require genetic screening for
the detection and targeted treatment of molecular abnormal-
ities that may be infrequent even in common tumors. These
NCI-supported networks offer a single registration pathway,
a uniform informatics system for data management, and a
centralized ethics review board that enable them to perform
clinical trials involving specific subsets of patients.

| RANDOMIZATION |
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PRECISION MEDICINE INITIATIVE (PMI) -
ONCOLOGY SUPPLEMENTS

In 2016, President Obama announced the creation and
funding of a Precision Medicine Initiative (PMI) that focused
resources in this area for NIH, NCI, and FDA. As part of
NCT’s contribution to this initiative, DCTD directed the new
funding towards expanding its portfolio of genomic-based
clinical trials, improving our understanding of resistance to
targeted agents and drug combinations, and developing a
mechanistic understanding of immunotherapy. The Precision
Medicine Initiative in Oncology (PMI-O) was also focused
on improving pre-clinical models for evaluating targeted
therapeutics. Finally, a major component of this overall effort
was the 2016 launch of NCI’s Genomic Data Commons
(GDC), a data repository that will store and make available
complex genomic data to researchers. Molecular data from
DCTD-supported clinical trials will be deposited into the
GDC in order to foster and encourage data mining and sec-
ondary analyses by a broad range of investigators.

To begin this initiative, and to accelerate progress in multiple
areas, DCTD announced a series of administrative 1-year
supplement awards for 2016. Eligible parent grants for these

Assign treatment
identified to target
mutation

Arm A

&

DISEASE
PROGRESSION

F 3

Assign treatment
MOT identified to
target mutation

Arm B

FIGURE 5: SCHEMA FOR THE MULTICENTER NCI-MPACT TRIAL. AN AMENDMENT IS IN PROGRESS THAT WILL ADD AN IMMUNOTHERAPY ARM TO THIS TRIAL
FOR ALL PATIENTS WHO DO NOT HAVE A QUALIFYING ACTIONABLE GENETIC MUTATION.
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supplements included P30 (Cancer Centers), P50 (SPORES),
and UM1 / U10 Cooperative Agreements (ETCTN and
NCTN, respectively).

The six scientific areas that were supplemented and the
number of supplements provided are listed below:

1. Improvements and Optimization of T-cell Therapies and
c¢GMP Manufacturing Processes for Production of Autol-
ogous T-cell Therapy Products Targeting Solid Cancers
- 3 awards

2. Biomarker Studies Associated with NCI-supported Clini-
cal Trials of Immunotherapy - 13 awards

3. Mechanisms of Cancer Sensitivity and Resistance to
Therapy Utilizing Samples and Information from Human
Clinical Trials — 10 awards

4. Administrative Supplements for Research in Canine
Immunotherapy via Collaboration of NCI-designated
Cancer Centers and Veterinary Medical Colleges - 8
awards

5. Studies of How the Microenvironment of Pancreatic
Ductal Adenocarcinoma Affects Immunotherapy - 9
awards

6. Collaborative Research Efforts to Enhance Preclinical
Drug Development and Preclinical Clinical Trials Utiliz-
ing Patient Derived Xenograft (PDX) Models - 10 awards

In total, 53 awards were made for this supplement initiative
from a total of 144 applications.

NCI NATIONAL CLINICAL TRIALS NETWORK
(NCTN)

On March 1, 2014, after several years of extensive consul-
tation and coordination with numerous stakeholders, NCI
transformed its longstanding Cooperative Group Clinical
Trials program into the new NCTN for the conduct of large-
scale, national oncology treatment and advanced imaging
clinical trials in the era of precision medicine.

Recent advances in deciphering the cancer genome that
enabled the development of targeted therapies, such as ima-

DCTD PROGRAMS AND INITIATIVES (2013-2017)

tinib (Gleevec®), erlotinib (Tarceva®), crizotinib (Xalkori®),
and vemurafenib (Zelboraf®), along with the emergence of
successful immunotherapies, such as nivolumab (Opdivo®),
pembrolizumab (Keytruda®), and ipilimumab (Yervoy®), have
fundamentally changed our approach to cancer treatment
and have introduced new challenges to performing clinical
trials. To effectively treat cancer with targeted therapies, the
molecular signature of an individual’s tumor must first be
diagnosed with sophisticated genetic techniques; only then
can an appropriate therapy be selected. Due to the low inci-
dence of certain molecular abnormalities, the development of
targeted therapies often requires cancer clinical trials that can
screen large numbers of patients with the same or different
cancer type to identify those patients whose tumors contain
the distinct molecular targets of the therapies being tested.
Immunotherapeutic approaches also present a similar chal-
lenge in that not all tumor types respond to this approach,
and selecting the cancer types most likely to respond is
critical for success.

With its state-of-the-art clinical trials infrastructure, the
NCTN is poised to implement and complete trials far more
rapidly than in the past. For physicians and their patients,
important trials will be widely available throughout the
country, in large cities and small communities alike. The
NCTN has streamlined trial registration, data management,
and tumor banking processes. It has a Clinical Trials Support
Unit (CTSU) to provide online access to all materials and

a central institutional review board (CIRB) to make ethics
review easier and less redundant across the country. NCTN
offers access to innovative clinical trials that are available for
many common and an increasing number of rare cancers.
The restructured program also has appeal for industry
partners as evidenced by the large number of biotechnology
and pharmaceutical companies collaborating on a series of
precision medicine trials harnessing next generation DNA
and RNA sequencing methods to inform treatment choices.
NCTN's resources are ideal for screening large numbers

of patients to identify patients whose tumors exhibit the
molecular features that may be responsive to new, targeted
treatments and/or immunotherapy approaches. In addition,
biospecimens collected from patients on these trials may help
determine the underlying biological reasons for response and
resistance to therapy.
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Scientific Oversight Committees

The NCTN Groups propose concepts for new clinical trials,
based upon preclinical and early phase research, to the

NCI Disease / Imaging Steering Committees, which NCI
organized to evaluate and prioritize new clinical trials. Each
committee is led by non-governmental co-chairs who are
not permitted to hold a leadership position in any of the
NCTN Groups, although they can be group members. The
remainder of the committee membership consists of NCTN
group members selected by each group, representatives of
NCI-funded Specialized Programs of Research Excellence
(SPOREs) and Consortia, biostatisticians, patient advocates,
and NCI disease and biostatistical experts. These committees
evaluate and recommend to NCI those concepts most likely
to have the highest scientific and clinical impact.

NCTN Organizational Structure

The NCTN includes five U.S. Network groups and the Cana-
dian Collaborating Clinical Trials Network. Membership in
an NCTN group is based on criteria as defined individually
by each group. Sites can belong to more than one group, and

Canadian
Network

Centralized
COG Functions
(Pediatric)

NCORP
Site
Participation

FIGURE 6: NCI NATIONAL CLINICAL TRIALS NETWORK STRUCTURE.

membership in at least one group allows a site to participate
in the trials led by any NCTN group for which their inves-
tigators are qualified. Consequently, researchers from the
Lead Academic Participating Sites (LAPS), NCI Community
Oncology Research Program (NCORP) sites, other academic
centers, community practices, and international sites that are
full member of a Network group may all enroll patients onto
any NCTN trials if the sites meet all trial-specific require-
ments. In addition, clinical trials led by NCTN Groups may
utilize the Imaging and Radiology Oncology Core (IROC)
Group and the tissue banks when appropriate to support the
scientific needs of the trials.

NCTN Groups and Canadian Collaborating Clinical Trials
Network:

 Alliance for Clinical Trials in Oncology
e ECOG-ACRIN Cancer Research Group
* NRG Oncology

SWOG
* Children’s Oncology Group (COG)

* Canadian Cancer Trials Group (CCTG)

LEGEND

Centralized Functions:

¢ Centralized Institutional Review Board

* Cancer Trials Support Unit

* Imaging and Radiation Oncology Core
(IROC) Group

* Common Data Management System
Central Hosting

30 Lead Academic Participating Sites
(LAPS)

Operations
Statistics & Data Management

Tissue Banks

o & O @

Member Sites
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The NCTN Group Operations Centers are responsible for

developing new protocols and managing the regulatory,
financial, membership, and scientific committees of each
group as well as the conduct of the studies the group leads,
including safety monitoring. The NCTN Group Statistical
Centers are responsible for data management and analysis,
manuscript preparation, and study monitoring, in addition
to assisting in trial design and development. The Canadian
Network Group partners with the U.S. Network Groups in
the conduct of select, late-phase, multi-site clinical trials.

Each NCTN Group collects and stores tissue from consent-
ed patients in NCTN trials using a harmonized network of
tissue banks to facilitate additional research linking outcomes
to molecular diagnostics. Standard protocols ensure that the
tissues meet the high quality standards required for analysis
in the studies. Computerized records of the stored samples
contain important deidentified clinical data, such as the
patients’ treatments, treatment responses, and outcomes.
Patients in NCTN trials may also consent to the use of their
tissue specimens for studies beyond the NCTN trial in which
they are enrolled. The NCTN Tissue Bank Program is also
developing a controlled access, web-based data access tool

Vancouver
o

that will be available in 2018. Researchers, including those
not affiliated with the NCTN, will be able to query the avail-
ability of specific tissues and request review and approval to
obtain tissue samples for translational science studies.

NCTN Sites

Over 2,500 NCTN sites from across the United States enroll
patients in clinical treatment trials. These sites are augmented
by member sites from the Canadian Collaborating Clinical
Trials Network and other international member sites. The
map below illustrates the location of U.S. sites.

Community Hospitals and Medical Centers

Many investigators at community hospitals and medical
centers participate in NCTN clinical trials. These sites, as
well as a number of international sites, either receive research
reimbursement for their participation in NCTN trials
directly from one of the NCTN Groups with which they are
affiliated, or they receive direct awards from the newly devel-
oped NCORP. NCT’s Division of Cancer Prevention (DCP)
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FIGURE 7: NCTN SITES THAT ENROLLED PATIENTS IN 2014.
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consolidated their Community Clinical Oncology Program
(CCOP), Minority-Based Community Oncology Program
(MBCCOP), and NCI Community Cancer Centers Program
(NCCCP) into the unified NCORP program for the support
of community clinical trial participation.

Lead Academic Participating Sites (LAPS)

Thirty U.S. academic research institutions were selected as
LAPS. These sites have fellowship training programs with a
demonstrated ability to enroll high numbers of patients onto
NCTN trials, as well as to provide scientific leadership in
their design and conduct. The LAPS grant component of the
NCTN provides additional support to the selected institu-
tions for the increased level of patient data management
work required as a result of their high enrollment rate.

The 30 LAPS are:

* Case Western Reserve University - Case Comprehensive
Cancer Center

* Dana Farber/Harvard Cancer Center

* Duke Cancer Institute at Duke University Medical Center
* Emory University - Winship Cancer Institute

 Fred Hutchinson Cancer Research Center

* Indiana University Cancer Center

¢ Johns Hopkins University - Sidney Kimmel Comprehensive
Cancer Center

* Mayo Clinic Cancer Center
* Memorial Sloan Kettering Cancer Center

* Norris Cotton Cancer Center at Dartmouth Hitchcock
Medical Center

 Ohio State University Comprehensive Cancer Center
* Roswell Park Cancer Institute

¢ Stanford University — Stanford Cancer Institute

¢ University of Alabama at Birmingham

*  University of California Davis Comprehensive
Cancer Center

¢ University of Chicago Comprehensive Cancer Center

* University of Colorado Cancer Center
* University of Michigan Comprehensive Cancer Center

* University of North Carolina Lineberger Comprehensive
Cancer Center

* University of Oklahoma - Stephenson Cancer Center
* University of Pittsburgh Cancer Institute

* University of Southern California — Norris Comprehensive
Cancer Center

* University of Texas MD Anderson Cancer Center

* University of Texas Southwestern Medical Center -
Harold C. Simmons Cancer Center

* University of Utah - Huntsman Cancer Institute
* University of Wisconsin Carbone Cancer Center

* Vanderbilt University Medical Center — Vanderbilt
Ingram Cancer Center

*  Washington University at St. Louis — Siteman
Cancer Center

*  Wayne State University Barbara Ann Karmanos
Cancer Institute

* Yale University - Yale Cancer Center

Integrated Translational Science Awards

The NCTN contains a translational component, consisting
of seven academic institutions funded through an Integrat-
ed Translational Science Award (ITSA) to support teams of
translational scientists. These teams use innovative genet-
ic, proteomic, and imaging technologies to help identify
and qualify potential predictive biomarkers of response to
therapy that the NCTN Groups can incorporate into future
clinical trials. These awards leverage ongoing work in the
investigators’ laboratories, which is often supported in

part by other NCI grants, to assist the NCTN Groups

to bring new laboratory discoveries into clinical trials.
These laboratories employ cutting-edge technologies

that characterize tumors and identify changes in tumor
biology in response to treatment that may help explain
mechanisms of treatment resistance.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS
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The seven ITSA-funded institutions are:

* Children’s Hospital of Philadelphia

* Cold Spring Harbor Laboratory Cancer Center
*  Emory University - Winship Cancer Institute .
* Montefiore Medical Center

* Ohio State University Comprehensive Cancer Center

 University of North Carolina Lineberger Comprehensive
Cancer Center

* Washington University at St. Louis — Siteman Cancer
Center .

Imaging and Radiation Oncology Core (IROC)

To help monitor and ensure quality in trials that involve new
imaging modalities and/or radiation therapy, the NCTN
established a consolidated IROC to assist NCTN Groups
using these modalities in their trials. The consolidation of
these activities under the leadership of a centralized core
team improves efficiency and optimizes the use of these
resources by the entire network. This unique Quality Assur-
ance (QA) entity brings together imaging QA leaders and
specialists into a single, coordinated program designed to

NCTN Statistics
Grant Year 1 Grant Year 2
(3/1/2014 to 2/28/2015) (3/1/2015 to 2/28/2016)
Phase Studies/Screened/Accrued Studies/Screened/Accrued
Phase 1 13/0/155 6/0/158
Phase 2 95/221/2,606 10/767 /2,673
Phase 3 84 /1,50 /13,119 80/1,841/ 1,157
Other/Pilot 7/268/379 7/1,859/1,876
Total 199/1,639 /16,259 203/ 4,467 /15,864
Total # 17,246 18.553

Unique Patients

support the NCTN and other NCI-sponsored groups and
networks to carry out rigorous oncologic multi-center clin-

ical trials. Within the context of NCI-sponsored trials, the
IROC is tasked to provide:

Scientific expertise in advanced medical imaging, radio-
therapy, and information technology to support establish-
ment of appropriate QA procedures

Consultation to the NCTN Groups in the development
of research protocols early on in the process to assist
with hypothesis generation and trial design that can be
supported by effective QA programs

Resources for the efficient collection, qualification, analy-
sis, archive and transfer of images, radiotherapy plans and
associated clinical data

Qualification and credentialing policies and to help ensure
the delivery of appropriate protocol-specified radiothera-
py and advanced imaging

Medical officers and program directors of the Clinical

Trials Branch (CTB) of DCTD’s Cancer Imaging Program
developed the IROC RFA for imaging. CTB continues to be
involved in its operations and advises IROC as a member of
the IROC Advisory Committee.

Grant Year 3
(3/1/2016 to 2/28/2017)
Studies/Screened/Accrued

Grant Year 4
(3/1/2017 to 2/28/2018)
Studies/Screened/Accrued

7/3/71 5/23/65
114 /967 /2,620 105/565/ 2,548
75/1,730 /11,506 80/1912/12,349
7/5746 /2,669 6/3,219/1,300
203 /8,446 /16,872 196 /5,719 /16,262
22,089 17,298

TABLE 1: TOTAL NUMBER OF NCTN TREATMENT & ADVANCED IMAGING TRIALS OPEN TO RECRUITMENT, NUMBER OF PATIENTS SCREENED ON STUDY, AND
NUMBER OF PATIENTS ACCRUED TO THE INTERVENTION FOR EACH YEAR OF THE NCTN GRANT.

*The NCTN replaced the former Cooperative Group program on March 1, 2014. These figures show the number of studies, number of patients screened on study, and
number of patients who received the study intervention for the first four grant years of the NCTN. The unique number of patients includes those who were screened

on study and / or received the study intervention.

DCTD PROGRAMS AND INITIATIVES (2013-2017)
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Year Approved

for Indication Drug Sponsoring Organization Cancer Site
2004 Letrozole NCIC Clinical Trials Group (Canadian Cancer Trials Group) Breast
2004 Oxaliplatin North Central Cancer Treatment Group (Alliance for Clinical Trials in Oncology Group) Colorectal
2004 Taxotere SW0G Breast
2004 Nelarabine Children’s Oncology Group Leukemia
2006 Bevacizumab Eastern Cooperative Oncology Group (ECOG-ACRIN Cancer Research Group) Colorectal. Lung
W06 e e A o i Tl Oty G Beast
2006 Dasatinib SWO0G CML
2006 Sunitinib ECOG Renal Cell
2007 Lapatinib Cancer and Leuken:ligrg:oiepnga(ll-\fl?anncceer :gfiitlmir:l (T;rri(;lljsp{n Oncology Group) Breast
2008 rlnttyi;ii American College of Surgeons Oncology Group (Alliance for Clinical Trials in Oncology Group) ii:m:}tﬁjsr:zé:l
2009 Bevacizumab Cancer and Leukemia Group B (Alliance for Clinical Trials in Oncology Group) Renal Cell
2014 Bevacizumab Gynecologic Oncology Group (NRG Oncology) Cervix
2015 Dinutuximab Children’s Oncology Group Neuroblastoma
2017 Lenalidomide Alliance for Clinical Trials in Oncology Group Multiple myeloma
2017 Midostaurin Alliance for Clinical Trials in Oncology Group AML
2017 Cabozantinib Alliance for Clinical Trials in Oncology Group Renal cell
2018 Bevacizumab NRG Oncology Ovarian

TABLE 2: SELECTED NCTN TRIALS SUPPORTING FDA-APPROVED INDICATIONS.

Compressing Timelines for Development of

studies have a target development timeline of 300 days.

CTEP-supported Cancer Treatment Trials

The Operational Efficiency Working Group (OEWG) was
established in 2005 to advise the NCI on (i) strategies to
identify institutional barriers that prolong the time from
initial approval of a study proposal to opening the study
for patient enrollment, and (ii) to develop solutions to help
overcome these barriers. This collaborative effort included
representatives from the CTEP-supported clinical trials
network programs (both early and late-phase networks),
Cancer Centers, and other NCI Programs and Divisions.
The OEWG established specific protocol development
guidelines based on study phase. Phase I and Phase 2
studies now have a target development timeline (i.e., the
time from initial review of the study proposal to opening
of the study to patient enrollment) of 210 days. Phase 3

Trials not activated within 450 and 540 days, respectively, are
automatically disapproved.

Funding was provided to network sites for new staff positions
to monitor the protocol development process and institute
strategically planned conference calls between NCI staff and
its investigators to quickly resolve any timeline bottlenecks.
CTEP’s Clinical Trials Operations and Informatics Branch
(CTOIB) also developed a web-based service for investiga-
tors with 24/7 online access to information about the status
of their protocols during the review/approval and protocol
development process.

Following institution of the OEWG timeline processes in

April 2010, development times for Phase 1-2 studies between
April 2010 and May 2012 decreased by 18.3% from the his-

DIVISION OF CANCER TREATMENT AND DIAGNOSIS
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torical median. The initial experience with Phase 3 studies,
although more limited, demonstrated a 45.7% decrease from
the historical median'. It is anticipated that with more experi-
ence, continued reduction in protocol development timelines
will be achieved. A new initiative to further speed up trials
conducted in the ETCTN will provide drafts of initial proto-
cols based on the objectives, goals, and background for the
study set out by the principal investigators, incorporating all
of the standard template language required by the NCI’s Cen-
tral IRB. It is expected that standardized protocol authoring
will shorten the timeline for opening an early phase study by
two to three months.

Stopping Guidelines for Slow Accruing Clinical
Treatment Trials

Guidelines were also developed by NCI to monitor accrual

to CTEP-supported cancer treatment trials after studies are
opened for patient enrollment. These guidelines were first
developed for Phase 3 trials based on the historical expe-
rience of 239 CTEP-sponsored Phase 3 trials initiated on

or prior to 2000 that were open for more than 15 months.
Overall trial success was judged by whether the final trial
accrual was over 80% of projected. Based on development of
a validated model from historical experience, a cut-off of less
than 20% of the projected accrual by quarters 5 and 6 after
study opening was selected as the basis for termination of

a study due to poor accrual. These guidelines were institut-
ed in 2010 to monitor accrual on all Phase 3 trials and to
close a trial if this minimum level of accrual is not reached.
Aggressive early interventions are instituted if it appears that
a Phase 3 trial is at risk of not meeting this accrual milestone.
Additional monitoring of the study continues throughout its
accrual phase with appropriate interventions made as needed
if accrual appears too slow.

A similar process was undertaken by NCI to establish stop-
ping guidelines for CTEP-supported early phase clinical trials
(i.e., Phase 1, 1/2, and 2 trials). These early phase studies are
monitored through completion of quarter 2 accrual, and a
Corrective Action Plan (CAP) is developed if the study has
accrued less than 50% of the total patients at that time. Study
accrual rates are re-evaluated 6 months after the implemen-
tation of the CAP to ensure the accrual rate is adequate, and
if not, the study may be closed. As with Phase 3 trials, aggres-
sive early interventions are instituted if it appears a trial is at

! Abrams ]S, et al; ] Natl Cancer Inst 2013 Jul 3;105(13):954-9
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risk of not achieving adequate accrual to complete the study

in the time projected by the investigators.

NCI EXPERIMENTAL THERAPEUTICS CLINICAL
TRIALS NETWORK (ETCTN)

Since the early 1970s, CTEP has managed an early phase
experimental therapeutics program that has contributed to
the clinical development of many anticancer agents. Through
this program, hundreds of agents, both conventional and
immunologic, have been made available for collaborative
development. CTEP currently holds approximately 100
Investigational New Drug Applications (INDs) for investiga-
tional agents. Effective development of these agents requires
a systematic development plan for Phase 1 and pilot trials,
followed by Phase 2 trials that, it is hoped, will conclude in
definitive Phase 3 trials. NCI has formed partnerships with
the pharmaceutical industry, academic institutions, and
individual investigators for the early clinical evaluation of
innovative cancer therapies. In 2014, the ETCTN was created
to evaluate these therapies using a coordinated, collaborative,
and inclusive team-based approach to early phase experi-
mental therapeutic clinical trials.

The objectives of the ETCTN are to:

* Conduct early clinical trials of NCI-IND agents in high
priority areas of unmet medical need

* Ensure efficient and timely activation and conduct of
these clinical trials



* Integrate preclinical findings using clinical samples for
biomarker analysis

* Promote collaboration among institutions and investigators

* Integrate molecular characterization, pharmacology,
cancer biology, and imaging into clinical trials

ETCTN clinical sites (Figure 8) participate in the Phase 1 and
Phase 2 Programs, which are supported by NCI UM1 grants
and cooperative agreements as supplements to the existing
UMI1 grants, respectively. By integrating Phase 1 and Phase 2
Program activities and administrative operations under the
UMI structure, ETCTN awardees have the flexibility to expand
Phase 1 studies quickly upon the detection of early activity.

The development of a robust infrastructure to support the

conduct of trials in the network has been critical to the
success of the ETCTN. The components of the ETCTN
infrastructure are depicted in Figure 9 and described in
greater detail below.

Program Infrastructure

1. CTEP-Identity and Access Management (CTEP-IAM)
Investigators and Associates register for an account
that enables access to the other applications (CTSU,
OPEN/IWRS, Rave, CTEP Enterprise).
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FIGURE 8: ETCTN PHASE 1 AND PHASE 2 PROGRAM SITES.

sy M, ;
z:x:::‘
Institute

O etcinLAo
@ ETCTNAO
o EDDOP AccruallLeadership Sites

@ NCI Cancer Centers

LAO = Lead Academic Organization; AO = Academic organization; EDDOP = NCI Early Drug Development Opportunity Program
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. Cancer Trials Support Unit (CTSU)
Provides a variety of services, including a roster of institu-

tions and medical personnel; website support for posting
of protocols and other information; and links to other
services (OPEN/IWRS, Rave).

NCI Central Institutional Review Board (CIRB)
Conducts IRB review of most early-phase NCI-sponsored
trials, including ETCTN studies.

Oncology Patient Enrollment Network (OPEN)/Inter-
active Web Response System (IWRS)

Linked applications for patient enrollment (OPEN), slot
reservations, and cohort management (IWRS). Data are
automatically transferred to Medidata Rave.

Medidata Rave
An application for data entry, data analysis, and clinical
trial management.

CTEP Enterprise System

An application for integrated clinical trials management
and reporting, including Serious Adverse Event (SAE)
reporting through the CTEP-Adverse Event Reporting
System (CTEP-AERS); ordering of investigational
agents; trial monitoring/audits; and Operational
Efficiency Working Group (OEWG) reporting.

Regulatory Support Services (RSS)

Serves as a centralized repository for regulatory
documents associated with all NCI-supported
multi-center clinical trials. The RSS provides a stream-
lined and comprehensive approach to collecting and
maintaining site registration, person, and institution
documentation essential to the management of
clinical trials.

1. Investigators and Associates register
with CTEP. CTEP IAM accounts are
required for access to applications.

Documents and CTEP-AERS;
Check Regulato ‘4" A M Agent Ordering;
Status = CTEP Cancer Therapy Monitoring/Audits;
Evaluation Program =
CTSU — \E nterprise OEWE Reporting

{

2. Access Protocol 8. Other Tasks:

1 WTIS

7. ETCTN Biorepository
and Accessioning

8. VWestat’ \
Regulatory Support e ,
@ Services (RSS) \36 NATIONWIDE CHILDREN'S

Track IRB-approved ICDs,
amendments, protocol versions,

3. Obtain CIRB FDA ﬁllngs Center
Approval \
THERADEX
ONCOLOGY

zmedidata

RAVE
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6. Enter and Manage
Patient Data; Web
Reporting; IWRS
Tracking

5. Protocol Authoring; PI Collaboration;
Agent-Specific Template
Development and Maintenance;

SAE Reporting

4., Enroll Patients

FIGURE 9: CENTRALIZED SUPPORT SERVICES FOR ETCTN.
IT data software systems provide the necessary infrastructure to support the access and reporting requirements for NCI-supported clinical trials.
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Activity Summary

From 2013 to 2017, investigators submitted 376 letters of
intent (LOI); 109 of these were submitted in response to

four mass solicitations issued in 2013 and 2014. During this
time-period, the following occurred within CTEP-sponsored
early-phase trials:

* Twelve ETCTN project teams were implemented with
14 agents, another 14 agents went through limited drug
development.

* 455 PTMA applications were received, 110 were approved.

* 94 of 376 (25%) LOI submissions were approved for pro-
tocol development.

¢ Thirty-two studies were administratively completed (12
were Phase 1 trials).

 Seventy-eight trials were completed (45 were from Phase
1 studies).

e 117 trials were closed to accrual or accrual and treatment
(74 were Phase 1 studies).

* Other studies completed or closed were pilot studies,
Phase 1/2 investigations, or early Phase 2 studies that fit
within the scope of the work performed using ETCTN
UM1 grant funding.

Currently, there are 88 active trials (includes ETCTN and
legacy UO1) of 52 investigational agents and 54 combinations
with one or more NCI investigational agents. The CTEP Phase 1
or 1/2 trials account for 60% of Phase 1 trials (excluding
pediatric studies) performed under NCI sponsorship.

The agent classes studied under the ETCTN include novel agents
that target relevant cancer cell signaling pathways, as well as
essential cellular machinery involved in the regulation of cell
survival and apoptosis, proliferation, and differentiation. Agents
include inhibitors of cancer stem cells, tyrosine kinases, epi-
dermal growth factor receptor, angiogenesis, mTOR, cell cycle
progression, histone deacetylases, the proteasome, heat shock
proteins, poly(ADP-ribose) polymerase (PARP), angiopoie-
tin 1 and 2, as well as some novel cytotoxic agents. Types of
agents under evaluation include small molecules, antibodies,
antibody-drug conjugates, vaccines, and an oncolytic virus.

The ETCTN also includes studies of special populations
(organ dysfunction), novel study designs (accelerated titra-
tion, isotonic design, continual reassessment method, and

other various randomized designs), and unique translational
efforts [pharmacodynamic (PD), pharmacokinetic (PK),
NGS]. Ongoing program endeavors include the molecular
characterization of all patients as appropriate, increasing
consortium collaboration through the ETCTN, and taking a
team-based scientific approach to the development of experi-
mental therapeutics projects, as described above.

NCI Early Drug Development Opportunity Program
(EDDOP)

Beginning in 2016, investigators from certain NCI-desig-
nated Cancer Centers not affiliated with the ETCTN may
submit LOIs and, if approved, receive full ETCTN support to
conduct the clinical trial. Non-ETCTN NCI Cancer Centers
will also be able to compete for administrative supplements
to enroll patients on select ETCTN Phase 2 trials. As of
Decmber 2017, 15 non-ETCTN NCI Cancer Centers have
successfully competed for EDDOP supplements to their
Cancer Center grants.

Notable Recent CTEP-Sponsored Early Phase Trials

Protocol 9434: Radiochemotherapy plus 3-amin-
opyridine-2-carboxaldehyde thiosemicarbazone
(Triapine, 3-AP, NSC #663249) in Advanced-Stage
Cervical and Vaginal Cancers

Principal Investigator: Charles Kunos, M.D., Ph.D. The Case
Western Reserve University, Case Comprehensive Cancer
Center

This single-arm Phase 2 trial assessed triapine-cispla-
tin-radiation treatment in women newly-diagnosed

with advanced-stage II-IV uterine cervix cancer. The
experimental therapeutic drug, triapine, compared to
hydroxyurea, has been established as a 1000x more
potent inhibitor of ribonucleotide reductase, a rate-limit-
ing enzyme responsible for new DNA precursors used by
the cancer cell for proliferation or repair. Triapine added
to standard-of-care cisplatin and radiation treatment
resulted in profoundly beneficial cancer cell death as
evidenced by clinical examinations and by metabolic
radiology imaging. Results indicated stabilization or
response in 96% of patients, which was interpreted as

a potential major improvement in the management of
uterine cervix cancer. A randomized Phase 2 trial in the
NCTN is now underway.
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Protocol 9825: A Randomized Phase 2 Study of
Combination Cediranib and Olaparib Versus Olapa-
rib Alone as Recurrence Therapy in Platinum-sensi-
tive Ovarian Cancer

Principal Investigator: Joyce Liu, M.D., Dana-Farber Cancer
Center

This randomized, open-label, Phase 2 study evaluated the

(21%) patients had a partial response (PR), and 19 (58%)
patients had stable disease. Ten patients (including one
who is HIV-positive) remain on study. The median PFS
was 4.1 months. Single agent nivolumab demonstrated
very promising activity, was well tolerated, and will lead
to further evaluation of immune checkpoint therapy in
metastatic SCCA.

activity of olaparib monotherapy compared with com-
bination cediranib and olaparib in women with ovarian
cancer with measurable platinum-sensitive, relapsed,
high-grade serous or endometrioid disease or those with
deleterious germline BRCA1/2 mutations (gBRCAm).

Protocol 9204: A Phase 1/1b Study of Ipilimumab in
Patients with Relapsed Hematologic Malignancies
after Allogeneic Hematopoietic Cell Transplantation

Principal Investigator, Matthew S. Davids, M.D., Dana-Far-
ber Cancer Center

The combination of cediranib and olaparib significantly
extended PFS by 8.7 months compared to olaparib alone
in recurrent platinum-sensitive ovarian cancer. More-
over, patients with germline wild-type BRCA1/2, who
were not expected to benefit from the PARP inhibitor
olaparib, experienced significant benefit when treated
with the drug combination. This combination is now
being studied in larger Phase 3 and Phase 2/3 trials in
patients with platinum-sensitive and platinum-resistant
ovarian cancer, respectively.

Protocol 9673: A Multi-Institutional Phase 2 Study
of Nivolumab in Refractory Metastatic Squamous
Cell Carcinoma of the Anal Canal

Principal Investigator: Cathy Eng, M.D., MD Anderson
Cancer Center

The incidence of squamous cell cancer of the anal canal
(SCCA) continues to rise annually in the US. About 20%
of patients will develop metastatic disease, which lacks

a consensus approach to treatment. SCCA is largely
driven by immune evasion of human papillomavirus
(HPV)-specific CD8 and CD4 T cells that promote
oncogenesis. In this NCI-sponsored multicenter Phase
2 trial, patients with previously treated refractory met-
astatic SCCA, but immunotherapy naive, were enrolled
in a Simon two-stage design trial. Patients received
intravenous nivolumab [3 mg/kg] every 2 weeks, with
optional pre-treatment and on-treatment collection

of tissue biopsies and plasma samples for measuring
immune biomarkers and HPV/p16 status. Ultimately,
37 patients were enrolled, with a median age of 56 years,
of which 33 patients were evaluable for response. Seven
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Loss of donor-mediated immune anti-tumor activity may
permit relapse of hematologic malignancies (HM) after
allogeneic hematopoietic cell transplantation (allo HCT).
This NCI-sponsored, Phase 1/1b multicenter, investi-
gator-initiated study was conducted to determine the
safety and assess the efficacy of ipilimumab in patients
with relapsed HM after allo HCT. Patients received
initial courses of ipilimumab at 3.0 mg/kg or 10.0 mg/

kg every 3 weeks for 4 doses with additional doses every
3 months for up to 1 year in patients with demonstrat-
ed clinical benefit. A total of 28 patients were enrolled.
Immune-related adverse events (irAEs) were observed

in six patients (21%), including one fatal event, and

graft versus host disease (GVHD) was observed in four
patients (14%). No responses were observed at the 3.0
mg/kg dose level. However, of the 22 patients receiving
10.0 mg/kg, five (23%) achieved complete response (CR),
two (9%) achieved PR, and six additional patients (27%)
had decreased tumor burden. CRs occurred in four
patients with extramedullary acute myeloid leukemia
(AML) and one patient with myelodysplastic syndromes
(MDS)/AML. Durable responses were observed in sev-
eral histologic subtypes, including extramedullary AML.
Clinical responses were associated with in situ leukemic
infiltration of cytotoxic CD8+ T cells, decreased activa-
tion of regulatory T cells, and expansion of T effector
subpopulations in the peripheral blood. The trial showed
that repeated administration of ipilimumab is feasible

in patients with recurrent HM after allo HCT, with early
promising signs of efficacy, though immune-mediated
toxicity and GVHD can occur. These promising response
rates and/or survival outcomes have opened new areas
for further exploration.



SPECIALIZED PROGRAMS OF RESEARCH
EXCELLENCE (SPORE)

The SPORESs are a cornerstone of the NCIs efforts to promote
collaborative, interdisciplinary translational research. Funded

through the P50 or U54 grant mechanisms and managed by
the Translational Research Program (TRP), SPORE funding
supports state-of-the-art, investigator-initiated translational
research contributing to improved prevention, early detec-
tion, diagnosis, and treatment of cancer.

In each SPORE, this goal is achieved by:

* Focusing on a specific organ site, a group of highly related

cancers, or cancers that are linked by a common activa-
tion pathway or other novel cross-cutting themes that
have potential for innovation and high scientific impact

FIGURE 10: STATES WITH ACTIVE SPORE GRANTS IN FISCAL YEAR 2016.

Supporting research projects that have the potential to
result in new and diverse approaches to the prevention,
early detection, diagnosis, and treatment of human cancers

Encouraging cross-fertilization between various biomed-
ical disciplines by requiring a minimum of three diverse
translational research projects per program and involv-
ing both basic and clinical or applied scientists in each
research project

Requiring a dedicated pathology and/or biospecimen spe-
cialized resource core to ensure access to clinical materials

Supporting a developmental research program to promote
pilot projects of cutting-edge research (basic, clinical, or
translational)

Supporting a career enhancement program to promote
the transition of early-stage or established investigators to

translational cancer research in the proposed organ site

A'total of 54 funded SPOREs are located in 22 states within 32 institutions and one consortium (darker green).
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* Requiring collaboration among other SPOREs and across
NCI-funded networks to promote translational advancement

* Providing flexibility to SPORE investigators to realign
resources and substitute research projects if translational
objectives are not being met during the course of the
funding period

* Encouraging input and advice from patient advocates and
the advocate community

SPORE:s are located at academic centers or consortia in 22
states across the United States. Each SPORE is required to
have a Biospecimen/Pathology Core facility to collect, anno-
tate, and store patient biospecimens for use in translational
research. SPOREs are strongly encouraged to have a priority
plan for sharing these samples with other cancer research
entities, including NCI programs. For example, SPOREs
have provided over 1,500 tumor and control samples to The
Cancer Genome Atlas (TCGA), a collaboration between
NCI and the National Human Genome Research Institute
(NHGRI), that has generated comprehensive, multi-dimen-
sional maps of the key genomic changes in 33 types of cancer.

TCGA analysis of these samples led to a number of studies
focusing on the identification of molecular markers and
drivers of tumor growth. Furthermore, pancreatic cancer
SPOREs at the University of Nebraska and Johns Hopkins
University have established sophisticated processes through
their Rapid Autopsy Programs that allow the acquisition
and preservation of biospecimens within 1-3 hours of death.
These state-of-the-art procedures minimize postmortem
degradation and thus facilitate reproducible downstream
analysis. These SPORE investigators will be working with
DCTD to provide Standard Operating Procedures (SOPs)
for the handling of biospecimens to generate patient-derived
xenografts (PDXs) in mice.

Several SPORE program investigators have also accessed the
drug development resources provided by the NCI Experi-
mental Therapeutics (NExT) Program to help support cGMP
manufacture and IND-directed toxicology studies of their
novel investigational agents. For example, the University of
Alabama, MD Anderson, and Duke Brain SPOREs and Johns
Hopkins University Cervical Cancer SPORE have partnered
with NEXT to develop biologic agents that are currently
being tested in the clinic.

DCTD PROGRAMS AND INITIATIVES (2013-2017)
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Some SPORE investigators are performing correlative studies
on clinical trials of therapeutic agents being developed

by DCTD’s Cancer Therapy Evaluation Program (CTEP).
These clinical trials involve agents where CTEP holds the
FDA-approved IND. For example, investigators from the
Mayo Clinic Ovarian Cancer SPORE have participated in
two CTEP-sponsored clinical trials to investigate the efficacy
of the PARP inhibitor veliparib in combination with either
topotecan or floxuridine.

Finally, SPORE investigators collaborate with and/or include
NCI intramural investigators on their research team. One
example is the Developmental and Hyperactive Ras Tumor
SPORE that consists of a team of investigators from several
different institutions, including Dr. Brigitte Widemann from
the NCI intramural program. Dr. Widemann provides clini-
cal trial leadership on a project focused on defining charac-
teristics of plexiform neurofibromas that influence response
in clinical trials testing targeted therapies in this disease.

NCI EXPERIMENTAL THERAPEUTICS (NEXT)
PROGRAM

Overview

NCI is working on multiple fronts to develop more
patient-specific and effective therapies for cancer. One
initiative, the NExT Program, combines the extensive DCTD
expertise in cancer treatment with the dynamic intramural
research resources of the Center for Cancer Research (CCR)
and the NIH Clinical Center. The discovery engine of this
program is the Chemical Biology Consortium (CBC). The
NCI established this collaborative network, comprised of
Dedicated and Specialized Centers, with a broad range of
capabilities (including high-throughput screening (HTS),
bioinformatics, medicinal chemistry, and structural biology)
to support early-stage drug discovery. Subsequent late-stage,
IND-enabling studies utilize the resources of the Division’s
Developmental Therapeutics Program (DTP), which has suc-
cessfully brought new small molecule and biologic anti-can-
cer agents into the clinic over the past two decades. The
NEXT Program also develops molecular imaging agents with
support from DCTD’s Cancer Imaging Program (CIP), and
proof-of-mechanism PD assays through the efforts of the PD
Assay Development and Implementation Section (PADIS)
of the Frederick National Laboratory for Cancer Research
(FNLCR), for application in NCI-supported early phase
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FIGURE 11: NEXT PORTFOLIO STRATIFIED BY AGENT CLASSIFICATION AND CATEGORY OF SUBMITTING INSTITUTION.

clinical trials. Finally, early phase clinical trials are performed
in the NCI Developmental Therapeutics Clinic (DTC) or
institutions funded through grants managed by CTEP. These
coordinated activities, described in greater detail below,
enable incorporation of cutting-edge technologies into every
step of the NExT drug discovery and development continu-
um, increasing the potential for successful clinical evaluation
of new target- and mechanism-based therapies.

Drug discovery and development projects enter the NExT
pipeline on a competitive basis and are focused on unmet
needs in cancer treatment that are not adequately addressed
by the private sector. Of vital importance to the success of
this initiative is the careful selection of projects and rigorous
evaluation of the portfolio in order to progress the most
promising concepts toward the clinic. A Special Emphasis
Panel (SEP), composed of outside experts who evaluate all
incoming NEXT applications, is also charged with assist-
ing the NCI in a yearly strategic portfolio evaluation and
prioritization process. This periodic external assessment of
a project’s relevance, performance, and impact in relation to
stated objectives, ensures that resources are used effectively.

Since its inception in late 2009 through December of 2017,
the NExT program has received over 670 applications and
has an acceptance rate of nearly 15%. Approximately 32% of
all applications received were requests for CBC (early drug
discovery) resources. The distribution of projects entering
the pipeline by agent class and category of submitting institu-
tion is highlighted in Figure 11. The pie charts include early
(CBC) and late stage (IND-enabling) discovery, as well as
development (early clinical evaluation) projects accepted into
the program.

Although molecular imaging projects comprise a small seg-
ment (3%) of the projects accepted into the NExT pipeline,
all biomedical imaging modalities in late discovery phase
have progressed to clinical trial evaluation. These include a
number of disease-targeted contrast agents and radiophar-
maceuticals: (i) a prostate specific membrane antigen posi-
tron emission spectroscopy (PET) tracer for prostate tumor
imaging (PIL: Peter Choyke, NCI CCR), (ii) panitumumab
conjugated to the fluorescent dye IR800 (PI: Eben Rosenthal,
University of Alabama at Birmingham) for fluorescence
assisted head and neck surgery, (iii) LUMO15, a cathep-
sin-activatable fluorescent probe (PI: David Kirsch, Duke
University) being evaluated for fluorescence assisted sarcoma
and breast cancer surgery and (iv) a near-infrared (NIR) flu-
orophore (PI: John Frangioni, Beth Israel Deaconess Medical
Center) for fluorescence assisted resection and exploration.

Several biologic agents produced by the NExT Program also
advanced into clinical trials. The first, ganitumab, entered the
NEXT Program as a supply of bulk drug substance donated
by Amgen. NCI subsequently performed the final sterile
filtration, vialing, release testing, QA/QC and stability testing
to support a multi-site pediatric Ewing sarcoma trial open
through COG in the US and Canada. The remaining projects
originally came to NCI under the Rapid Access to Interven-
tion Development (RAID) Program, and continued their
progress to clinical trials under the NEXT program. NCI
manufactured two genetically engineered oncolytic viruses,
PVS-RIPO and AdDelta24-RGD, that show promising activ-
ity in patients with glioblastoma multiforme. In combination
with bevacizumab to control cerebral edema, PVS-RIPO is
being studied in a low-dose Extended Phase I Trial. FDA
granted Breakthrough Therapy Designation in May 2016

for PVS-RIPO, and an application to FDA for an Orphan
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Drug indication is in review. Orphan Drug Designation was
given to AdDelta24-RGD in October 2014. Ch11-1F4, a
chimeric amyloid-reactive monoclonal antibody, is entering

Phase 2 trials in patients with primary amyloidosis (and has
already demonstrated therapeutic efficacy), and the Tet-
CMV peptide shows potential for reducing cytomegalovirus
(CMV) infection during bone marrow transplant, and is also
entering Phase 2 clinical trials.

First-in-human trials of Z-endoxifen, the active metabolite
of tamoxifen that does not require activation by CYP2D6
(which is non-functional in 20% of women with breast
cancer), are now being completed. First-in-human stud-

ies for 4’-thio-2’-deoxycytidine (T-dCyd), a DNA (cyto-
sine-5-)-methyltransferase 1 (DNMT1) inhibitor discovered
by Southern Research Institute, are in progress in the Devel-
opmental Therapeutics Clinic. 5-aza-4’-thio-2’-deoxycytidine
(5-aza-T-dCyd), an analogue of T-dCyd, is efficacious in
distinct tumor types and received IND and IRB approval

in November 2017. A novel class of compounds targeting
mutant isocitrate dehydrogenase 1 (IDH-1) discovered by
the National Center for Advancing Translational Sciences
(NCATS) Chemical Genomics Center was found to be just
as efficacious in preclinical studies as another small molecule
discovered by Agios, Inc. that recently entered clinical trials.
Due to the competitive landscape, NCI has decided to look
for a company interested in out-licensing the agent rather
than continuing to expend funds for its further develop-
ment. Three additional small molecule projects are in the

NIH Molecular
Libraries Program

NCIRAID
Program

| |
1998 2004

FIGURE 12: THE ORIGIN OF THE DISCOVERY PORTION OF THE NEXT PIPELINE.

late stage of lead optimization and are anticipated to enter
candidate selection toward the end of 2017. The inhibitors
target the metabolic enzyme lactate dehydrogenase-A and B
(LDHA/B), the anti-apoptotic myeloid cell leukemia-1 (Mcl-
1) protein, and the AAA ATPase p97 protein thought to play
an important role in the degradation of misfolded proteins.
An updated list of current projects in the pipeline is available
on the NExT website.

Origin of the NExT Discovery Pipeline

The NCI introduced the RAID Program in 1998 as a vehicle
to provide researchers with access to IND-enabling resourc-
es for investigator-driven clinical trials; the NCI provided
translational expertise and preclinical service contracts at

no cost to the researcher. Until incorporation into the NExT
program in 2009, the RAID Program pursued 139 projects.
IND-enabling studies were done for 30 small molecules and
33 biological agents, of which 15 and 24, respectively, entered
clinical trials. The efforts behind two small molecules cul-
minated in FDA approval (Pralatrexate, 2009; Omacetaxine,
2012). A similar program for imaging agents, Development
of Clinical Imaging Drugs and Enhancers (DCIDE), was
initiated in 2002 and was managed by CIP. Of the 10 formal
applications, five reached clinical trials with IND-directed
toxicology studies supported by NExT: F-18 FACB, Cu-64-
ATSM, In-111 Annexin, F-18 Flurocholine, and F-18 DCFBC
(a current NEXT project). One of these, F-18 ACBC, received
FDA approval for prostate cancer (Axumin®) in 2016.

Chemical Biology Consortium (CBC)
Center for Cancer Research (CCR)

Developmental Therapeutics Program (DTP)

|
2009

NEXT Discovery Pipeline

Initiated in 2009, the Discovery arm of the NExT Program had its origins in the NIH Molecular Libraries and the NCI RAID Programs. The CBC is the main resource for
early discovery activities, DTP supports late discovery / pre-clinical development activities, and CCR provides scientific support for both early and late discovery activities.
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The NEXT Program was created to consolidate existing
translational programs across NCI into a single discovery-
development pipeline analogous to the multidisciplinary
best practices model used successfully in the pharmaceu-
tical industry (see Figure 12). The CBC, created to fill the
early drug discovery void at the NCI, was modeled after and
capitalized on the significant NTH Common Fund invest-
ment in the Molecular Libraries Program? and the Molecular
Libraries Probe Production Centers Network (MLPCN). The
CBC discovery module of NExT differs from the Molecular
Libraries Program in that it maintains confidentiality of the
findings until appropriate patents are filed. This is critical to
the success of the projects in that it allows NEXT applicants
and/or the NCI to develop an Intellectual Property (IP) space
that encourages downstream investment in the technologies
developed through the Consortium and most critically helps
enable commercialization of any eventual investigational
agents or FDA-approved drugs.

Chemical Biology Consortium (CBC)

Probing cancer’s complex network of signaling pathways
requires cutting-edge chemical tools, the discovery of which
often exceeds the capabilities of an individual laboratory or,
for that matter, an individual research university. NCI's CBC
is designed to be a flexible network of scientists working

to increase the flow of early-stage drug candidates into the
development pipeline. This network, which includes partici-
pants from government, academia, and industry, focuses on
the identification and synthetic optimization of novel chem-
ical leads for drug discovery. The foundation of the Consor-
tium is a task-oriented approach to addressing challenging
projects with clear objectives, deadlines, and milestones. By
adopting pharma’s multidisciplinary drug discovery best
practices, the CBC empowers academic and biotech inves-
tigators with the much needed capabilities and resources to
drive their agents toward clinical development.

Funds from the America Recovery and Reinvestment

Act (ARRA) 0f 2009 enabled NCI to rapidly assemble the
infrastructure to support the CBC, including acquisition
of a secure central database, mobilization of a small mole-
cule repository at Evotec, and subsequent procurement of
a diverse collection of commercial compounds to support
High Throughput (HTS) / High Content Screening (HCS).

The pilot phase of the CBC network (2009 - 2015) consisted
of 12 Comprehensive and Specialized Centers (Figure 13,
upper panel) supported through contractual agreements
with Leidos Biomedical Research, Inc. (Leidos Biomed)
under its prime contract with the NCI as the Operations
and Technical Support Services Contractor supporting

the FNLCR. During this period, the CBC performed HTS
against ten individual targets, with four of these projects
advancing into hit-to-lead chemistry campaigns, three

of which subsequently progressed to lead optimization.
Routine in vitro absorption, distribution, metabolism,

and excretion (ADME) profiling (through an interagency
agreement (IAA) with the Walter Reed Drug Metabolism
and Disposition Center) and structural biology resources
were recruited in 2014 to support the medicinal chemistry
activities in the Consortium. As several projects advanced
toward preclinical evaluation, it became apparent that
specialized in vivo support activities and increased capacity
beyond what was currently available would be required to
advance these projects.

The CBC was revised and extended in the spring of 2016
after successfully recompeting the Request for Proposals
(RFP) through Leidos Biomed. Changes in the program
addressed the need for additional support in all stages of

the drug discovery process by expanding beyond the original
12 Centers to 22 Dedicated and/or Specialized Centers
(Figure 13, lower panel). Each Dedicated Center provides
technical expertise in all of the drug discovery stages.
Collaborating under a Master Service Agreement (MSA)
mechanism, the Dedicated Centers are provided with base
funding sufficient to maintain the infrastructure and staff
necessary to provide constant support for CBC projects,
which ultimately reduces administrative costs and ensures
greater continuity in participation. The Specialized Centers
have technical expertise in specific areas, e.g. structural
biology, in vivo pharmacology, and animal models for proof-
of-concept efficacy studies, which broaden the capabilities
of the Consortium. Consortium-wide activities are also
supported by contract research organizations (CROs), such
as Quintara Biosciences (PD analysis), Oncolead (cell line
profiling), and Human Metabolome Technologies, Inc. (in
vitro metabolomics). Specialized Centers and/or CROs are
brought into project teams on an ad hoc basis when incorpo-
ration of their particular expertise is needed to advance the
science and decision-making process.

2 For more information, see https://commonfund.nih.gov/molecularlibraries/index
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FIGURE 13: EVOLUTION OF CBC NETWORKS.

Upper Panel: The pilot phase of the CBC Network consisted of five Comprehensive Chemical Biology Screening Centers (blue), four Chemical Diversity Centers
(brown), and three Specialized Application Centers (rust). Lower Panel: The phase 2 CBC Network is comprised of seven Dedicated Centers (blue) and 15 Specialized
Centers (rust). Evotec Inc. (grey) is the CBC compound repository.

The collaborative nature of the CBC is captured in the milestones. This interactome evolves as the scientific needs
graphical display of the “CBC Interactome” (Figure 14). Typ- of the projects change during progression to the clinic. The

ically, each project engages two or more centers to select the NCI also supports funding of investigators (either applicant
optimal resources and expertise for carrying out the initial principal investigators (PI) or scientific experts) outside
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FIGURE 14: CBC CENTER INTERACTOME AROUND CURRENT PROJECTS WITHIN THE PORTFOLIO ILLUSTRATES THE LEVEL OF COLLABORATION INVOLVED IN
ADVANCING PROJECTS. SCIENTISTS FROM NON-CBC CENTERS WITH EXPERTISE IN SPECIFIC AREAS ARE RECRUITED TO PROJECTS AS NEEDED.

the Consortium for project related activities. For example,
NExT applicants Chi Van Dang (Abramson Cancer Center,
University of Pennsylvania) and Michael Lieber (Keck School
of Medicine, University of Southern California) are not only
contributing intellectually as the biological experts, but also
perform experiments in their laboratories that provide data
critical to the progression of their LDHA/B and Artemis
Endonuclease projects, respectively. Non-applicant investi-

gators Tsui-Fen Chou (University of California, Los Angeles)
and Victor Darley-Usmar (University of Alabama at Bir-
mingham) were recruited to project teams as a result of their
unique technical capabilities to perform critical experiments
and provide scientific input for the p97 and LDHA/B proj-
ects, respectively. The contributions of NCI (CCR or DCTD)
or Leidos Biomed laboratories and staff to individual projects
are not included in this graphic representation.
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DCTD Program Support to NExT
Investigative Toxicology Program

The goals of the Investigative Toxicology Program, within
DTP’s Toxicology and Pharmacology Branch (TPB), are to
generate insights about the cellular toxicity of compounds,
apply this insight to characterize and aid in the selection of
drug candidates, and introduce mechanism-based in vitro
screens. The program provides investigative toxicology
deliverables to the extramural scientific community by
serving the immediate needs of the NEXT portfolio.

The program’s services include:

* Profiling early adverse effects for high-priority organ
systems using both in vitro and in vivo assays

* Generating data to describe biologically qualified
pathways that are mediating mechanisms of toxicity
for classes of approved agents

* Generating data that qualify semivalidated in vitro
systems for screening opportunities

The program offers a functional toxicogenomics data
resource that provides a multitude of methodologies for
assessing mRNA for the characterization of molecular
changes in vital organs (heart, lung, liver, kidney, bone
marrow) induced by marketed anticancer agents, investiga-

Investigative Toxicology

Cellular Systems
Support and
Compound
Characterization

Screening Strategies
based on
Mechanistic Toxicology

Solubility and
Early Formulation

Tools Tools Tools
Cell-based assays In vitro solubility Tissue slice systems
Computer-based and ADME assays Cell culture systems
pathways modeling In silico Assessment for Tox and ADME
Protein-based assays of ADME properties Bone marrow Assay
In vivo studies and compound
characteristics

FIGURE 15: ACTIVITIES AND ASSOCIATED EXPERIMENTAL TOOLS
PERFORMED BY THE INVESTIGATIVE TOXICOLOGY PROGRAM IN SUPPORT
OF NEXT PROJECTS.
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tional agents, and combinations. Most preclinical

toxicology data generated to characterize investigative agents
are unpublished and are generally not available as a public
data resource.

Pharmacokinetic Laboratory

The Pharmacokinetic (PK) Laboratory at FNLCR analyzes
samples from preclinical and clinical trials. Samples from
patients on protocols in the DTC, as well as at approved
extramural sites, are sent to the PK Laboratory for analysis
of systemic exposure to the drug and its metabolites. For
earlier-stage projects, the PK Laboratory investigates

the metabolism of compounds in vitro, including the
development of methods for measuring incorporation of
bases into DNA. The laboratory then works closely with
DTP’s Biological Testing Branch (BTB) to conduct PK and
metabolic studies in mice to provide information about
the feasibility of achieving concentrations relevant to
activity in cell culture, as well as the potential roles for
active or toxic metabolites.

Imaging Drug Group

Molecular imaging has an enormous impact on the spec-
trum 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 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 DCIDE
program was an important contributor of molecular imaging
drugs for the strategic priorities in early detection, preven-
tion, 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, which
integrated the activities of several trans-NCI imaging drug
activities into one decision-making committee. In doing so,
the Imaging Drug Group subsumed the DCIDE program
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FIGURE 16: IMAGING DRUG DEVELOPMENT AT NCI.

and formed bridges to other important programs in

NCI’'s CCR and DCTD. The Imaging Drug Group also
acted in an advisory role with CCR’s Molecular Imaging
Program and the Small Animal Imaging Program, as well
as the Nanotechnology Characterization Laboratory, which
are all part of the FNLCR.

The Imaging Drug Group 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.

The NEXT Program has now assumed the responsibilities and
resources of the Imaging Drug Group and provides an excel-
lent mechanism to bridge the gap between new discovery in
imaging drugs and delivery of new agents to cancer patients.

-
—

NCI PATIENT-DERIVED MODELS REPOSITORY
(PDMR) PROGRAM

In 2013, NCI began development of a national Patient-
Derived Models Repository (PDMR) to serve as a resource
for public-private partnerships and for academic drug
discovery efforts. PDMs, such as patient-derived xenografts
(PDX) and cell lines, are thought to more closely reflect
human tumor biology than established cell lines due to
their low passage number, and thus are potentially more
predictive models than traditional cancer cell lines. The
PDMs being developed for the repository are derived from
either tumor tissue or circulating tumor cells (CTCs) and
are propagated both in vitro using 2D or 3D cell culture
systems and in vivo via passaging in mice as PDXs. The NCI
PDMR currently distributes to research groups viable PDX
tumor fragments for implantation in mice, as well as cellular
fractions such as DNA, RNA, and fragments that can be
used for protein extraction. The publicly available website
(https://pdmr.cancer.gov) houses a PDM database interface
that provides access to the extensive molecular character-
ization information and patient clinical and social history
for all models. A key goal of the NCI PDMR effort has been
to establish and make publicly available a set of SOPs for all
aspects of PDM creation, propagation, and quality control.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS

31


https://pdmr.cancer.gov
https://pdmr.cancer.gov
https://pdmr.cancer.gov

32

Both conditionally-reprogrammed cell lines, organoid

cultures, and cancer-associated fibroblasts are also prepared
from matching patient and PDX samples; these cultures are
now being finalized for distribution.

Patient specimens for model development are collected from
consenting patients with cancer at the NCI Clinical Center,
NCI-designated Cancer Centers, and ETCTN and NCORP
cooperative groups, through two NCI-sponsored tissue
procurement research protocols stating that their biomaterial
may be used for the generation of PDMs. In addition, NCI is
working with external groups through several NCI funding
opportunities who have (1) their own previously established
early-passage PDX models, (2) access to rapid-autopsy
tumor material, or (3) viably cryopreserved patient material
collected under IRB-approved protocols, that with the proper
material transfer agreements (MTAs) could be released to the
NCI PDMR for further propagation and distribution to the
scientific community.

The NCI PDMR is an active member in the recently
established PDX Development and Trial Centers Research
Network (PDXNet). In addition, PDMR data are being used
in the Cellular Level Pilot project for the Joint Design of
Advanced Computing Solutions for Cancer (JDACS4C) pro-
gram. This is a collaboration between NCI and the Depart-
ment of Energy (DOE) to simultaneously accelerate advances
in precision oncology and computing by building predictive
computational models using experimental biological data
derived from PDX and other preclinical models.

The targeted goal is to develop and make available more than
1,000 unique, quality controlled, early passage, molecularly
characterized PDMs that can serve as standardized reagents,
enabling comparison of research results across laboratories.
Ideally, the PDMR will have 50 unique PDX models for each
common tumor type to capture the disease heterogeneity
present in the population, provide a representative molecular
landscape, and allow in-depth preclinical trial efforts by the
research community. In addition to common cancers, the
PDMR is also focusing on creating models for less preva-
lent cancer types that are under-represented in the research
model space, such as prostate cancer, small cell lung cancer,
and sarcomas, as well as developing models from racial and
ethnic minorities. In the past 4 years, the NCI PDMR has
received and processed over 6,000 specimens received from
more than 4,000 unique patients covering a variety of malig-
nancies (Figure 17).
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The NCI PDMR is also undertaking preclinical drug studies
using PDXs developed in this program, including the
preclinical replication of the NCI-MPACT clinical trial. The
PDMR continues its efforts to establish standard procedures
for “high-throughput” preclinical testing with rolling enroll-
ment of >80 PDX models against five standard agents; results
from this study enable assessment of how closely PDX model
responses align with what is observed clinically with this
subset of standard-of-care agents.

PHARMACODYNAMIC ASSAY DEVELOPMENT AND
IMPLEMENTATION SECTION (PADIS)

DCTD established PADIS at the FNLCR to support the first
clinical trial of an investigational agent performed under an
Exploratory IND. The objective of the “Phase 0” trial was to
provide quantitative evidence for drug activity on the intend-
ed target in patient tumors when given at microdoses, quan-
tities well below the anticipated maximum tolerated dose.
The underlying principle of the PADIS laboratory is that the
application of methods used for blood analysis in the clinical
diagnostics industry could be applied to measuring drug
activity in patient tissue biopsies. The first assay developed
under the Phase 1 program, an immunoassay performed on
tumor biopsy extracts to measure inhibition of PARP1/2 by
ABT-888, was widely adapted in support of clinical trials in
the U.S. and has been licensed by NIH to a small business for
commercial development and marketing.

Assays are nominated for development on the basis of
compounds in the NExT Program undergoing pre-clinical
development or Phase 1 trials to be conducted in the NCI
ETCTN. Once an assay is developed by PADIS, it must be
analytically validated to ensure that it is accurate within
specified parameters and can repeatedly produce the same
results over time (and sometimes at different locations).
Following validation, the assay is tested on clinical specimens
to demonstrate its ability to work on those sample types, and
if useful, is transferred to the National Cancer Target Valida-
tion Laboratory (NCTVL), an FNLCR laboratory located on
the Bethesda campus, to support clinical trials in the DTC
and allied medical centers. In addition, the SOPs associated
with each clinical assay are made available through a publicly
accessible web site, and training classes are provided at
FNLCR to interested investigators. For certain assays, calibra-
tors and test reagents may also be made available to support
NCI-sponsored trials.
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In order to bring quantitative methodology to bear on anal-
ysis of patient specimens, PADIS brings new technologies

on line, often with specific test modifications, software script
development, and custom instrumentation. Initial applica-
tions of these methods in clinical trial support are performed
in PADIS, and lessons learned are used to provide protocols
more generally applicable (less requirement for specialized
instrumentation and software) in NCTVL and the NCI
clinical trials network laboratories. Recently, PADIS has
focused on the development of multiplex assays capable

of simultaneously measuring numerous analytes to assess
drug target engagement and the PD consequences of
drug activity.

Finally, PADIS also serves as an NCI resource for assessing
the proposed mechanism of action of new compounds
entering the NEXT program when an assay is appropriate
for measuring the intended target or cellular pathway.
These assays can often be applied to both in vitro as well

as in vivo mouse studies of the compounds of interest.
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The following are representative of the assays developed
to date:

Apoptosis Multiplex Biomarker Panel. Development of a
quantitative, multiplexed (14 biomarkers), validated immu-
noassay panel for assessing activation of the intrinsic cellular
apoptosis pathway. The test is run on extracts from 18-gauge
core biopsies, using calibrators and controls developed in
PADIS, and is performed on the Luminex platform. A com-
mercially available, research-use-only assay kit was released
in June of 2013. The kits are sold by BioRad under the trade
name Bio-Plex Pro® RBM Multiplex.

Glycolytic Activity Assay Panel. Development and fit-
ness-for-purpose testing of a quantitative three-biomarker
panel (hexokinase 2, PKM2, and lactate dehydrogenase A)
designed to assess glycolytic pathway activity.

DNA Damage Repair (DDR) Pathway Activation. In-house
development of multiplex assays to survey DNA repair
pathway activation on pathology slides from tissue biopsies,
including ERCC1, Weel, pHH3, Ki-67, and others. The
multiplex of four DNA repair markers (pS343Nbls, yH2AX,
pT1989ATR, and RAD51) has completed fitness-for-purpose
testing in a mouse xenograft model, and clinical readiness
testing. A surprising finding from this work was a high
degree of heterogeneity in activation of the repair pathway in
different cells in the same tumor, in both pre-clinical models
and clinical specimens from patients in DCTD trials.

MET Immunofluorescence Multiplex Assays. Success-

ful application of two different multiplex assays for cMET
(hepatocyte growth factor receptor) on tumor biopsies from
the CTEP 8880 (pazopanib) clinical trial. Specific membrane
staining of pY1235-MET and total MET has been demon-
strated in clinical specimens reported to have high pMET
and total MET expression levels by the MET quantitative
sandwich immunoassay. An important and unusual aspect
of this work was the demonstration of concordance of two
quantitative assays, one performed on tissue extracts and
one on slides from tissue blocks, providing a detailed look
at the occurrence, distribution, and activation of this critical
protein in tumors.

Circulating Tumor Cells (CTCs). Four methods were

developed for the detection, purification, enumeration, and
characterization of CTCs in blood as a source for measuring

DCTD PROGRAMS AND INITIATIVES (2013-2017)

I8j\ N3,
10
Q)
(]
Q)
(]

ajisVe,

WIOTY
Q)
(]
Q)
(]
Q7

PD effects on cancers where biopsies cannot be obtained, and

enabling more frequent testing of drug effect. This represents

the most extensive exploration of this technology in the NCI.

Assays for yH2AX and p16 were developed to monitor the

activity of DNA damaging agents and DNA methyl transfer-

ase inhibitors.

Extensive studies using the CellSearch technology on 381

patients enrolled in NCI-sponsored clinical trials demon-

strated that more than half of patients had no detectable

CTCs using the anti-Epcam capture methodology, even

though all of the patients had advanced, disseminated carci-

nomas. A microfluidic dielectrophoresis-based, antibody-in-

dependent CTC isolation technology called ApoStream® that

can isolate live CTCs from both epithelial and non-epithelial

cancers was developed, validated, and brought on line to

isolate CTCs from NCI patient clinical specimens and assist

in evaluation of PD effects of new anticancer agents. Proof of

isolation of CTCs from sarcoma patients was obtained using

a FISH assay for a tumor-specific driver gene rearrange-

ment. Detection of CTCs from advanced cancer patients was

achieved using automated image acquisition and analysis on

the Nikon/Definiens platform developed for biopsy analysis.

Isolation and characterization of CTCs from patients with

disseminated carcinomas and sarcomas was implemented in

several clinical trials.

Epithelial to Mesenchymal Transition Assay. Multiplex

assays have been developed to permit simultaneous demon-

stration and quantitation of the expression of E-cadherin and

vimentin in solid tumor biopsies and CTCs. These studies

have been noteworthy for quantitating the transition (often

in a single cell) from an epithelial to a mesenchymal pheno-

type following short-term targeted agent therapy in patients

with resistance to treatment.

Patents:

PCT Application No. PCT/US2014/059759, filed
October 8, 2014, entitled “Antibodies that specifically
bind ataxia telangiectasia-mutated and RAD3-related
kinase phosphorylated at position 1989 (pT1989 ATR)
and their use”

U.S. Patent Application No. 62/138,825, filed March 26,
2015, entitled “ANTI-CD133 MONOCLONAL
ANTIBODIES AND RELATED COMPOSITIONS
AND METHODS”



THE CANCER IMAGING ARCHIVE (TCIA)

Much cancer imaging research requires access to large,
standardized, purpose-built imaging collections. In 2010,
the Cancer Imaging Program (CIP) leveraged its long-term
investment in the development of imaging curation and
archiving technology to initiate a funded service that would
fill the unmet needs of cross-disciplinary image research-

ers for network access to clinical images. In response to an
announced Request for Proposals, the Electronic Radiol-
ogy Laboratory at Washington University in St. Louis was
selected to host the TCIA service. The contract was moved
to University of Arkansas for Medical Sciences in 2016. Over
74 datasets of computed tomography, magnetic resonance
imaging, positron emission imaging, x-ray mammography,
and radiation therapy planning imaging studies currently
reside in the archive. There are more than 500 peer-reviewed
publications based upon these TCIA-hosted data (Figure 18).

More than three quarters of the datasets also have some
associated metadata, such as demographics, outcomes,
therapy, pathology slides, and genomic and proteomic data.
The archive has data from more than 36,000 patients and
includes over 31 million individual images. Each month
more than 8,000 individual users download a cumulative
total of approximately 25 terabytes (TB) of data from

the archive (Figures 19 & 20, respectively). Both figures
illustrate the effect of removing even trivial barriers to use,
such as no longer requiring login credentials or simplifying
the download of entire datasets. The archive sets the stage
for real-time, multi-institutional image accessibility that
could support protocol stratification strategies for a variety
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FIGURE 18: PUBLICATIONS BASED ON TCIA DATA SINCE INCEPTION.

of adaptive trials and enable cross-disciplinary research
on response measurement fundamentals and analysis
reproducibility studies.

Submission and De-identification. Since TCIA contains a
large repository of open-access clinical imaging data, robust
methodologies and tools were developed and implemented
to ensure the protection of Private Health Information while
preserving the scientific utility of the data. Thus, further
refinement and testing of advanced, standards-based tools
were performed to enable the de-identification of medical
image data for public consumption. In collaboration with the
Radiological Society of North America, a Clinical Trial Pro-
cessor tool was modified to incorporate current de-identifi-
cation guidelines from Digital Imaging and Communications
in Medicine. The significance of that advance was acknowl-
edged in an editorial, and the methodology has proven its
value by being incorporated in numerous institutional labo-
ratories. CIP provides full research-focused de-identification
services and makes its tools and knowledge base available to
the community. TCIA is the only data repository recognized
by Nature at this time for inclusion of human imaging scans.

Full Support for Image Submission and Curation.

TCIA has developed extensive procedures to transmit,
de-identify and quality assess the medical images submitted
to the archive and is staffed with curation experts who
review and mount the submitted images.

Easy Access to Purpose-Built Image Collections. TCIA
maintains full documentation and meta-data for each of its
collections, as well as a help desk and dedicated support staff.

Imaging-Genomics Research Support. A major goal of the
TCIA service is to collect and make accessible the clinical
images corresponding to the patients who were genomically
characterized by TCGA such that researchers could explore
the connectivity of cancer-image phenotypes using emerg-
ing publicly accessible -omic data. Data hosted in TCIA
have allowed researchers across the world to publish new
scientific findings. Of particular note, the CIP Informatics
team has coordinated six volunteer research teams focusing
on tumor-specific, TCGA-related phenotype-to-genotype
science explorations. These voluntary, non-funded teams
regularly hold teleconferences to share ideas. Twenty-one
TCGA-matched imaging collections (8 of which have over
100 cases) have been generated from data submitted by mul-
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FIGURE 19: NUMBER OF DATABASE SEARCHES FROM 2013-2017. THE LARGE INCREASE IN SEPTEMBER 2014 COINCIDES WITH A DECISION TO NO LONGER

REQUIRE AN ID AND PASSWORD TO SEARCH THE DATA.

tiple institutions and are available to these teams. TCIA will
be collecting images that have proteomic, as well as genomic,
clinical, and pathological data as part of the major effort of
CPTAC and the APOLLO project.

Quantitative Imaging Network (QIN) Support. TCIA
facilitates data sharing among CIP’s growing QIN. Ten QIN
collections are currently hosted on TCIA, and that number
is expected to grow with the network activities. In several
instances, this data sharing is supporting cross-institutional
algorithm validation bilaterally or as part of pilot challenges.

National Lung Screening Trial (NLST) Data Portal. An
additional use of the archive has been its availability to

DCTD PROGRAMS AND INITIATIVES (2013-2017)

absorb and join the images from the two arms of the NLST
trial from both the American College of Radiology Imaging
Network (ACRIN) and the Lung Screening Study group.
TCIA hosts the full NLST image set with clinical metadata
using restricted access, along with a specially developed
query tool that supports filtering on associated clinical data
parameters. Infrastructure to support associated digital histo-
pathology is being developed.

Community Awareness Building. TCIA has become a vital
resource known throughout the cancer imaging community.
TCIA provides regular updates on social networks, and CIP
hosts meetings focused on imaging and genomics research
during the annual meetings of the Radiological Society of
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North America to stimulate interest and cross-fertilize ideas.
TCIA is an officially recognized repository for leading cancer
imaging journals and has led the field in developing technol-
ogy to apply Digital Object Identifiers (DOI) to imaging col-
lections, which facilitate the publication and re-use of hosted
data. TCIA is a registered publication and is in the process

of getting PubMed to index the individual collections (all of
which already have an assigned DOI) so that individuals who
contribute data will have a way to cite their contribution as a
publication and list it on their CVs.

INNOVATIVE MOLECULAR ANALYSIS
TECHNOLOGIES (IMAT)

The NCI Innovative Molecular Analysis Technologies
(IMAT) Program was launched in 1998 to support the devel-
opment and validation of technologies that offer dramati-
cally new capabilities for molecular and/or cellular analysis
and the targeting of cancer-relevant biology. IMAT takes a
high-risk, high-reward approach to supporting early-stage
technology development, in particular the type of merito-
rious applications that are often considered too much of a

stretch to put them within the range supported through more
traditional competitions for NIH funding. IMAT offers two
stages of support based on the maturity of the concept, with a
separate track available to small business entities.

Early technology development to encourage
exploratory/developmental research:

*  “Innovative Molecular Analysis Technology
Development for Cancer Research (R21)”

* “Innovative and Early-Stage Development of Emerg-
ing Technologies in Biospecimen Science (R21)”

* Development beyond the initial phase of emerging
technologies:

*  “Validation and Advanced Development of
Emerging Molecular Analysis Technologies for
Cancer Research (R33)”

e “Validation and Advanced Development of Emerging
Technologies in Biospecimen Science (R33)”
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IMAT has also partnered with the NCI SBIR Program to
encourage research in the small business community through

the “Innovative Molecular Analysis Technology Develop-
ment for Cancer Research and Clinical Care (R43/R44)”
announcement.

During FY16, IMAT supported 74 projects, of which 34 were
new (excluding IMAT-SBIR). A broad variety of technologies
were supported through these announcements, including
(but not restricted to) technologies for novel drug delivery
and targeting capabilities, sample preparation and preserva-
tion, clinical point-of-care analysis, multi-modal high reso-
lution spectroscopy, high-throughput ‘omic’ screening, novel
biosensors, biomimetic 3D cell culture, and drug screening.

The technologies developed through IMAT enhance the abil-
ity of the research community to investigate cancer etiology
and proliferation, improve detection capabilities, develop
diagnostic methods and treatment strategies, conduct popu-
lation-scale studies, address and reduce disparities in clinical
care, and assist in clinical decision-making.

THE CANCER IMMUNOTHERAPY TRIALS
NETWORK (CITN)

The Cancer Immunotherapy Trials Network (CITN) was
established in late 2010 and is funded through a U01 Coop-
erative Agreement award for the design and conduct of early
phase cancer therapy trials utilizing the most promising
immunotherapy agents. The network comprises 32 member
clinical sites and a Central Operations and Statistical Office
(COSQ).

The CITN has activated a total of 11 clinical trials, of which
seven have already completed accrual; however, patients are
still undergoing post-treatment monitoring to assess the
outcome, and in some instances the trial has progressed to an
expansion phase. Key examples of such trials include:

* A Phase 1 study of recombinant IL-15 in adults with
advanced solid tumors

A Phase 2 study of CDX-1401, a dendritic cell
targeting NY-ESO-1 vaccine, in patients with
malignant melanoma pre-treated with rCDX-301,
a recombinant human Flt3 ligand

A Phase 2 randomized study of MK-3475 (Pembrolizum-
ab) in patients with advanced Merkel Cell carcinoma that

DCTD PROGRAMS AND INITIATIVES (2013-2017)

provided the basis for FDA approval of Pembrolizumab
for this indication

* A Phase 2 study of MK-3475 (Pembrolizumab) for the
treatment of relapsed/refractory Mycosis Fungoides/
Sezary Syndrome

* A Pilot study of the immunological effects of neo-adju-
vant INCB024360, an inhibitor of the immunosuppressive
enzyme indoleamine 2,3 dioxygenase (IDO), in patients
with epithelial ovarian, fallopian tube or primary perito-
neal carcinoma

Results from the Merkel Cell trial have revealed remarkable
clinical responses in the first 26 patients who received a
single dose of Pembrolizumab: objective clinical responses
(CR or PR) were observed in 14 of 25 evaluable patients
(56%) (Nghiem PT, 2016).

The remaining five clinical trials are still actively accruing
patients:

* A randomized Phase 2 study of the cytokine interleukin-7
(IL-7) in prostate cancer after sipuleucel-T vaccine therapy

* A Phase 1 study of a novel IL-15R/IgG1 fusion complex
for patients with advanced solid tumors

* A Phase 1 study of INCB024360, an inhibitor of the
immunosuppressive enzyme IDO, in combination with a
peptide vaccine for melanoma patients

* A Phase 1 study of an agonistic anti-CD40 antibody for
patients with pancreatic cancer

e A Phase 1 study of the PD1 checkpoint blockade
inhibitor Pembrolizumab in patients with human
immunodeficiency virus (HIV) and relapsed/refractory
malignant neoplasms

CHILDHOOD CANCER SURVIVOR STUDY (CCSS)

The Childhood Cancer Survivor Study (CCSS) was estab-
lished in 1994 as a multi-institutional, multi-disciplinary
collaborative research resource funded through the U24
mechanism to systematically evaluate long-term outcomes
among children diagnosed with cancer between 1970 and
1986 who survived five or more years from diagnosis.
With the recent successful expansion of the cohort to
include survivors diagnosed and treated from 1987-1999,
the CCSS now spans three decades and is the world’s


http://citninfo.org/
https://ccss.stjude.org/learn-more/collaborating-institutions-and-principal-investigators.html

largest established open resource for survivorship research,
consisting of 36,000 childhood cancer survivors and approxi-
mately 5,000 of their siblings.

Major accomplishments of the CCSS are:

* Extensive use by the research community resulting in
309 published or in press manuscripts now cited over
13,000 times, 262 abstracts accepted or presented,

49 investigator-initiated grants totaling $46 million,
and seven randomized clinical trials.

» Collaborations with other researchers in the field, includ-
ing the NCI-funded brain tumor SPORES and the NCTN.

* Research demonstrated that by the time childhood cancer
survivors reached age 20, 16% experienced a severe and
life threatening health condition compared to 3% of their
siblings. By age 50, 51% of survivors experienced a severe
or life-threatening health condition compared to only 19%
of siblings.

* Research demonstrated that even when women were
treated with lower doses of radiation to large volumes of
breast tissue for childhood cancer, breast cancer risk was
higher than previously recognized. By age 45, about 15%
of these women developed breast cancer, which is similar
to that of BRCA1 mutation carriers and much higher than
the general population (4%).

* A study of late effects in long-term survivors of standard
risk acute lymphoblastic leukemia (ALL) found that the
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incidence of long-term side effects was low. This enables
oncologists to reassure patients/families that cure of their
child’s cancer is not accompanied, in most cases, by a
diminished quality of life.

NCI DEVELOPMENTAL THERAPEUTICS CLINIC
(DTC)

The DTC focuses on the incorporation of pharmacodynam-
ic (PD) endpoints—direct measurements of drug effect on
target molecules and/or pathways within a tumor—into the
early development of new cancer agents to assess whether
they are reaching the tumor and modulating the biology in
accordance with their mechanism(s) of action (MOA). These
data inform decisions about the clinical activity of the agents,
as well as the design of subsequent trials, through targeted
patient selection, improved scheduling of agents, or novel
combinations. DTC physicians collaborate closely with other
clinical and preclinical colleagues to develop new PD assays
specific to the clinical trial design and oncologic agent being
evaluated. Of note, DTC conducted the first oncology Phase
0 trial under FDA’s 2006 guidance on Exploratory IND—a
low-dose non-therapeutic trial with PD modulation as the
primary end point—with the poly (ADP-ribose) polymerase
inhibitor veliparib (ABT-888) in patients with advanced
malignancies. At any one time, 15-20 early-phase clinical
trials are being conducted in the DTC to facilitate the devel-
opment and clinical evaluation of novel cancer therapeutics,
combinations, or dosing regimens for subsequent application
in the ETCTN.
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https://dtc.cancer.gov/

Tissue Procurement/Correlative Pharmacodynamic Support Studies

* Tissue procurement protocol for the Developmental Therapeutics Clinic, NCI
Phase 1 trials

* Combination of the Heat Shock Protein-90 (HSP-90) inhibitor onalespib (AT13387) and the cyclin-dependent kinase (CDK) inhibitor AT7519 in patients with
advanced solid tumors

* Veliparib (ABT-888), an oral PARP inhibitor, and VX-970, an ATR inhibitor, in combination with cisplatin in patients with refractory solid tumors
* 4-thio-2’-deoxycytidine (T-dCyd) in patients with advanced solid tumors

* AZD1775 (MK-1775), a Weel inhibitor, in patients with advanced refractory solid tumors

* Combination of bortezomib and clofarabine in adults with relapsed solid tumors, lymphomas, or myelodysplastic syndromes

* Combination of nilotinib and paclitaxel in adults with relapsed solid tumors

* Z-Endoxifen in adults with refractory hormone receptor-positive breast cancer, desmoid tumors, gynecologic tumors, or other hormone receptor-positive
solid tumors

* Indenoisoquinolines, LMP400 and LMP776, in adults with relapsed solid tumors and lymphomas

* Pharmacokinetic study of belinostat (an HDAC inhibitor) in solid tumors and lymphomas in patients with varying degrees of liver dysfunction
* Oral 5-fluoro-2’-deoxycytidine with oral tetrahydrouridine in patients with advanced solid tumors

Phase 2 trials

* NCI-MATCH: The use of targeted therapy directed by genetic testing in patients with advanced refractory solid tumors and lymphomas

* MPACT: Molecular Profiling-based Assignment of Cancer Therapy for patients with advanced solid tumors

* A multi-histology study of 5-fluoro-2-deoxycytidine with tetrahydrouridine (FdCyd + THU)

* Patients with metastatic alveolar soft part sarcoma are randomized to either sunitinib or cediranib monotherapy, with cross-over at disease progression
* Cabozantinib (XL184), a dual inhibitor of MET and VEGFR, in patients with metastatic refractory soft tissue sarcoma

* Vorinostat in subjects with locally advanced, recurrent, or metastatic adenoid cystic carcinoma

* TRC102, a DNA damage repair inhibitor, plus temozolomide in patients with relapsed solid tumors and lymphomas

* Cediranib (AZD2171) in patients with alveolar soft part sarcoma

TABLE 3: ACTIVE CLINICAL TRIALS IN DTC (HTTPS://DTC.CANCER.GOV/TRIALS/SEARCH.HTM)

DTC plays a prominent part in NCI’s Precision Medicine alveolar soft part sarcoma, adult soft tissue sarcoma, desmoid
Initiative (PMI) through its role in leading the multicenter tumors, and tumors associated with mutant BRCAI or
NCI-MPACT trial in collaboration with the Molecular BRCA2 genes (Table 3).

Characterization Lab (MoCha) and the ETCTN to evaluate

the implementation of real-time molecular profiling and Having pre-treatment and post-treatment biopsy tissue of
its role in guiding cancer treatment decisions. DTC also sufficient quality to measure drug effect is a critical compo-
participates in NCI-MATCH, a national clinical trial that nent of PD-based clinical evaluation. With a preponderance
analyzes each patient’s tumor in search of genetic abnor- of PD endpoint trials requiring biopsy material in the
malities for which there are targeted therapies available. DTC (PD expansion of Phase 0/1 trials, MPACT and
Additionally, DTC has expanded the tumor types in which NCI-MATCH), there is a major collaborative effort between
it conducts clinical research to include rare tumors, such as the DTC and the NIH Clinical Center interventional
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https://www.cancer.gov/research/areas/treatment/pmi-oncology
https://www.cancer.gov/research/areas/treatment/pmi-oncology
https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h05
https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h02
https://clinicaltrials.gov/show/NCT00900198
https://clinicaltrials.gov/show/NCT02423057
https://clinicaltrials.gov/show/NCT02211755
https://clinicaltrials.gov/show/NCT02379416
https://clinicaltrials.gov/ct2/show/NCT01051635?term=Indenoisoquinolines%2C+LMP400+and+LMP776+%28non-camptothecin+inhibitors+of+topoisomerase%29.&rank=1
https://clinicaltrials.gov/show/NCT01273155
https://clinicaltrials.gov/ct2/show/NCT02465060?term=MATCH&rank=23
https://clinicaltrials.gov/show/NCT01827384
https://clinicaltrials.gov/show/NCT00978250
https://clinicaltrials.gov/show/NCT01851369

radiologists to improve the quality and quantity of biopsy
tissue collected for research. A workshop was organized

by the above members in 2017 to discuss approaches to
increase the success rate of biopsy collection and disseminate
best-practices to the clinical cancer community. Monthly
dialogues continue to improve the quality of specimens
obtained both at various NCI clinics and throughout the
NCI-funded clinical research networks.

DTC staft also capitalize on their co-localization with other
outstanding researchers within the NTH Clinical Center by
establishing collaborations with investigators within NCI,

as well as other NIH institutes. They have collaborated with
the National Heart, Lung and Blood Institute (NHLBI) in a
Phase I trial evaluating both solid tumors and hematologic
malignancies. Several trials are ongoing in collaboration with
the NCI Pediatric Oncology Branch (POB) to allow them

to enroll children on DTC-sponsored adult trials, and for
DTC to provide care to adult patients enrolled on POB trials.
Investigational imaging agents have also been incorporated
into several trials to address efficacy and MOA via collabora-
tion with Radiology and Imaging Sciences investigators.

In recognition that the increasing complexity of early-phase
clinical trials and the development of novel therapeutic
agents requires physicians with special skills, DCTD devel-
oped the Clinical Oncology Advanced Developmental
Therapeutics Training Program (ADTTP) to provide
advanced training for medical oncologists through their
close interaction with DTC investigators. DTC also offers
training on an elective basis to the NCI's medical oncology
fellows interested in learning more about early phase

drug development.

NCI PROGRAM FOR NATURAL PRODUCTS
DISCOVERY (NPNPD)

The inconceivably diverse array of molecules that define all
life processes form an incredible pool from which new drugs
can be discovered. As of 2012, natural product pharmaco-
phores represent >50% of all approved anticancer drugs.
Despite the success of mining nature for drugs, large phar-
maceutical companies have drastically limited their recent
efforts in natural product (NP) discovery. There are many
reasons for this trend, including technological difficulties in
screening crude NP extracts in a high throughput manner,

and the difficulty of resupply of the original material from
which the active compound(s) was purified.

The NCI has outstanding expertise and unique resources

in the area of NP, including one of the world’s largest and
most diverse public NP extract libraries. The chemical
diversity contained within this NP library, based on reports
of natural product libraries and their sources, is immense
and simply cannot be matched by the small molecule
libraries currently being screened by most researchers. The
NCI NP Repository currently consists of crude extracts that
have mainly been screened to identify active agents using
the NCI-60 cell panel. As a result, the clinically-proven
therapies for cancer that have thus far emerged are generally
cytotoxic molecules effective at killing cancer cells. Building
on this success, we are establishing an NCI Program for
Natural Products Discovery (NPNPD), which will create

an enhanced pre-fractionated library suitable for high-
throughput targeted screens, previously recalcitrant to crude
NP extracts, and enhance the efficiency of subsequent NP
chemistry efforts to discover new molecules that specifically
modulate targets within biological pathways central to
human disease. The overarching goal of the NPNPD is to
implement new technologies towards increasing the scope
and efficiency of NP drug discovery. This program is an
exceptional opportunity for NCI to facilitate discovery

not only for cancer, but across all disease states; promote
multi-disciplinary, intramural-extramural collaboration; and
uncover new biological frontiers.

FIGURE 21: COMPONENTS OF THE NCI NATURAL PRODUCTS PROGRAM.
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The NPNPD will house the infrastructure necessary to enable

NP discovery, including:
e the NCI NP collection of biomaterials

* extraction and prefractionation to create an enhanced NP
library amenable to modern high-throughput targeted
screening technologies

* analytical resources (isolation, structure elucidation) to
support screening centers and expedite hit-to-lead efforts

* resources for resupply of active molecules for translational
development into validated lead compounds

* adatabase and bioinformatics platform to integrate source
organism, activity, structural, and chemical genomic data
that will improve efficiency and spur further discovery

Discovery programs based in NIH Institutes, universities,
medical centers, and Pharma, irrespective of disease, will

be allowed to submit requests for access to these resources,
as well as the chemistry expertise available in various NCI
programs to turn a “hit” into a validated lead compound. The
end-product will be structurally defined, validated lead mol-
ecules ready for translation. In addition, discoveries made
within the NPNPD will push basic science in both chemistry
and biology by providing exciting targets for total synthesis
and novel compounds that illuminate the underlying biology.

NCI FORMULARY

The NCI Formulary is a public-private partnership whose
purpose is to provide academic investigators with rapid
access to agents for cancer clinical trial use, particularly, for
combination trials involving agents from multiple collabo-
rating pharmaceutical companies. As genomic sequencing
data become mainstream in cancer therapy, requests for
and access to multiple targeted agents for the conduct of
clinical research studies are becoming more common. The
NCI Formulary will support an efficient mechanism to
provide pharmaceutical collaborators’ agents to academic
clinical researchers, with the goal of improving the clinical
trial implementation process for investigator-initiated and
sponsored trials.

To develop the Formulary, DCTD has negotiated with 9

companies to supply 27 agents to date using specific NCI
Formulary Clinical Cooperative Research and Development

DCTD PROGRAMS AND INITIATIVES (2013-2017)

Agreements (CRADAs). The NCI Formulary CRADAs will
provide academic investigators with access to the collabora-
tors’ proprietary agents, thus eliminating the often lengthy
agent access process that occurs between individual inves-
tigators and pharmaceutical collaborators. Agents within

the NCI Formulary are made available to investigators at
NCI-designated Cancer Centers for the conduct of pre-clin-
ical research, as well as clinical trials under investigator-held
INDs. The NCI clinical trial infrastructure will facilitate
conduct of the trials, from proposal submission and timely
review by the collaborating pharmaceutical companies, to
agent distribution, serious adverse event submission, and
clinical data reporting, while providing a coordination mech-
anism between the clinical investigators and the pharmaceu-
tical collaborators. A clinical Material Transfer Agreement
between NCI and the Cancer Center will formalize the
expectations of each party.

Initiation of the NCI Formulary began in January 2017.
Negotiations with Pharmaceutical collaborators for addition-
al agents are proceeding actively. Use of agents from the NCI
Formulary, the number of trials implemented and completed,
the timeliness of completion of these trials, and the overall
benefit of these trials on the agent development process will
be monitored and evaluated.

EXPLORING THE HORIZON

Exploring the Horizon is a collaborative trans-NCI series
created in the summer of 2015 by DCTD and developed

by an inter-divisional planning committee. The goal of
Exploring the Horizon is to foster interactions among
program staff throughout NCI’s diverse Divisions, Offices,
and Centers through the identification of common interests,
enhanced communication about scientific priorities, current
research, and possible collaborative opportunities. The first
forum brought together 12 program directors from across
NCTs five extramural Divisions to create a cohesive over-
view of ongoing research in cancer metabolism, specifically
focusing on what is known about the role of mutant isocitrate
dehydrogenase 1/2 (IDH1/2) as an oncoprotein driving
tumorigenesis in various cancers. The different presentations
painted a “story” of mutant IDH in cancer biology, including
the role of the microbiome, early detection biomarkers,
diagnosis and imaging, treatment (both preclinical and
clinical studies), and epidemiology studies. This collaborative


https://nciformulary.cancer.gov/
https://www.cancer.gov/news-events/press-releases/2017/nci-formulary-launch

effort illustrated how a single topic could integrate infor-
mation from biochemistry, cancer biology, imaging, drug
development, patient stratification, clinical trials, and early
epidemiology studies—fields that span the NCI portfolio.

The forum continued in 2017 with a two-part series on
Back Translation: Expecting One Thing and Getting Anoth-
er, which examined unique and unexpected clinical trial
outcomes in the NCI research portfolio and how further
laboratory and population studies clarified the results.

Part 1 of the series defined this concept in a story titled,
Targeting EGFR—An Iterative Process between Laboratory,
Clinic, and Population Studies. The examples explored in
Part 1 uncovered biological insights gained from both
EGFR inhibitor clinical trial outcomes and population
studies and how these insights opened up new avenues

of research and guided future clinical trial design. Part 2
continued with back translation stories on overcoming
BRAF inhibitor resistance with novel drug combinations,
understanding diet and cancer, and how patient derived
models can be best incorporated in back translation studies.
Ultimately, the 2017 series demonstrated the critical impor-
tance of designing clinical trials to facilitate the iterative
process of back translation given that unexpected clinical
trial outcomes can be the most informative ones.

NCI EXCEPTIONAL RESPONDERS INITIATIVE

Phase 1 clinical trials are primarily designed to evaluate

the safety, rather than the efficacy, of an investigational
agent. For agents targeting cancer, these trials are performed
in patients whose cancers have progressed despite having
received treatment with either the standard of care or investi-
gational agents further along in clinical development,

and typically enroll patients regardless of their tumor type.
Phase 2 studies assess activity of a treatment in patients

with a particular cancer type. Preliminary data show that

up to 10% of patients on early clinical trials unexpectedly
have complete (CR) or partial (PR) responses. This may
occur even in trials in which the drugs are not further
developed because they show insufficient activity, which

is often defined as less than 10% of patients responding

to treatment. Responses to a standard treatment that are
more robust than typical are also sometimes observed.

The Exceptional Responder (ER) Pilot study is designed

to investigate the underlying reason(s) that the tumors in
such patients responded to a particular therapeutic regimen.
The study is available through the CTSU.

An ER, as described in this pilot study, is a patient who has
one of the following:

* a CRto a systemic treatment in which the expected CR
rate is < 10%

¢ a PR that lasts at least 6 months and is observed in < 10%
of patients treated with that agent

 either a CR or PR that lasts three times longer than the
median response duration documented in clinical trials

In this study, physicians electronically submit proposed
cases without any patient identifying information. Patients
may have been treated with either standard or investigational
agents, and must be able to provide informed consent or
meet conditions for waiver of consent. The submitter must
have access to tumor tissue from before the observed ER,
and this tissue must meet quantity and quality thresholds.

A committee of laboratory and clinical experts determines
whether each case meets the criteria of a potential ER under
this initiative. If so, the submitter is requested to proceed
with implementing the ER trial at their site, submitting
additional clinical information into NCI’s confidential
Medidata Rave database, and shipping of relevant biological
specimens to a central biospecimen core resource (Nation-
wide Children’s Hospital) along with a signed material trans-
fer agreement. Pathologists at the biospecimen core resource
review the specimen, isolate and then ship DNA and RNA
to the sequencing and characterization center at Baylor
College of Medicine for whole exome and RNA sequencing.
If enough material is present, some is also shipped to Foun-
dation Medicine, which is collaborating with NCI in this
study, for deeper sequencing of a targeted gene panel

to potentially identify alterations present in only a small
population of cells in the tumor. Data (clinical and laborato-
ry) will be placed in a controlled access database (Genomic
Data Commons) for use by other investigators. Analysis
working groups, composed of ER pilot study scientists and
the case submitter (if he/she wants to participate) review
the data and attempt to correlate the molecular findings
with the potential mechanism of action of the drug(s) the
patient received.
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Since the study began in August 2014, approximately 478
cases have been internally reviewed, 221 have been pro-
visionally accepted, specimens from 105 cases have been
shipped for sequencing, and analysis reviews are in progress.
Breast cancer (24 cases), lung cancer (32 cases), colon cancer
(25 cases), other gastrointestinal cancer (34 cases), and
ovarian cancer (14 cases) are the most commonly submitted,
but other rarer cancers, including melanoma, pancreatic,
head/neck, brain, prostate, sarcomas, and others have also
been received. Having reached the initial goal of obtaining
sequence data from 100 cases in this pilot, additional cases
are no longer being sought. It is encouraging that several
ERs to standard treatments have been submitted. The feasi-
bility of obtaining retrospective tissue samples suitable for
sequencing has already been demonstrated. As we approach
the end of the pilot study, we are assessing whether this type
of research could result in the development of diagnostic
assays that will better inform which patients would be

most responsive to a particular treatment, and conversely
which treatment might provide the best outcome for an
individual patient.

PROVOCATIVE QUESTION INITIATIVE

The Provocative Question (PQ) Initiative was introduced in
2011 by then NCI Director Dr. Harold Varmus. The intention
was to engage the cancer research community to propose
challenging, unsolved questions in the field that might now
be addressed in light of advances in our understanding of the
underlying biology of cancer and the development of more
advanced technologies.

Since 2013, DCTD staff have been actively engaged in (1)
workshops for the generation of new questions, (2) the
Executive Committee activities that refine and rephrase
questions for precise understanding and clarity, (3) the
Program Committee that broadly oversees the application
process and review, and (4) the Question Teams that focus on
individual questions, define and determine responsiveness,
and assign applications to specific Program Officers.

In FY17, 411 applications were received in response to the
twelve issued PQs, of which at least 40% of the questions
related to the mission of DCTD. Twelve of the 46 awards
issued, 28% of the awarded R01s and 41% of the awarded
R21s, were assigned to DCTD program portfolios, where
the progress of these grants is being closely monitored.
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RECALCITRANT CANCER RESEARCH ACT OF 2012

The Recalcitrant Cancer Research Act of 2012 requires the
NCI to develop scientific frameworks for progress in research
against cancers with a five-year survival of less than 20%
and which cause more than 30,000 deaths per year in the
United States. In response to this Congressional authoriza-
tion, the NCI selected Pancreatic Ductal Adenocarcinoma
(PDAC) and Small Cell Lung Cancer (SCLC) as the focus of
this effort. Two workshops were held for both Federal and
non-Federal experts in the field to discuss and agree upon
specific initiatives for each of these deadly cancers. Since
2014, DCTD has been working across the NCI with the
Division of Cancer Prevention (DCP), the Office of the NCI
Director’s Coordinating Center for Clinical Trials (CCCT),
and the Center for Research Strategy (CRS), as well as across
the NIH (with NIDDK), to implement new directions in
research for the PDAC and SCLC initiatives.

In 2016, DCTD held two immunotherapy workshops—one
specifically on the subject of immunotherapy of PDAC—
defining the precise obstacles that need to be overcome to
make progress in the field, and detailing what resources
and strategies the NCI could provide to address and break
through the barriers to success.

In the area of SCLC, DCTD issued Program Announcements
together with DCP for cooperative agreements to form con-
sortia to study (1) the therapeutic development and mecha-
nisms of resistance of SCLC, and (2) innovative approaches
to the prevention and early detection of SCLC. A funding
plan was developed for the consortium, which includes a
single coordinating center for the funded sites.

In the area of PDAC, DCTD issued a request for supple-
ments to fund grants studying PDAC to (1) expand studies
to include the microenvironment of pancreatic tumors in
order to enhance the possibility of using immunotherapy
approaches for this disease, and (2) provide specimens
from “rapid autopsy” programs to create patient-derived
xenograft models.

DCTD also worked with DCP to issue a Program Announce-
ment to form a Pancreatic Cancer Detection Consortium,
which would conduct research to improve the detection

of early stage PDAC and characterization of its precursor
lesions. Three grants have been funded.


https://provocativequestions.nci.nih.gov

In addition to funding opportunities, DCTD, CCCT,

and CSR staff are members of Action Planning Groups
for both PDAC and SCLC. Their role is to interact with
working groups of the Clinical and Translational Research
Advisory Committee (CTAC) and keep them informed
about progress being made within various SCLC and
PDAC research initiatives.

NCI R21 PROGRAM: TRANSLATIONAL AND
CLINICAL EXPLORATORY RESEARCH

An R21 Funding Opportunity Announcement (FOA) was
issued in 2016 for translational and clinical exploratory
research in DCTD and DCP. This trans-divisional explorato-
ry grant mechanism is particularly suitable for high risk, high
reward projects.

The scope of work appropriate for this FOA includes:
¢ early clinical studies

* correlative studies and biomarker development

* target and agent discovery and development

* model development and analysis

The first receipt date for this FOA was in July 2016. Of the
375 grant applications received, the majority of the 18 that
were eligible for funding involved immunotherapy and
epigenetic studies, and 16 were assigned to Program Officers
in DCTD. In FY17, a total of 596 applications were received,
524 of which were assigned to DCTD Program Officers.

Of the 35 funded in FY17, 28 were assigned to DCTD for
management (Table 4).

Division Program  #awards # applications Success Rate (%)

DCTD  DTP (PTGB) 9 224 4
DTP (BRB) 7 92 76
CTEP 1 26 3.8
CIP 4 50 8
CbpP 5 75 6.7
RRP 2 39 5.1
0CCAM 0 18 0
SUBTOTAL 28 524 5.3

TABLE 4: FY17 DISTRIBUTION OF NCI R21 GRANT APPLICATIONS
ACROSS DCTD

This significant number of R21 applications clearly demon-
strates the enthusiastic support of the extramural clinical /
translational research community, and indicates that the R21
appears to be a popular mechanism for short-term, explor-
atory grants.
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OVERVIEW

The Biometric Research Program (BRP) is the statistical and
computational biology component of DCTD. It provides
leadership for DCTD programs in these areas, and conducts
research in clinical trials methodology, biostatistics, compu-
tational biology, and bioinformatics.

In addition to collaborating and consulting with DCTD and
the Center for Cancer Research (CCR) investigators, BRP
investigators conduct self-initiated research. This has enabled
BRP to recruit and retain a world-class research staff, provide
high-quality collaboration and consultation to DCTD and
NCI scientists, and make major research contributions
motivated by important problems of cancer research. BRP
does not have a grant, cooperative agreement, or contract
portfolio and does not sponsor or fund extramural research.

The major areas of BRP research encompass:

* Efficient clinical trial designs

¢ Integrating genomics in clinical trials

* Biomarkers in clinical trials

+ Computational and systems biology of cancer

* Bioinformatics resources for the research community

STRUCTURE AND FUNCTION
BIOSTATISTICS BRANCH

Statisticians in the Biostatistics Branch (BB) are each desig-
nated to collaborate with specific colleagues in other DCTD
programs to assist with all major DCTD activities, including
clinical trials, drug discovery, molecular diagnostics, and
biomedical imaging. It is the philosophy of BRP that statis-
ticians must be deeply involved in a research area to make
important scientific contributions in that area and to provide
appropriate statistical guidance and oversight for DCTD

and NCI activities. In addition to their statistical expertise,
BRP statisticians are knowledgeable in cancer therapeutics
and are assigned duties by cancer type so that they develop a
fundamental understanding of clinical issues relevant to their
areas of responsibility.

BIOMETRIC RESEARCH
PROGRAM

BRP statisticians have advisory and oversight responsibil-
ities through their interactions with other NCI programs,
including:

* Reviewing concepts and protocols for all DCTD-sponsored
clinical trials

* Serving as liaison to NCI clinical trial network group
statistical centers

* Participating with NCI and extramural scientists in
drug development strategy groups and protocol
development teams

* Serving on data monitoring committees and assuring ad-
herence to procedures established for the NCI-sponsored
clinical trials network

* Serving on Intergroup Clinical and Correlative Science
Review Committees

» Reviewing correlative science and cancer imaging proto-
cols submitted by the NCI clinical trial network groups

BRP statisticians work closely with other DCTD programs
as collaborators on program initiatives and research projects.
Example collaborations include:

¢ Participation in the development of molecular and
imaging biomarkers to aid in clinical decision making

* Collaboration on the planning and conduct of extramural
programs for the development and application of molecu-
lar and imaging diagnostics technology

* Engagement in the design, conduct, and data analysis
for NCI program-sponsored projects that aim to address
research questions of broad interest to the scientific com-
munity, such as systematic reviews of clinical trials in a
particular disease area, inter-laboratory assay comparabil-
ity studies, or systematic reviews of technical performance
of imaging procedures

e Oversight of the development and operation of a
Web-based data archive to store and enable ethically
appropriate sharing of data generated in completed
NCI-sponsored clinical trials for which primary
analyses have been published

¢ Facilitating the linkage of imaging and genomic databases
and collaboration on analyses of the linked data to evalu-
ate the clinical validity of the measurements
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LISA MEIER MCSHANE
ACTING ASSOCIATE DIRECTOR

Lisa McShane, PhD, is Acting Associate Director of

BRP. Dr. McShane holds a doctoral degree in statistics
from Cornell University in Ithaca, New York. She is
internationally recognized for her expertise in cancer
biomarkers and precision medicine cancer clinical
trials. In 2013, she was elected Fellow of the American
Statistical Association for her outstanding statistical
contributions to development of clinical tests for
personalized medicine, international efforts to improve
the quality and reproducibility of tumor marker research,
exceptional ability to communicate statistical principles
to cancer researchers, and distinguished service to the
statistics profession. She is a coauthor of more than
100 statistical and biomedical papers and the book
“Statistical Design and Analysis of DNA Microarray
Investigations.” Her statistical research interests include
biomarker-driven clinical trial design, analysis methods
for high-dimensional omics data, multiple comparisons
methods, surrogate endpoints, measurement error
adjustment methods, and biomarker assay analytical
performance assessment. She co-led efforts to develop
“Reporting guidelines for tumor marker prognostic
studies (REMARK)” and “Criteria for the use of omics-
based predictors in clinical trials.”

DCTD PROGRAMS AND INITIATIVES (2013-2017)

Dr. McShane joined the National Cancer Institute in 1995
after spending a few years as a mathematical statistician
at the National Institute of Neurological Disorders and
Stroke. Since joining NCI she has specialized in cancer
biomarker and omics research. She was appointed

Chief of the Biostatistics Branch of BRP in 2015, and
Acting Associate Director of BRP in 2017. Dr. McShane
has served on journal scientific advisory and editorial
boards, Institute of Medicine committees, and American
Society of Clinical Oncology panels and committees that
developed guidelines for HER2 and hormone receptor
testing in breast cancer, EGFR mutation testing in lung
cancer, and use of tumor biomarkers in early stage
breast cancer. Her scientific contributions have had

a major impact on the design, conduct, analysis, and
reporting of cancer biomarker studies and precision
medicine clinical trials and have helped to bring high
quality biomarker and omics tests into the clinic to
improve patient care and outcomes.




BRP statisticians additionally collaborate with CCR
intramural clinical branches (neuro-oncology, urologic

oncology, metabolism, pediatric oncology, molecular
imaging, and pathology). They serve as principal statis-
ticians for multiple NCI intramural early phase clinical
studies and provide expertise for clinical, laboratory, and
imaging study design and analysis, including analysis of
data generated by novel and state-of-the-art imaging
modalities and genomic, transcriptomic, proteomic,

and other omics technologies.

Collaborations and contributions of BRP statisticians extend
beyond NCI to activities arising from NCI partnerships
with other stakeholders, including external research groups,
advocacy and professional organizations, journals, other
NIH institutes, and government agencies. Examples of such
activities include:

*  Membership on committees convened by professional
and scientific societies and charged with the development
of clinical practice and molecular testing guidelines, and
standards for the design, analysis, reporting, and ethical
conduct of biomedical research

* Serving as a study statistician for national precision
medicine trials, such as MPACT and NCI-MATCH,
which is conducted through a partnership between
NCI and the ECOG-ACRIN clinical trials group

* Participating in initiatives conducted collaboratively
across government agencies, such as NIH, Centers for
Disease Control and Prevention (CDC), FDA, and the

BIOMETRIC RESEARCH
PROGRAM

National Institute of Standards and Technology (NIST),
to promote best practices for drug, biomarker, and
imaging modality development

* Participating in international working groups to
standardize or harmonize methods for measure-
ment of laboratory and imaging biomarkers and
clinical endpoints

BRP statisticians also maintain active research programs
for the development of new biostatistical methodology
for clinical trials, preclinical drug development, and
development and evaluation of molecular diagnostics and
cancer imaging. These statistical research programs are
motivated and informed by the wealth of statistical issues
that BRP statisticians encounter in their collaborations with
other NCI programs. BRP statisticians are internationally
recognized for their expertise, which covers a broad range
of topics encompassing statistical design and analysis of
clinical trials, including biomarker-driven and adaptive
clinical trials; statistical approaches for assessment of
surrogate endpoints; methods for development and
evaluation of prediction models; statistical techniques

for analysis of high-dimensional omics data; analysis

of analytical and technical performance for laboratory
assays and imaging devices. Examples of ongoing
statistical methodology research programs include

the following:

* Matching biomarker-driven clinical trial designs to level
of evidence of a biomarker
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» Examination of nonparametric estimation of

cumulative distribution functions

* Evaluating microsimulation to inform treatment
decisions for prostate cancer

* New analysis strategies for competing risks
survival data

* Assessment of the efficiency and ethics of
certain types of adaptive clinical trial designs

* Adaptive methods for development of
prognostic models

*  Modeling of drug synergism and antagonism
observed in preclinical drug screening studies,
particularly those utilizing patient-derived xenografts

* Statistical approaches to evaluate the clinical validity
of image-based biomarkers in the presence of
measurement error due to technical variation in
imaging assessments

COMPUTATIONAL AND SYSTEMS
BIOLOGY BRANCH

The objective of the Computational and Systems Biology
Branch (CSB) is to provide DCTD and NCI with a tightly
integrated group of scientists knowledgeable in cancer
biology, drug pharmacology, genomics, computational
and systems biology, and bioinformatics, and to train
young investigators to do research that spans cancer
biology and computational biology. The CSB has investi-
gators with backgrounds and expertise in computational
biology, cancer biology, structural chemistry, genetics,
bioinformatics, pharmacology and computer science.
They also have expertise in the management and analysis
of genome-wide tumor characterization data of all types.
They use this knowledge to provide biologically and
medically meaningful interpretations of genomic altera-
tion data, for using transcriptional pharmacodynamics
data for understanding resistance mechanisms, and for
identifying biomarker candidates. The branch also designs
and develops large-scale bioinformatics systems that
empower the community of cancer biologists worldwide
to effectively utilize genome-wide tumor characterization
data and to perform genomics driven clinical trials.

DCTD PROGRAMS AND INITIATIVES (2013-2017)

These systems include the following examples:

* BRB-ArrayTools for the analysis of DNA microarray
gene expression profile data, particularly in the devel-
opment and validation of gene expression-based
prognostic or predictive signatures. The software is
targeted to biologists and has been distributed on
request to more than 15,000 users in over 65 countries.
The software is used in all major cancer centers and
pharmaceutical and biotechnology companies. BRB-
ArrayTools incorporates the best statistical analysis
methods and serves as a vehicle for education in the
proper analysis of DNA microarray data.

* BRB-SeqTools was released in 2017 for the analysis
of next-gen DNA and RNA sequencing data. The
system provides a front-end to BRB-ArrayTools for
pre-processing RNA-SEQ data for gene expression
analysis. It also provides variant analysis, with special
filtering capabilities for the processing of tumor
samples grown in nude mice.

* NCI Transcriptional Pharmacodynamics Workbench
(TP-Workbench), targeted for release in 2018, will
be a web-based system providing biologists and
pharmacologists with extensive detailed tools for
the analysis of the genome-wide transcriptional
response of treating the NCI-60 cell lines with
15 drugs of various mechanisms of action.

* GeneMed and Portable GeneMed are bioinformatics
systems for supporting the conduct of multi-drug
basket clinical trials in which treatment selection is
based on the genomic alterations in the tumor. The
system serves as a communication hub among the
tumor sequencing center, the clinic, the study leader-
ship, the data coordinating center and the statistician.
This system is currently used in real time for clinical
trials conducted both in the NIH Clinical Center
and nationwide in NCI's Experimental Therapeutics
Clinical Trials Network (ETCTN).

The CSB conducts a postdoctoral training program in cancer
computational and systems biology and bioinformatics.

BRP has hosted visitors from several countries on short

and extended visits for training and research in the use of
genomics in cancer research.


https://brb.nci.nih.gov/aboutBRP/csb.htm
https://brb.nci.nih.gov/aboutBRP/csb.htm
https://brb.nci.nih.gov/BRB-ArrayTools/
https://brb.nci.nih.gov/seqtools/
https://brb.nci.nih.gov/OpenGeneMed/

Areas in which CSB research has recently focused include

the following:

* Development of analytically validated computa-
tional pipelines for clinical-grade, high-throughput
DNA sequencing

* Development of a bioinformatics system for therapeutic
clinical studies in which drug selection is based on
the genomic variants in an individual’s tumor

+ Utilization of whole-exome sequencing of tumor
cell line panels for understanding the genomic basis
of therapeutic activity, resistance, and synergism

* Development of methods for the analysis of tumor
DNA sequencing studies for elucidating the evolution-
ary history of the tumor, and development of methods
for analysis of whole-exome, single-cell DNA sequencing
of multiple cells from the same tumor for understanding
intra-tumor heterogeneity

BIOMETRIC RESEARCH
PROGRAM

FUTURE DIRECTIONS

In upcoming years, BRP plans to focus on the

following activities:

Development and application of statistical and
computational methods to facilitate and accelerate
the development and clinical evaluation of effective
molecularly targeted therapeutics for individual
patients and companion diagnostics

Development and application of statistical and
computational methods for enhancing the under-
standing of oncogenesis with massively parallel
sequencing, whole-genome characterization
technology, and systems biology approaches

Development and application of statistical and
computational methods for using genomic data to
elucidate the early steps of tumor pathogenesis
and to identify key molecular targets for cancer
prevention, early detection, and therapy

Development of novel statistical designs and analysis
methods for enhancing the effectiveness of cancer clinical
trials and for expediting the development of technology of
potential importance for biomedical investigation

Development of a bioinformatics system that empowers
cancer biologists and pharmacologists to utilize whole
genome tumor characterization data to identify resistance
mechanisms, predictive biomarkers, and innovative com-
binations and treatment plans
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OVERVIEW

The mission of the Cancer Diagnosis Program (CDP) is to
enable and promote precision cancer medicine by improving
the diagnostics for, and thereby the treatment of, cancer.
CDP accomplishes this by effectively moving new scientific
knowledge about biomarkers into clinical practice. This
national program stimulates, coordinates, and funds resourc-
es and research on diagnostics and improved technologies to
better characterize cancers, to guide the choice of treatment,
and to evaluate response to treatment. The overarching goals
of CDP are to:

* Support development of the most effective in vitro
diagnostic tools to optimize treatment decision making

 Encourage research on the clinical utility of biomarkers
for clinical practice

* Facilitate translational research by supporting the
collection of research biospecimens and sharing of
previously collected biospecimens for research

* Develop best practices and tools to improve the quality
of biospecimen collection

CDP has been instrumental in the implementation of two

of NCT’s current precision medicine trials: NCI-MATCH
(Molecular Analysis for Therapy Choice) and NCI-COG
Pediatric MATCH, by bringing together a network of labo-
ratories that are Centers for Medicare & Medicaid Services
(CMS) approved under the Clinical Laboratory Improvement
Amendments (CLIA) to molecularly profile patients’ tumors.
Along with the ECOG-ACRIN Cancer Research Group,

part of the NCTN, CDP and the Cancer Therapy Evaluation
Program (CTEP) led the development of NCI-MATCH and
coordinated committees working on appropriate treatments,
logistics, ethical and other issues. CDP also partners with
NCTI’s Center for Cancer Genomics in the Exceptional
Responders Initiative, which invited clinicians to submit
cases and tumors from patients who had an exceptional
response to their chemotherapy treatment (targeted or
standard chemotherapy). These tumors undergo extensive
molecular profiling in an attempt to find potential molecular
reasons for the patient’s exceptional response. The data may
provide the seeds to eventually identify other patients with
similar molecular profiles who may also respond very well
to a given treatment. CDP’s efforts have also been crucial

for the collection of the normal tissues used for NIH’s
Genotype Tissue Expression Project (GTEx). The GTEx
data have proven useful as normal expression controls in the

CANCER DIAGNOSIS CDP
PROGRAM

profiling of the Exceptional Responders tumors. The genome
sequencing and gene expression data produced by GTEx

is used extensively by cancer researchers. CDP’s initiatives
over the past several years have contributed significantly to
progress in the field of biomarker development and clinical
application. CDP is now building on lessons learned and
scientific advances achieved in large and small molecular
biomarker research, as well as from the pilot Clinical Assay
Development Program (CADP). Current research directions
focus on the transition of research assays of potentially useful
biomarkers derived from new molecular insights into assays
that are validated for clinical use.

In order to be useful for patient therapy, insight into the
molecular features of a cancer that correlate with its behavior
or responsiveness to a particular treatment must be devel-
oped into a reliable assay. This involves several steps, the first
of which is the development of a research assay that uses
human tissues or other biospecimens likely to be used in
clinical practice. This assay must then undergo analytic
validation to confirm that it is reliable, robust, and accurate
for its intended clinical use. Analytically validated assays
must then be clinically validated to ensure that the result of
the assay can be correlated with the clinical condition for
which it is intended to be used. Finally, and most importantly,
the assay needs to be studied for its clinical utility to demon-
strate that use of the assay provides more benefit to a patient
or group of patients than not using the assay in clinical care.
In order to realize the promise of precision medicine, or
treatment individualized to the patient’s particular, molecu-
larly characterized tumor, careful validation of the molecular
assays that will allow this type of treatment, and clinical trials
to assess the clinical utility of this approach, are necessary.

Although the research processes for drug development and
approval have been well known for years, the same cannot
be said for molecular diagnostics. Clinical researchers in
oncology are not trained to develop molecular diagnostics
in a rigorous manner. CDP has promoted methods to bridge
the gap between drug development and concurrent, accurate,
and reliable molecular diagnostic development. CDP works
to support all of the activities involved in the development
of robust clinical assays: appropriate ethical, legal, and
social approaches for engaging patients in research studies;
support of basic research and correlative science by making
biospecimens (and their attendant clinical data) available
for research; promulgation of biospecimen best practices;
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https://cdp.cancer.gov/
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
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https://biospecimens.cancer.gov/resources/sops/gtex.asp
https://biospecimens.cancer.gov/resources/sops/gtex.asp

LYNDSAY N. HARRIS
ACTING ASSOCIATE DIRECTOR

Lyndsay Harris, MD, is Acting Associate Director of CDP.
Prior to coming to NCI, she was Professor of Medicine at
Case Western University and Director of the University
Hospital’s Seidman Breast Cancer Program. Her research
in the last 25 years has focused on the development of
biomarkers and targeted therapeutics to improve out-
comes for breast cancer patients. Her laboratory focused
on the use of genomic technologies to develop breast
cancer signatures for optimizing therapy selection. She
brings experience as a clinician, clinical-trialist and trans-
lational researcher, publishing over 120 scientific research
articles, and has contributed to the understanding of
molecular subtypes of breast cancer and the implication
of gene, gene expression, and protein expression profiles
on treatment response and resistance. She has held a
variety of national and international leadership positions
related to cancer clinical trials and translational stud-

ies, including co-leader of American Society of Clinical
Oncology (ASCO) Breast Cancer Biomarker Guidelines,
co-leader of Translational Studies for Breast Committee
in Cancer and Leukemia B (CALGB), Breast Committee
Eastern Cooperative Oncology Group-American College
of Radiology Imaging Network (ECOG-ACRIN), Leader
of Audit Committee for Pan American Cancer Trials
Network and Member of the (Neo) ALTTO International
Adjuvant Breast Cancer Clinical Trial Steering Commit-
tee. She directed the Tissue, Pathology and Clinical Data
Core for the Dana-Farber/Harvard Cancer Center SPORE
in Breast Cancer from 2001-2006, and co-led a Project.

DCTD PROGRAMS AND INITIATIVES (2013-2017)

As Acting Associate Director, Dr. Harris directs her team
in the development of robust prognostic and therapeutic
biomarkers through the study of biospecimen science,
innovation and technology, pathology evaluation and
clinical application of biomarkers. CDP works closely
with the Cancer Therapy Evaluation Program (CTEP) to
implement biomarkers into clinical trials, and CDP directs
the NCI-MATCH (Molecular Analysis for Therapy Choice)
and Exceptional Responders Precision Medicine trials.




[l

313 310008 30000003 st

CANCER DIAGNOSIS
PROGRAM CDP

research related to the effects of biospecimen handling proto-

cols on research data; and grant support for robust transla-
tional research, technology, laboratory and quality assurance
processes that will lead to more robust clinical assays.

CDP collaborates closely with CTEP to promote the effective
integration of biomarker studies and well validated biomark-
er assays into CTEP-sponsored clinical trials and to imple-
ment recommendations of the Clinical Trials Working Group
(CTWG), especially through the NCI Biomarker, Imaging,
and Quality of Life Studies Funding Program and the newer
DCTD Biomarker Review Committee. These reviews are
focused on the development of a fit-for-purpose reliable
assay for the intended clinical trial. CDP strongly encourages
clinical investigators to collaborate closely with laboratorians,
molecular and clinical pathologists, statisticians, and others
to bring biomarker guided clinical trials to reality.

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

CDP is actively engaged in the ethical, legal, and social
aspects of clinical molecular profiling in tumors and how
these new technologies can be expected to affect a patients’
perception of their treatment options, or the impact on
families/relatives of having molecular information about
oneself. CDP informs and participates in discussions of

ethical issues surrounding biospecimen procurement, storage,
and use, as well as ethical, legal, and social issues surrounding
the generation and public availability of omics data.

Research supported by CDP extends to the development of
new technologies: the instruments and analytical methods
that provide the technical platforms for innovative diagnos-
tics. CDP scientists keep abreast of emerging technologies
and their intersection with cancer molecular science.

These development efforts encompass:

Genomics and next-generation sequencing

* RNA and microRNA expression and sequencing
DNA methylation and epigenetic regulation

* Proteomics and immunoassays

* Metabolomics and glycomics

¢ Circulating tumor, nucleic acids, and other analytes

o Assays that demonstrate target engagement by a
cancer drug

* Collaboration with experts and programs in
functional imaging

* New engineering techniques (e.g. molecular
machines, nanotechnology)

* New techniques and access to informatics technology
* Point of care devices for molecular diagnostics

 Diagnostics that are appropriate and effective for use
in low and middle income countries
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Biospecimens of sufficient quality are essential to the

biomarker research and assay development that leads to
diagnostic tests. CDP is a critical component of NCTI’s
program to provide cancer biospecimens for research
and to develop the biospecimen resources of the future.
CDP provides support for two major sources of biospeci-
mens, the Cooperative Human Tissue Network (CHTN)
and the National Clinical Trials Network (NCTN)
Biospecimen Banks, which each year provide thousands
of biospecimens with appropriate pathologic and clinical
data to researchers across the country. CDP’s Specimen
Resource Locator (SRL) enables researchers to quickly
and efficiently gain access to existing biospecimen resources
housed in pathology archives within and outside NCI or
NIH funded resources.

CDP also generates standards for biorepository infrastruc-
ture through publication of the NCI Best Practices for
Biospecimen Resources. The Best Practices were most
recently updated in 2016 and are utilized internationally.
CDP has developed resources to assist cancer patients and
members of the general public to understand how tissue
specimens are used in research and the importance of
tissue donation. As part of efforts to improve research
reproducibility, CDP conducts and supports research on
the effects of biospecimen pre-analytical variation on molec-
ular testing results. A primary focus is the development

of evidence-based procedures for biospecimen collection
and utilization, to support assessment of biospecimens for
fit-for-purpose use in assays that will be used for prognosis
and prediction.

The program supports several biobank initiatives including
the Cooperative Human Tissue Network (CHTN), NCTN
biobanks and the Moonshot Biobank Initiative that is
being developed by the Biorepositories and Biospecimen
Research Branch.

56 DCTD PROGRAMS AND INITIATIVES (2013-2017)

STRUCTURE AND FUNCTION

Established as a DCTD program in 1996, CDP strives to
improve patient outcomes by effectively moving molecular
diagnostics from research 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. The
development of accurate and reliable molecular diagnostics
that can guide treatment has been difficult, and there is no
accepted, uniform path to this goal. CDP concentrates on
the development of assays for cancers that have already been
diagnosed, rather than on screening assays for identifying the
presence of cancer.

The activities of CDP fall into three major categories:

1. Developing, validating, and evaluating assays for
clinical decision making

2. Discovering biomarkers and developing enabling
technologies

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

CDP collaborates with programs in the NCI Office of the
Director, the NIH Common Fund, the NIH Personalized
Medicine Initiative, the National Institute of Biomedical
Imaging and Bioengineering (NIBIB), and bioengineer-

ing efforts across NIH. A significant challenge is the great
quantity of information that can now be generated by various
omics technologies. CDP works to validate such technolo-
gies for clinical use and collaborates to solve the challenging
bioinformatics problems associated with these technologies
and their use in patients.

As part of the mission to transition research assays from the
laboratory into the clinic, CDP is involved in national and
international deliberations of the ethical, legal, and social
implications of this work. The topics of these deliberations
include the return of research results to participants and the
return to patients of secondary or incidental findings from
the molecular characterization of their tumors.


https://www.chtn.org/
https://nctnbanks.cancer.gov/
https://nctnbanks.cancer.gov/
https://specimens.cancer.gov/
https://specimens.cancer.gov/
https://biospecimens.cancer.gov/bestpractices/index.asp
https://biospecimens.cancer.gov/bestpractices/index.asp
https://www.cancer.gov/about-nci/organization
https://www.cancer.gov/about-nci/organization
https://commonfund.nih.gov/
https://www.nih.gov/research-training/allofus-research-program
https://www.nih.gov/research-training/allofus-research-program
https://www.nibib.nih.gov/
https://www.nibib.nih.gov/

BIOREPOSITORIES AND BIOSPECIMEN
RESEARCH BRANCH

The lack of standardized biospecimens of known quality

has been widely recognized as one of the most significant
roadblocks to the progress of cancer research. Biospecimens,
their preservation, attachment to clinical data and fitness for
use in molecular diagnostics has been a focus of CDP since
its inception. Over the past fifteen years, NCI has undertaken
an intensive due-diligence process to understand the state of
its funded biospecimen resources and the relative quality of
biospecimens used in cancer research. This process, which
began in 2002 with NCI surveys and community forums,
resulted in the establishment of a trans-divisional Biorepos-
itory Coordinating Committee and creation of the Office of
Biorepositories and Biospecimen Research (OBBR), in 2004
and 2005, respectively, to lead and coordinate a strategic plan
to confront and resolve the issues in a stepwise fashion.

OBBR was incorporated into CDP in 2012 as the Biorepos-
itories and Biospecimen Research Branch (BBRB) where it
continues to provide leadership, tools, resources, and policies
in biobanking for the global biomedical research community,
to enable translational research and precision medicine for
patients. BBRB develops biorepository standards and facilitates
biospecimen science studies that form the basis of evidence-
based practices to guide clinical cancer research and other
biomedical studies. The ultimate goal is to increase the repro-
ducibility of cancer research involving the use of biospecimens.

23,3858 0808 01
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BBRB activities include the following:

* Development and dissemination of the NCI Best Practices
for Biospecimen Resources, a foundational document
for biobanking that is utilized internationally. The
Best Practices represent operational standards for all
aspects of biobanking, including quality management,
governance, legacy planning, biobank economics, and
data management.

* Biospecimen research to better understand and mitigate
the effects of different collection, processing, and storage
procedures on the outcome of molecular analysis con-
ducted for basic research and clinical diagnostics.

* Programs to better understand and improve public
engagement in biobanking, including development and
dissemination of patient brochures, sponsored research in
the ethical, legal, and social issues (ELSI) of biobanking,
and incorporation of evolving ELSI approaches and
policies into Best Practices documents.

* Development and operational management of robust
biospecimen collection infrastructures to facilitate
major team science initiatives in genomics and
biospecimen science.

 International collaborations to coordinate biospecimen
science with standards initiatives, and to harmonize
biobanking policies and procedures.

BBRB: Building Biospecimen Best Practices

Public Engagement in Biobanking

* Patient brochure .

Collection of Fit-for-
Purpose Biospecimens

Operational Standards

Biospecimen science research (BRN)  « Quality Management

* ELSI research * Literature and SOPs database (BRD) ¢ Governance
* Workshops * Biospecimen evidence-based * Legacy Planning
practices (BEBPs) * Biobank economics

» Workshops

* Publication Standards (BRISQ)
* Biospecimen data management

FIGURE 22: BBRB ACTIVITES DESIGNED TO IMPROVE THE QUALITY OF BIOSPECIMENS AND BIOSPECIMEN RESEARCH.
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DIAGNOSTIC BIOMARKERS AND
TECHNOLOGY BRANCH

The Diagnostic Biomarkers and Technology Branch (DBTB)
stimulates and supports research to develop new biomark-
ers, diagnostic strategies, models, innovative technologies,
improved devices, and molecular assay platforms that will
lead to better research tools and assist in clinical decision-
making. This branch maintains familiarity with novel
technologies that may prove useful for precision diagnostics.
Significant input from DBTB staff into NCI's Innovative
Molecular Analysis Technologies (IMAT) program, allows
CDP and NCI to develop and support important research
into the development and application of new technologies to
the diagnosis of cancer. Other specific interests/activities of
the branch are to:

* Stimulate research that incorporates new knowledge
from cancer biology and tumor-host interactions into
cancer diagnosis research

* Support research focused on the development of
innovative technologies and devices for use in cancer
diagnostics, prognostics and prediction

* Support research to integrate and apply results from
biomarker research and technology development
into novel platforms for cancer diagnosis, including
diagnostics suitable for low and middle income
countries and other point of care diagnostics

* Stimulate research focused on the development and
implementation of algorithms for analysis of high
dimensional data applied to cancer diagnostics,
prognostics and prediction

* Stimulate novel interdisciplinary technological research
with usefulness for precision cancer medicine

DIAGNOSTICS EVALUATION BRANCH

The Diagnostics Evaluation Branch (DEB) focuses on the
development of predictive and prognostic diagnostic assays
from the translational research stage through assessment of
their clinical utility. DEB collaborates with CTEP to promote
the effective integration of biomarker studies into DCTD’s
cancer therapy trials as well as to develop appropriate clinical
trials that can be used for patients whose tumors have or

will be molecularly profiled. Staff review biomarker studies
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proposed for inclusion in concepts and protocols for CTEP

trials, and considering both the analytic validity and the
clinical utility of novel assays, provide recommendations

at all stages of trial design. This effort improves the quality

of clinical studies and serves CDP’s planning processes by
enabling staff to identify obstacles to progress in the field.
Clinical trials that include investigational biomarker assays,
particularly where assays are integral to the trials (e.g. neces-
sary in order for the trial to be performed - such as to choose
particular patients based on a molecular profile, or to stratify
patients by a molecular characteristic), require time and
effort for adequate analytical and/or clinical validation of the
assays, thereby posing special challenges to the implementa-
tion of NCI’s operational efficiency initiatives. Members of
CDPs staff are actively engaged with CTEP and the inves-
tigators of its clinical trials consortia to improve both the
efficiency and the scientific output of DCTD trials. CDP and
CTEP currently collaborate to foster research on biomarkers
of response to new and novel immune therapies, other target-
ed therapies and combinations of different therapies.

DEB also keeps abreast of molecular diagnostics and
precision oncology needs in the cancer community, and
supports collaborative research involving the expertise of
clinicians and laboratorians from different universities to
develop appropriate molecular assays that can further guide
precision medicine. One product of this activity has been
the successful Strategic Partnerships to Evaluate Cancer
Signatures (SPECS).

DEB activities include:

 Stimulating research to use in vitro diagnostics as
prognostic markers to improve tumor classification, and
predictive markers to improve response to therapy

* Collaborating with other researchers and government
agencies to analytically and clinically validate in vitro
diagnostics and their clinical utility

 Stimulating interdisciplinary research to develop novel
assays or novel uses of existing assays that can be used
to inform about the behavior or the response of cancers
to a particular treatment

* Interacting with other agencies such as FDA and CMS to
understand problems in the development of promising
assays, particularly those that can be used to identify
patients for whom certain treatments could be beneficial


https://cdp.cancer.gov/aboutCDP/dbtb.htm
https://imat.cancer.gov/
https://imat.cancer.gov/
https://cdp.cancer.gov/aboutCDP/deb.htm
https://cdp.cancer.gov/scientific_programs/specs/default.htm
https://cdp.cancer.gov/scientific_programs/specs/default.htm

THE PATHOLOGY INVESTIGATION AND
RESOURCES BRANCH

The Pathology Investigation and Resources Branch (PIRB)
supports the collection and distribution of human biospec-
imens, pathology investigation to facilitate the discovery of
novel molecular features of cancers, and translational and

cancer diagnostics research that requires patient biospecimens.

Biomarker discovery research, assay development, and
evaluation of clinical utility of assays all depend on the
availability of human tumor (or other) specimens for which
there is also associated demographic and clinical data. PIRB
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
biomarker research community, providing high-quality
human specimens specifically collected and processed to
support biomarker discovery and early assay development.
This resource collects specimens prospectively, based on
the researcher’s requirements. The Cooperative Breast
Cancer Tissue Resource, initially planned and created by
CDP, was the first virtual specimen resource with significant
clinical data. They provided the specimens and associated
clinical outcome data from breast cancer patients that were
used to create statistically designed tissue microarrays for
the investigation of prognostic and predictive biomarker
hypotheses. These resources, including the Breast Cancer
Tissue Microarrays, are still in great demand and are being
provided to support prognostic marker research by CHTN.

PIRB also supports NCTN’s specimen banking activities;
prior to this stable support, collection of valuable specimens

CANCER DIAGNOSIS
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in the context of randomized trials was haphazard at best.

Currently, the NCTN tissue collection and processing are being
standardized, informatics implemented, and transparent access
procedures are making the specimens more widely available
for critical research, both within and outside the NCTN.

PIRB activities include the following:

* Development and support of human specimen resources
that procure, store, and distribute a variety of biospeci-
mens for research

* Assistance for investigators in locating and acquiring
human cancer specimens needed for their research

* Development and administration of the Specimen
Resource Locator (SRL), a searchable website that main-
tains information about existing biospecimen resources

* Support for the NCI Tissue Expediter, an individual who
assists investigators in locating appropriate resources as
well as identifying potential collaborations

* Provision of pathology expertise and advice on human tissue
specimen resources and sample preparation to researchers.
PIRB also provides pathology assessment and QA/QC for
specimens on CDP/DCTD/NCI scientific initiatives

* Collaboration with investigators to optimize biospecimen
quality, identifying best molecular QA/QC methods
and overcoming challenges in molecular analysis of
human samples

* Support and development of informatics tools to improve
access to human biospecimens and associated clinical data
in NCI-funded biospecimen resources
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CDP GRANTS OVERVIEW

The CDP research portfolio included 218 funded grants
during fiscal year 2016. The grant award mechanisms

used by CDP and their distribution in terms of research
support in 2016 are shown in the accompanying charts.
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R21

The predominant mechanism is the individual research

project grant (RO1), followed by co-operative agreements
that support both targeted research and research resources
such as tissue banks.
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FIGURE 23: DISTRIBUTION OF 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY MECHANISM.
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FIGURE 24: DISTRIBUTION OF 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY RESEARCH AREA.

DCTD PROGRAMS AND INITIATIVES (2013-2017)




CANCER DIAGNOSIS CDP
PROGRAM

ASSISTANCE TO THE CANCER COMMUNITY

MOLECULAR CHARACTERIZATION
LABORATORY (MOCHA)

The Molecular Characterization Laboratory at the Fred-
erick National Laboratory for Cancer Research (FNLCR)
assists with early phases of assay development and transition
to clinical laboratory readiness. This laboratory provides
genomic characterization of biospecimens obtained from
cancer patients in clinical trials sponsored by DCTD. The
results are used to (1) identify patients who may benefit
from trials of new interventions targeting a specific genetic
alteration(s) detected in their tumor, and (2) provide insight
into the cellular mechanism(s) of resistance that develop in
response to targeted therapies. MoCha also serves as the lead
laboratory for the network of CLIA-approved laboratories
involved in NCI-MATCH and NCI-COG Pediatric MATCH.
These laboratories are responsible for obtaining appropriate
biopsies, characterizing the tissue received, isolating nucleic
acids, and performing the molecular assays to screen patients
for treatment in these targeted therapeutic trials.

PROGRAM FOR THE ASSESSMENT OF
CLINICAL CANCER TESTS (PACCT)

Barriers impeding progress in the field of biomarker and
assay development include the absence of a well-defined
pathway for the development and evaluation of clinical
biomarkers, and a lack of standards that assays must meet
before being incorporated into trials or clinical practice. Only
a small number of molecular assays used in cancer treatment
are submitted to the FDA for clearance or approval. Most
assays used in clinical practice are laboratory developed tests
(LDTs) that can vary in their performance from laboratory
to laboratory. If not adequately addressed, such variation in
biomarker assessment could delay or diminish the impact

of precision oncology. CDP launched the Program for the
Assessment of Clinical Cancer Tests (PACCT) to develop a
process for moving technologic and cancer biology advances
more efficiently and effectively into clinical practice. PACCT
is a strategy group composed of scientists from academia,

as well as FDA and NCI, with expertise in clinical oncology,

Define intended use; Assess performance,

Discovery of assay Assess feasibility/ . S
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I »
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as needed
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>

FIGURE 25: THE MARKER DEVELOPMENT PROCESS.
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THE TAILORx TRIAL

TAILORYX, the first trial launched by PACCT, is testing
whether a set of genes whose expression has been
shown to be associated with the 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 the Nation-

al Surgical Adjuvant Breast and Bowel Project, an NCI
cooperative group. U.S. Postal Service sales of breast
cancer stamps 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.

TAILORX is being carried out as a collaboration between
CDP, CTEP, and all of the NCTN Groups that perform
breast cancer studies. The trial was launched in the
spring of 2006 and completed its testing and accrual

of more than 11,000 patients in the summer of 2010.
The first major result was published in the New England
Journal of Medicine in 2015; the analysis indicated that
women meeting the trial’s entry criteria whose tumors
had a low-risk score on the 21-gene panel could safely
be treated with hormonal therapy alone. Analysis of the
randomized arm of the trial is anticipated in 2018. This
trial is expected to have a major impact on the treatment
of women with breast cancer.
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pathology, basic cancer biology, diagnostics technology and
assay development, clinical trials methodology, and statistics.
The strategy group establishes working groups to guide the
development of specific projects.

PACCT leverages many existing NCI-supported activities to
achieve the research goals of improving the creation and use
of diagnostics to positively affect patient care.

Outcomes include the following:

* Launch of the landmark “Trial Assigning Individualized
Options for Treatment” (TAILORXx) to evaluate the ability
of the OncotypeDX assay to predict benefit from chemo-
therapy; accrual has been completed, interim analyses
have been published, and primary analysis results are
expected in 2018

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

* Development of standards for the analytic performance of
assays incorporated into clinical trials

* Development of guidelines for the validation of omics
assays prior to use in clinical trials

e Discussion and recommendations on how to evaluate the
clinical utility of predictive and prognostic assays

 Discussion and recommendations on bringing massively
parallel sequencing into clinical use

 Establishment of a major series of international meetings
on cancer molecular markers

STRATEGIC PARTNERSHIPS TO EVALUATE
CANCER SIGNATURES (SPECS)

SPECS is a cooperative agreement program accelerating
progress in moving molecular profiles of tumor tissue from
the research setting into clinical practice. New diagnostic
tools developed under the SPECS program 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, now cleared
by the FDA and commercially marketed as Prosigna™
(NanoString Technologies, Seattle, WA)


https://www.cancer.gov/types/breast/research/tailorx
https://www.cancer.gov/types/breast/research/tailorx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362085/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362085/
https://cdp.cancer.gov/scientific_programs/specs/default.htm
https://cdp.cancer.gov/scientific_programs/pacct/tailorx.htm
https://cdp.cancer.gov/scientific_programs/pacct/default.htm
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* A commercially available mass spectroscopic assay to

predict response to epidermal growth factor receptor
(EGFR) inhibitors marketed by Biodesix

* Animproved risk classifier for adult and pediatric
patients with acute lymphoblastic leukemia, now
incorporated into clinical trials for assessment of
clinical utility

A diagnostic signature for rhabdomyosarcoma 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 that is
under commercial development for marketing and
has been included as an investigational biomarker
in clinical trials of ibrutinib

Additional signatures still undergoing clinical validation
studies include:

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

 Prognostic signatures for squamous cell lung cancer
based on mRNA and microRNA expression patterns

* An assay that combines RNA gene expression signatures
with gene mutation assessments to identify responders
and non-responders to cetuximab therapy in patients
with colon cancer

BIOMARKER EVALUATION IN NCI CANCER
THERAPY TRIALS

CDP staff review biomarker studies proposed for inclusion
in CTEP clinical trials, providing critiques and recommen-
dations for both concepts and protocols for Phase 1, Phase
2, and Phase 3 trials. CDP staff also serve as reviewers on
the Central Correlative Science Committee for applications
to use specimens from the NCTN biospecimen repositories.
CDP provides critical biomarker expertise at clinical trials
planning meetings and serves on intergroup task forces.

REMARK AND THE EORTC-NCI CANCER
MOLECULAR MARKERS COLLABORATIONS

CDP has led an NCI collaboration with the European Organ-
isation for Research and Treatment of Cancer (EORTC),

the American Society of Clinical Oncology (ASCO), and

the American Association for Cancer Research (AACR) to
convene a series of meetings on molecular diagnostics that
take place alternately in Europe or the United States and are
joined by the regulatory agencies in each continent (Euro-
pean Medicines Agency or the U.S. FDA). These scientific
meetings are accompanied by an intense training program in
the development of assays for use in clinical trials, attended
by junior investigators and taught by experts from govern-
ment, academia, and industry. The training sessions allow
students to develop a plan for assay validation for an intend-
ed clinical trial, and hopefully results in the expertise needed
for precision medicine clinical trials of the future. At the first
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meeting, one resulting international working group focused
on the development of guidelines for information that
should be included in all publications about tumor markers.
The REMARK guidelines were published in several major
scientific journals and are now being used by journals as
standards for the review of manuscripts on markers.

In 2014 a new collaboration was initiated between NCI,
EORTC, the European Medicines Agency, and AACR to
develop a new meeting series with a clearer emphasis on
drug development. The first meeting in this new series,
Innovations in Biomarkers and Cancer Drug Development
was held in Brussels, Belgium in 2016 and attracted more
than 200 participants.

CLINICAL ASSAY STANDARDIZATION

Members of CDP are acknowledged experts in the fields

of clinical cancer research, engineering, biology of cancer,
assay methodology and anatomic, surgical, and molecular
pathology. As members of major professional societies, they
contribute to the establishment of nationwide practice guide-
lines for cancer pathology and tumor staging.

CDP, with the PACCT strategy group, has initiated proactive
efforts to improve the standardization and reliability of
newer assays entering into clinical practice. Projects have
focused on how to evaluate the clinical utility of predictive
and prognostic assays and to ensure that assays being
evaluated in clinical trials or being used in clinical

practice can be performed with sufficient reproducibility
and minimal laboratory-to-laboratory variation. This is
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critical for dissemination of clinical laboratory tests into
community practice.

CDP staff served on an international subcommittee that
was formed to assess the current state of reproducibility

of Ki67 assessments across different laboratories. Results
from the first phase of the study showed a concerning lack
of concordance of Ki67 assessments on a common set of
specimens among eight laboratories regarded as experts in
assessment of Ki67. These results were published (McShane,
2013) and prompted efforts to develop a web-based training
tool to standardize and harmonize Ki67 scoring. CDP statis-
ticians were involved in developing the training system and
analyzing the data. They also helped to design a second inter-
national reproducibility study to assess whether harmoniza-
tion efforts were successful. These results (Polley MY, 2015)
showed that after calibrating to a common scoring method
via the web-based tool, laboratories could achieve high
inter-laboratory reproducibility in Ki67 scoring on centrally
stained tissue microarray slides, but some clinically import-
ant discrepancies persisted. Future work will be needed to
extend this approach to clinical use.

Additional projects directed by CDP and PACCT have
included participation in international efforts to stan-
dardize quantitative reverse transcriptase—polymerase
chain reaction (QRT-PCR) assays to detect and measure
BCR-ABL fusion gene transcripts in blood, in order to
monitor for the molecular recurrence of chronic myelog-
enous leukemia after treatment, and efforts in the area of
measurement of minimal residual disease, using various
analytes and platforms.


https://dctd.cancer.gov/NewsEvents/innovation_and_biomarkers.htm

BIOSPECIMEN ACCESS FOR THE CANCER
RESEARCH COMMUNITY

Cooperative Human Tissue Network (CHTN)

The CHTN is not a bank for the storage of tissues, but
provides access to human tissue for basic and translational
research scientists in 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 institutions, organized into six
divisions, coordinate the collection and distribution of tissues
across the United States and Canada. Trained personnel at
member institutions conduct the retrieval, preservation, and
delivery of specimens obtained from surgical resections and
autopsies according to protocols defined by the investigator.
Quality assurance review on all biospecimens is conducted
by the board-certified anatomic pathologists. Since its
establishment, CHTN has provided over a million high-
quality specimens from a wide variety of organ sites to
several thousand investigators. CHTN also produces and
distributes sections of tissue microarrays constructed from
multiple tissue types with several disease-specific designs.

Tissue procurement through 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. As such, about 80% of the
investigators using CHTN samples are academic researchers,
and the majority of them use the samples for their RO1
grant funded projects. In addition, a large number of
patents have cited the CHTN.

Tissue Microarrays for Breast Carcinoma and
Colorectal Carcinoma

CDP, together with the NCI Cooperative Breast Cancer
Tissue Resource (CBCTR), has developed progression and
prognostic tissue microarrays (TMAs), along with associated
pathological and clinical outcome data, providing high statis-
tical power to assist investigations of prognostic biomarkers
in breast cancer and colorectal carcinoma.

CANCER DIAGNOSIS CDP
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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,
11, and III breast cancer. Both TMAs were designed to ensure
high statistical power for the intended comparisons.

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. Application and access
procedures are available online through the CHTN.

National Clinical Trials Network Banks

The NCTN Biospecimen Banks, formerly the Cooperative
Oncology Group Banks, 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 or assay clinical validation
studies on uniformly treated patient populations. PIRB
has supported these banks through U24 grant awards

to the Oncology Groups and ensured that the banks
implement best practices such as common data structures
and standardized collection and storage practices. After
the reorganization of nine Cooperative Oncology Groups
into five NCTN Groups in March, 2014, the NCTN biore-
positories were also reorganized and are now supported by
five U24 grants with Biospecimen Bankers/Pathologists as
PIs. The NCTN Group Banking Steering Committee was
established with representatives from all the NCTN banks/
groups and NCI to lead and implement a harmonization
of SOPs and a process for fair access to specimens. Investi-
gator requests for “legacy” banked specimens and research
proposals are reviewed for scientific merit by the NCTN
Core Correlative Science Committee. If proposals receive
favorable reviews, specimens with clinical, treatment, and
outcome data can be made available to researchers through
collaborative arrangements. NCI and the NCTN Group
Banking Steering Committee are currently working on an
improved informatics system, and common application and
review processes are being developed to improve access to
specimens by the broader research community.
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The Specimen Resource Locator (SRL)

Finding appropriate tissue resources for translational
research can be very difficult for an investigator. The SRL
database was designed to help researchers locate resources
that might be able to provide the samples needed for

their studies. This publicly searchable database includes
information about biospecimen banks and sample
procurement services. The specimens and samples come
from non-commercial sources, either NCI or non-NCI-
funded resources. Investigators can search the database and
gain access to thousands of specimens of various tumor,
organ, and preservation methods.

In the event a researcher is unsuccessful in finding the
appropriate specimen resource through the SRL, they may
contact the NCI Tissue Expediter and speak with a scientist
who can further assist them. The NCI Tissue Expediter can
also assist researchers to identify potential collaborators.
NCI and NCT’s SRL do not oversee or take responsibility for
the content, quality, or data of the specimen collections or
resources participating in the SRL.

NIH GENOTYPE TISSUE EXPRESSION (GTEX)
PROGRAM

BBRB coordinated tissue acquisition for the NIH Common
Fund’s Genotype Tissue Expression (GTEx) Program,

which is studying human gene expression and regulation in
multiple normal tissues with a focus on the expression of
quantitative trait loci and their potential disease associations.
BBRB staff worked in partnership with the Frederick Nation-
al Laboratory for Cancer Research (FNLCR) to develop

the infrastructure capable of delivering large quantities of
high-quality and annotated tissues from postmortem and
organ donor cases for genomic analysis. The same infra-
structure was customized for collection of tumor tissues for
BBRB’s Biospecimen Preanalytical Variables (BPV) Program,
and is now being utilized for biospecimen collections to

support the NCI Clinical Proteomic Tumor Analysis Consor-

tium (CPTAC).
Biospecimen collections for GTEx were completed in late

2015, with biospecimens from almost 1,000 postmortem
donors, and the program is now planning and implementing
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alegacy plan for the remaining biospecimens and all
associated biospecimen and clinical data. Residual
biospecimens are now available to researchers outside the
GTEx program; sample requests can be made at the GTEx
Portal. An extensive set of GTEx public resources has

been developed and released to the research community,
including a full set of the SOPs guiding the project and an
online library of histological images that correspond to

the clinical, DNA and RNA sequencing, and expression
quantitative trait loci data now available at dbGaP. More than
200 scientific publications have been generated thus far from
the molecular data derived from the GTEx biospecimens
(Keen J, 2015). An associated study of the ethical, legal, and
social implications of the GTEx project was also conducted,
with findings relevant to ongoing work in engaging research
participants (GTEx Consortium, 2013; Carithers L], 2015;
GTEx Consortium, 2015).

GTEx Standard Operating Procedures (SOPs)

NCI released to the public a compendium of SOPs that

are currently guiding the successful collection of normal
human biospecimens for the NIH GTEx project. NCI
released these SOPs in order to provide transparency about
the biospecimen collections that NCI is conducting and to
enable high quality biospecimen collection by others in the
research community.

The GTEx Symposium: All Things Considered

The “Genotype Tissue Expression (GTEx) Symposium:

All Things Considered — Biospecimens, Omics Data, and
Ethical Issues” was a 2-day symposium held on the NIH
campus on May 20-21, 2015. Topics included an overview of
the GTEx program, the biospecimen challenges for GTEx,
establishing the approach for GTEx prospective collections,
new systems that were developed to implement the program,
ethical, legal, and social implications research within the
program, and scientific outcomes from the GTEx Project
thus far. An archive of Day 1 and Day 2 of the GTEx Sym-
posium can be viewed online. An annual meeting open to
the research community was initiated in 2013, and the final
GTEx Project Community Scientific Meeting was held on
June 28, 2017 in Rockville, MD.


https://specimens.cancer.gov/
https://specimens.cancer.gov/contact/
https://commonfund.nih.gov/gtex/
https://commonfund.nih.gov/gtex/
https://frederick.cancer.gov/
https://frederick.cancer.gov/
https://biospecimens.cancer.gov/programs/bpv/
https://proteomics.cancer.gov/programs/cptac
https://proteomics.cancer.gov/programs/cptac
https://www.gtexportal.org/
https://www.gtexportal.org/
https://biospecimens.cancer.gov/resources/sops/library.asp
http://videocast.nih.gov/Summary.asp?File=19024&bhcp=1
http://videocast.nih.gov/Summary.asp?File=19026&bhcp=1

BIOSPECIMEN RESEARCH NETWORK (BRN)

The Biospecimen Research Network (BRN) was initiated
to systematically address the impact of specific variables
in individual specimen types on molecular data from
different analysis platforms. Differences in preanalytic
procedures (e.g. procurement, processing, shipping,
storage) are potentially a large component of the inability
of other researchers to reproduce biomarker findings. The
goal of the BRN is to address these issues by sponsoring,
conducting, and collaborating on biospecimen science
studies to assess the effects of pre-analytical factors on

the outcome of genomic and proteomic studies conducted
for clinical diagnosis and cancer research purposes. By
communicating the results of such research to the scientific
community, and incorporating the data into biospecimen
evidence-based practices for the collection, processing,
storage, and analysis of biospecimens, BBRB aims to
significantly improve the quality and reproducibility of
NCI-funded biospecimen-based research. The first phase
of the BRN program concluded in 2015.

BRN program activities included:

A public outreach effort to define issues around human
specimen research and identify the most pressing needs
for human analyte standardization, including an annual
BRN Symposium

* Sponsored research in biospecimen science that resulted
in numerous publications and stimulated growth of this
new area of science
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* Development of a searchable website of the existing
biospecimen literature, the Biospecimen Research
Database (BRD)

Biospecimen science activities are continuing in BBRB
through the following coordinated activities:

» The Biospecimen Preanalytical Variables (BPV)
Program that is examining the effects of key
biospecimen preanalytical factors in formalin-fixed,
paraffin-embedded (FFPE) and frozen tissues on
genomic and proteomic research data (e.g., DNA
and RNA sequencing)

* Expansion of the BRD to include an international
collection of established SOPs for biospecimen
collection, processing, and storage

* Development and distribution of literature annotated,
evidence-based procedural documents — Biospecimen
Evidence-Based Practices (BEBP)

* A new Cooperative Agreement grants program to
integrate biospecimen science studies into clinical assay
development in order to improve the reproducibility
and utility of clinical biomarker assays utilized in
therapeutic clinical trials

TOOLS AND GUIDANCE FOR BIOBANKING

NCI Best Practices for Biospecimen Resources

After an extensive due diligence process, BBRB (then
OBBR in the NCI OD) published the First-Generation
Guidelines for NCI-Supported Biorepositories in the Federal
Register (71 FR 25184) and on the OBBR website, where
public comments were requested. The Guidelines were
subsequently revised on the basis of public comment

and input from content experts and renamed the

NCI Best Practices for Biospecimen Resources.

The NCI Best Practices do not comprise detailed laboratory
procedures, but rather represent salient guiding principles
that define state-of-the-science biospecimen resource prac-
tices, promote biospecimen and data quality, and support
adherence to ethical and legal requirements. The recommen-
dations are intended to be adapted, as appropriate, based on
the mission and scientific needs of individual biospecimen
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resources. Although adoption of the NCI Best Practices is vol-

untary, the outlined principles support the goal of optimizing
biospecimens for cancer research. Notably, the College of
American Pathologists has recently launched a Biorepository
Accreditation Program based on the NCI Best Practices.

The revised 2016 edition includes (i) recommendations based
on the most recent research, guidance and standards for
collecting, processing and storing specimens, (ii) informatics
practices in recognition of the phasing out of the caBIG and
caGRID programs, and (iii) literature references. The Ethical,
Legal and Policy Best Practices was also updated based on
more recent guidance concerning (i) informed consent for
genomics research, (ii) the return of research results, and
incidental findings, (iii) genomic data sharing, and (iv) com-
munity engagement.

Online Library of Standard Operating Procedures
(SOPs) for Biobanking

An online library of SOPs related to biospecimen
collection, processing, and storage was created within

the NCI Biospecimen Research Database (BRD). The BRD
is a free and publicly accessible database that contains
peer-reviewed primary and review articles, and now SOPs,
in the field of human biospecimen science. The goal of
BRD is to share information and increase collaboration

on evidence-based biospecimen practices, and ultimately
to increase research reproducibility. The project is
international in scope.

Biobank Economic Modeling Tool

Biospecimens and biospecimen resources are integral to
the advancement of basic and clinical research, and play
an important role in precision medicine. NCI conducted
a survey on the economics of biobanking and released
the Biobank Economic Modeling Tool (BEMT). BEMT is
a publically available, web-based financial planning tool
for biobanks designed to enhance understanding of the
economic considerations involved in initiating, operating,
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and maintaining a biobank, thereby assisting with long-term
financial planning and cost recovery.

Open source versions of biobanking software and
vocabulary utilized in NCI programs

NCT’s Comprehensive Data Resource (CDR) is a distributed
web-based system that manages and maintains multi-dimen-
sional data models on biospecimens. CDR was developed
and is currently utilized to collect biospecimen and clinical
data on biospecimens collected from cancer patient donors
and post-mortem donors, for the NCI BPV and NIH GTEx
programs. A simplified version known as “CDR Lite” has also
been released as open source software.

Biobanking and clinical data terminology utilized in the
GTEx and BPV programs has been independently reviewed
and released for public use in the NCI Cancer Data Standards
Registry and Repository (caDSR) and the NTH Common
Data Elements (CDE) Repository.

PATHOLOGY EVALUATION OF TISSUE SPECIMENS
FOR RESEARCH

PIRB provides pathology evaluation of tissue specimens
for use in research methodologies (ex. Next Generation
Sequencing (NGS) assays, molecular testing, and
pharmacodynamic immunoassay development) and

assay validation by the Pharmacodynamic Assay
Development and Implementation Section (PADIS),
National Clinical Target Validation Laboratory (NCTVL),
and Molecular Characterization Laboratory (MoCHA), all
part of the FNLCR. The assessment includes confirmation
of diagnosis, evaluation and annotation of Aperio-scanned
images of the H&E and immunohistochemical stained
slides for tumor content and viable tissue, as well as
QA/QC of tissue specimens.

PIRB also offers pathology support and expertise in
collaboration with other NCI divisions and NIH institutes.


https://brd.nci.nih.gov/
https://bemt.nci.nih.gov/bemt/public/index
https://github.com/NCIP/CDR
https://github.com/NCIP/CDR-Lite
https://cdebrowser.nci.nih.gov/cdebrowserClient/cdeBrowser.html
https://cdebrowser.nci.nih.gov/cdebrowserClient/cdeBrowser.html
https://cde.nlm.nih.gov/cde/search
https://cde.nlm.nih.gov/cde/search

FUTURE DIRECTIONS
BIOMARKER SUPPORT FOR IMMUNOTHERAPY

Immunotherapy has been successful in a subset of
patients with particular malignancies, and holds the
promise of therapeutic potential in other tumors. In
January 2016, DCTD convened a workshop engaging
immune-oncology (IO) leaders to provide insight into
the critical challenges in the field, and to advise NCI

on new directions and initiatives that will facilitate
coordinated efforts and expedite progress in cancer
immunotherapy. The participants represented academia,
industry, and the NCI intramural programs and covered
a range of in-depth discussions from basic science, to
translational research, to clinical investigation and
databases/informatics.

Overall, the workshop participants concluded that NCI
should play a central role in providing strong support in
high priority areas. In addition to support for basic research
and training for new investigators in cancer immunology,
key recommendations for NCI related to immunotherapy
biomarker development included:

* Strengthening the infrastructures of research centers
to enable biomarker-rich early clinical trials and
translational studies

CANCER DIAGNOSIS
PROGRAM

* Facilitating biomarker studies through support for

biobanking and assay development or standardization

* Development of a common platform for the collection
of and access to immune-related biomarkers, in addition
to clinical and genomic data

PRECLINICAL AND CLINICAL MOLECULAR
CHARACTERIZATION FOR DEVELOPMENTAL
THERAPEUTICS

CDP plans to enhance and adapt the laboratory resources
developed at FNLCR to focus on assay development and
tumor characterization for the DCTD clinical trials
program. DCTD supports several clinical trials networks
to develop investigational drugs for cancer. These drugs
often are of interest because of their activity against
biological targets that are abnormal in cancer. However,
the molecular mechanism(s) of action is often not known
with certainty, and it is rarely known which molecular
abnormalities could serve as eligibility criteria to predict
response or resistance. Therefore, obtaining whole exome
sequencing, RNA sequencing, and potentially other
molecular characterization on specimens from patients
participating in these trials should be informative in this
regard. One objective of early phase trials is to determine
the dose at which the drug engages the relevant cellular
mechanisms. The laboratories at FNLCR (MoCHA
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and PADIS) will produce robust assays that are well
characterized and documented by SOPs so that the
assays can be transferred to a clinical laboratory as
needed to support drug studies.

The broad aim is to accelerate time to appropriate drug
approval, or to abandoning development of unsuccessful
drugs, by identifying indicators of drug action, response,
and resistance biomarkers from preclinical models, by
using robust, well characterized assays to investigate
specimens retrospectively from DCTD-sponsored
clinical studies. In addition, and where feasible, a goal

is to develop analytically validated pharmacodynamic
and predictive assays to be used as integrated and/or
integral assays in a GLP- or CLIA- certified clinical
assay laboratory network in NCI-sponsored precision
medicine studies. These assays will inform whether

the intended molecular target has been engaged by

the investigational treatment. These activities will also
be helpful in developing rational combination therapies
for cancer (e.g. combining two targeted agents, or
targeted agents and immune checkpoint inhibitors).

CIRCULATING TUMOR NUCLEIC ACIDS

For a number of years, it has been known that tumor cells
can often be detected in the bloodstream, and diagnostic tests
have been devised to enumerate and characterize these cells.
More recent reports indicate that genetic material derived
from tumor sites can also be identified in the blood of cancer
patients. These studies have demonstrated the potential of
this genetic material to be used as a source of screening
patients through so called “liquid biopsy” for actionable
somatic mutations. This approach permits screening of
virtually all patients, even those whose tumor sites would
introduce significant risk for needle biopsy. In addition, it has
been reported that the use of serial assessment of circulating
tumor DNA (ctDNA) is feasible for the determination of
treatment response and disease progression. Additional uses
for assessment of circulating nucleic assays include moni-
toring of treatment effect or recurrence, monitoring for the
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development of actionable resistance mutations, and poten-
tial detection of target engagement by novel therapeutics.

CDP plans to approach this opportunity in two ways. First,

it will pursue an ongoing research program at FNLCR. The
laboratory will assess current methods available for collec-
tion, shipment, and purification of ctDNA from blood or
urine, examine methods to identify many somatic mutations
in ctDNA using next-generation sequencing, and ultimately
develop a full clinical grade assay to identify and/or mon-
itor actionable somatic mutations in patient body fluids.
Second, CDP will work with outside investigators and FDA
to develop strategies to demonstrate the clinical utility of
ctDNA-based diagnostic tests in clinical decision-making for
cancer patients. A first step was taken in October 2016, when
CDP hosted a workshop on this topic.

BIOETHICS AND SCIENCE IN BIOBANKING

Publications are in preparation from ongoing BBRB research
initiatives in the ethical, legal, and social implications of
biobanking. These include the results of studies that have
been embedded in the GTEx programs. These studies
investigate the attitudes and understandings of biospecimen
donors and the families of deceased donors towards research
biospecimen donation and engagement in research including
return of research results. The GTEx study also investigates
community attitudes about biospecimen donation and
actively engages diverse Community Advisory Boards in the
preparation of training materials for consenting personnel.

A new CDP initiative in biospecimen science is working to
advance clinical biomarker assay development within the
NCTN and ETCTN. Grantees for a new FOA will be awarded
in 2017 and 2018 and together will form a network of inves-
tigators to solve molecular assay challenges when utilizing
small biopsies, including tissue cores and needle biopsies. An
additional, trans-NCI initiative is in the planning stages and
will investigate and mitigate the challenges in utilization of
clinical FFPE biospecimens for RNA sequencing analysis.
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OVERVIEW

The Cancer Imaging Program (CIP) of DCTD 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 applications

* Imaging interventions in cancer

Imaging is an enabling scientific discipline combining meth-
ods in advanced technology and complex analysis to provide
the ability to extract spatial and temporal information from
in vivo systems. Imaging enables interrogation of intact bio-
logic systems across the spectrum from subcellular to macro-
scopic levels and from discovery research to clinical decision
making. In the last decade, major advances have been made
in our understanding of tumor systems, in large part due

to advanced imaging capability. The utility of imaging has
grown beyond anatomic imaging to include functional and
molecular domains. These enhancements have opened new
opportunities for imaging in areas such as pharmacodynam-
ics (PD), image-guided interventions, and immunotherapy,

CANCER IMAGING
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FIGURE 26: ROLE OF IMAGING TECHNOLOGIES IN UNDERSTANDING
BASIC TUMOR BIOLOGY, THERAPEUTIC DEVELOPMENT AND INFORMING
CLINICAL DECISIONS.

leading to improved standard of care. There is growing
interest in combining information gained from imaging
methods with information from genomic and proteomic
analyses in order to increase the body of knowledge about
cancer and its progression or response to therapy.

Because of its successes, 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, to visualize
and quantify the physiological, PD, cellular, or molecular
processes in living tissues. This is being aided by advances in
artificial intelligence (AI), data extraction and processing for
building and testing predictive models of cancer develop-
ment, metastasis, and response to therapy. Connections to
archives of clinical, genomic, and proteomic data are essen-
tial to this progress.

Advanced imaging is critical for fundamental improvements
in the care of cancer patients. As NCI continues to guide the
discovery of new molecular signatures and cellular pathways
of cancer, success can be achieved only by understanding
how these processes integrate into complex biological sys-
tems. Only then can we begin to develop effective therapies
with lower morbidity. The challenge in medical imaging
research is to continue to deliver sophisticated and integrated
imaging methodologies to provide insight into the complex,
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PAULA M. JACOBS
ASSOCIATE DIRECTOR

Paula M. Jacobs, PhD, joined NCI after 30 years in the
pharmaceutical and medical device industries, where she
was a key developer of ultrasmall superparamagnetic
iron oxide drugs as magnetic resonance imaging agents
and iron replacement therapeutics. She became Deputy
Associate Director of DCTD responsible for CIP in

2009, Acting Associate Director in 2011, and Associate
Director in 2012. Her efforts for NCI have been focused
on lowering the scientific, logistical, and regulatory
barriers to investigational use of positron emission
tomography radiopharmaceuticals for therapeutic drug
development by facilitating access to Investigational
New Drug (IND) filings and by overseeing research to
develop labeled drugs for clinical and preclinical use,
particularly for optical imaging agents used to assist
surgeons to make complete resections. Another effort
is focused on wide-ranging aspects of standardization
and quantitative imaging techniques, and a third focus
is on genome-imaging correlations. Dr. Jacobs serves
on three NCI Experimental Therapeutics (NEXT)
committees to review and manage the projects chosen
for development. She oversees a radiochemistry
laboratory and radiopharmacy at the Frederick National
Laboratory for Cancer Research that provides preclinical
and early clinical radiopharmaceuticals in support of
therapeutic drug development.

Dr. Jacobs earned her undergraduate degree in
chemistry at the Massachusetts Institute of Technology
and graduate degrees at Tufts University and
Northeastern University. Her postdoctoral training

was at Northeastern University, the Massachusetts
Institute of Technology, and Peter Bent Brigham
Hospital/Harvard Medical School.
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Her industrial experience began at Clinical Assays, a
division of Baxter Travenol that manufactured in vitro
radioimmunoassays, where she was responsible for
process improvements in radioactive tracer synthesis,
technical product maintenance, product and process
improvements, and manufacturing of all reagents

used in the company’s products. At Seragen, a small
biotechnology firm, she was General Manager, with profit
and loss responsibility for a division that developed,
manufactured, and marketed prostaglandin, leukotriene,
and small protein immunoassays. Subsequently,

she joined Advanced Magnetics as Vice President,
Development, to help chart a new course for this small
biomedical products company. She was responsible for
the development of iron oxide magnetic contrast agents
from laboratory synthesis through IND submissions,
including design of pharmacology, toxicology, and
clinical studies. She served as international liaison

for technology transfer to licensees, worked with
independent physicians in the United States and

abroad to develop physician IND trials in magnetic
resonance imaging, and collaborated with academic
researchers in a variety of preclinical investigations.

Dr. Jacobs has published papers in the areas of organic
chemistry, inorganic chemistry, magnetic resonance
imaging, positron emission tomography (PET),
neuro-oncology, and nephrology.




heterogeneous, and dynamic biologic system that constitutes
cancer. Even more of a challenge is to integrate this wealth
of information to understand, manipulate, and defeat cancer
through prevention and therapeutic intervention.

Imaging is critical to increasing our understanding of
subcellular structural and molecular interactions executed
by the proteome-to-cell microenvironment and cell-cell
interactions through complex signaling and transfer
processes. Imaging currently provides information

at several places across the genotype-to-phenotype
continuum. At one extreme, imaging is being applied

to evaluate subcellular structure and biology, including
protein-protein interactions and compartmentalization
within unique intracellular microenvironments. At
another extreme, macro-level imaging is used clinically
to evaluate cancer phenotypic changes and characterizing
changes in the cancer microenvironment.

In the next decade, CIP-sponsored research will continue
to contribute to the basic understanding of various cancers
by creating novel methods to enhance the clinical role of
imaging in noninvasive diagnosis, help identify disease
subsets for effective treatment in patients, improve disease
staging and treatment monitoring, and play a pivotal role
for imaging in development of new therapies. Correlation
of medical images with genomic and proteomic data will be
critical in precision medicine, particularly where obtaining
tissue samples is difficult, such as in recurrent disease or
multiple metastatic deposits.

As part of its mission, CIP plays a critical role in the
activities of NIH and NCI, contributing to the integration
of imaging with emerging technologies, such as nanotech-
nology, cancer genomics, proteomics, and high-throughput
screening and big data challenges. 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.

CIP encourages coordination and collaboration 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

CANCER IMAGING
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solutions by enabling discovery, directing development,
and personalizing cancer care. This is done by supporting
basic biological research and 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 are being developed through
extramural research support that highlights extensive
collaborations among biologists, 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 grow-
ing “omic” space. Medical images contain much more
information than is obvious to the naked eye, and radiomics
approaches using structured computer-extracted features
and Al are yielding increasing insights. Similar approaches
employing complex cell systems have already revealed
unanticipated network connectivity when these systems
are perturbed with drugs with the potential to lead to
refined models to be used in drug development for
predicting not only target response but also toxicity.
Translation of these research results to clinical practice

is likely to depend heavily on collaboration with ongoing
research in nanotechnology.
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CIP STRATEGIC GOALS

Encourage investigators to design and
apply imaging to better understand tumor
microenvironment and biochemistry.

|dentify 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 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
precision medicine.

In collaboration with the Food and Drug
Administration (FDA), reduce barriers to
full clinical implementation of imaging
agents and devices.
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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 the Biomedical Imaging
Program in 2001 and to the Cancer Imaging Program
in 2003—to more clearly reflect the role of the
program to both NCI and the public.

STRUCTURE AND FUNCTION

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

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

1. Molecular imaging

2. Clinical trials

3. Image-guided intervention

4. Imaging technology development

5. Imaging informatics

6. Nanotechnology

Through this organizational structure, CIP supports
extramural investigators in academia and private
industry as they create and apply the next generation
of imaging technologies, including molecular probes,

imaging devices, new contrast agents, and image-guided
therapies to cancer problems.



MOLECULAR IMAGING BRANCH

The goal of in vivo cancer molecular imaging supported
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 extra-
mural grant program and also by:

* Filing IND applications and encouraging suppliers
for noncommercial 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 and the Molecular
Imaging Clinic in the NIH Clinical Center

CLINICAL TRIALS BRANCH

CIP supports clinical trials in several ways:

* Awarding grants and contracts to extramural
investigators for exploratory trials

* Advising and providing a strategic roadmap
for imaging research in the extramural imaging
community via a leadership role in the Cancer
Imaging Steering Committee (CISC)

¢ Providing guidance for NCI-sponsored clinical trials
through review of protocols sponsored by the Cancer
Therapy Evaluation Program (CTEP) that have
imaging as a scientific objective

CANCER IMAGING CI P
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* Helping to promote standardization of imaging used in
NCI-sponsored clinical trials by helping to establish and
advise the Imaging and Radiation Oncology Core (IROC)
as part of the National Clinical Trials Network (NCTN)

* Overseeing development of imaging in trials done
through NCTI’s early phase Experimental Therapeutics
Clinical Trials Network (ETCTN)

* Developing trial-related informatics

* Promoting the development of radiomics based clinical
support tools

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 INTERVENTION BRANCH

The Image-Guided Intervention Branch (IGIB) promotes
the integration of imaging, informatics, and interventional
methods to address diverse clinical challenges such as direct-
ed biopsy, image-guided tumor ablations, dimensionality of
scale, and targeted drug delivery. IGIB is heavily involved

in image augmentation probe development and supports
research in probes, tissue markers, and delivery vectors for
applications where imaging plays a significant role in clinical
decision making.

By its very nature, image-guided interventions (IGI)
encompass all aspects of imaging; from disease detection
and therapy planning to response assessment and disease
recurrence monitoring. Central to the IGI mission is
contributing to the therapy delivery process. The therapy
can be surgery, radiotherapy, cryotherapy, targeted drug
therapy, or any of many cancer treatments. Imaging in this
process can be with or without exogeneous agents or probes
intended to augment the image. Combinations of imaging
methods such as optical/MRI or ultrasound/MRI are often
appropriate for image guidance during therapy.
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IMAGING TECHNOLOGY DEVELOPMENT BRANCH

The Imaging Technology Development Branch (ITDB) sup-
ports 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 characterized by a balanced emphasis on both cur-
rent-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. The integration of informatics with
imaging is an important activity of the branch.

NANODELIVERY SYSTEMS AND DEVICES BRANCH

The Nanodelivery Systems and Devices Branch (NSDB)
was formed in 2017. Initially known as the Office of
Nanotechnology Research in the Center of Strategic
Scientific Initiatives within the office of the NCI Director,
this program was established in 2007 to support the
development of nanomaterials and nanotechnology enabled
devices for clinical applications in cancer diagnosis and
treatment. It was the first program to fund large scale
cooperative research in this area of medicine. Within

its initial embodiment, it focused on the development

of technology platforms that were seeking appropriate
cancer applications. The program has matured and evolved
into defining relevant biological and clinical problems

that serve as a driver for the implementation of suitable
nanotechnologies. Since the beginning of the program,
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several technologies developed under the Nanotechnology

Alliance funding have reached a level warranting the
initiation of clinical trials.

Due to the increased technological maturity and progression
of several technologies to the clinical stage, the decision was
made to transition the program into DCTD. Although the
new branch resides organizationally within CIP, its activities
will extend beyond nano-imaging to also include novel

in vitro diagnostics and therapeutics benefiting from the
incorporation of nanotechnologies. The experience and
expertise of the staff in managing cooperative agreement net-
work programs will enable NSDB to serve as a focal point for
nanotechnology-based grant and contract activities within
DCTD and NCI. The NSDB will continue in its prior role
supporting and overseeing the Nanotechnology Character-
ization Laboratory (NCL) in Frederick National Laboratory
for Cancer Research for the characterization of nanomate-
rials, and will participate in supporting the Small Animal
Imaging Program (SAIP) activities involving nanomaterials.

CIP GRANTS OVERVIEW

The CIP research portfolio included 417 funded grants
during fiscal year 2016, totaling $184 million. The grant
award mechanisms used by CIP and their distribution
in terms of research support in 2016 are shown in the
accompanying chart. The predominant mechanism is
the individual research project grant (R01), followed by
cooperative agreements (U01).
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FIGURE 27: DISTRIBUTION OF 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY MECHANISM.
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o 33%

CIP works in close collaboration with intramural NCI
scientists in the development of new imaging probes.

A number of these probes are PET agents for molecular
o

2% imaging directed at important targets such as angiogenesis
and proliferation. This collaboration is bidirectional,

., forming a novel development pipeline with the Center
7% for Cancer Research, which is providing the infrastructure
8% for early clinical trials of imaging probes, and DCTD,

which is providing expertise in drug development.
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FIGURE 28: DISTRIBUTION OF CIP 2016 RESEARCH FUNDS BY
SOLICITATION MECHANISM. Extramural funding of research related to imaging at NCI
includes traditional P01, RO1, R21, and other investigator-

initiated grants. Several specialized initiatives have been

B f th iali fi i h, CIP . . N .
ecause of the specialized nature of imaging research, C developed or re-issued during this time period to address

has developed a number of funding initiatives that encourage unmet needs in the field. They include initiatives in all of

applications in specific areas. Figure 28 shows the breakdown the areas that CIP is involved. CIP initiatives cover the full

f fun. ran mechanism/initiatives. . -
of funded grants by mechanism/initiatives spectrum of research efforts, from basic research to clinical

trials. These programs serve a variety of needs in the cancer

QIN NCTN/ETCTN

Phase 0
Basic Research Early Validation Clinical Trials

RO1 & R21 Development —

Multisite Preparation

SBIR & STTR ICMIC IND Resources

NCI Experimental Therapeutics (NExT) Program

FIGURE 29: IMAGING RESEARCH SPECTRUM AND KEY CIP PROGRAMS.

ICMIC = In Vivo Cellular and Molecular Imaging Centers; QIN = Quantitative Imaging Network; SBIR = Small Business Innovation Research; STTR = Small Business
Technology Transfer
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imaging community. In addition to many investigator-
initiated basic research efforts, several key program
announcements use the RO1 and R21 grant mechanisms
to foster needed research. Others use specialized grant
mechanisms, such as U01, P50, and U24, suited for their
positions in the research pipeline.

* Early Phase Clinical Trials in Image-Guided Interven-
tions (RO1). PAR-17-167: The overall goals of this initia-
tive are to provide support for clinical trials in preliminary
evaluation of safety and efficacy of imaging agents, as
well as assessment of imaging systems, image processing,
image-guided therapy, and contrast kinetic modeling. As
many such preliminary evaluations are early in develop-
ment, this FOA will provide investigators with support
for pilot (Phase I and II) cancer imaging clinical trials,
including patient monitoring and laboratory studies. It
provides funding for the immediate conduct of Phase 0, 1,
or small Phase 2 clinical trials that are designed and devel-
oped to facilitate completion within the 3-year funding
period. This FOA supports novel uses of known/standard
clinical imaging agents and methods as well as the evalua-
tion of new agents, systems, or methods. The imaging and
image-guided intervention (IGI) investigations, if proven
successful in these early clinical trials, can then be validat-
ed in larger studies through competitive RO1 mechanisms,
or through clinical trials in the Specialized Programs of
Research Excellence (SPOREs), Cancer Centers and/or
the NCI’s National Clinical Trials Network.

* Image-Guided Drug Delivery in Cancer (R0O1).
PAR-16-044: The Imaging-Guided Drug Delivery initia-
tive encourages innovative translational research in the
development of quantitative in vivo imaging characteriza-
tion of imaging-guided drug delivery in cancer, including
characterizations of the target, delivery validation, and
therapy response. This initiative supports 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 imaging-guided drug delivery technology
into the clinic are appropriate for this initiative. A goal
of this research is the development of minimally invasive
or noninvasive “theranostic” (combined therapeutic and
diagnostic) approaches to cancer in order to optimize
the therapeutic ratio and to provide quantitative imaging
evaluation of therapy. These grants also support the devel-
opment of techniques to identify and modulate features of
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the tumor microenvironment 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, and resulted in

12 pending applications. This initiative was developed in
collaboration with the NCI Alliance for Nanotechnology
in Cancer.

Imaging and Biomarkers for Early Detection of Aggres-
sive Cancer (U01). PAR-16-089: Collaboration with Divi-
sion of Cancer Prevention: The purpose of this program is
to: (a) invite researchers to submit collaborative research
project (UO01) applications to improve cancer screening,
early detection of aggressive cancer, assessment of cancer
risk and cancer diagnosis aimed at integrating multi-mo-
dality imaging strategies and multiplexed biomarker
methodologies into a singular complementary approach,
and (b) establish a Consortium for Imaging and Bio-
markers (CIB) to perform collaborative studies, exchange
information, share knowledge, and leverage common
resources. The research will be conducted by individual
multi-disciplinary research teams, hereafter called Units.
All Units are expected to participate in collaborative activ-
ities with other Units within the Consortium.

Quantitative Imaging Network (U01). PAR-17-128

and PAR-17-129: This cooperative agreement program
seeks to bring quantitative methods to clinical imaging to
reduce the bias and variance seen in the variety of imag-
ing devices available in the clinical setting. The program
also works to create software tools to extract quantitative
information from clinical images and apply robust analy-
ses to predict or measure response of tumors to therapies
in clinical trials. Progress toward applying decision sup-
port tools in clinical trials as correlative tools is gaining
speed and soon the network will be testing tools in several
National Clinical Trial Network (NCTN) trials.

Academic-Industrial Partnerships for the Develop-
ment and Validation of in vivo Imaging Systems and
Methods for Cancer Investigators (R01). PAR-17-093: In
collaboration with the Radiation Research Program and
the Cancer Diagnosis Program, this initiative encourages
applications from research partnerships formed by aca-
demic and industrial investigators to accelerate translation
of either preclinical or clinical in vivo imaging systems
and methods that are designed to solve a cancer problem.
The proposed imaging system or methods may include


https://grants.nih.gov/grants/guide/pa-files/PAR-17-167.html
https://trp.cancer.gov/
https://trp.cancer.gov/
https://www.cancer.gov/research/nci-role/cancer-centers
https://www.cancer.gov/research/areas/clinical-trials/nctn
https://grants.nih.gov/grants/guide/pa-files/PAR-16-044.html
https://grants.nih.gov/grants/guide/pa-files/PAR-16-089.html
https://grants.nih.gov/grants/guide/pa-files/PAR-17-128.html
https://grants.nih.gov/grants/guide/pa-files/PAR-17-129.html
https://grants.nih.gov/grants/guide/pa-files/PAR-17-093.html

single or multi-modality in vivo imaging and spectroscopy
systems, image-guided and drug delivery systems, image
analysis, and related research resources. Translational
development and methods optimization for a targeted
cancer problem is emphasized.

Academic-Industrial Partnerships for Translation of
Technologies for Cancer Diagnosis and Treatment
(RO1). PAR-15-075: Collaboration with the Cancer
Diagnosis Program and the National Institute of Biomed-
ical Imaging and Bioengineering, this initiative encour-
ages applications from research partnerships formed by
academic and industrial investigators, to accelerate the
translation of technologies, methods, assays, or devic-

es, and/or systems for preclinical or clinical molecular
diagnosis or in vitro imaging that are designed to solve

a targeted cancer problem. Funding may be requested

to enhance, adapt, optimize, validate, and translate the
current commercial systems, next-generation systems,
quality assurance and quality control, validation and cor-
relation studies, quantitative imaging, and related research
resources. Basic research or actual commercial production
are not supported.

Oncology Co-Clinical Imaging Research Resources to
Encourage Consensus on Quantitative Imaging Meth-
ods and Precision Medicine (U24). PAR-16-385: Collab-
oration with the Division of Cancer Prevention and the
Division of Cancer Biology: The purpose of this program
is to invite Cooperative Agreement (U24) applications to
develop research resources that will encourage a consen-
sus on how quantitative imaging methods are optimized
to improve correlation of results for co-clinical trials.

The scientific goals of this FOA are to: (a) perform the
appropriate optimization of the pre-clinical quantitative
imaging methods, (b) implement the optimized methods
in the co-clinical trial, and (c) populate a web-accessible
research resource with all the data, methods, workflow
documentation, and results collected from the co-clinical
investigations.

Advanced Development of Informatics Technologies
for Cancer Research and Management (U24, U01, R21).
PAR-15-331, PAR-15-332, PAR-15-333, PAR-15-334:
Collaboration with NCI's Center for Biomedical Infor-
matics and Information Technology: The purpose of this
series of programs is to support advanced development
and enhancement of emerging informatics technologies
to improve the acquisition, management, analysis, and

CANCER IMAGING
PROGRAM

dissemination of data and knowledge across the cancer

research continuum, including cancer biology, cancer
treatment and diagnosis, cancer prevention, cancer con-
trol and epidemiology, and/or cancer health disparities.
Each separate program in this series focuses on emerging
informatics technology, defined as one that has passed

the initial prototyping and pilot development stage, has
demonstrated potential to have a significant and broader
impact, has compelling reasons for further improvement
and enhancement, and has not been widely adopted in the
cancer research field.

IMAGING INFORMATICS

The informatics activities of CIP address major challenges to
the acceleration of cancer imaging research. CIP established
and supports The Cancer Imaging Archive (TCIA) to address
both the lack of readily accessible, large, curated clinical
image collections and the barriers to interinstitutional shar-
ing of image data.

IN VIVO CELLULAR AND MOLECULAR
IMAGING CENTERS

The In Vivo Cellular and Molecular Imaging Center (ICMIC)
P50 grant program, established in 1999, completed the final
year of funding in 2016 with PAR 09-157. When the ICMIC
program was established, molecular imaging was in its infan-
cy. During the 16 years of NCI funding through the ICMICs,
the power and potential of molecular imaging has been
realized, and is now being integrated into scientific projects
spanning discovery sciences through to clinical applications.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS

CIP

81


https://grants.nih.gov/grants/guide/pa-files/PAR-15-075.html
https://grants.nih.gov/grants/guide/pa-files/PAR-16-385.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-331.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-332.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-333.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-334.html
https://imaging.cancer.gov/informatics/cancer_imaging_archive.htm

The highly successful ICMIC program supported interdis-
ciplinary scientific teams conducting cutting-edge cancer
molecular imaging research. ICMIC grants supported:

* Innovative cancer molecular imaging research projects
* Unique core facilities
* Initiation of pilot research in promising new directions

¢ Interdisciplinary career development opportunities
for investigators who were new to the field of molecular
cancer imaging

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

* Advances in optical imaging technology, particularly
in tomographic imaging

o Split luciferase constructs for studying protein-
protein interactions

* Fundamental discoveries related to cancer biology:

* Investigation into the relationship of hypoxia to
breast tumor invasiveness and metastasis

* Direct clinical applications:

* Combined virus and cell biotherapy

Institution

Emory University

Johns Hopkins University
Massachusetts General Hospital
Memorial Sloan-Kettering Cancer Center
Stanford University

University of California, Los Angeles
University of California, San Diego
University of Michigan

Vanderbilt University

MDACC/Washington University

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

* Development of a PET probe for imaging
T-cell activation

* Development of magnetic nanoparticles as a
clinical product

MOLECULAR 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. In 2009, the intramural Molecu-

lar Imaging Clinic was established to provide a dedicated
research infrastructure for such trials. This facility is engaged
in performing multiple Phase 0 and 1 imaging studies,
including some with radiopharmaceuticals supplied by the
radiopharmacy at the Frederick National Laboratory for
Cancer Research (FNLCR) that was developed in collabora-
tion by CIP during the same period.

Three IND drugs are currently being supplied to the NIH
Clinical Center: 16a-["*F]Fluoro-17f-estradiol, [¥Zr]
Panitumumab, and ["¥F]DCFBC.

Principal Investigator

Carolyn Meltzer

Zaver Bhujwalla

Ralph Weissleder

Steven Larson/Ronald Blasherg
Sanjiv Gambhir

Harvey Herschman

Robert Mattrey

Brian Ross

John Gore

David Piwnica-Worms/Sam Achilefu

TABLE 5: INSTITUTIONS / INVESTIGATORS FUNDED THROUGH THE IN VIVO CELLULAR & MOLECULAR IMAGING CENTERS
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FIGURE 30: FACILITY FOR THE SYNTHESIS OF RADIOPHARMACEUTICALS FOR CLINICAL INVESTIGATIONS.

SYNTHESIS OF AGENTS

Radiopharmaceuticals are essential components of our
program. 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 synthe-
sis of labeled species from precursor compounds. CIP has
developed mechanisms to secure these materials for both
preclinical and early clinical investigations.

CIP manages both radiochemistry and radiopharmaceutical
facilities at FNLCR. The radiochemistry laboratory brings
in research imaging agents to establish and validate their
preparation, after which they are used in pre-clinical studies
or transferred to the radiopharmacy for human use. The
radiopharmacy at FNLCR is compliant with the FDA Code
of Federal Regulations Title 21, Part 212 pertaining to
c¢GMP production of PET drugs, for the production and
compounding of radiopharmaceuticals.

Examples of compounds explored for such use include:
5FdC, ¥F-AMT, #Zr- and ""'In-Cetuximab, *F-DCFBC,
8E-FES, ¥F-FLT, *F-ICMT-11, '¥F-Lapatinib, *F-ML-10,
8Zr-,"""In-, and NIR-Panitumumab, Reactive Oxygen
Species Tracer FDHE, and ¥Zr- and "'In-Trastuzumab.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS

CIP

83



84

MOLECULAR IMAGING RADIOPHARMACEUTICAL
RESOURCES

CIP has filed INDs for some molecular imaging radiophar-
maceuticals 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

* 16a-["*F]Fluoro-17p-estradiol, targeted to
estrogen receptors

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

* ["In]Trastuzumab, targeted to HER2-expressing cancers

*  [®Zr]Panitumumab, targeted to cancers expressing
epidermal growth factor receptor (HER1)

* Ferumoxytol, an iron oxide nanoparticle for magnetic
resonance imaging (MRI)

* ["F]Fluorodeoxycytidine, targeted to areas of
increased DNA synthesis

* ["F]DCEFBC, targeted to prostate specific
membrane antigen

* Hyperpolarized [*C]Pyruvate, targeted to areas
of increased metabolism

NCTs first IND for an imaging agent, [**F]fluorothymidine,
was filed in 2004, while the most recent, C-13 hyperpolarized
pyruvate, was acquired from General Electric in 2015. To
facilitate further clinical research on these imaging drugs by
the research community, a subset of the documents filed in
several of these INDs is freely available to the research com-
munity to implement routine synthesis of tracers at their own
facilities and to assist investigators 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 U.S. FDA. CIP
provides a letter to cross-reference the NCI IND file at the
FDA for pharmacology, toxicology, dosimetry, and previous
human experience.

DCTD PROGRAMS AND INITIATIVES (2013-2017)

In addition, CIP has developed a process that authorizes

qualified academic sites to manufacture and supply short-
lived radiopharmaceuticals for NCI-sponsored clinical
trials under the NCI-held IND. This effort has expanded the
number of sites that can participate in the trials of advanced
imaging agents while assuring that the drug is equivalent
across sites, a serious concern with the necessary decentral-
ized manufacturing.

CLINICAL TRIALS

Although Phase 0 and imaging feasibility studies can be
performed in the Molecular Imaging Clinic at the NTH
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 the
Eastern Cooperative Oncology Group (ECOG)-American
College of Radiology Imaging Network (ACRIN), a group
under NCI’s NCTN structure that has imaging as one of its
foci. Another mechanism for inclusion of imaging in therapy
trials is by supplements to trials being funded through other
NCTN Groups. These efforts are discussed further below.

Early-Phase Clinical Trials in Imaging and Image-
Guided Interventions

CIP sponsors an R01 Program Announcement with special
review, PAR-14-166, which was released March 28, 2014.

This initiative, led by CTB program staff, is designed to
support clinical trials conducting preliminary evaluation of
the safety and efficacy of imaging agents and imaging-guided
interventions, among other indications. Compared with its
predecessor, the R21 Early Phase Trials (PAR-11-216), the
RO1 Early-Phase Clinical Trials Program Announcement has
refined its purpose and primarily provides funding for the
immediate conduct of Phase 0, 1, or small Phase 2 clinical
trials that are designed and developed to facilitate completion
within the 3-year funding period. This Program Announce-
ment is designed to fill the gap for projects that seek to obtain


https://imaging.cancer.gov/programs_resources/IND_regulatory_manufacturing.htm

early information about an imaging agent or imaging-guided

intervention. Studies that prove successful in these early
clinical trials can then be validated in larger studies through
competitive RO1 mechanisms or clinical trials in SPOREs,
Cancer Centers, or the NCTN.

American College of Radiology Imaging Network
(ACRIN): 15 Years of Progress in Oncologic Imaging
Clinical Trials

CIP established ACRIN to provide a flexible, responsive
Cooperative Group for the systematic study of novel and
maturing imaging technologies in clinical trials. Managed by
CTB, ACRIN is a clinical trials network made up of affiliated
investigators at more than 200 academic and communi-
ty-based facilities in the United States and internationally.
ACRIN’s research encompasses the full range of medical
imaging investigation, from landmark cancer screening trials
to evaluating imaging biomarkers and novel imaging tech-
nologies in Phase 2 and 3 trials. Working together, CTB and
ACRIN have provided a standard for ensuring clinical trial
compliance, implementation, data collection, monitoring,
and reporting (e.g., safety data, accrual reports, study status,
protocol deviations, unanticipated problems, or final data),
to achieve trial completion. Together with some of the world
renown scientists and clinicians, an Imaging Science Adviso-
ry Committee, Early Diagnosis and Detection Science group,
as well as cancer-specific disease committees were formulat-
ed. CTB staff participate on these committees and also served
on ACRIN’s Data Safety and Monitoring Board.

CANCER IMAGING
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ACRIN has established and instituted a formal, well-integrat-
ed clinical trials infrastructure that represents an exemplary,
well-leveraged resource poised to provide significant contri-
butions in the field of research on the comparative effec-
tiveness of advanced imaging techniques. Several trials are
among the highest-profile clinical trials in NCT’s portfolio,
and a majority of trials involve collaboration with therapy
cooperative groups or industries, as illustrated in the follow-
ing paragraphs. The Network has published over 300 papers
and developed standard operating procedures and a corre-
sponding guideline for qualifying the 58 clinically focused
NCI-designated Cancer Centers as Centers of Quantitative
Imaging Excellence in addition to training young radiologists
as imaging researchers.

In May 2012, ACRIN merged its oncology research program
with ECOG, a membership-based research organization
whose large-scale cancer treatment clinical trials for major
diseases have changed the standard of care for cancer
patients. The new ECOG-ACRIN Cancer Research Group
designs and conducts clinical research along the cancer care
continuum, with a focus on diagnostic, therapeutic, preven-
tive, and biomarker-driven trials.

CTB recognizes that the ability to understand how we
harness the novel developments in medical imaging
(imaging agent, devices, etc.) is perhaps best illustrated
through clinical studies that potentially lead to incremental
improvements in standard of care practices and/or the
technological advances that promise to improve human
health and quality of life standards. Thus, a few ACRIN trials
that have been completed are highlighted below.

ACRIN 6657: Functional MRI Techniques for Measuring
Breast Tumor Response

Breast cancer is genetically and clinically heterogeneous,
which makes it challenging to identify effective patient-
specific therapies. Although mortality due to breast cancer
in the United States has decreased, more than 40,000 women
in the United States still die from this disease each year.
Further decreases in mortality will require therapeutic
options that target biologic properties of tumors and can

be delivered early enough in the disease course to make a
clinical difference.
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FIGURE 31: LONGITUDINAL MR IMAGES AND FTV MAPS.

Inter-regimen Pre-surgery

Maximum intensity projection images (top row) and corresponding FTV maps (bottom row) for a patient with an excellent clinical response and disseminated residual
disease. FTV measurements were 48.5 cm3, 35.4 cm3, 5.6 cm3, and 0 cm3 for baseline, early treatment, inter-regimen, and pre-surgery time points, respectively

(shown from left to right).

MRI of the breast is a sensitive method for assessing both
tumor morphology and physiology. The most common tech-
nique for functional assessment of breast tissue is based on
DCE-MRI and involves the serial acquisition of MR images
before, and at multiple points following intravenous injection
of gadolinium contrast agent. In this particular multi-center
trial, functional DCE-MRI was used to assess breast tumor
response to neoadjuvant chemotherapy and to predict recur-
rence-free survival (RFS) by measuring the functional tumor
volume (FTV).

As shown below, the FTV values measured by MR

imaging predict RES for patients who receive neoadjuvant
chemotherapy for breast cancer. Models combining MRI,
histopathology, and breast cancer subtype demonstrated
the strongest predictive performance in this study. FTV
predictive performance also differs among breast cancer
subtypes defined by hormone receptor (HR) and HER2
status; exploratory Kaplan-Meier analyses found significant
survival differences in the HR-positive/HER2-negative and
HER2-positive subtypes.

In addition, the use of this DCE-MRI technique to assess
tumor responsiveness to two drug candidates, a veliparib-
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carboplatin drug combination, yielded promising results
in the I-SPY?2 trial for treating triple negative breast
cancer patients.

Recently, these same investigators also looked at the potential
of using diffusion-weighted imaging (DWI) for determining
breast cancer response. DWT is an alternative MRI technique
that can be used to measure the mobility of water molecules
in vivo. DWT1 is sensitive to tissue characteristics such as cell
density, membrane permeability, and microstructure. As
such, DWI provides different, but complementary, biologic
information about tumors and their response to treatment.
The data from this ACRIN 6698 trial, a sub-study of the
I-SPY-2 trial, is currently being analyzed to determine wheth-
er the use of DW-MRI improves response determination.

ACRIN 6677: A MRI Marker for Predicting Improvements
in Overall Survival in Recurrent Glioblastoma

Each year, 17,000 patients are newly diagnosed with primary
brain tumors, with glioblastoma multiforme (GBM) being
the most common and most aggressive malignant primary
brain tumor. For patients with glioblastoma, surgical
resection followed by chemoradiation with concomitant




FIGURE 32: EXAMPLE RESULTS FROM A REPRESENTATIVE CASE.

Shown are (A and B) the pre- and postcontrast Tl-weighted images, (C) the
delta T1(dT1) map, (D) an image with the automatically determined ROI
highlighted in yellow, and (E and F) the normalized and standardized RCBV
maps from the same slice.

and adjuvant temozolomide (TMZ) is the current standard
of care. In early studies, patients treated with bevacizumab
demonstrated an improved rate of progression-free survival
(PFS) at 6 months compared with historical controls in clin-
ical trials with no improvement in overall survival (OS). The
challenge therefore is to be able to predict which patients are
most likely to derive benefit from anti-angiogenic treatment.
For this purpose, standard anatomic imaging methods are
proving insufficient. The study goal was to determine wheth-
er changes in relative cerebral blood volume (rCBV) derived
from dynamic susceptibility contrast (DSC) MRI are predic-
tive of OS in patients with recurrent GBM when measured at
2, 8, and 16 weeks after treatment initiation.

This study represents the first multicenter trial to demon-
strate that rCBV can serve as a useful biomarker for the
prediction of response to anti-angiogenic therapy. Spe-
cifically, a rCBV that decreases from baseline, measured at
either 2 or 16 weeks post treatment initiation, predicted a
clear improvement in OS for patients. Thus, this trial was
able to show that changes in rCBV, as demonstrated on a
DSC MRI scan, is predictive of survival in patients with
recurrent GBM who were treated with bevacizumab.

ACRIN 6687: Therapeutic Response Evaluation of Bone
Metastases in Prostate Cancer Patients

Prostate cancer clinical research is challenged by the lack of
validated disease response endpoints for bone metastases.
Bone scintigraphy is not a quantitative measure, and response
to therapy is impossible to describe outside of the detection of
new lesions. As a result, prostate cancer trials have focused
on endpoints such as OS and radiographic PFS, rather than

CANCER IMAGING CI P
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response to therapy. These endpoints require significant
patient numbers and follow-up and may not be practical for
widespread use in the clinic because of the inability to offer

a real-time assessment of treatment response to the patient.
For these reasons, ACRIN embarked on this multicenter,
cooperative group, prospective imaging biomarker trial to
evaluate the utility of PET for determining response to therapy.

This research study evaluated a newer imaging technique,
18F-Sodium Fluoride (NaF) PET, that takes advantage of
the fact that the tracer NaF is very sensitive for detecting
changes in bone osteogenic activity. The study looked at
how repeatable the NaF PET scans are before treatment,

and performed scans after standard chemotherapy or
hormone-directed treatment. The results demonstrated

that this imaging approach was able to identify dasatinib
treatment response in castrate-resistant prostate cancer bone
metastases. It also confirmed that changes in 18F-fluoride
uptake in bone metastases correlated with accepted criteria
for radiographic PFS. This information could be used to
develop better ways to measure prostate cancer bone lesions.
In turn, this could be used to better evaluate treatment
effects of standard chemotherapy and other new drugs being
developed to treat prostate cancer.

Collaboration with CTEP

As a member of the CTEP Protocol Review Committee,
CIP helps to identify opportunities 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.

The following clinical trials involved imaging agents
supported by CTEP and CIP:

PBTC N12 - Phase 2 Study of Fluoro-Thymidine (FLT) for
PET Imaging of Brain Tumors in Children

Though rare, brain tumors are the most common solid tumor
in children and is the leading cause of death from cancer in
children. In the U.S., approximately 20,500 new cases of brain
tumors are diagnosed per year, and of these, approximately
10% are diagnosed in children. While these brain tumors can
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be evaluated by conventional imaging such as CT or MR],

these anatomy-based scans often are neither as powerful nor
as useful as functional imaging modalities such as PET scans.
Being performed by the Pediatric Brain Tumor Consortium
(PBTC) with funding from the FDA, this study evaluates a
promising radioactive PET imaging agent called 18F-fluo-
rothymidine (FLT), which is thought to be superior to the
standard 18F-fluorodeoxyglucose (FDG) used currently in
clinical practice, and is the first multi-center study to study
this agent in the pediatric population.

RTOG 1106 / ACRIN 6697 - Randomized Phase 2

Study of Individualized Adaptive Radiotherapy

Using During-Treatment FDG PET/CT and Modern
Technology in Non-Small Cell Lung Cancer

Lung cancer is the leading cause of cancer death in the U.S.
and worldwide, with an estimated 222,520 new cases of and
156,176 deaths related to this disease in the U.S. in 2010.
Radiation therapy (RT) is the principal mode of treatment
for lung cancer patients who are medically inoperable or have
disease that is not amenable to surgical resection. Despite
the proven efficacy of RT, many patients do not respond as
expected, and it is thought that one of the contributing factor
to this observed RT resistance is the hypoxic micro-envi-
ronment that tumors create around themselves in the body.
Therefore, if areas of hypoxia in the tumor can be detected
early, increasing the focal radiation dose to the hypoxic area
can compensate for the resultant radiation resistance. This
clinical trial attempted to improve RT with two kinds of PET
scans: 1.) a standard FDG PET to see if mid-therapy response
as determined by the scan can be used to escalate the
radiation dose to areas that are not responding well; 2.) an
investigational PET agent 18F-FMISO to see whether areas
of hypoxia visualized by this agent can serve as a prognostic
biomarker for eventual response to therapy.

EAI141 - Early Assessment of Treatment Response

in Acute Myeloid Leukemia Using Fluoro-Thymidine
(FLT) PET/CT Imaging

Acute myeloid leukemia (AML) is a devastating liquid
cancer that is typically initially treated by a strong
induction chemotherapy aimed at wiping out the patient’s
bone marrow, followed by consolidation treatment with
either more chemotherapy or stem cell transplantation.
Currently, there is a need to develop better tools to assess
the effectiveness of the induction chemotherapy. Based on
promising pre-clinical experiments in mice and early first-
in-human studies, EAI141 tests in a multi-center setting
the hypothesis that the investigational PET agent FLT can
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be used to predict the success of induction chemotherapy
more accurately and at an earlier time point compared

to the current practice of a bone marrow biopsy, which
can give false results due to sampling errors and is an
uncomfortable procedure for the patient.

EAI142 - Fluoro-Estradiol (FES) PET Imaging as a
Predictive Biomarker for Hormonal Therapy in
Women with Metastatic Breast Cancer

One of the standard treatment options for patients with
breast cancer is the use of estrogen hormonal therapy in
patients with estrogen-receptor positive (ER+) tumor.
However, not all patients with ER+ disease will respond to
hormonal therapy due to intrinsic resistance mechanisms,
such as tumor heterogeneity (not all metastatic breast
cancer cells have the same level of ER expression).
Sampling of all tumors via biopsies in the body is not
feasible, especially in cases of multiple metastatic tumors,
and there is currently no method in standard practice
that can give this information. EAI142 attempts to see
whether an investigational PET agent, 18F-fluoroestradiol
(FES), can be used to provide accurate ER status information
on all tumors in the entire body non-invasively. While
previous single-center trials using FES PET have been
promising, EAI142 is the first to evaluate FES PET in a
large-scale, multi-center setting that will generate part of
the data needed for eventual FDA approval of this agent.

A021302 - Impact of Early FDG PET Scan on Pre-
operative Therapy for Locally Advanced Gastric Cancer
Patients with locally advanced gastric cancer can often

have improved clinical outcomes with surgical resection if
adjuvant therapy is added to the treatment course prior to
surgery. However, it is currently not known how much of a
response effect the added adjuvant therapy provides and for
which patients this effect will be seen. Previous studies have
shown that patients who have an improved PET scan done
with standard FDG tend to benefit the most from adju-
vant therapy. In this study performed by the NCTN group
Alliance, the investigators directly test the hypothesis that
the FDG PET scan can be used to identify patients who have
not benefitted from the adjuvant therapies that they have
received, so that additional, more aggressive salvage adjuvant
therapy can be given prior to undergoing surgical resection.
The goal is to see whether patients who did not initially
respond to adjuvant therapy, as identified by the FDG PET
scan, can be given salvage adjuvant therapy so that their
post-surgical clinical outcomes can be as good as those who
had initially responded.


https://www.pbtc.org/
https://www.pbtc.org/

9604 - Perfusion CT as a Predictive Biomarker in
Advanced Pancreatic Neuroendocrine Tumors
Pancreatic neuroendocrine tumors (pNET) are rare
cancers thought to arise from the pancreatic islet cells.
These tumors have been found to induce high amounts
of new blood vessel growth nearby with high degrees

of neo-vasculature. This study being performed by the
NO1 Phase 2 Consortium member MD Anderson aims

to see whether pNETSs can be effectively treated with
ziv-aflibercept, a drug that disrupts the neo-vasculature
and blood supply built by these tumors. Embedded within
this trial is a correlative imaging subcomponent that
examines whether vascular parameters (such as tumor
blood flow, tumor blood volume, and mean blood transit
time) obtained by a specialized perfusion CT can serve

as predictive biomarkers for eventual response to the
therapy agent. Funding for this specialized perfusion CT
is provided through the Imaging Option in the NO1 Phase
2 Consortium, which is made available to members of the
Consortium through the efforts of CTB.

PBTC 047 and other Brain Tumor Trials with

MR Imaging

Approximately 200 new cases of diffuse intrinsic pontine
glioma (DIPG) are diagnosed each year in the U.S. DIPG
is a devastating disease with no current effective therapy
and low survival in the first few years of life. Different
immunotherapy agents are currently being evaluated in
clinical trials for DIPG and other brain tumors. Surgery
and radiation therapy are not options for children with
DIPG and are often not fully curative for other brain
tumors. CIP board certified medical officers provide
review of MRI scans for orphan diseases such as DIPG
and plexiform neurofibromas. CIP collaborates with
Pediatric Radiologists and the Children’s Oncology Group
(COQG) in developing more optimal means of tumor
burden assessment.

In order to determine areas of the body affected by
immunotherapy following clinical trial participation,
CIP is working with the Laboratory of Pathology and
Pediatric Neuro Oncology Branch in the Center for
Cancer Research to complete a limited autopsy where
some imaging guidance can be performed. For both
children and adults, CIP has helped develop much
needed standardized imaging protocols, which has
enabled the comparison of imaging data between
centers and improvements to patient care.
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EA1151 - Tomosynthesis Mammographic Imaging
Screening Trial (TMIST)

The debate on the relative risks and benefits of breast cancer
screening has recently increased. Some experts prefer to both
detect cancers that will never harm patients (overdetection)
and provide false positive results so as not to miss detecting
clinically important tumors earlier with the belief that this
will reduce overall breast cancer mortality. This is based on
earlier randomized clinical trials that showed a mortality benefit
from screening mammography, however these studies were
done before the era of modern digital mammography or
tomosynthesis, and prior to current treatment paradigms.
EA1151 is a randomized trial of the two most commonly used
mammography screening technologies, tomosynthesis and
digital mammography, designed to evaluate whether these
newer technologies produce a stage shift through earlier
detection of the most aggressive tumors, detect additional
cancers that may not be dangerous, and provide measurements
of the diagnostic accuracy of the currently available technol-
ogies in women undergoing state-of-the-art treatments.

Clinical Imaging Steering Committee (CISC)

The CISC was established in December 2010 as a forum for the
extramural imaging and oncology communities to provide
strategic input to NCI regarding its significant investment in
imaging activities in clinical trials. CISC membership includes
imaging representatives from each of the NCTN Groups and
other NCI-sponsored networks, as well as other clinicians,
translational scientists, biostatisticians, and patient advocates.

The roles of the CISC are:

* To identify and promote the “Best Science” by evaluating
the design and prioritization of Phase 3 and large Phase 2
trials focused primarily on cancer imaging

* To serve as a forum for the extramural imaging and
oncology communities to provide NCI with strategic
input on managing our significant investment in imaging
associated with clinical trials

* To provide other steering committees with valuable
expertise for the evaluation of therapeutic concepts and
discussions that include an imaging component

CTB has primary responsibility for the scientific proceedings
of the CISC and acts as the main liaison between the CISC
and the rest of the NCI, including CTEP and other NCTN
Disease-Specific Steering Committees.
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Imaging Biomarker Evaluation through the
Biomarker, Imaging, and Quality of Life Studies
Funding Program (BIQSFP)

BIQSFP is a funding program designed to assist NCTN and
NCORP Groups with inclusion and implementation, where
appropriate, of important biomarker component studies

in their clinical trials. The goal is to ensure that the most
important, scientifically meritorious biomarker, imag-

ing, or quality of life studies are funded and initiated in a
timely manner. A number of clinical trials with an imaging
biomarker subcomponent have been approved and funded
through the BIQSFP program, including:

* A Phase 3 randomized trial for newly diagnosed high risk
leukemia to evaluate whether standard of care MRI can
be used to help detect the presence of osteonecrosis in
patients treated with clofarabine (AALL1131)

* A Phase 3 study in metastatic prostate cancer to evaluate
the performance of Tc99m-MDP bone scans in compari-
son to F18-NaF PET scans (A031201)

* Alarge Phase 2 study in breast cancer to see whether the
PET imaging done with the hypoxia agent F18-FMISO
correlates with clinical outcomes or other markers of
hypoxia (9881)
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* A large Phase 2 study in lymphoma that evaluates
whether F18-FLT PET scans can be used as an
early response evaluation biomarker

CTB played an integral part in writing the BIQSFP
funding announcement, and continues to support
BIQSFP imaging research by serving as reviewers for
submitted applications and contributing to the revised
BIQSFP application template.

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 fluorodeoxyglucose (FDG) PET
in the assessment of tumor response in clinical trials. CIP
is also supporting the development of a proposal for an
infrastructure to support the implementation of RECIST—
an FDA-acknowledged imaging methodology for clinical
trial endpoints where noninvasive imaging is required to
track tumor change over time.

FIGURE 33: RECIST MEASUREMENTS
TAKEN ON A LUNG TUMOR AT TWO
DIFFERENT TIMES.
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For the Agency for Healthcare Research and Quality
(AHRQ), CIP staff members have served as reviewers for
Centers for Medicare and Medicaid Services (CMS)-related
evaluation of the application for Medicare reimbursement
for FDG 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 FDG 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
to and opportunities for enhanced participation in
international trials.

Medical Monitor for Imaging IND Agents

CIP currently holds INDs for the following eight
investigational imaging agents and acts as the regulatory
sponsor for NCI-funded trials that use these agents:

e [18F] Sodium Fluoride

« [18F] FLT

« [18F] EMISO

- [18F] FES

*  [89Zr]-panitumumab

- [18F] DCFBC

* Hyperpolarized [13C] Pyruvate

* Ferumoxytol

Medical officers in CTB serve as the medical monitor on
record for these agents and have the responsibility of review-
ing and collating all adverse events deemed related to these
investigational agents. CTB officials also assist in the prepara-
tion and filing of annual reports to the FDA.

Clinical Trial Informatics

CTB supports the application and development of infor-
matics technology in the conduct of imaging clinical trials,
via participation in projects and committees both internal
and external to NCI. CTB provides crucial clinical input to
these endeavors ensuring that the informatics technology
being developed can achieve real-world application for use
by imaging clinical trialists. These projects often have wide
impact affecting both internal NCI processes and the extra-
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mural research community. Contributions of CTB to these
projects include:

* The National Cancer Informatics Program (NCIP):
contributes clinical perspective to discussion of NCIP
informatics activities and representation on the Imaging
Informatics Working Group

* Clinical Trials Reporting Program (CTRP): works with
CTRP to develop imaging-appropriate terminology and
abstraction rules so that clinical trials involving imaging
can be more accurately reported

* Medidata RAVE Electronic Data Capture (EDC) and
Clinical Data Management System (CDMS): medical
officers from CTB provided clinical imaging input
and were heavily involved with the customization and
integration phase of Medidata-RAVE as it was being
developed for NCI use

* NCI-CDISC Imaging Case Report Form (CRF)
template project: CTB medical officers made significant
contributions to the writing and editing of CRFs meant
to capture data relative to imaging components in
clinical trials

* Input to other trans-DCTD informatics projects:
CTB staff assisted with the development of the new
CAERS system for adverse event reporting and upgrades
to the existing Protocol Abstraction and Tracking System
(PATS system)

QUANTITATIVE IMAGING NETWORK (QIN) FOR
THE MEASUREMENT OF THERAPY RESPONSE

Quantitative imaging encompasses the process of extracting
measurable feature information from medical images for
assessment of normal or the severity, degree of change, or
status of a disease, injury, or chronic condition relative to
normal. The goal of the quantitative process is to create the
condition where clinical imaging scanners perform as mea-
surement instruments, delivering reliable and reproducible
information concerning a patient’s health. To support this
endeavor, CIP established the Quantitative Imaging Network
(QIN) in 2008 to promote the development and clinical
validation of data collection methods and software tools for
clinical decision making in oncology. To date, 27 research
teams, shown in Figure 34, participate as members of the
network, and five others are active as associate members. The
network is expanding internationally to include associate
members from India and Europe. The multidisciplinary
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teams include oncologists, radiologists, imaging specialists,
medical physicists, computer informatics scientists, and
others. An Executive Committee consisting of the principal
investigators from each of the teams oversees the direction
and external interactions of the network. External interac-
tions include discussions and presentations to professional
societies, cancer centers, global health initiatives, and collab-
orations with clinical groups, such as NCTN and the other
clinical cooperative groups.

The teams in QIN are studying non-small cell lung cancer,
cancers of the central nervous system, breast cancer, and
hepatocellular carcinoma, among others. Using single-

and multisite clinical trials, these teams are applying a
variety of imaging modalities to make quantitative mea-
surements of tumor response to therapies, such as drug or
radiation treatments. The network is developing algorithms
that could eventually become clinical tools to help oncolo-
gists make decisions about cancer treatment pathways for

) Stanford I
University (2)

FIGURE 34: GEOGRAPHICAL DISTRIBUTION OF QIN TEAM MEMBERS.
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individual patients. At present, data are being collected and
curated in TCIA. In addition, a number of demonstration
projects are under way across the network to evaluate data
analysis methods across different imaging platforms and
commercial vendors.

QIN is moving rapidly from a posture of discovery and
development into one of validation and deployment. Tools
designed to locate, isolate, and extract information about
tumors from medical images are being subjected to criti-

cal tests called challenges. A number of common function
tools are tested against a dataset of images where outcome is
known, but withheld from the challenge participants. Chal-
lenge results indicate which tools have potential for further
clinical testing. In addition to validating tools and methods
on an individual basis, QIN is also evaluating pipeline pro-
cesses, where the output from one tool is used as the input to
the next, providing sequential information to support clinical
decision making.

Network

University of
Chicago




Network Organization

Networks are generally organized to create avenues for
communication and collaboration among its members,
and the value of a network can be measured by the degree
of collaboration experienced by the participants. Collabo-
ration can be difficult, however, when teams are focused on
different technical challenges. Therefore, it is important to
explore activities of common interest that cut across the
goals of each technical team/institution and to create a
mechanism for emphasizing these common interests.

QIN has achieved these goals through the use of cross-
institutional working groups. The organizational diagram
of the network is shown in Figure 35. The Executive
Committee guides the overall direction of the network,
and the working groups are the links that bring the
network together. Consensus among its members is
important when establishing policies and network
activities. Each technical team is required to participate
in each of the separate working groups. As a result, each
working group is a microcosm of the entire network,
and each working group is focused on a specific
challenge in quantitative imaging.

The working groups and their focus areas are:

* Clinical Trial Design and Development: Methods for
moving software tools into clinical trials, including those
developed by the network; fostering strong connections
with clinical trial groups, such as NCTN.

* Data Acquisition: Problems associated with reducing bias

and variance in image data collection; phantom circula-
tion among QIN teams to determine sources of error in
the various imaging scanners and analysis of results.

* Bioinformatics and Data Sharing: Quantitative imag-
ing methods rely on firm informatics infrastructure to

support tool comparison, data archiving and visualization,

annotation, and statistical methods. This working group
considers all of the projects being conducted within the
network and plans for informatics support for them.

» PET/CT Working Group: Specific issues in PET/CT
data processing

*  MRI Working Group: Specific issues in MRI
data processing
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FIGURE 35: ORGANIZATION OF THE QIN.

An important characteristic of each working group is that
the leadership is chosen from within the group, not by the
leadership of the individual research teams. Each working
group selects a chair and co-chair to run the monthly tele-
conference meetings and to set the priorities for the group,
which gives a strong sense of ownership to each working
group for the projects undertaken. Most of the projects
deal with important comparisons of quantitative imaging
methods within the purview of the group. For example, the
PET/CT group has completed a study of various methods
used to segment tumor locations in images.

Network Highlights and Progress

Quantitative imaging is an important contributor to pre-
cision medicine and offers diagnostic methods based on
molecular and/or mechanistic information to understand
the causes, pathogenesis, and pathology of cancer. By rapid

and precise measurement of response to therapy, quantitative

imaging can stratify patients for appropriate interventions.
However, quantitative imaging can only have value as a
reliable method in this arena if it is embedded in the clinical
workflow. Therefore, the major goal of QIN is to translate
software tools and methods from development to clinical
validation and deployment.

Moving from discovery and development of clinical decision

support tools to their final validation is a complex process. To

relate tool performance to the desired clinical outcome, the

clinical outcome must be known; however, clinical outcomes

data are often missing or of limited value in retrospective
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FIGURE 36: PROGRESS OF QIN TEAMS TOWARD CLINICAL WORKFLOW.

datasets, and can be difficult to acquire if prospective data are
used. In either case, sufficient data must be available to make
an accurate assessment of the performance characteristics of
the tool or method.

A recent review of QIN research teams shows that steady
progress is being made to bring clinical decision support
tools closer into the clinical workflow. Figure 36 shows how
three classes of research teams (early stage, middle stage, and
late stage in the network) are progressing in translational
efforts. The scale considers basic research to include concept,
development, and optimization; clinical research to include
clinical testing or validation and commercialization; and the
final stage to include clinical workflow in the community.
Not surprisingly, the early stage teams (fewer than 2 years in
the network) are making progress through the basic research
tasks, middle-stage research teams (3 or 4 years in the
network) have moved past basic research and are working to
validate tools or methods, and teams with years of network
experience are intent on building collaborations with indus-
trial partners for commercialization.

Several QIN teams are moving their clinical support tools
beyond the clinical validation and testing stage into clinical
workflow. Figure 37 shows that the efforts by Brigham and
Women’s Hospital and Stanford University to move software
tools into clinical workflow are succeeding. In the case of
Brigham and Womens, their 3-D Slicer program is being
expanded through their QIN participation to include med-
ical image visualization and annotation for multiparametric
MRI studies. With industrial participation in their project,
the team is overcoming translational challenges. Stanford
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University has been working on ePAD, a portable iPAD
device with a number of software tools useful in clinical deci-
sion support. Many of the functions within the ePAD device
are tools developed by other QIN network members.

Future Directions for QIN

QIN is increasing its efforts to bring clinical decision support
tools to clinical utility. This involves a close interaction with
NCTN and other organizations focused on clinical trials.
Outreach has already begun with the ECOG-ACRIN group
and the Alliance group, both working on numerous clinical
trials. A dialogue with IROC, the coordinated program
designed to support NCTN efforts in imaging and radio-
therapy, is providing avenues for QIN members to begin
inserting tools into imaging trials. The next few years will be
important for the QIN and its attempts to translate tools and
methods designed to predict or measure response to therapy
during clinical trials.

ONGOING STRATEGIES IN IMAGING - NATIONAL
STRATEGIC PLANS, INITIATIVES, & ROADMAPS

The CTB team is actively engaged in the following activ-
ities designed to establish national strategic plans and an
NClI-specific roadmap to advance the field of medical and
biomedical imaging. By serving as lead representatives, CTB
staff are able to define and develop avenues leading to the
discovery of the next scientific breakthroughs and foster the
transfer of new technologies into the product development
pipeline while focusing on key societal needs/priorities.
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FIGURE 37: SEVERAL PROJECTS IN QIN ARE PARTICIPATING IN CLINICAL WORKFLOW.

National Nanotechnology Initiative 2.0

The National Nanotechnology Initiative (NNI) is a collabo-
ration of twenty Federal agencies and Cabinet-level depart-
ments with shared interests in nanotechnology research,
development, and commercialization. These agencies rec-
ognize that the ability to understand and harness the novel
phenomena that occur at the nanoscale is already leading to
revolutionary new materials, devices, and structures for the
diagnosis and treatment of cancer. These advances promise
to improve human health and quality of life.

Every three years the NNI agencies are required to develop/
update the NNI Strategic Plan. This document represents a
consensus among NNI agencies on the high-level goals and
priorities of the initiative and on specific objectives to be
pursued over at least the next three years. The purpose of the
Strategic Plan is to catalyze achievement in support of the
goals and vision of the NNI by providing guidance for agency
leaders, program managers, and the research community
regarding the planning and implementation of Federal Nan-
otechnology research and development (R&D) investments
and activities.

A CTB program staff member currently serves as the
co-Chair of the Nanoscale Science, Engineering, and Tech-
nology (NSET) Subcommittee of NNI and works with the
Office of Science Policy in the NIH Office of the Director
to define opportunities and national priorities. Based on a
recent NIH-wide portfolio analysis, technical developments

at the intersection of nanotechnology and imaging represent
an opportunity to plan for the future in this field. The focus
will be on the creation of grand challenges and new initia-
tives that support fundamental discovery, foster innovation
of new materials, and accelerate the clinical translation of
existing nanomedicine for cancer management.

Interagency Working Group On Medical Imaging
(IWGMI)

Established in 2015 by the National Science and Technol-
ogy Council (NSTC) Committee on Science, the IWGMI
was created in response to Senate Report 113-181 FY2015,
which called for the establishment of “a Medical Imaging
Subcommittee [MIS] to coordinate Federal investments in
imaging research” Following the group’s first meeting on July
9, 2015, the IWGMI, which included representation from the
Executive Office of the President (Office of Management and
Budget, Office of National Drug Control Policy, and Office
of Science and Technology Policy) and membership from

a number of NSTC departments and agencies, developed a
roadmap for the full scope of medical imaging research and
development in the U.S. Some of the functions of the IWGMI
were to:

* Improve coordination and collaboration of Federal
Agency R&D agendas on medical imaging

* Identify cross-cutting national priorities that would
benefit from medical imaging research outcomes
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* Develop a strategic roadmap for research and develop-

ment of medical imaging technologies and integration
of science and technology advancements into clinical
implementation

¢ Liaise with, respond to, and provide expert information to
the Office of Science and Technology Policy (OSTP) and
other NSTC groups on relevant issues of national concern
involving medical imaging and related technologies

CTB staff, along with CIP’s Associate Director, supported
this effort through a collaboration with the NTH National
institute of Biomedical Imaging and Bioengineering (NIBIB)
and the National Institute of Standards and Technology
(NIST), who served as inaugural co-chairs of the IWGMI.
The IWGMI published its final report in December 2017.

SPECIALIZED WORKSHOPS

Community Engagement with Professional Societies

CIP staff work continuously with the major professional
societies of medical imaging in the U.S. to understand
and help support current areas of need and interest

in medical imaging research. Medical Officers and
Program Directors from CTB work directly with societies
representing the various imaging modalities essential

to cancer imaging, including the Radiological Society
of North America (RSNA), the Society of Nuclear
Medicine and Molecular Imaging (SNMMI), and the
World Molecular Imaging Congress (WMIC). Examples
of community outreach activities with professional
societies include:

* Membership and participation of CIP/CTB in
various initiatives organized by Quantitative
Imaging Biomarkers Alliance (QIBA) of RSNA

* Offering consultation to the SNMMI on seeking
regulatory approval for novel PET agents such as
fluorocholine and fluorothymidine

* Giving presentations on relevant medical imaging
and regulatory issues at plenary and other scientific
sessions at the society Annual Meetings
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*  Membership in the Research Committee of the
European Society of Radiology and the Imaging
Committee of the EORTC

Immune Modulation Therapy and Imaging:
What can we do in clinical trials now?

Immunotherapy is rapidly becoming a successful strategy

in treating malignancies. NCI is investing a large percentage
of its resources to evaluate the role of various immunother-
apies - either alone or in combination with other cytotoxic
or cytostatic therapies. Assessment of tumor response with
anatomic imaging and with the standard RECIST criteria has
not been very helpful in patients receiving immunotherapy.
Therefore, CIP is actively pursuing alternative methods of
tumor response assessment in this setting. SNMMI partnered
with CIP to conduct this workshop on May 2, 2016. A meet-
ing report was published by the Journal of Nuclear Medicine
(Shields AF, 2017).

NCI-ASIGS-WMIS Workshop on Regulatory
Pathways for Clinical Use of Optical Methods and
Exogenous Targets for Cancer Detection

On May 4, 2016 officials from NCI, the FDA, members
of the American Society for Image Guided Surgery
(ASIGS) and the World Molecular Imaging Society
(WMIS) discussed consensus methods for FDA-directed
human testing and approval of investigational optical
imaging devices and contrast agents for surgical applica-
tions. The specific goals of this workshop were to present
FDA's approval requirements and expectations for studies
of new devices and drugs, alone and in combination,

in the context of optical surgical navigation, and to
provide clarity to the research community for the
purpose of improving the data submitted to FDA and
accelerating the regulatory process. This workshop

was created in response to the community’s request

to further the rapid development of optical and image-
guided imaging technologies, which is an activity that
falls within CIP’s purview of facilitating the clinical
evaluation of promising methodologies that can

improve cancer care.
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Response Evaluation Criteria in Solid Tumors
(RECIST) Working Group (2006-present)

The RECIST criteria is a set of voluntary, international
standards, which is the de facto method by which the
response to an intervention (such as a novel cancer
therapeutic drug) is being evaluated in the majority of
cancer-related clinical trials performed today. RECIST

is based on statistically validated work and analysis

that categorizes responses to therapy based on changes

in tumor size as measured with anatomical imaging
modalities, such as a CT or MRI scan. The criteria were
originally published in February 2000 by an international
collaboration that included EORTC, NCI, and the National
Cancer Institute of Canada, and were revised to RECIST 1.1
in 2009. Having a set of standardized, validated response
evaluation criteria such as RECIST enables comparative
analysis across studies and allows medical imaging data to
be used as a surrogate endpoint in clinical trials. Medical
Officers of CTB participated in this international collabo-
ration and are committee members who produced RECIST.
Moreover, CTB is leading the next version update to
RECIST, and CTB Medical Officers have been co-chairs

on the RECIST FDG PET Working Group from 2007 to
the present, including the most recent revisions of the
RECIST criteria issued in 2015.

QulIC-ConCePT (Quantitative Imaging in
Cancer: Connecting Cellular Processes with
Therapy) Consortium

The Innovative Medicines Initiative (IMI), a unique
partnership between the European Union and the
European Federation of Pharmaceutical Industries and
Associations (EFPIA), has awarded a grant to the QuIC-
ConCePT Consortium to study imaging biomarkers for
anti-cancer drug development. QuIC-ConCePT is coordi-
nated by AstraZeneca and managed by the EORTC. Staff
from CTB serve in an advisory role to QuIC-ConCePT
by being active members of the Independent Scientific
Advisory Committee (ISAC).

CANCER IMAGING CI P
PROGRAM

FUTURE DIRECTIONS

Clinical imaging in cancer will continue to be transformed by
novel devices, new methods for displaying and using images,
and highly targeted imaging agents capable of isolating

even the smallest tumors for characterization. Holographic
images coupled with 3-D printing will give surgeons the
opportunity to visualize deep seeded tumors in difficult
anatomical location before surgery begins. Imaging probes
that remain dormant in the bloodstream until reaching

the tumor site will suddenly activate to isolate the tumor
location. Functional imaging methods will signal the activity
of natural immune response to tumors. Nanobot devices,
molecularly engineered structures capable of performing
intercellular tasks, guided through image control will be

able to alter damaged cellular communication pathways to
prevent disease before it begins. Implanted devices will be
capable of detecting and eliminating circulating tumor cells
before metastasis can take place. Such feats will be possible if
imaging is teamed with the needed biological, chemical, and
engineering technologies.

As imaging technologies and capabilities move toward
these novel goals, tasks for the immediate future include
improving methods that will support precision medicine.
Major emphasis will be placed on improved methods for
directed biopsy, support for clinical studies of imaging
agents for tumor augmentation, and quantitative methods
to extract phenotype information from tumors, including
artificial intelligence techniques. It is critical to address the
issue of co-correlation at vastly different physical scales and
the integration of 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 our understanding of human cancer and
improving patient outcomes.

Additional challenges in imaging technology development
will include methodologies for translating new imaging
concepts into the clinical workflow, requiring consensus on
standards, quality management activities, and continued
dialogue with the FDA. Improvements in imaging capa-
bilities will continue to be a central focus for technology
development, but methods for translation will be emphasized
in future support.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS 97






OVERVIEW

The Cancer Therapy Evaluation Program (CTEP) coordinates
the clinical treatment program of DCTD. CTEP manages a
broad range of clinical trials that are closely integrated with
preclinical discovery and development fostered by other
DCTD programs. Once an approach (drug, surgery, radia-
tion, immunotherapy) has obtained promising efficacy and
adequate safety in preclinical testing, CTEP resources may
be utilized to move the therapy from first-in-human safety
trials through definitive, randomized, controlled trials that
meet U.S. Food and Drug Administration (FDA) require-
ments for approval.

CTERP staft direct the monitoring of greater than 800 cancer
treatment clinical trials conducted throughout the nation.
These trials are funded by more than 40 cooperative agree-
ments and contracts, and involve about 20,000 patients annu-
ally. This level of activity makes CTEP the largest publicly
funded clinical trials organization in the United States. The
program is responsible for many of the major studies that
have improved cancer treatment over the last three decades.
The trials are conducted by clinical trials networks of U.S.
and international members, within which are contained both
considerable scientific expertise and accrual capability. The
trial networks, supported in whole or in part by CTEP, are
aligned as shown in the accompanying diagram.
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STRUCTURE AND FUNCTION

CTEP staff comprise physicians, scientists, nurses, pharma-
cists, and other specialists. By offering support and exper-
tise to extramural investigators, CTEP branches enable the
academic community to overcome many of the regulatory,
pharmaceutical, and scientific barriers that can hinder the
implementation of clinical trials. CTEP holds 167 Investiga-
tion New Drug (IND) applications for new agents, primarily
through Cooperative Research and Development Agree-
ments (CRADAs) with pharmaceutical partners, thereby
providing latitude to extramural investigators during early-
phase trials to explore new schedules, doses, and proof-of-
concept/mechanism-of-action studies.

By expanding the number of diseases in which agents devel-
oped by pharmaceutical companies are studied, CTEP’s early
clinical trials program (comprising the Phase 1 and 2 pro-
grams shown in the diagram below) adds significantly to the
industry drug development plan, which is focused primarily
on FDA registration. Depending on the scope and expertise
of the pharmaceutical partner, CTEP-sponsored researchers
can either perform trials in common cancers or can focus

on areas that are less market driven, such as pediatric and
hematologic tumors, complex tumors requiring multidisci-
plinary approaches, such as head-and-neck cancers and brain
tumors, and multiple rare tumors. In addition, a particular

CTEP-Funded Non-CTEP-Funded

Resources Resources
)
Preclinical PPTC
~
Others
a D Clinical (Centers,
Phase 1 nica SPORES,
CITN, Center, R21 ROT
ETCTN, Cancer PO etc )
CNS Consortia Centers, ’
FIGURE 38: NCI FUNDED CLINICAL TRIALS NETWORK. L ) etc. _ y,
ABTC = Adult Brain Tumor Consortium; CITN = Cancer Immu- Phase 2 ( )
notherapy Network; CNS = central nervous system; ETCTN = ABTC, PBTC
Experimental Therapeutic Clinical Trials Network; NCORP =
. —
National Community Oncology Research Program; NCTN = Cm——
National Clinical Trials Network; PBTC = Pediatric Brain Tumor
Consortium; SPOREs = Specialized Programs of Research NCTN
Excellence; RO1, R21, P01 are research project, exploratory/
developmental research, and program project grants. Phase 3 N NCORP
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JEFFREY S. ABRAMS
ASSOCIATE DIRECTOR

Jeffrey S. Abrams, MD, has led CTEP as Associate Director

since June 2007. Dr. Abrams has been a member of CTEP

since 1993, when he joined as a clinical research scientist

to oversee the breast cancer treatment trials portfolio and
participate in clinical trials at the NIH Clinical Center. In 2004,
Dr. Abrams was appointed Chief of the Clinical Investigations
Branch and was responsible for the direction of the NCI Clinical
Trials Cooperative Group program. As Associate Director, Dr.
Abrams supervises a staff that collectively oversees, reviews,
and coordinates more than 150 active Phase 3 trials and more
than 700 early-phase trials in all varieties of cancer and all
modalities of treatment. He pioneered the Cancer Trials Support
Unit, which has established a national network of physicians

to participate in NCI-sponsored Phase 3 treatment trials, and
has overseen the implementation of NCI’s Central Institutional
Review Board. Dr. Abrams’ achievements have been recognized
by numerous NIH Director and Merit Awards, and he is the
author of over 100 publications in the field of breast cancer and
clinical trials and numerous book chapters.

DCTD PROGRAMS AND INITIATIVES (2013-2017)

CTEP STRATEGIC GOALS

Develop predictive diagnostics in tandem with new agents
to enable precise targeting to those patient populations
most likely to benefit from the agents

Conduct controlled Phase 2 and 3 trials with the goal of
determining the best treatment approach for a particular
cancer or molecular subtype

niche filled by CTEP in recent years involves early combi-
nation trials with experimental agents from two or more
companies. CTEP has forged multi-company partnerships
through the creation of a novel intellectual property (IP)
agreement that enables collaborators to share IP when they
co-develop drug combinations. Over 50 novel combinations
of targeted investigational agents have entered into clinical
trials sponsored by CTEP in recent years.

When promising signals of biologic activity are seen in Phase
2 trials performed by CTEP’s early-trials networks, the NCI
National Clinical Trials Network (NCTN) is prepared to
move these ideas into controlled, randomized, Phase 3 trials.

Transitioning from Phase 0 to Phase 3 studies requires a full
complement of clinical trials services that reside in CTEP’s
seven branches.

INVESTIGATIONAL DRUG BRANCH

The Investigational Drug Branch (IDB) is responsible for
coordination and oversight of clinical trials of new chemo-
therapeutic and biological antitumor investigational agents
that aim to evaluate their pharmacokinetic (PK), pharmacody-
namic (PD), and antitumor efficacy. IDB oversee a portfolio
of 52 investigational agents, nearly all of which are developed
under agreements with biotechnology and pharmaceutical
companies. IDB staff evaluate agents for potential clinical
development by NCI, initiate drug development plans, review
study proposals, and oversee the conduct and analysis of data
from trials conducted under CTEP INDs. IDB’s primary role
is the acquisition of novel agents from the pharmaceutical
industry in order to assist in their further development via
CTEP’s Phase 1 and Phase 2 clinical trials programs, which in
2014 were combined to form the Experimental Therapeutics


http://ctep.cancer.gov/branches/idb/default.htm

Clinical Trials Network (ETCTN). Staff meet regularly with
pharmaceutical companies, serve on NCI drug development
committees, and interact with investigators in academia and
industry, as well as FDA regulatory staff. A major focus of
CTEP drug development is exploration of the combinatorial
utilization of investigational and approved drugs based upon
a strong mechanistic rationale and supportive preclinical
data. NCI is well positioned as a leader in testing novel com-
binations because of the large number of agents for which it
holds the IND and its long tradition as a safe haven for IP,
thereby permitting different companies to overcome industry
barriers to co-development of agents.

CLINICAL INVESTIGATIONS BRANCH

The Clinical Investigations Branch (CIB) is responsible
for the scientific coordination and oversight of definitive,
practice-changing clinical trials of innovative oncology
treatments and advanced imaging, including complex,
preliminary, and definitive precision medicine trials.
These mostly randomized, Phase 2 and 3 studies include
investigations of single-agent or multiple-agent targeted
therapies or combined modality interventions, including
surgical and radiation therapy with chemo-, biologic- and
immuno-therapies, in the treatment of cancer for adult,
adolescent, and pediatric populations, conducted nationally
by the extramural scientific community:

e NCI National Clinical Trials Network (NCTN)
e Pediatric and Adult Brain Tumor Consortia (PBTC / ABTC)
* Pediatric Phase 1 Consortium

 Pediatric Preclinical Testing Program (PPTP)

CIB physicians, nurses, and allied health professionals
provide oversight of essential services and collaborations
associated with these national clinical trial networks in
conjunction with:

* The Cancer Trials Support Unit (CTSU), which provides
centralized patient enrollment 24 hours a day, 7 days a
week, as well as administrative and regulatory support for
trial conduct

* The Central Institutional Review Board (CIRB) for adult
and pediatric NCTN trials

* The Cancer Diagnosis Program (CDP) regarding the
collection, banking, and use of clinical biospecimens in
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conjunction with validated data from multi-institutional
clinical trials

* The Center for Coordinating Clinical Trials (CCCT) on
identifying and prioritizing clinical trials for disease-
related research

e Other NIH and NCI programs, such as the Blood and
Marrow Transplant Clinical Trials Network (BMT-CTN),
co-sponsored by NCI and the National Heart, Lung, and
Blood Institute (NHLBI)

e Other international clinical trial organizations on treat-
ment trials

CLINICAL GRANTS AND CONTRACTS BRANCH

The Clinical Grants and Contracts Branch (CGCB) manages
a multidisciplinary clinical research portfolio that is concen-
trated in the areas of clinical oncology and surgical oncology.
These program areas are focused on the development of
investigative clinical agents, related correlative studies, novel
treatment regimens, clinical and surgical methods develop-
ment, pharmacogenomics, clinical trial related bioethics,
and clinical trial design. The CGCB supports investigator-
initiated therapeutic research projects as well clinical trials
networks and consortia.

In 2016, the CGCB managed 194 active grants totaling

$144 million, including 124 ($55 million) Research Project
grants (R01), 27 ($64 million) Program Project grants (P01)
and 10 ($14 million) cooperative agreements (U01/U24/U10/
U54/UM1). The distribution of grant award mechanisms

in CGCBss portfolio, in terms of cancer type, is shown in
Figure 39.

CGCB staff is composed of Program Officers (POs) who
manage the scientific, technical, administrative, and fiscal
aspects of CTEP’s extramural clinical research portfolio
consisting of grants and cooperative agreements. POs are
responsible for, but are not limited to, the following activities:

* Ensuring that research project grants and cooperative
agreements are scientifically and programmatically sound,
and technically appropriate

¢ Identifying areas of scientific gaps and/or overlap
* Discovering new areas of scientific investigation

* Developing plans to exploit promising new therapeutic
agents, modalities, and treatment strategies
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FIGURE 39: DISTRIBUTION OF CTEP 2016 AWARDS BY CANCER TYPE.

* Providing assistance, information, guidance, and
advice to the scientific community

* Managing CTEP UMI- and U01-funded consortia,
such as the ABTC, the BMT CTN, and the Cancer
Immunotherapy Trials Network (CITN)

* Ensuring regulatory compliance

* Ensuring that research project progress is adequate
to meet project goals/objectives

 Stimulating interest in scientific areas relevant to
clinical and surgical oncology

 Evaluating merit and mission relevance of research
proposals

REGULATORY AFFAIRS BRANCH

The Regulatory Affairs Branch (RAB) is comprised of two
groups, the Agreement Coordination Group (ACG) and the
Drug Regulatory Group (DRG), both of which function to
facilitate the development of promising anti-cancer drugs as
identified via the NCI Experimental Therapeutics (NEXT)
Program. The ACG begins this process by developing and

DCTD PROGRAMS AND INITIATIVES (2013-2017)
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negotiating a CRADA with an industry partner, as a foun-
dation for the co-development of an agent. A CTEP-specific
CRADA template with standard, non-negotiable clauses is
used to reduce negotiation time. More recently, the ACG has
been responsible for fostering pharmaceutical collaboration
for three DCTD initiatives, the NCI-Molecular Analysis

for Therapy Choice (NCI-MATCH) and NCI-COG Pediat-
ric-MATCH precision medicine studies, as well as the NCI
Formulary (See Major Initiatives Supporting the Cancer
Community, pg. 42). Other types of agreements put in

place to support our IND studies include Material Transfer
Agreements (for nonclinical studies), Clinical Trial Agree-
ments (e.g., NCI-MATCH study), International Agreements,
Memoranda of Understanding, and Data Use Agreements
(See “Assistance to the Cancer Community” below).

As part of the co-development process, CTEP takes on the
role of IND sponsor, and all the responsibilities required by
FDA. The DRG within RAB is responsible for filing the nec-
essary INDs to support all clinical trials under the auspices of
a CRADA. Moreover, this group is responsible for ensuring
that these studies are in compliance with FDA regulations.
Currently, there are 167 IND applications used to support


http://ctep.cancer.gov/branches/rab/default.htm
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://nciformulary.cancer.gov/
https://nciformulary.cancer.gov/

our ETCTN and NCTN trials. IND-related activities include
Safety Reporting (expedited and annual reporting), new
protocols and amendments, and responses to FDA queries.
In addition, DRG coordinates End-of-Phase 2 meetings
between the FDA and CTEP-NCTN-Pharma for all studies
intended to support a new indication or label change. DRG
also plays a central regulatory role regarding investigational
biomarker assays used in conjunction with investigational
drugs. Specifically, this group ensures that pertinent Investi-
gation Device Exemption (IDE) regulations are followed for
those studies utilizing investigational, treatment-determining
assays. In addition, meetings with FDA’s Center for Devices
and Radiological Health (CDRH; e.g., Pre-submission meet-
ings) are coordinated through this group.

PHARMACEUTICAL MANAGEMENT BRANCH

The Pharmaceutical Management Branch (PMB) is a
unique resource for experimental and investigational
oncology agents in support of DCTD clinical research
efforts by providing the extramural community with
specific pharmaceutical services, regulatory oversight, and
administrative support. PMB pharmacists manage the more
than 150 investigational agents and deliver appropriate
guidance to thousands of sites within the United States and
around the world, requiring that they remain current on the
latest advances in oncology practice.

CLINICAL TRIALS MONITORING BRANCH

The Clinical Trials Monitoring Branch (CTMB) manages
quality assurance and quality control of the following:

* Early phase clinical trials (Phase 0, Phase 1, and
Phase 2 studies) conducted by the ETCTN

 Late phase clinical trials (Phase 2 and Phase 3 studies)
conducted by the NCTN

* Prevention trials sponsored by the Division of Cancer
Prevention (DCP)

CTMB is responsible for establishing standards for quality
assurance activities and for overseeing the on-site auditing
activities to assure the integrity of the data, patient safety, and
compliance with protocol requirements and Good Clinical
Practices (GCP). CTMB also provides education to clinical
research sites that are experiencing performance issues.

/)
/4

CANCER THERAPY
EVALUATION PROGRAM

Accomplishments (01/01/2013-11/30/2017)

* 4,446 Cooperative Group/Network Group
audits reviewed

* 239 Non-Network Group audits reviewed

e 156 Cancer Center Site Visits coordinated
and performed

86 Children’s Oncology Group (COG) Phase 1
Consortium audits conducted by the clinical trial
management service (CTMS) and reviewed by
CTMB staff

* 137 Phase 1 and Phase 2 Protocols assigned for CTMS
monitoring involving 1,878 patient enrollments

e 292 CTMS Phase 1/Phase 2 audits conducted by the
CTMS and reviewed by CTMB staff

7 special response audits with independent radiologic
review of cases

* All new studies assigned for CTMS monitoring
since 2014 are built in Medidata Rave

* Since 2014, all Phase 2 studies conducted through
the ETCTN have data management, including
study build and monitoring by CTMS

* Development and deployment of a web-based module
to facilitate the review of clinical trial data by IDB Drug
Monitors and Principal Investigators, including tools
for aggregate data analysis within and across studies
using the same agent
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CLINICAL TRIALS OPERATIONS AND INFORMATICS BRANCH

The Clinical Trials Operations and Informatics Branch
(CTOIB) improves protocol development and conduct by
providing efficient business practices, informatics tools, as
well as central review of clinical trials for human safety and
protection, and process evaluation methods. CTOIB includes
the Protocol and Information Office (PIO), the CTEP
Enterprise System (ESYS), the NCI CIRB, the CTSU and a
quality improvement program. CTOIB also supports process
evaluation and data-analysis efforts for the NCTN systems.
This includes using surveys and marketing analyses for the
development and application of systematic accrual practices
to aid challenging trials and evaluation of NCI programs,
including the CIRB.

CTEP GRANTS OVERVIEW

The CTEP research portfolio includes 263 active grants and
cooperative agreements totaling approximately $278 million
during fiscal year 2016. The award mechanisms used by
CTEP and their distribution in terms of number of awards
and funding in 2016 are shown in Figure 40. The predom-
inant mechanism, in terms of funding, is the Cooperative
Agreement (U10), followed by the Program Project grant
(P01) and Research Project grant (R01). In terms of numbers
of grants, the Research Project grant (R01) is the mechanism
most utilized in CTEP’s portfolio.
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ASSISTANCE TO THE CANCER COMMUNITY

CTEP-SPONSORED PHASE 2 TRIALS LEADING TO
PIVOTAL TRIALS

A number of CTEP-sponsored Phase 2 studies have led to
pivotal clinical trials. Examples include the following:

e The randomized Phase 2 trial of cabozantinib versus suni-
tinib in metastatic renal cell carcinoma (RCC) led to the
pivotal METEOR trial (NCT01865747). This comparison
of cabozantinib to everolimus was the basis for the 2016
FDA approval of cabozantinib in patients with advanced
RCC who had received prior anti-angiogenic therapy.

e Phase 2 trial of cabozantinib in endometrial carcinoma
(NCT01935934) leading to the pivotal CTEP-sponsored
Phase 3 CARE trial of cabozantinib vs. adriamycin in
recurrent/metastatic endometrial cancer.

¢ Randomized Phase 2 trial (NCT01143402) in metastatic
uveal melanoma demonstrated marked improvements in
PFS with selumetinib monotherapy relative to temazolo-
mide or dacarbazine.? These results led to the pivotal
Phase 3 SUMIT trial (NCT01974752) of selumetinib +
dacarbazine compared to dacarbazine alone.® Unfortu-
nately, the improvements in PFS and OS observed in the
earlier trial were not reproduced.
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FIGURE 40: DISTRIBUTION OF CTEP 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY MECHANISM.
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* Randomized Phase 2 study (NCT01116648) of com-
bination cediranib and olaparib versus olaparib alone
in ovarian cancer” has led to two pivotal trials: one in
platinum-sensitive (NCT02446600) and the other in plati-
num-refractory (NCT02502266) ovarian cancer.

FOSTERING CAREER DEVELOPMENT OF JUNIOR CLINICAL
INVESTIGATORS

The Career Development LOI (CrDL) program is designed
to facilitate career development by providing a competitive
advantage for junior investigators submitting LOIs. The
program provides mentoring in the LOI development and
review process, including expert commentary on clinical trial
proposals. Of the several hundred CrDLs submitted since the
program’s inception, approximately 30% have been approved.
Moreover, virtually all members of CTEP Drug Development
Project Teams are junior faculty/mentor pairs. CrDLs have
been submitted through all funding mechanisms, reflecting
broad acceptance of the CrDL process.

Ten to twenty fellows and junior faculty from institutions
around the country rotate at CTEP each year, during which
they participate in:

* CTEP review of LOIs and protocols

* Scientific presentations by biotechnology and pharmaceu-
tical companies seeking CTEP collaboration

4 Liu JE et al; Lancet Oncol 2014 Oct;15(11):1207-14
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* Initiation of projects that interrogate the large CTEP
Phase 1 database containing data from thousands of
patients enrolled in CTEP clinical trials

CLINICAL TRIALS PROGRAM

NCI National Clinical Trials Network (NCTN)

See Major Initiatives Supporting the Cancer Community,
pg- 12

In 2016, investigators from COG presented their results for
newly diagnosed children with high-risk neuroblastoma.
ANBLO0532 was designed to test whether intensifying therapy
using two back-to-back phases of myeloablative chemother-
apy (tandem) would improve 3-year event-free-survival. A
total of 652 patients were enrolled with 355 randomized to
either single or tandem autologous stem cell transplants. The
children treated with the tandem transplants had a superior
3-year event-free survival of 63% as compared to 49% for
those children who received a single transplant.

In view of these results, tandem transplant has now become
the standard therapy for children with high-risk neuroblasto-
ma. In the next high-risk neuroblastoma study (ANBL1531),
this regimen will be compared against the European approach
for myeloablative therapy and against a treatment arm using
the targeted radioactive agent *'I-MIBG during the first
phase of therapy (induction) followed by tandem transplant.

DIVISION OF CANCER TREATMENT AND DIAGNOSIS 105


http://clinicaltrials.gov/show/NCT01116648
https://clinicaltrials.gov/ct2/show/NCT02446600
https://clinicaltrials.gov/ct2/show/NCT02502266
https://clinicaltrials.gov/ct2/show/NCT00567567
https://clinicaltrials.gov/ct2/show/NCT03126916

106

Cooperative Research and Development Agreements
(CRADAsS)

The establishment of an Alternate Technology Develop-
ment Coordinator position within RAB in 2011 markedly
enhanced CTEPs ability to execute agreements associated
with clinical trials. Following are the numbers and types of
agreements for 2013-2017:

* CRADAs Executed: 67

* Total Active CRADAs: 98

* CTAs Executed: 19

* Total CTAs: 46

¢ International Agreements Executed: 9
* Total International Agreements: 17

* INDs Filed: 109

+ IND Portfolio: 167

* IND Amendments (per year): 658 Protocol
Amendments, 30 New Protocols, 194 Expedited
Safety Reports, and 115 Annual Reports

* CRADA, IND, and Sponsor Inspection
Support: Anti-GD2 MoAb ch14.18
(FDA-approved March 2015)

IP and Biomarker Development

In order to facilitate precision medicine trials such as
NCI-MATCH, as well as biomarker driven targeted
therapy, DCTD has developed collaboration agreements
with language that facilitates diagnostic assay company
access to data and materials by clarifying the rights to
data and IP for the pharmaceutical collaborators as
well as the diagnostic company. As described in the
CTEP IP Option to Collaborator, diagnostic assay
companies must provide a pharmaceutical collaborator
the biomarker rights to a research use and label use
license if the collaborator is required to use an assay,
for marketing of the agent or regulatory filings, that
was developed using data or specimens collected under
the scope of a CTEP study. In return, the diagnostic
company retains the rights to any improvements or
developments related to the proprietary assay that is

DCTD PROGRAMS AND INITIATIVES (2013-2017)

being used to support or select patients for that clinical

trial. Biomarker and clinical outcome data are shared
per the multiparty data provisions of all agreements in
order to allow both the collaborators and diagnostic
companies any further development of their
proprietary products.

NCI Drug Development Project Teams

Highly ranked drug development proposals submitted
through the NCI Experimental Therapeutics (NExT)
Program require the assembly of an NCI Drug Develop-
ment Project Team to design the scope of NCI’s initial
multi-institutional, multi-disciplinary drug development
plan for the proposed agent(s). In order to identify the
appropriate team members, CTEP solicits and reviews
Project Team Member Applications (PTMAs) from
investigators in CTEP’s clinical trial networks. The
Project Team members are selected based upon their
qualifications and the expertise they can provide to

the Project team. They will determine which clinical
trials will be conducted across the CTEP clinical trials
network sites, and how best to approach critical
translational studies.

Extramural investigators included on the Project Teams
may fill one or more of the following roles:

* Clinician scientists lead the clinical trials recommended
by the NCI Drug Development Project Team and create
protocol study committees for execution of these studies.
These trials can be conducted through any of the clinical
trials networks managed by CTEP. Junior investigators
and their mentors are encouraged to submit Career
Development Project Team Member Applications
(CrD PTMAs), similar to the CrDL process.

» Translational scientists provide guidance on prioritiza-
tion of biomarkers for the studies under development,
including recommendations for technologies and plat-
forms that meet increasingly stringent requirements for
integral and integrated biomarkers.

 Basic scientists provide scientific guidance for the
study design based on the mechanism of action of
the investigational agent, and help prioritize the
clinical study choices based on published literature
and unpublished data. Basic scientists on the team


https://ctep.cancer.gov/branches/rab/intellectual_property_option_to_collaborators.htm

will have access to the agents in order to conduct
additional laboratory studies deemed important for
supporting the proposed clinical trial(s) of the agent.

Once convened, the NCI Drug Development Project Team
meets regularly over a 6-8-week period in order to finalize
the drug development plan for presentation to the Investiga-
tional Drug Steering Committee (IDSC). Upon approval of
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the project development plan and the requisite funding by
the NEXT Senior Advisory Committee (SAC), the clinician
and translational scientists on the Project Team submit LOIs
to CTEP. CTEP subsequently makes the agent available to
qualified investigators, contingent on approval from the
agent applicant. Network and non-network sites not on the
Project Team may submit unsolicited LOIs for clinical trials
or request the agent for nonclinical studies (Figure 41).
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