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TUESDAY, DECEMBER 2, 2014

. CALL TO ORDER AND OPENING REMARKS—DRS. TODD R. GOLUB AND TYLER
JACKS

Dr. Jacks called to order the 4™ Joint BSA and NCAB meeting and welcomed members of the
Board, ex officio members of the Board, liaison representatives, staff, and guests. Members of the public
were welcomed and invited to submit to Dr. Paulette S. Gray, Director, Division of Extramural Activities
(DEA), National Cancer Institute (NCI), in writing and within 10 days, any comments regarding items
discussed during the meeting. Dr. Jacks reviewed the confidentiality and conflict-of-interest practices
required of Board members in their deliberations.

Motion. A motion to approve the minutes of the 9 September 2014 NCAB meeting was approved
unanimously.

1. FUTURE BOARD MEETING DATES—DRS. TODD R. GOLUB AND TYLER JACKS
Dr. Jacks called Board members’ attention to future meeting dates.
1. NCI DIRECTOR’S REPORT—DR. HAROLD E. VARMUS

Dr. Harold E. VVarmus, Director, NCI, welcomed members of the NCAB and BSA to the fourth
joint meeting of the Boards. Dr. Varmus introduced new BSA members: Dr. Joseph M. DeSimone,
University of North Carolina at Chapel Hill; Ms. Diane Zipursky Quale, Bladder Cancer Advocacy
Network; Dr. Eileen P. White, Rutgers Cancer Institute of New Jersey; and, Dr. Kevin P. White, The
University of Chicago. Dr. Varmus reviewed the agenda and remarked on the theme of cancer prevention
for the meeting.

Personnel: Members were informed of various personnel actions, i.e., the upcoming departure of
Dr. Linda Weiss, Director, Cancer Centers Program, and recent hiring of Dr. Lynn Austin, Executive
Officer, and Deputy Director for Management. Dr. Varmus lauded Drs. Douglas R. Lowy, Deputy
Director, and John Schiller, Senior Investigator, Center for Cancer Research (CCR), recipients of the
National Medal of Technology and Innovation. Members were informed that President Barack Obama
bestowed the award to Drs. Lowy and Schiller with praise for their 30-year-long collaborative effort to
develop a technology that led to a vaccine to prevent the cancer-causing human papillomavirus (HPV).
A video about the technology was also shown.

Dr. Varmus informed members of President Obama’s planned visit to campus in the afternoon
and showed film segments of President Franklin D. Roosevelt’s visit to the NIH campus in 1937, the year
that he signed the National Cancer Act and established the NCI. Speech excerpts during President
Roosevelt’s visit concerning infectious diseases, a topic that President Obama would be addressing, were
also shown.

Grants: Dr. Varmus discussed the NCI grant success rates. He noted that the success rates are
comparable and members were referred to the NCI website, where score profiles are posted from previous
years. He informed members that the overall success rates are approximately 13 to 14 percent, and grants
continue to be funded at a 90 percent level while the Continuing Resolution (CR) is in effect through
11 December. Dr. Varmus also noted that 221 applications had been received for the new Outstanding
Investigator Award (OIA), and encouraged members to volunteer to serve on the review panel. He stated
that NCI expects to fund approximately 50 OIA awards.
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Congressional News of Interest: Dr. Varmus reflected on changes in Congress due to elections
in November 2014. He stated that: 1) Rep. Hal Rogers (R-KY) will remain as the Chair of the House
Appropriations Committee; 2) Sen. Thad Cochran (R-MS) will be the new Chair of the Senate
Appropriations Committee; 3) Rep. Tom Cole (R-OK) will chair the Labor-Health Subcommittee in the
House; and, 4) Senate leadership is to be determined. Members were told that Rep. Fred Upton (R-Ml)
will remain as the Chair of the House Energy and Commerce Committee, and Sen. Lamar Alexander
(R-TN) likely will be the Chair of the Senate Health, Education, Labor, and Pensions (HELP) Committee,
with Sen. Patty Murray (D-WA) serving as the minority ranking member.

NCI Bypass Budget Proposal: Members were informed that this year’s Bypass Budget and
Narrative Report emphasize broad themes and changes in the NCI during the past several years despite
budgetary shortages. Dr. Varmus stated that the Report focuses on elements of the NCI’s scientific
infrastructure, including new grant mechanisms such as the Ol A and Provocative Questions (PQ)
initiative, the NCl-designated Cancer Centers, clinical trial systems, training mechanisms, the Intramural
Research Program (IRP), informatics, and the Frederick National Laboratory for Cancer Research
(FNLCR). The Bypass budget also describes advances and new scientific programs in basic science,
genomics, clinical trial design, immunotherapies, pediatric cancer, the RAS oncogene, cancer prevention,
and cancer health disparities. Dr. Varmus noted even though the Report proposes a 15 percent increase for
FY 2016. Such an increase would only partially compensate for the money lost over the past decade
because of inflation. He thanked Dr. Lowy and other NCI staff for preparing the Report.

NCI and NIH News of Interest: Dr. Varmus remarked on the NCI’s role regarding Ebola,
particularly the FNLCR’s role in developing reagents for testing and vaccine production for the National
Institute of Allergy and Infectious Diseases (NIAID). The Ebola vaccine which will be tested soon was
initiated by Dr. Gary Nabel when he was the Director of the Vaccine Research Center (VRC). He noted
that President Obama’s visit to the NIH campus will include stops at the VRC and Clinical Research
Center (CRC).

Dr. Varmus provided updates of several policies. Specifically, 1) a new NIH-wide policy that all
NIH grant holders are expected to serve on peer review panels, if asked to do so, 2) that the results of all
NClI-supported clinical trials must be communicated to the public either through clinicaltrials.gov or
another mechanism; the NIH is working to implement this policy across its Institutes and Centers (ICs).
The upcoming Advisory Committee to the NIH Director meeting will address reports on the future
direction of the Children’s Health Study (CHS), allocation of the Office of AIDS Research’s (OAR)
monies and topics appropriate for use of AIDS funds, and progress in the evaluation of the NIH IRP.

Precision Medicine: Dr. Varmus stated that precision medicine remains a dominant factor in the
NCI, and reviewed relevant NCI trials focused on applying genomic data to facilitate focused therapeutic
interventions. Those trials were: 1) Molecular Profiling-based Assignment of Cancer Therapeutics
(M-PACT), 2) Lung Cancer Master Protocol (Lung MAP), 3) Adjuvant Lung Cancer Enrichment Marker
Identification and Sequencing Trial (ALCHEMIST), and 4) NCI Molecular Analysis for Therapy Choice
Program (NCI-MATCH) trials, which are conducted under the National Clinical Trials Network (NCTN).

He stated that he had spoken at a White House event on the topic of pediatric cancer and
precision medicine, and that Dr. Francis Collins, NIH Director, had attended a Congressional caucus on
pediatric cancer. Additional meetings have been held with activists from the pediatric advocacy
community to discuss activities underway to make better use of the genomic data ensuing from the
Therapeutically Applicable Research to Generate Effective Treatments (TARGET) Program; these
include a workshop involving pediatric cancer genomicists and clinical trialists, and a pediatric MATCH
trial that is scheduled for launch in early 2015.
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Members were told the informatics has a role in precision medicine, and the NCI awarded three
genomic cloud pilot contracts and launched the Genome Data Commons. Investigators are discussing how
biocomputing and the new proposed informatics infrastructure could be used to explore cancer genomes
and to integrate cancer genomic information into a large database. Dr. Varmus also noted the role of
cancer immunotherapy in precision medicine as researchers have begun to look at the genomic profile of
cancers that have responded to immunotherapy, including melanomas, kidney, bladder, and lung cancers.

FNLCR: Members were told that the NCI continues to consider new projects to conduct at the
FNLCR and plans to evaluate a proposal to create a Center for cryo-electron microscopy (EM), a form of
imaging that has experienced dramatic successes recently in achieving close to 3-Angstrom resolution.

A workshop is planned to discuss the Center and its role in training and collaboration with extramural
scientists.

NCI’s Commitment to Clinical Trials: Dr. James H. Doroshow, Deputy Director for Clinical
and Translational Research, referred members to a Letter to the Editor published in the Journal of Clinical
Oncology from Drs. Varmus, Doroshow, and other NCI leaders clarifying that the reorganization of the
NCI clinical trials system would better facilitate patient screening and the conduct of precision medicine
trials, and in no way should be construed to be a lack of strong support and appreciation for the activities
of the National Clinical Trials Network (NCTN).

Questions and Answers

In response to a query by Dr. Golub about the scope of NCI’s approach to precision medicine and
the relevance of a more focused approach to study a few cancers in more detail, Dr. Varmus noted the
challenges of funding as the cost of research has gone up at a rate that exceeds the biomedical research
price index, and as science increases in complexity, there is similarly dependence on expensive
technologies. He reflected on the NCI’s ability in recent years to reallocate funds to create important
programs focused on genomics, global health, provocative questions, and the RAS initiative.

Dr. Olufunmilayo F. Olopade, Walter L. Palmer Distinguished Service Professor of Medicine and
Human Genetics, Associate Dean for Global Health, and Director, Center for Clinical Cancer Genetics,
University of Chicago Pritzker School of Medicine, commented on the opportunities for investment and
intervention in areas of the country, such as the South, where populations are dense and cancer prevalence
is high but fewer NClI-designated Cancer Centers are located. Dr. Varmus responded that the importance
and productivity of the Cancer Centers Program represents one of the best partnerships between the NCI
and extramural community and agreed that the Centers greatly benefit patients. He added that Centers
must have the research capacity to become an NCI-designated Cancer Center, and acknowledged that
cancer patients in the Midwest and Rocky Mountain states may not be close to an NCI designated cancer
center and thus must travel a long distance to reach a Cancer Center. He reminded members that even
though several Cancer Centers have attained NCI designation during the past decade, the overall Cancer
Center budget has not increased.

V. CANCER GENOMICS—DR. LOUIS M. STAUDT

Dr. Staudt provided an overview of a systematic, genome-wide approach to defining the
molecular basis of malignancy to identify curative strategies for cancer by interrogating the functionally
important pathways in the cell that maintain the malignant phenotype. The field of cancer genomics
traditionally was divisible into three broad areas: structural genomics; functional genomics; and
computational genomics, integrating knowledge from structural and functional genomics. The goal of the
integrative analysis of the cancer genomic program has been to determine the essential cancer pathways,
and improving patient outcomes is at the center of the need to better understand which aspects of the
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tumor genome and cancer cell function make a difference in treatment response. Instead of thinking of
cancer as a genetic disease, Dr. Staudt suggested that cancer could be considered a cell biological disease
that is driven by abnormal pathways. Cancer also now is known to be an organismal disease in which
cellular interactions and the stromal microenvironment are key, and can be thought of as a societal
disease.

There are three main initiatives currently at the NCI Center for Cancer Genomics (CCG): The
Cancer Genome Atlas (TCGA); the TARGET Program, focusing on pediatric cancers; and the Cancer
Target Discovery and Development (CTD2), a functional genomics effort using small molecules, RNAI
and other manipulations of cancer cells. The pipeline of the Center has grown significantly from TCGA to
include the Biospecimen Core Resource, Genome Characterization Centers, the Genomics Data
Commons (GDC), and the Genome Analysis Network. Dr. Staudt indicated that a request for proposals
(RfP) on molecular platforms is forthcoming in January 2015, and in mid-2015, another request for
applications (RFA) will be released related to re-funding and improving the Genome Analysis Network.
Dr. Staudt noted that two “game-changers” in structural genomics have been the ability to do both DNA
and RNA sequencing from fixed tissue samples, which increases the number of samples available for
genomic discovery, and the dramatically decreased cost of whole genome sequencing.

Future initiatives for the CCG include defining the molecular basis for clinical phenotypes,
focusing on completed cooperative group trials in the colon and lung, the ALCHEMIST prospective trial
in lung adenocarcinoma, and the Exceptional Responders Initiative; defining the “full” set of genetic
drivers in cancer, including pilot projects in colorectal, lung adenocarcinoma, and ovarian cancer;
developing next generation cancer models for genomics beyond existing cell lines; and continuing to
develop the NCI GDC.

The TCGA Program has been highly successful. As of December 2014, more than 10,000 cases
were accrued, resulting in the publication of many papers, including exciting findings on gastric cancer.
Dr. Staudt then shared several successful studies funded through the TARGET initiative. For example,
researchers were able to identify novel recurrent translocations involving tyrosine kinase genes in B Cell
Acute Lymphoblastic Leukemia (B-ALL) patients that could potentially be treated with existing
therapeutics. These exciting findings in cancer genomics resulted in a precision medicine clinical trial that
will treat patients on the basis of translocation screening results.

Among the open questions in structural genomics is an opportunity to address the molecular basis
of cure versus relapse following adjuvant chemotherapy in colorectal and other cancers. Even when
adjuvant therapies do not perform statistically better in the overall trial, whole genome or exome
sequencing plus transcriptome sequencing can be used to identify molecular predictors of response to
treatment, thus informing health care decisions for individual patients. Another opportunity in structural
genomics is to identify the complete set of driver mutations in cancer; the idea being to discover all
genetic abnormalities that occur at a 2 percent frequency or higher in human cancer. This information,
along with an analysis of which mutations co-occur, can help elucidate genetic pathways of oncogenesis.
Whole genome sequencing of additional tumors—which can be performed in conjunction with existing
clinical trials—also allows for the identification of honcoding driver mutations and cryptic chromosomal
translocations.

The putative cancer driver genes identified through structural genomics can be studied further
through the development of relevant cancer models using functional genomic strategies. Application of
technologies, such as RNAI and Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR),
that inactivate individual genes in a broad fashion can provide knowledge about essential cancer
pathways. An emerging opportunity is to develop next generation cancer models that fully mimic the
generic diversity of human cancer and avoid limitations of current cell line models (e.g., lack of models
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for rare lesions and insufficient information about the relationship between the tumor cell lines and the
patients’ clinical outcomes). New technologies may allow scientists to readily generate new cancer cell
lines or more complicated structures from epithelial cancer biopsies, such as organoid cultures and
conditionally reprogrammed cell technigues. Recent results have demonstrated that prostate organoids
accurately reflect the histological and genetic characteristics of primary tumors.

Dr. Staudt informed the Board members about the possibility of initiating a next generation
cancer model network to develop the models, perform uniform genomic analysis, and deposit the data and
cells in publically accessible repositories for broad distribution to cancer researchers. Dr. Staudt referred
to the Institute of Medicine’s vision of applying computational genomics to create a knowledge network
of disease that would integrate data from clinicians and research laboratories to develop a taxonomy of
disease that could be propagated through the health care system and support precision medicine. A new
generation of the GDC—which already houses TCGA and TARGET data—to foster the molecular
diagnosis and treatment of cancer would comprise the following functionality: (1) import and standardize
genomic and clinical data from legacy programs; (2) harmonize mapping of sequence data to the
genome/transcriptome; (3) implement state-of-the-art methods for derived data of mutation calls, copy
number and structural variants, and digital gene expression; (4) maintain data security and manage
authorized access; (5) provide data for download or computation; and (6) open GDC for upload of new
genomic data for comparison with existing data and shared access. Dr. Staudt emphasized that the sharing
of data fosters scientific discoveries that would not otherwise be possible with the resources in individual
laboratories.

Questions and Answers

Dr. Luis F. Parada, Chairman, Department of Developmental Biology, University of Texas
Southwestern Medical Center, expressed concerns about the complexity and hierarchy of cancer biology
and wondered whether genomic advancements were outpacing biologic discoveries. Dr. Staudt described
promising organoid technology to recapitulate the hierarchy of human cancer. For example, in genomic
studies of colorectal cancer, the stem cell has been found to give rise to its own stroma, differentiating
into one supporting cell and the divided cell whereas the differentiation in the normal gut is recapitulated
in the organoid cultures.

Dr. Andrea Califano, Director, Columbia Initiative in Systems Biology, Director, Sulzberger
Columbia Genome Center, Associate Director, Herbert Irving Comprehensive Cancer Research Center,
and Professor of Systems Biology, Department of Biochemistry and Molecular Biophysics, Biomedical
Informatics, and Institute of Cancer Genetics, Columbia University Medical Center encouraged the NCI
to support an integrated effort by the cancer genomics community to comprehensively chart a full set of
mechanistic underpinnings for one particular tumor type. Dr. Staudt acknowledged that better
examination of raw data from other projects could be a useful approach. Dr. Olopade suggested that an
emphasis on germline genomics could improve cancer prevention research and discoveries. Dr. Staudt
noted that data are available but not mined appropriately in TCGA and added that functional analysis
could be applied to the germline.

Dr. Irving L. Weissman, Director, Institute of Stem Cell Biology and Regenerative Medicine,
Stanford University, recommended that the NCI develop a prospective method for viable frozen cell
suspensions to elucidate biology, particularly considering the order of mutations and importance of
events. Dr. Staudt responded that such a method could be built into a cancer model network. Dr. Joe W.
Gray, Gordon Moore Endowed Chair, Department of Biomedical Engineering, Director, OHSU Center
for Spatial Systems Biomedicine, and Associate Director for Translational Research, Knight Cancer
Institute, Oregon Health and Science University, noted that microenvironment opportunities could be
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explored through attention to anatomic regions from which tissue is extracted and stored as a formalin-
fixed, paraffin-embedded (FFPE) sample.

In response to a query by Dr. Golub regarding why the NCI was the best place to conduct the
science, Dr. Staudt said that the NCI provides scientific uniformity, ensures data sharing among
investigators, and makes use of the resources in the CRC. Dr. Jacks agreed that the NCI provides
coordination, funding, and leadership, and he encouraged the NCI to further engage in dialogue with
patients about the need and use of the data in the scientific and medical community.

Dr. Bruce W. Stillman, President and Chief Executive Officer, Cold Spring Harbor Laboratory,
described challenges faced by patients with a single disease when they are asked to participate in trials
and must complete multiple consent forms. He recommended that the NCI assume a leadership role in
developing a uniform patient consent form that covers genomic research and is accepted by Institutional
Review Boards (IRBs) across the Nation. He also observed that the clinical application of genomic data
lags behind research.

Dr. Lincoln D. Stein, Director, Informatics and BioComputing Platform, Ontario Institute for
Cancer Research, asked about efforts to align GDC with international efforts. Dr. Staudt indicated interest
and noted that a common consent form could overcome challenges posed by the different models for data
sharing used by the GDC and the International Cancer Genome Consortium (ICGC).

V. UPDATE: ELECTRONIC CIGARETTES—DRS. ROBERT T. CROYLE AND MICHELE
BLOCH

Dr. Robert T. Croyle, Director, Division of Cancer Control and Population Sciences (DCCPS),
introduced the update report on electronic cigarettes (e-cigarettes). Dr. Croyle reminded members that the
February 2014 NCAB meeting had a special session on tobacco control and covered thematic issues
including smoking cessation, clinical implementation, and global health. He stated that research on
e-cigarettes represents an example of the NCI’s work with many other agencies and institutions
supporting public health. Members were informed that the NCI, National Institute on Drug Abuse
(NIDA), and National Institute on Alcohol Abuse and Alcoholism (NIAAA) are launching an adolescent
cohort study that incorporates neuroimaging to examine the impact of early exposure of drug use,
including tobacco use, on adolescent brain development. In addition, recent data released from the
National Health Interview Survey (NHIS) on current adult tobacco use in the United States show a slight
reduction in prevalence of smoking among adults; the report also identifies significant disparities in
prevalence based on education levels and other factors. Dr. Croyle also mentioned collaborative tobacco
control-related efforts with officials in China, a country that produces one-third of all cigarettes in the
world. He next introduced Dr. Michele Bloch, Chief, Tobacco Control Research Branch, DCCPS.

Dr. Bloch reminded members that an electronic cigarette contains a cartridge, atomizer, battery,
and LED light; is available in numerous forms; and includes disposable, rechargeable, pen- and tank-
style. E-cigarettes aerosol includes chemicals such as formaldehyde, lead, nickel, and nicotine, and have
measurable emissions. Aerosol composition varies based on the device characteristics, composition of the
e-liquid, and user topography. Potential hazards from e-cigarette aerosol include exposure to propylene
glycol, nicotine, metal, nanoparticles, and flavorings. Dr. Bloch noted that more than 7,000 flavorings are
available for e-cigarettes.

Members were told that surveys of e-cigarette use by U.S. adults indicate the highest prevalence
among people 18-24 years of age, and lower levels of use among groups ages 25-44, 45-64, and over 65.
In 2013, e-cigarettes use among U.S. high school students was estimated at 4.5 percent. Dr. Bloch
described use by non-smoking youth; use of e-cigarettes by U.S. youth who had never smoked
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conventional cigarettes increased from 79,000 in 2011 to 263,000 in 2013. In addition, an intention to
smoke conventional cigarettes was expressed by 44 percent of ever e-cigarette users but only 22 percent
of never e-cigarette users. Public health stakeholders are concerned that e-cigarettes could lead to nicotine
addiction and the use of conventional cigarettes among youth who would not otherwise become tobacco
users.

Dr. Bloch stated that e-cigarettes have sparked an intense debate in the public health community,
in part because of different interpretations of limited scientific data. Their potential benefit is a reduction
in harm if smokers use e-cigarettes as a substitute for cigarettes. Potential harms include nicotine
addiction among youth, the potential to lead to use of other tobacco products or other drugs, former
smokers could return to smoking, dual use or deterrence of quitting among smokers, and renormalization
of smoking behavior. The World Health Organization (WHO) has stated that the effect of electronic
nicotine delivery systems on tobacco control depends on the interplay between industries marketing the
products, consumers, regulators, policymakers, practitioners, scientists, and advocates. Dr. Bloch
described e-cigarette marketing efforts in the United States, including various products (e.g., NutriCig),
marketing themes (e.g., lack of negatives such as smoke, ash, or second-hand smoke), and a wide array of
flavorings. Preliminary data from studies that have examined nicotine delivery, the effect on withdrawal
from nicotine, and the effect on smoking cessation suggest that e-cigarettes may facilitate quitting and
reduced cigarette consumption. Testimonials found on the Web appear to reveal strong enthusiasm from
past smokers.

Members were informed that the FDA has proposed to deem products meeting the statutory
definition of tobacco products, including e-cigarettes, are subject to FDA’s authorities, including
misbranding, registration, minimum purchase age, and health warnings. In addition, the American Heart
Association (AHA) has provided clinical guidance, including that there is not yet enough evidence for
clinicians to counsel patients to use e-cigarettes as a cessation aid, and that patients who choose to use
these products should be informed that they are unregulated, have not been proven effective or safe as
cessation devices, and that patients should quit smoking cigarettes entirely as soon as possible.

The NIH supports research on e-cigarettes through the Tobacco Regulatory Science Program
(TRSP) and through other mechanisms. Activities include: the NCI’s State and Community Tobacco
Control Research Initiative has produced a supplement in Tobacco Control on e-cigarettes; funding
support by the NIDA for research, including a proposed contract to develop a standardized e-cigarette for
research; and a recent workshop on e-cigarette research needs, with proceedings published in Nicotine
and Tobacco Research. Dr. Bloch reminded members that vulnerable populations also should be
considered, including youth, pregnant women and women of reproductive age, and patients with mental
health disorders and chronic diseases conditions.

Questions and Answers

Dr. Kevin J. Cullen, Director, Marlene and Stewart Greenebaum Cancer Center, and Professor of
Medicine, University of Maryland, remarked on legislative efforts to overturn Clean Air laws to allow
e-cigarettes in restaurants and bars. Dr. Bloch agreed that public health stakeholders are continuing to
oppose these efforts and support clean air as the standard. Dr. Jonathan M. Samet, Professor and Flora L.
Thornton Chair, Department of Preventive Medicine, Keck School of Medicine, and Director, Institute for
Global Health, University of Southern California, referred to recent hearings in California regarding the
definition of what is covered under the Clean Air legislation, and he noted the incorporation of
e-cigarettes under smoke-free air laws. Dr. Sellers asked about the measurement of nicotine levels in
second-hand exposure and suggested that non-smokers would react negatively to unintentional nicotine
exposure. Dr. Bloch indicated research is ongoing.
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In response to a query by Dr. Judy E. Garber, Director, Center for Cancer Genetics and
Prevention, Dana-Farber Cancer Institute, and Professor of Medicine, Harvard Medical School, Dr. Bloch
stated that data regarding weight loss and e-cigarettes are not currently available.

Dr. Samet said that the FDA is considering regulation and noted recent applications have been
made for Swedish snus as a modified risk product. He also observed that flavorings found in e-cigarettes
generally are recognized as safe for ingestion, but not for inhalation, and at least one compound found in
e-cigarettes (diacetyl) has been linked to a small airways disease.

Dr. Chanita Hughes-Halbert, Professor and Endowed Chair, Department of Psychiatry and
Behavioral Sciences, Medical University of South Carolina, Hollings Cancer Center, asked about the cost
variance between traditional and e-cigarettes. She also noted the positive effect of taxation in terms of
nicotine cessation for traditional smoking products and wondered if a similar result has been found for
e-cigarettes. Dr. Bloch responded that e-cigarettes are approximately one-third to one-half the cost of
traditional cigarettes, and that the devices generally are not taxed.

Dr. Califano asked about data that demonstrate e-cigarettes are a path for youth to move to
traditional cigarettes. Dr. Bloch stated that the question greatly concerns public health researchers.

VI. REDUCING THE NUMBER OF K AWARD MECHANISMS—DR. JONATHAN S.
WIEST

Dr. Jonathan S. Wiest, Director, Center for Cancer Training (CCT), described a proposal to
condense NCI’s K award mechanisms. Dr. Wiest informed members about the complexity of the training
program, which includes 15 training and career development mechanisms in the NCI, and 23 training
mechanisms NIH-wide. The NCI offers nine K awards, four F awards, and one R and T mechanism. The
current structure includes training awards that cover the areas of basic science; patient-oriented research;
prevention, control, behavior, and population sciences; and quantitative sciences in cancer. The awards
also are based on the investigator’s career stage: mentored (e.g., postdoctoral); mentored/independent
(e.g., late fellowship, non-tenure track faculty); or newly independent. Members were told that the use of
numerous mechanisms causes confusion, discourages applicants, impedes review and program
recommendations, and discourages interdisciplinary training and research.

The proposed recommendations would reduce the NCI training mechanisms from 15 to 7 by
merging or retiring several mechanisms. Members were told that the K23 and KO8 mechanisms both
support physician-scientists and that the current separation of basic/translational and clinical research
discourages interdisciplinary training; the merge of K23 into KO8 would eliminate the arbitrary separation
in review and program management. Dr. Wiest explained that a merge of the K07 into the K99/R00
would encourage the transition to independence; the KO7 mechanism generally supports independent
researchers, does not carry the benefits of the K99/R00, and is not available to foreign nationals.
Retirement of the K05 and K24 mechanisms is proposed as they have provided mentoring awards to only
a limited number of researchers and have experienced a low number of applicants. Similarly, the K25
mechanism is proposed for retirement as emerging scientific areas could be supported by RFAs, training
should be an essential component of an RFA, and the recently expanded K22 and K99/R00 will support
quantitative training for competitive applicants. A final recommendation to expand scientific disciplines
supported by K99/R00 to all cancer research fields would better promote the transition to independence
for applicants with no more than 4 years of postdoctoral experience. The recommendations streamline the
K award mechanism structure into all cancer-relevant science awards for (1) all applicants and
(2) physician scientists. Dr. Wiest reviewed the next steps and timeline, including work with the NIH on
policy and procedure issues, and approval of final recommendations by the NCAB.
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Questions and Answers

Dr. Califano recommended that the NCI revise the 4-year term for interdisciplinary applicants,
noting the length of time needed to train scientists in multiple disciplines. Dr. Wiest said that the 4-year
term limit is an NIH rule; however, the K22 mechanism provides support for postdoctoral researchers for
up to 8 years.

Dr. Ethan M. Basch, Associate Professor of Medicine, Division of Hematology/Oncology, and
Director, Cancer Outcomes Research Program, University of North Carolina at Chapel Hill, expressed
concern about the consolidation of the KO7 with the K99/R01 mechanism and asked how the review
process will ensure that applications from researchers in fields such as population science do not become
diffused with more general applications. Dr. Wiest acknowledged this challenge and indicated the NCI’s
intent to continue to support similar numbers as in the past.

Dr. Stanton L. Gerson, Shiverick Professor of Hematological Oncology, Director, Case
Comprehensive Cancer Center, Director, National Center for Regenerative Medicine, Case Western
Reserve University, and Director, Siedman Cancer Center, University Hospitals Case Medical Center,
requested further clarification about training support for applicants who had K12 awards. Dr. Wiest
explained that such individuals would be eligible, and some have successfully competed, for other NCI
training mechanisms. In response to a question by Dr. Sellers, Dr. Wiest clarified that the proposal is to
merge the K23 into the KO8 award.

Dr. Olopade asked about the allocation of funds garnered from the consolidation of awards and
suggested that clinicians would benefit from more training at the beginning of their careers. Dr. Wiest
described the NCI’s support of Fellows through various mechanisms, including the F30, F31, and F32.

Motion: A motion to accept the proposal to condense the NCI K award mechanisms was approved
unanimously.

BSA Career Paths Working Group. Dr. Wiest stated that the Working Group met on
December 1, 2014. The Working Group considered aspects of a predoctoral to postdoctoral transition
award, including timing of applications, review criteria, and stipend levels. Dr. Dafna Bar-Sagi presented
a laboratory staff support analysis that showed that increases in postdoctoral stipends have a greater effect
in laboratories that are smaller in size, as the level of support is relative to the total size. In addition,

Dr. Ed Harlow presented provocative ideas to stimulate discussion about relevant issues such as market
forces and the size of the postdoctoral population. Dr. Wiest indicated that the Working Group will
discuss a Research Specialist Staff Scientist Award at a future meeting.

VIl. MODULAR GRANTS—DR. DOUGLAS R. LOWY

Dr. Lowy presented several options being weighted by the NCI regarding the funding of modular
grants and asked the Boards to reflect on the current reductions of modular grants and the possible
increase of the maximum amount funded. He told members that the NIH Extramural Activities Working
Group (EAWG) recommended that the maximum amount of modular grants be raised from $250,000 to
$275,000. No consensus was reached by the IC Directors in August 2014, and opinions included support
for a larger increase, no increase, and the elimination of modular grants.

Members were informed that modular applications and awards were developed to reduce the
workload for applicants and reviewers, and to enable reviewers to focus on evaluating science rather than
on budgets. However, they function largely to contain costs. The NCI’s reduction is higher than that of
the 13 percent for the average reduction of the NIH Institutes and Centers (ICs). The vast majority of the
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NCI’s successful applications are at the 17 percent reduction level because they are at $175,000 to
$250,000. The proportion of modular applications (RO1) decreased from approximately 72 to 57 percent
from FY 2007 to FY 2013, with the majority (90%) in FY 2013 supported at the maximum level of
$250,000 in direct costs. Dr. Lowy reflected on the purchasing power of $250,000 in FY 2003, which
equates to $181,000 (28% decrease) in FY 2013. To keep pace with inflation, the modular budget would
need to increase 38 percent to approximately $345,000.

During the past 3 years (FY 2012-2014), modular R0O1 competing awards have decreased (61%
to 54%), while non-modular have increased (39% to 46%). Although the overall number of awards
shifted (661 in FY 2012; 611 in FY 2013; and 629 in FY 2014), the average size of awards increased:
$389,000 in FY 2012; $394,000 in FY 2013, and $420,000 in FY 2014. In FY 2014, there were 342
modular awards with an average award of $330,000 compared to 287 non-modular awards with an
average award of $527,000. A removal of the 17 percent reduction would result in $23 M in increased
costs for modular awards and $31 M for non-modular awards. Members were told that the increased costs
would continue for the duration of each award.

Dr. Lowy described possible solutions for modular and non-modular awards. One is to phase out
the 13 percent reduction immediately, which affects only a small number of the grants and would have a
small impact. A second option is to phase out the 17 percent reduction for modular awards over 2 years,
which would cost $23 M or 8 percent of the total competing R0O1 spending when the phase-out is
complete. Another concern is how to handle non-modular awards. Members were told that increasing the
maximum modular amount from $250,000 would require NIH approval. A greater increase than the
EAWG’s recommended increase to $275,000 may be needed to maximize the proportion of awards that
are modular. Each $25,000 increase would cost approximately $9 M for 350 fully funded modular grants
or $7 M for 350 grants with the 17 percent reduction.

Questions and Answers

Dr. Stillman expressed support for eliminating the 17 percent reduction for modular awards,
particularly for early career investigators, and also support for increasing the modular cap. He suggested a
graded reduction, such as lowering the reduction to 10 percent for the first year and then eliminating it.
Dr. Joe Gray agreed and commented that raising the levels of modular grants, which currently are
inadequate to sustain an individual’s research program, would benefit the cancer research community.

Dr. William R. Sellers, Vice President/Global Head of Oncology, Novartis Institutes for BioMedical
Research, Inc., concurred with the elimination of the reduction and the benefit to the community, and he
suggested that the cap for modular grants be raised to $350,000. Drs. Gerson and Garber voiced their
support for the change.

Dr. Parada encouraged the NCI to incorporate algorithms in the funding of non-modular grants to
reduce accounting burdens.

Dr. Dafnha Bar-Sagi, Vice Dean for Science, Senior Vice President, and Chief Scientific Officer,
and Professor, Department of Biochemistry and Molecular Pharmacology, NYU Langone Medical
Center, New York University School of Medicine, expressed support for reducing the 17 percent
reduction. She recalled anecdotal information that study section reviewers favor modular grants relative to
non-modular grants and also that young investigators are not the primary customers for these applications.
Dr. Lowy clarified that the success rates of modular and non-modular grants are similar. He added that
applications from investigators who have more than $1 M in direct costs undergo additional scrutiny.

Dr. Varmus said that the number of investigators who receive 4 to 5 grants is small and does not affect the
overall situation.
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Dr. Kenneth C. Anderson, Kraft Family Professor of Medicine, Harvard Medical School, and
Director, Lebow Institute for Myeloma Therapeutics, Dana-Farber Cancer Institute, strongly endorsed the
elimination of both the 13 and 17 percent reductions. He noted that the impact of the elimination would
reduce the total number of awards possible and present challenges for new investigators in establishing
themselves. Dr. Cullen noted the difficulties for young investigators in obtaining their first RO1 grant.

VIIl. NCAB CLOSED SESSION—DR. TYLER JACKS

““This portion of the meeting was closed to the public in accordance with the provisions set forth in
Sections 552b(c) (6), Title 5 U.S. code and 10(d) of the Federal Advisory Committee Act, as amended
(5 U.S.C. appendix 2).”

There was a review of intramural site visits and tenured appointments, committee discussions,
and recommendations. There also was a discussion of personnel and proprietary issues. Members
absented themselves from the meeting during discussions for which there was potential conflict of
interest, real or apparent.

IX. RFA/COOP AGR. CONCEPTS—REISSUES—NCI STAFF

Office of the Director
Innovative Molecular Analysis Technologies (IMAT) Concept (RFA)—Dr. Tony Dickherber

Dr. Dickherber informed members that the IMAT Program provides the majority of NCI’s
support for investigator-initiated technology development that is not met by other funding opportunities.
The trans-NCl initiative emphasizes high-risk, high-impact multidisciplinary, cancer-relevant
technologies for the molecular and cellular analysis of cancer. The Program supports investigator-initiated
research utilizing the R21 and R33 exploratory/developmental research award mechanisms for Phase |
and Phase Il levels of support. Applications have been solicited annually since 1998 and a total of 3,914
applications were received with 478 new competitive awards provided. Approximately 70-100 projects
are active at a given time.

Outcomes from 30 R21 awards made from applications submitted in FY 2010 have included
74 publications, 19 patent applications submitted and 7 awarded for supported platforms, and 9 licensure
agreements completed or in progress. In addition, 75 publications, 15 patent applications submitted and
2 patents awarded, a product driving clinical profiling, and four commercially available products have
resulted from 11 R33 awards made from applications submitted in FY 2010. Additional new applications
have been submitted that indicated use of the technologies developed under these grants. Successful
IMAT technologies cover genomics, proteomics, epigenomics, clinical diagnostics, sample preparation,
and drug screening or delivery. Examples include single molecule Molecular Inversion Probes (smMIP);
flag-tagged multiple-labeled tetravalent RNA imaging probes detected by proximity ligation assay; kinase
activity biosensors; biomarker and histology preservative; and a platform for exclusion-based sample
preparation.

The concept reissuance supports four RFAs addressing innovative emerging and early-stage
technologies for cancer. These include 18-20 R21 and 10-12 R33 awards per year to address innovative
and emerging molecular and cellular analysis technologies for cancer; and 4-5 R21 and 2 R33 awards per
year to support innovative and emerging biospecimen science technologies for cancer. The concept
provides assurance of NCI’s interest in technology development and is designed to address a specific
need that other initiatives are not currently meeting.

11
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Subcommittee Review. Dr. Joe Gray expressed the Subcommittee’s support for the concept
reissuance and remarked on the impressive, innovative technologies developed under the IMAT Program.
The Subcommittee appreciated the examples of IMAT successes and noted that the reissuance includes
technologies for tissue sample analysis. The Subcommittee felt that the distribution of funds across the
molecular and cellular analysis RFAs and the biospecimen technologies RFAs should be determined by
the quality of the submissions.

The first year cost is estimated at $11 M for 34-39 R21 and R33 awards, with a total cost of
$25-32 M for 3 years.

Questions and Answers

Dr. Califano asked about IMAT’s exclusion of software development. Dr. Dickherber stated that
support for software development was originally provided by the IMAT Program, and is now supported
through the Informatics Technologies for Cancer Research (ITCR) Program.

Dr. Sangeeta N. Bhatia, John J. and Dorothy Wilson Professor, Division of Health Sciences and
Technology and Electrical Engineering and Computer Science, Institute for Medical Engineering and
Science, Koch Institute for Integrative Cancer Research, Broad Institute, Brigham and Women’s Hospital,
Massachusetts Institute of Technology, queried whether support for interventional and therapeutic cancer
devices were covered through other nanotechnology programs. Dr. Dickherber explained that, to avoid
overlap with other programs, competition in the IMAT Program is limited to those technologies that offer
delivery capabilities or targeting capabilities.

Dr. Gerson asked about the dissemination and use of successful technologies within the research
community. Dr. Dickherber provided an example of novel imaging tools developed by Dr. Patricia Keely,
University of Wisconsin, which have become a significant element in a P01 core facility.

Motion. A motion to concur on the Office of the Director’s (OD) three re-issuances request of request for
application (RFA) entitled “Innovative Molecular Analysis Technologies (IMAT),” with increased
flexibility in how funds are allocated across molecular and cellular analysis and biospecimen science
technologies, was approved with 20 ayes, no nays, and 1 abstention.

Small Business Innovation Research (SBIR) Award Concept (RFA)

Subcommittee Review. Dr. Bhatia expressed the Subcommittee’s enthusiasm for the concept
reissuance. Dr. Bhatia reminded members that the SBIR Phase 11B Bridge Award Program funds projects
that will allow groups to achieve critical milestones, such as the initiation of clinical trials, and requires
one-to-one matching of non-federal funds. Since 2009, the Program has funded 18 bridge awards for
$43 M, and private investors have committed $86 M. The Program which initially focused on cancer
therapies and imaging was subsequently expanded to include interventional devices, diagnostics, and
prognostics. The Subcommittee recognized the Program’s importance in providing funding for
diagnostics and therapeutics and bridging the gap between technology development and
commercialization as pharmaceutical companies shift away from in-house research and development.
Challenges include the need for marketing to improve the number and quality of applications. The
Subcommittee noted the evaluation team’s support for the reissuance and appreciated responses provided
by NCI Program staff.

The first year cost for the NClI is estimated at $10 M for 5-10 R44 awards, with a total of $30 M
for 3 years.
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Motion. A motion to concur on the Office of the Director’s (OD) three re-issuances request of request for
application (RFA) entitled “Small Business Innovation Research (SBIR)” was approved with 20 ayes, no
nays, and 1 abstention.

Division of Cancer Treatment and Diagnosis
Phase 11 of the Experimental Therapeutics Clinical Trials Network (ETCTN)
(RFA/COOP. AGR)—Dr. Jeff Moscow

Dr. Jeff Moscow, Division of Cancer Therapeutics and Diagnosis (DCTD), informed members
that the concept reissuance is to integrate the current Phase Il clinical trial contract program with the new
phase I clinical trial UM1 cooperative agreement program to create a unified Experimental Therapeutics
Clinical Trials Network (ETCTN) program for early clinical development of investigational new drugs
(INDs). Dr. Moscow stated that the NCI has collaborated with industry and academic medical centers to
develop more than 60 anticancer agents and combinations of agents to target a wide range of cancer-
related pathways and antigens. The NCI’s role is to expand clinical indications for novel agents and better
understand their biology. He stated that the ETCTN focuses on the conduct of the earliest clinical studies
of the INDs, addressing dosage, schedules, target engagement, and biomarkers of response, with
investigators conducting mechanism-based early phase studies. The reissuance provides an opportunity to
consolidate the Phase | and Phase Il programs as early phase and clinical science have evolved and the
current programmatic separation of the two clinical components has become undesirable.

Members were told that the goals for the Phase Il program reflect new realities, including shorter
duration from Phase | initiation, greater incorporation of biomarkers into Phase Il study design, expanded
pool of eligible patients for rare tumor subtypes, and leveraged resources for ETCTN centralized clinical
trials. The proposed ETCTN structure would meld the current Phase Il contract program with the UM1
grant program into one unified core grant program, in which Phase | grantees would compete for
supplements to expand Phase Il expertise, thereby providing an opportunity to redistribute the 31 NClI-
designated Cancer Centers currently affiliated with the phase | and phase Il program into more
streamlined alignments. He noted that a funding opportunity announcement (FOA) would be required for
the competitive supplements, with the focus on scientific leadership and expertise for conducting Phase Il
studies. The proposed annual allocation of funds for UM1 competitive supplements is $9M per year to
support accrual of 900 patients.

Dr. Moscow described a proposed pilot Early Therapeutics Opportunity Program for the NCI
Cancer Centers Program that would expand participation in early drug development studies through study
leadership proposals and Phase Il study participation proposals. It would allow 31 Cancer Centers in the
ETCTN and 26 Cancer Centers not affiliated with the ETCTN to participate in studies of rare tumors,
such as a Phase 1l trial for a rare molecular subtype for an NCI agent. For a study leadership proposal, an
investigator from any clinical NCI-designated Cancer Center could submit a Letter of Intent (LOI) to the
NCI, which, following approval, would be administered as a P30 administrative supplement. In the Phase
Il study participation proposal, NCI Cancer Centers not affiliated with the ETCTN would be able to open
selected ETCTN Phase Il studies that require screening for rare tumor subsets. Overall additional accrual
to the ETCTN trials with both proposals is approximately 91 patients per year with a budget of $1M in
administrative supplements.

Subcommittee Review. Dr. Anderson expressed the Subcommittee’s support for the reissuance
and noted that significant progress has been made in the later phase trials, and the concept reissuance
addresses early Phase | and 1l trials and the need for biomarker-driven trials. The Subcommittee
appreciated the visionary approach in having competitive supplements come from the Phase | UM1
cooperative agreements recently recompeted, ensuring greater flexibility, rapidity, and accrual efficiency.
The Early Therapeutics Opportunity Program will allow participation from NCI-designated Cancer
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Centers that currently are not involved, as well as include rare tumors. The Program should facilitate the
interest of Cancer Centers, the pharmaceutical industry, and the NCI Experimental Therapeutics (NEXT)
Program.

The first year cost is estimated at $9 M for 10 UM1 competitive supplement awards, with a total
cost of $27 M for 3 years.

Questions and Answers

Dr. Sellers encouraged the NCI to continue pharmacokinetic/pharmacodynamic (PK/PD)
assessment into Phase Il and consider exploring more than one dose level at Phase |1 trials. NCI needs to
be watchful that the majority of resources do not drift into Phase Il at the expense of Phase | efforts.

Dr. Golub asked about the effect of industry’s shift toward smaller, biomarker-driven, early
clinical development activities on the vision for ETCTN early phase studies. Dr. Moscow indicated that
the Program is involving researchers who have experience in conducting these studies as part of the
ETCTN early phase studies.

Dr. Garber observed that an advantage of the ETCTN Program is that it allows for drug
combinations from different companies and provides more flexibility.

Dr. Sellers wondered how the rate of accrual for new genetic markers could be increased given
the challenges in screening and screen failures. Dr. Moscow acknowledged the issues related to screening
and said that collaboration with the Cancer Centers should facilitate the screening process.

Dr. Stillman asked whether industry would have conducted any of these trials. Dr. Moscow
replied that the NCI works closely with industry to avoid duplicative trials. He added that the NCI’s goal
is to answer questions that a pharmaceutical company does not feel is commercially important for them
but is scientifically important to the NCI and in the public health interest.

Motion. A motion to concur on the Division of Cancer Treatment and Diagnosis’ (DCTD) reissuance of
request for application/cooperative agreement (RFA/Coop. Agr.) entitled “Phase Il of the Experimental
Therapeutics Clinical Trials Network (ETCTN)” was approved with 20 ayes, no nays, and 1 abstention.

X. PERSPECTIVE ON CANCER PREVENTION RESEARCH AND IMPLEMENTATION—
DRS. GRAHAM A. COLDITZ, STEPHEN J. CHANOCK, BARNETT KRAMER, AND
ROBERT T. CROYLE

Dr. Graham A. Colditz provided an overview on cancer prevention research and implementation.
He was joined by NCI leaders who presented the NCI’s approach to cancer prevention and described the
research portfolio supported by their divisions: Drs. Stephen Chanock, Director, DCEG; Barnett Kramer,
Director, DCP; and Robert T. Croyle, Director, DCCPS.

Accelerating Cancer Prevention. Dr. Colditz presented considerations on how to accelerate
cancer prevention. Medical interventions such as aspirin, selective estrogen receptor modulators
(SERMSs), and vaccinations have been proven to prevent some cancers. Both population-wide and high-
risk strategies can be employed, but experts suggest that greater benefit would be gained by implementing
population-wide strategies, which require good population data to stratify at-risk and consider the risk
benefit of the screening intervention. An example of a population-wide strategy is the HPV vaccine
discussed by Dr. Barbara Rimer, President’s Cancer Panel (PCP). Members also were told of behavioral,
social, and policy interventions derived from NCI-supported research that affect cancer prevention, such
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as tobacco control, with lung cancer mortality decreased by one third, and colorectal cancer screening,
which has increased steadily with a reduction in mortality rates over time.

Members were reminded that NCI-funded science is synthesized to a rage of strategies to act on
scientific evidence to generate population interventions to reduce cancer risk. The 1964 Surgeon
General’s report on smoking linked smoking and lung cancer. A successful example of reduced cancer
risk is the effect of tobacco control activities in Massachusetts between 1990 and 2005. A comprehensive
effort was implemented at the state level and in partnership with local government, cancer institutions,
and public health stakeholders, with the result of changed regulations, cessation aids available to the
Medicaid population, decreased cardiovascular events and health care costs, and a 30 percent reduction in
lung cancer mortality in men.

Dr. Colditz described lifestyle factors in the United States and the proportion of cancer that they
cause, including smoking (33%); obesity (20%); viruses (5—-7%); diet, lack of exercise, occupation, and
family history (5% each); alcohol (3%); and others. A comparison of the burden of cigarette smoking
between the lowest and highest cancer incidence showed a 75 percent lower incidence of cancer in Utah
than Kentucky. Time estimates for how quickly benefits could be realized range from a long time for
vaccination programs to more quickly for lifestyle changes; Dr. Colditz showed this in terms of risk for
lung cancer mortality and total mortality for current smokers, and he noted that a population-wide strategy
of smoking cessation could be contrasted against a high-risk strategy of screening the high-risk smokers
for early detection of lung cancer.

Prevention strategies are available for a number of infections, such as HPV, hepatitis B and C,
and Helicobacter pylori. IARC estimates that 23 percent of cancer in low- and middle-income countries is
caused by infections, compared with approximately 7 percent of cancer in high-income countries, and
prevention strategies exist only for some. Challenges in moving from a population-wide strategy to
successful implementation can be seen in hepatitis B coverage, for which China has achieved close to 100
percent whereas India is struggling to reach 50 percent despite having the same science base. A similar
scenario exists in the United States regarding the HPV vaccine, which remains at the 30 percent coverage
with three doses of vaccine for girls. The high-risk context provides research opportunities to stratify risk,
identify high-risk women, communicate risks and benefits, implement tools and strategies in the clinical
setting and reduce HPV incidence through uptake and sustained use by women.

Members were informed that the steps from discovery to delivery involve identifying what is
effective, developing guidance from evidence, using benefits to determine the timeframe for risk
reduction, and assessing changes to disparities. Cancer disparities can occur in social conditions and
policies, institutions, neighborhoods, social relationships, individual factors, and biologic/genetic
pathways. Dr. Colditz stated that an opportunity exists to bring basic science and population science
together to understand these issues. An example is a study that brought together population data and
laboratory studies to examine potential mechanisms for endocrine burnout and receptor-negative breast
cancer in the African-American women living in inner cities.

Barriers to preventing cancer include skepticism, the short-term focus of cancer research, and
deployment of interventions too late in life. Members were reminded that the time required for cancer
prevention does not match funding periods, and that long-term benefits such as from smoking cessation
take decades to show at the population level. The challenge in maximizing the potential to prevent cancer
is to address multiple factors (genetic, individual, demographic, and macro-level) that influence cancer.

Dr. Colditz informed members that the NCI has released a Program Announcements with Special

Report (PAR) to fund research to better understand how evidence-based interventions can be moved into
practice and policy. Research opportunities exist in discovery; sharpening the distinction between

15



4™ Joint Meeting of the Board of Scientific Advisors and the National Cancer Advisory Board

individual focus of prevention versus population-wide strategies; increasing translation from discovery to
delivery; and understanding the roles of the NCI and funding partners. Dr. Colditz reiterated the
importance of considering these issues to achieve and sustain the potential for cancer prevention.

Questions and Answers

Dr. Olopade asked about the science needed to drive implementation in the context of the NCI
portfolio. Dr. Colditz responded that the NCI’s broad set of population science skills, including
surveillance, evaluation, and Cancer Intervention and Surveillance Modeling Network (CISNET)-type
modeling, need to be applied in the community to identify gaps and scientific questions. Dr. Hughes-
Halbert referred to the Centers of Population Health and Health Disparities (CPHHD) as an example of
NCI’s successful role in implementation science.

Dr. Stillman requested clarification about data related to obesity and cancer and other elements
affecting the cancer burden. Dr. Colditz indicated that the data come from strong cohorts and reflected on
the increased number of prospective studies and DCCPS portfolio during the past decade; he noted that
prospective studies continue to show that long-term excess weight and obesity increase the incidence of
non-Hodgkins lymphoma and multiple myeloma.

Role of Prevention Research in DCEG. Dr. Chanock said that the DCEG addresses the
prevention research continuum through studies of cancer etiology, prevention, and implementation,
including such topics as HPV, tobacco, obesity, and radiation. The DCEG has focused on foundational,
etiologic research, with randomized prevention trials as an outgrowth of etiologic work, and observational
studies performed when trials were not feasible.

Members were informed that natural history studies of HPV established the virus as the necessary
cause of cervical cancer and as a risk for cancers of the oral cavity, anus, and other sites. These etiologic
observations led to HPV prevention research, including a vaccine trial in Costa Rica that considered
levels of dosage and found the vaccine to provide protection against anal and oral infections; long-term
followup is planned. The DCEG is conducting HPV implementation research through Pap testing, along
with partners such as Kaiser Permanente, with the aim to develop screening and clinical management
guidelines. Dr. Chanock next described the DCEG’s portfolio of tobacco and radiation research. The
NIH-AARP cohort provides a valuable resource to help understand the relationships between the
differences in men and women in terms of cancer incidence and mortality with respect to smoking. The
DCEG conducts observational studies based on cohort data, including such topics as smoking and second-
hand cancer risk, smokeless tobacco, and new and emerging tobacco products. The goal is to refine
screening guidelines and develop new biostatistic approaches to improve screening for tobacco-related
cancers. Members also were informed about the DCEG’s strong portfolio in radiation exposure. The
Division studies medical radiation exposures, including diagnostic and screening procedures (low-dose
exposure), radiotherapy treatments (high-dose exposure), and occupational exposures (repeated low-dose
exposure). Studies also address environmental exposure, such as caused by nuclear testing or nuclear
power plant accidents, and the etiology of radiosensitive malignancies.

Dr. Chanock stated that the DCEG is participating in a pilot project that emanated from the
Global Alliance for Genomics and Health. The project is a Challenge to synchronize existing and new
BRCA data in a federated public database. The goals are to review existing variants, create an API for
display of annotated variants, and create a template for other genes. Members were informed that at least
115 other genes have been implicated in cancer susceptibility syndromes. The Challenge involves
coordinated activities to bring together an evidence group for a variant classification, interpreting the
variants, and engaging the community to ensure consent and interoperability. Databases around the world
have a different number of BRCA1/BRCAZ2 variants, including the NIH National Center for Biotechnology
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Information (NCBI; 6,431 variants), European Leiden Open Variation Database (LOVD; 3,262 variants),
and French Universal Mutation database (3,913 variants). The goal is to expand and include datasets from
around the world, particularly to make interoperable the scientific and clinical classifications of the data.
A data submission process is being developed to allow data to be entered in multiple countries,
aggregated and curated, and then made available through other sites. Outcomes for the Challenge include
population-based allele frequencies displayed using available sequencing resources, federated collection
of pathogenic variants for BRCA1/BRCA2, and improved penetrance estimates.

Questions and Answers

In response to a query by Dr. Golub, Dr. Chanock confirmed that the BRCA Challenge could
include laboratory experimental assessment of alleles. Dr. Kevin P. White, James and Karen Frank
Family Professor, Department of Human Genetics, Professor, Department of Ecology and Evolution, and
Director, Institute for Genomics and Systems Biology, Knapp Center for Biomedical Discovery, The
University of Chicago, asked whether the application programming interfaces (APIs) being developed
under the BRCA Challenge are open source and how they would relate to software used in clinical testing
laboratories. Dr. Chanock noted the importance of using open source software to ensure interoperability
and added that the databases will be built and curated by one variant and gene at a time.

Dr. Garber asked about the NCI’s level of investment in the data curation process. Dr. Chanock
expressed the NCI’s interest in working with The Ontario Institute of Cancer Research, the Wellcome
Trust, and others in the work.

Dr. Olopade asked about the inclusion of ethnically diverse populations in the United States in the
BRCA Challenge. Dr. Chanock stated that one of the key elements in the Global Alliance’s first
deliverable is the population genetic assessment of the allele frequencies across the world for BRCA. In
addition, having an API will allow clinicians to be able to interpret variants in individuals of different
continental ancestry more effectively.

Dr. Joe Gray observed the value of the data organization and curation exercises over time and
wondered about the incentives needed for the generation of a successful resource. Dr. Chanock answered
that the scientific and clinical implications of building a large database are persuasive. He remarked on
the cultural shift in the community and reminded members that effective January 25, 2015, all new
sequencing data under NIH grants must have data sharing plans and deposition of that data for the public.
Dr. Varmus stated that the Global Alliance no longer intends to run its own database but has the goal of
gathering base representation at a single position in one chromosome to determine the level of willingness
to share data. Drs. Sellers and Joe Gray reflected on the challenges of data sharing, and Dr. Chanock
agreed and noted that the focus is the creation of a database that is driven by scientific opportunities.

Division of Cancer Prevention: Impact of Prevention and Screening Research. Dr. Kramer
reminded members of prior presentations to the Boards from 2011 to 2014 on DCP research. The cancer
prevention research continuum includes hypothesis and methods development, controlled intervention
trials, defined population studies, and implementation projects, with research training occurring
throughout all phases. Core issues in screening and prevention are: (1) it is difficult to make healthy
people better off than they already are; and (2) strong evidence of benefit is therefore important when
putting large numbers of healthy people in harm’s way.

Large randomized screening and primary prevention studies funded by NCI have had major
clinical and public health impact: for example, the ASCUS-LSIL Triage (ALTS) trial established the role
of HPV testing in triaging low-grade cervical lesions. This finding set the stage for change in policy and
the ultimate establishment of HPV testing as a primary screening test for cervical cancer. The National
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Lung Screening Trial (NLST), the Breast Cancer Prevention Trial (BCPT) and the Study of Tamoxifen
and Raloxifene (STAR) provided evidence leading to changes in the U.S. Preventive Services Task Force
(USPSTF) recommendations for lung cancer screening and breast cancer prevention, respectively to
Grade “B” recommendations in favor of offering the interventions. The PLCO (Prostate, Lung,
Colorectal, Ovarian) screening trial led to USPSTF Grade “D” recommendations not to offer screening
tests for prostate or ovarian cancers. Results from randomized trials of beta-carotene and selenium led to
Task Force recommendations not to offer dietary supplementation with these two micronutrients.

Dr. Kramer next outlined the DCP’s research directions and programs. The NCI Community
Oncology Research Program (NCORP), a national network that studies the effects of health care
organizations on cancer prevention and care, and the Aspirin in Reducing Events in the Elderly
(ASPREE) trial are examples. In addition, the PLCO Trial biorepository serves as a national resource for
future studies of cancer etiology and early detection; an RFA for the molecular characterization of screen-
detected lesions and overdiagnosis closed in September; applications for the Early Detection Research
Network (EDRN) RFA are due in January 2015; and the Interactive Diet and Activity Tracking in AARP
(iDATA) Measurement Error in Diet and Physical Activity study is in preparation.

The NCI Cancer Prevention Fellowship Program provides a postdoctoral fellowship for early-
career scientists that is multidisciplinary and emphasizes independent, mentored research in cancer
prevention and control. The fellowship provides up to 4 years of funding support for 10-15 fellows
selected annually through a competitive application process. Fellows’ scientific disciplines include basic
science (32%), clinical (20%), behavioral or social science (20%), and epidemiology (17%). Dr. Kramer
also noted areas of potential expansion in prevention and screening research, including microbiomics,
immunoprevention, HPV gaps, and genomics of pre-malignant lesions.

Questions and Answers

Dr. Jacks requested further details on work being conducted in areas identified for expansion,
such as immunoprevention and the genomics of premalignant lesions. Dr. Kramer explained that several
areas identified already are being funding by the NCI, whereas others such as the genomics of
premalignant lesions are not yet supported through an organized program. He added that earliest phases of
the DCP’s prevention agent development include an agent development program and a clinical
consortium. An RFA focused on overdiagnosis is aimed at screen-detected lesions and will encompass the
genomics of premalignant lesions, and example areas of emphasis include studies of the
microenvironment and single-cell studies. Dr. Sellers reflected on screening challenges, observing that
higher resolution imaging cannot differentiate between premalignancies and malignancies. Dr. Kramer
agreed and said that is an area of emphasis in the programs he mentioned. Dr. Elizabeth M. Jaffee, The
Dana and Albert “Cubby” Broccoli Professor of Oncology, Co-Director of the Gastrointestingal Cancers
Program, and Associate Director for Translational Research, The Sidney Kimmel Comprehensive Cancer
Center at The Johns Hopkins University, stated that an opportunity exists to better understand early
inflammation and early premalignancy.

Dr. Golub wondered if a particular approach to prevention provides special opportunities.
Dr. Kramer described aspirin and metformin studies as two examples of effective prevention approaches
initiated elsewhere and now supported by the DCP. Dr. Chanock said that a key issue is having data that
leads to good hypotheses for study; microbiomics and proteomics offer promising opportunities for the
DCEG.

Dr. Olopade encouraged the DCP to use genomic technologic advances for risk assessment and
risk stratification. Dr. Kramer fully agreed, noting that better tools to conduct risk stratification will
provide more opportunities for innovation in cancer prevention.
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Division of Cancer Control and Population Sciences: NCI’s Bridge to Public Health,
Research, Practice, and Policy. Dr. Croyle provided an overview of the NCI’s activities in research,
science, and implementation within the context of prevention generally within the Nation. He informed
members that the DCCPS’ budget in FY 2014 equaled approximately 9.6 percent of the total NCI budget.
The Division has a large epidemiology portfolio that encompasses molecular analytic epidemiology
cohort studies, case control studies, surveillance infrastructure, Surveillance Epidemiology and End
Results (SEER) contracts, and other surveillance activities. Tobacco control, obesity-related, cancer
screening, and health services grants also comprise the portfolio. The DCCPS has led numerous research
efforts starting in 1998, addressing such topics as long-term cancer survivorship, breast cancer
surveillance, health communications, basic biobehavioral research, state and community tobacco control
interventions, exposure assessment methods, cancer care outcomes, physical activity, and smoking
cessation. Initiatives include Post Genome-Wide Association (GWAS) and Population-based Research
Optimizing Screening Through Personalized Regimens (PROSPR). Centers of Excellence initiatives have
supported research on tobacco use, cancer communication, health disparities, and energetics and cancer.
In addition, the Tobacco Centers of Regulator Sciences are funded by the FDA and cover research areas
ranging from tobacco products, addiction, toxicity, health consequences, communications, tobacco
product marketing, and economics and policies. Dr. Croyle described recent DCCPS-led RFAs that
address social media, tobacco regulatory science, cervical cancer screening, and cancer modeling.

Dr. Croyle stated that the NCI’s role in cancer prevention and implementation science can be seen
in the context of public health and health care policies. He referred members to the National Prevention,
Health Prevention, and Public Health Council Report, a National Prevention Strategy that concerns
disease prevention in the United States and provides a “health in all policies” approach; 22 Departments
and Agencies across the Executive Branch of the government participate in the process. HHS work occurs
in a framework of healthy people, including goals and formal goal-setting and measurement and metrics
development processes, and DCCPS is active regarding the methods and measurement of progress in
cancer control. In addition, health IT has become a significant issue in cancer control, particularly in
terms of implementation of evidence in health care systems and provides opportunities to leverage
policies, such as meaningful use and electronic health records as a resource and tool for cancer research.
Cancer control efforts in the prevention context often involve other Agencies, including the CDC, CMS,
HRSA, NLST, FDA, AHRQ, and PCORI, as well as other NIH Institutes. Collaborative activities include
Common Fund initiatives (e.g., the science of behavior change); Tobacco Regulatory Science; a
neuroimaging cohort study looking at uptake of drug use and addiction with NIAAA, NIDA, and others;
and the NIH Obesity Task Force and Office of Disease Prevention. Dr. Croyle noted the efforts of the
American Cancer Society (ACS), Robert Wood Johnson Foundation (RWJF), and other extramural
partners that fund work on social determinants of health, disparate populations, access to health care,
metric development and quality of cancer care, and health care quality.

Dr. Croyle stated that the DCCPS has participated in the Provocative Questions RFA, including
the influence of decisionmaking processes on habitual behaviors, physical activity and cancer risk and
prognosis, and obesity and cancer risk. Funding gaps include disease site, underrepresented
subpopulations, insufficient intervention evidence, and low utilization despite evidence, as seen in HPV
vaccination uptake rates in pediatric settings.

Members were told that implementation science is the study of methods to promote the
integration of research findings and evidence into health care policy and practice. Dr. Croyle introduced
Dr. David Chambers, DCCPS’ new Deputy Director of Implementation Science. The DCCPS’ portfolio
of implementation science includes the Cancer Trends Progress Report, a research-tested intervention
program tool; Cancer Control Planet (P.L.A.N.E.T.), a comprehensive Web portal that combines data,
surveillance data, intervention data, cancer control evidence for public health application; and the State
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Cancer Profiles, in which the NCI works closely with the CDC to provide usable, relevant evidence and
data to state and local cancer control programs and planners. Another example is the provision of small
supplements to Cancer Centers to pay for a person to work from the cancer center with state and local
cancer control coalitions and vaccine programs to accelerate uptake of HPV vaccination.

Dr. Croyle described challenges to cancer prevention research and implementation science,
including the increasing diversity of the population, how best to inform policy, understanding the
changing health care context, and the NCI’s role in obesity. Other issues include the new information
environment, the role of social determinants of health, and prevention among cancer survivors.

Questions and Answers

Dr. Golub asked about the use of social media wearable devices in cancer prevention. Dr. Croyle
described several NIH mechanisms supporting maobile health research, including ambulatory exposure
and behavior assessment through the trans-NIH Genes and the Environment Initiative (GEI), ambulatory
monitoring by the iDATA Project, and an NCI RFA on mabile health technology in the global health
context.

Dr. Olopade asked about interdisciplinary training opportunities in mobile technologies for new
cancer control investigators. Dr. Croyle replied that the NCI supports a week-long training course on
dissemination and implementation science and methods titled a Training Institutes in Dissemination and
Health, and an upcoming trans-NIH dissemination implementation conference will include training
activities.

Dr. Gerson asked about the prioritization of cancer research within related domains such as
poverty, obesity, and nutrition. Dr. Croyle noted the challenges of determining the most cancer-relevant
issues mechanistically and the importance of collaboration to promote cancer prevention at the population
level.

XI. ADJOURNMENT—DRS. TODD R. GOLUB AND TYLER JACKS

There being no further business, the 4" joint meeting of the BSA/NCAB was adjourned at
4:55 p.m. on Tuesday, 2 December 2014.

Date Todd R. Golub, M.D., Chair, BSA
Date Tyler Jacks, M.D., Chair, NCAB
Date Paulette S. Gray, Ph.D., Executive Secretary
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Metaphors of Cancer

Cancer Is a genetic disease

Pathways

Cancer Is a cell biological disease
Cellular interactions
Cancer Is an organismal disease

Environmental interactions

Cancer Is a socletal disease



NCI Center for Cancer Genomics: Current Initiatives
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NCI Center for Cancer Genomics: Genomic pipeline
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Structural Genomics of Cancer: Two Game Changers

Analysis of formalin-fixed
paraffin-embedded biopsies
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NCI Center for Cancer Genomics: Future Initiatives

Define the molecular basis for clinical phenotypes

— Analyze completed clinical trials of NCI cooperative groups
e Colorectal cancer
* Lung adenocarcinoma
* RFP to be announced to NCTN for genomic analysis of trial samples

— Alchemist trial in lung adenocarcinoma
— EXxceptional responders initiatives

Define the “full” set of genetic drivers in cancer
— Pilot projects in colorectal, lung adeno, and ovarian cancer

Next generation cancer models for functional
genomics

Develop NCI Genomics Data Commons (GDC)
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Case Accrual and Analysis Status

TCGA Tumor Project Progress as of November 2014 =
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TCGA Gastric Cancer Project — The Power of Integrative Analysis
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TCGA Gastric Cancer Project — The Power of Integrative Analysis
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Histopathology of Gliomas

14 The Cancer Genome Atlas @




Survival With Glioblastoma Multiforme
vS. Low Grade Glioma
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Common Genetic Profiles in Glioblastoma

and a Subset of Low Grade Gliomas
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TARGET

Therapeutically Applicable Research
to Generate Effective Treatments




The Ph-like subtype of B cell Acute Lymphoblastic Leukemia

Genes for class distinction (n=271)

E2A- MLL T-ALL Hyperdiploid >50 BCR- Novel TEL-AML1

PBX1 ABL
Ph-like

Yeoh et al. Cancer Cell 1:133 (2002)



TARGET

Therapeutically Applicable Research
to Generate Effective Treatments

Kinase Fusions Discovered in Ph-like ALL

Tyrosine Kinase Fusion
Kinase Gene Inhibitor Partners Patients
number
ABL1 Dasatinib 6 14
ABL2 Dasatinib 3 7
CSFIR Dasatinib 1 4
PDGFRB Dasatinib 4 11
CRLF2 JAK2 inhibitor 2 30
JAK2 JAK2 inhibitor 10 19
EPOR JAK2 inhibitor 2 9
DGKH Unknown 1 1
IL2RB JAK1 inhibitor, JAK3 1 1
inhibitor, or both
NTRK3 Crizotinib 1 1
PTKZ2B FAK inhibitor 2 1
TSLP JAK2 inhibitor 1
TYK2 TYK2 inhibitor 11 1L

Roberts et al. Cancer Cell/ 2012;22:153
Roberts et al. N Engl J Med 2014;371:1005-1015



Response of Pediatric B-ALL With a EBF1-PDGFRB
Translocation to Imatinib

e 10 year old male with refractory B-ALL — 70% blasts at day 29

» Cytogenetics: 5q alteration
=> interstitial deletion by array CGH disrupting EBF1 and PDGFRB genes

« EBF1-PDGFRB fusion translocation detected by RT-PCR

« Commenced imatinib
* Immediate clinical improvement

« 1 week: morphological remission
2 weeks: MRD 0.017%
» Consolidation chemotherapy added

=> Patient remains in CR > 2 years

Before imatinib  After imatinib

T

=

B Weston et al. J Clin Oncol. 2013



|dentification and Treatment of Ph-Like ALL

Plans for COG AALL1131in 2015

ldentify Ph-like ALL by LDA
Card

|
Candidate testing

Fusions: RT-PCR
CRLF2 alterations: FISH/PCR
JAK/IL7RA/SH2B3 mutation

;

Kinome Capture and RNA-seq
If candidate screens negative

.

WGS
If above negative

ABL1/ABL2/PDGRFB/CSF1R fusion positive:
Add dasatinib in prospective phase and compare
outcome to that of pts from retrospective phase



Important Open Questions in Cancer Structural Genomics
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What is the molecular basis of clinical phenotypes?
Aggressive vs. indolent disease
Metastatic vs. localized disease
Response to therapy
Mechanisms of resistance



Important Open Questions in Cancer Structural Genomics

ACGATCCGATC
TTACACATTCATR
A\GCCAGAGAGAGA
CCAAACACACCCA
CTAAGGTGCGACT(
‘GCGTACCAGATA

What is the molecular basis for cure vs. relapse
following adjuvant chemotherapy?
Opportunities in colorectal cancer and lung adenocarcinoma



Disease-free Survival in Stage 2-3 Colorectal Cancer
Treated with Adjuvant FOLFOX Chemotherapy
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Influence of Tumor Genetics on Progression-free Survival in
Colorectal Cancer Treated With Adjuvant Chemotherapy
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Opportunity: Completed NCI Adjuvant Trials in Colorectal Ca

NSABP C-08 + C-07 Alliance N0147
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Question: Can tumor genomics at diagnosis predict outcome to adjuvant therapy?

Plan: Whole exome/genome sequencing + transcriptome sequencing
Compared equal #s of biopsies from cured vs. relapsed cases
Identify genetic or gene expression predictors of survival
Use training and test set paradigm to validate predictor

Promise: A molecular predictor could reduce the frequency/duration of surveillance
=> Decreased anxiety for patient and decreased healthcare costs



Benefit of Adjuvant Chemotherapy in Stage 1-3
Non-small Cell Lung Carcinoma
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Opportunity: Completed NCI Adjuvant Trial in NSCLC
ECOG 1505 (~1000 adenocarcinoma biopsy samples)

Eligible: Stratified: E
N = 1500
- Stage (IB (2 4 cm), A Chemotherapy
Resected (RO) 11, ITIA-N2, i x 4 cycles
IB (= 4 cm)-IIIA ITIA-T3N1 ]
> Lobectomy —» - Histology —> N Chemotherapy
_ (squamous x 4 cycles
No previous vs. other) M plus
cl;amoltheragy - Sex I Bevacizumab
o planne x 1 year
radiation therapy i Chen}othei apy 1 Y
regimen E

Overall survival
primary endpoint

Question: Can tumor genomics at diagnosis predict outcome to adjuvant therapy?

Plan: Whole exome/genome sequencing + transcriptome sequencing
Compared equal #s of biopsies from cured vs. relapsed cases
Identify genetic or gene expression predictors of survival
Use training and test set paradigm to validate predictor

Promise: A molecular predictor could reduce the frequency/duration of surveillance
=> Decreased anxiety for patient and decreased healthcare costs



Important Open Questions in Cancer Structural Genomics
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 What is the “full” extent of genetic drivers in cancer?
— Can we define genetic events occurring in >2% of patients?

— Which genetic events co-occur and which are mutually
exclusive? => Define genetic pathways to cancer

— Will whole genome sequencing discover non-coding driver
mutations and cryptic chromosomal rearrangements?
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Many Cancer Drivers With <20% Prevalence

Remain Undiscovered
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Lawrence et al, Nature 2014



Driver Genes in Lung Adenocarcinoma
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Driver Genes in Lung Adenocarcinoma
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Power Calculation for Cancer Driver Discovery
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Discovery of Cancer Drivers With 2% Prevalence
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Prospects in Cancer Functional Genomics
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Integration of Functional Genomics and Structural Genomics is
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Modeling the Diversity of Human Cancer:
An Unmet Need

Genetic analysis has identified recurrent genetic lesions in
cancer that range in frequency from 1% - >50% of cases.

Most cancer cell lines have not been directly compared to
the primary tumor using current genomic methods.

Existing cell line models of common cancer types are
suspect biologically and genetically (e.g. prostate CA)

Models of rare cancer subtypes may be nonexistent or
underrepresented

Models do not exist for many recurrent genetic lesions in
human cancer, and for common combinations of lesions

Existing models do not recapitulate hierarchical
relationships of tumor subpopulations
(i.e. tumor propagating cells, stroma)



Next Generation Models of Epithelial Cancers

Organoid cultures

Clevers laboratory
Sato et al. Gastroenterology 2011 141:1762



Next Generation Models of Epithelial Cancers

Organoid cultures
Patient Organoid
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Chen, Sawyers laboratory
Gao et al. Cell 2014 159:176



Next Generation Models of Epithelial Cancers

Conditionally reprogrammed cells

Normal prostate Normal breast

Hepatocarcinoma
4 ',__'_:) 1} am

Schlegel laboratory
Liu et al. Amer J Pathol 2012 180:599



Using Next Generation Cancer Models to Develop Therapies

Sensitive Resistant

3 E a + Mono Rx + Mono RXx
1

Patient-derived

Sensitive Resistant resistant cell line
Cancer Cancer

Survival Cell death

Engelman lab
Crystal et al. Science 2014, in press



Using Next Generation Cancer Models to Develop Therapies

Patient-derived

Sensitive Resistant resistant cell line
Cancer Cancer

Engelman lab
Crystal et al. Science 2014, in press
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A Next Generation Cancer Model Network
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Goals for Cancer Computational Genomics
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|IOM Report on Precision Medicine Envisioned a
Knowledge Network of Disease
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Development of the NCI Genomics Data Commons (GDC)
To Foster the Molecular Diagnosis and Treatment of Cancer
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NCI Genomics Data Commons (GDC) Functionality

1. Import and standardize
genomic and clinical data
from legacy programs

2. Harmonize mapping of
sequence data to the
genome / transcriptome

3. Implement state-of-art

Genomic/ T methods for derived data:
> clinical — | D * mutation calls
P data ===  copy number
IZ- Internation 1| i .
o %- Cancer Genome — | » structural variants
& Consortium - digital gene expression

NCI Genomics 4. Maintain data security and
Data Commons manage authorized access
5. Provide data for download or
computation on a co-localized
compute cluster
6. Open GDC for upload of new
genomic data for comparison
with existing data and shared
access




Utility of a Cancer Knowledge System
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Questions?
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Emissions and Health Effects
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What Is an Electronic Cigarette?

Traditional

Atomizer Battery

Electronic _Gl B l R

Cartridge LED light




Disposable Rec-hargeable
e-cigarette / e-cigarette

o

Pen-style, medium- Tank-style,
sized rechargeable rechargeable
e-cigarette e-cigarette l




E-cigarette Aerosol (not Vapor!)

CHEMICAL | CHEMICAL EMISSIONS

UG/150 puffs — 27 mL/puff
MINIMUM MAXIMUM

ACETALDEHYDE 2.0 13.6
ACROLEIN <0.02 41.9
FORMALDEHYDE 3.2 56.1
CADMIUM <0.04 0.22
LEAD 0.03 0.57
NICKEL 0.11 0.29
NICOTINE 5,770 19,060
NNK* <0.0001 0.028
PROPYLENE 250,950 828,750
GLYCOL

*NNK = 4 (n-nitrosomethylamino)-1-(3-pyridyl)1-butanone
Source: F. Offerman. The Hazards of E-Cigarettes. ASHRAE Journal, June 2014.



Aerosol Composition

o
RACCO
LJ

e-liquid

Device Characteristics User Topography




E-Cigarette Aerosol Hazards

* Propylene glycol/vegetable glycerin

* Nicotine

e Metals

e Particle size distribution (nanoparticles)
* Flavorings

o

..regardless of the potential long-term harm reduction benefits of [e-
cigarettes], an important policy question is whether the still uncertain
risk of potentially serious lung disease merits precautionary regulation
of e-liquid composition in the face of considerable scientific
uncertainty.”

Source: Barrington-Trimis J, Samet JM, McConnell R. Flavorings in e-cigarettes. An unrecognized respiratory hazard?
JAMA, November 10, 2014.



E-cigarette Use, U.S. Adults

National Adult Tobacco Survey, 2012-2013

(compared to 18.0% Cigarette Use)
9.0

8.3

Percent

Overall Age 18-24 Age 25-44 Age 45-64

Note: Use = every day, someday, or rarely
Source: CDC. MMWR. June 27, 2014 / 63(25);542-547.

Age > 65



Prevalence, U.S. High School Students

National Youth Tobacco Survey, 2013

14.0
12.
12.7 11.9 6
12.0
10.0 -
g 8.0 -
& 6.0 -
40 -
2.0 -
0.0 -
Cigarettes Cigars Smokeless Hookah Electronic Any Tobacco
Tobacco Cigarettes Use 2 or
more
products

Note: Use = past 30 day
Source: CDC. MMWR. November 14, 2014 / 63(45);1021-1026.



Use by Non-smoking Youth

e U.S. youth who had never smoked use e-
cigarettes
— 263,000 in 2013; 79,000 in 2011

* Intention to smoke conventional cigarettes

was expressed by 44% of ever e-cigarette
users and 22% of never e-cigarette users

e Key concerns: lead to nicotine addiction,
and/or use of cigarettes among youth who
would not otherwise become tobacco users

Source: Bunnell RE, et. al. 2014. Nicotine and Tobacco Research.



E-cigarettes: Intense Debate

“We’'ve worked very hard to reduce smoking in this
country, and | think its been a fantastic success. Now |
think we’re on the verge of destroying all the progress
that we’ve [made].”

- Denise Kandel, Time Magazine, 09/03/14

“E-cigarette use has been a consumer led revolution...
The use of e-cigarettes could save millions of lives
during this century, and have the most important public
health impact in the history of tobacco use.”

- Jacques le Houezec, 09/05/14



Potential Benefit vs. Harm

e Potential Benefit

— Harm reduction if smokers use them as a substitute
(whole or in part) for cigarettes

e Potential Harm

— Youth/Young adults: nicotine addiction, lead to use of
other tobacco products, facilitate other drug use

— Former smokers: return to smoking
— Smokers: dual use, or deter quitting
— Long term use: hazards unknown

— Society: renormalize smoking behavior, erode gains in
smoke-free air laws



World Health Organization
Position Statement

“Electronic Nicotine Delivery Systems (ENDS),
therefore, represent an evolving frontier, filled
with promise and threat for tobacco control.
Whether ENDS fulfil the promise or the threat
depends on a complex and dynamic interplay
among the industries marketing ENDS
(independent makers and tobacco companies),
consumers, regulators, policy-makers,
practitioners, scientists, and advocates.”

Source: Electronic nicotine delivery systems, Report by World Health Organization, 21 July 2014
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http://tobacco.stanford.edu/tobacco_main/index.php

E-cigarettes and Smoking Cessation?

e Studies have examined:
— nicotine delivery
— effect on withdrawal from nicotine
— effect on smoking cessation

* Preliminary Conclusion: E-cigarettes can
deliver nicotine, may reduce urge to smoke,
and may facilitate quitting and reduced
consumption.

Source: WHO Report on Electronic Nicotine Delivery Systems, 2014.



Vaping “Culture” and Testimonials

“I tried every single one of the FDA-approved smoking cessation
products... One day | decided to try one more thing, the e-cigarette.
The day | started it was the day | quit smoking for good.”

- Former Smoker

NATIONAL VAPERS CLUB PRESENTS

OCVAPEFEST




FDA Proposed Deeming Rule

e 2010: U.S. District Judge ruled that FDA may not
regulate e-cigarettes as drugs or medical devices,
unless marketed for therapeutic purposes

e 2014 Proposed Rule: deem products meeting the
statutory definition of “tobacco product” including e-
cigarettes

— Subject to FDA’s authorities, including
adulteration/misbranding, reporting HPHCs, registration,
require premarket review, minimum age of purchase,
health warnings, prohibit sales through vending machines

— Requested comments on various topics

Sources: Sottera, Inc., v. Food & Drug Administration, (D.C. Cir. 2010)
Federal Register, volume 79, number 80, April 25, 2014.
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Clinical Guidance

 “There is not yet enough evidence for clinicians to counsel their
patients who are using combustible tobacco products to use e-
cigarettes as a primary cessation aid.”

e “If a patient has failed initial treatment, has been intolerant to or
refused to use conventional smoking cessation medication, and
wishes to use e-cigarettes to aid quitting, it is reasonable to support
the attempt.”

e “However, subjects should be informed that these products are
unregulated, may contain low levels of [toxicants], and have not
been proven as cessation devices or safe over the long term.”

e “Patients should quit smoking cigarettes entirely as soon as
possible, because continued cigarette smoking, even at reduced
levels, continues to impose health risks.”

Source: Bhatnagar A, et al. Electronic Cigarettes: A Policy Statement from the American Heart Association. Circulation.
August 2014.



NIH Research:

Tobacco Regulatory Science Program

 Tobacco Centers of Regulatory Science (TCORS)
— 11 of 14 TCORS

e Other Tobacco Regulatory Science
— 5 NCI grants
— 1 NHGRI grant
— 3 NHLBI grants
— 9 NIDA grants

e Research Topics: addiction, appeal, communication,
marketing, and messaging, economics, health
effects, initiation, point-of-sale, measures
standardization, product characteristics, risk/harm
perception, toxicity, vulnerable populations

Source: NIH Tobacco Regulatory Science Program, https://prevention.nih.gov/tobacco-regulatory-science-program



https://prevention.nih.gov/tobacco-regulatory-science-program

TOBACCO CONTROL

NIH Research:

Research Project Grants

 NCI State and Community Tobacco Control
Research Initiative (SCTC), RFA-CA-10-008

— Electronic nicotine delivery systems (ENDS): New
evidence from the State and Community Tobacco
Control Research Initiative (9 articles, editorial)

* NIDA 3 grants within the RPG

— Research Topics: topography and abuse liability in
smokers, models of e-cigarette use among hospital-
based sample of smokers, identify new biomarkers
of exposure to e-cigarettes



Development of a Standardized
Electronic Cigarette for Clinical Research

e Currently available research data on electronic
cigarettes are insufficient to fully understand
their impact on public health

 NIDA Small Business Innovation Research
Contract Proposal, June 2014

e Standardized electronic cigarette that will have
defined nicotine delivery characteristics and be
available for 5+ years, sufficient for the full term
of a multi-year study

 Drug Master File will be created to allow the
device to obtain IND approval

Source: https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html



https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html
https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html
https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html
https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html
https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html
https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html
https://www.fbo.gov/spg/HHS/NIH/NIDA-01/N43DA-15-8921/listing.html

Source

NIH Workshop on E-Cigarettes
Research Questions

Standards to measure contents and emissions
Biomarkers of exposure and health effects

Physiological effects on tissues and organ systemes,
including pulmonary and cardiovascular

Information on users, how devices are used and
identification of best tools to assess these measures

Factors that drive use and influence patterns of use

Appropriate methods to evaluate a potential role for
e-cigarettes in smoking or nicotine cessation

Vulnerable populations: youth, women of
reproductive age

: Walton KM et al. NIH Electronic Cigarette Workshop: Developing a Research Agenda. Nicotine & Tobacco
Research, 2014, 1-11.
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Proposal to Condense
NCI CCT K Award
Mechanisms

National Cancer Institute

Jonathan S. Wiest, Ph.D.
Director, Center for Cancer Training
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—— December, 2014

llllllll



Why Restructure the K
Program?

“The current system is sufficiently complex to
discourage applicants...the committee
recommends that career development grants
(K awards) be maintained but restructured
such that fewer mechanisms are established...”

Advancing the Nation’s Health Needs: NIH Research Training
Programs.

Committee for Monitoring the Nation’s Needs for Biomedical,
Behavioral, and Clinical Research Personnel.

National Research Council (2005)




Training Program Complexity

* NIH has 23 training mechanisms; >80 PAs
* NCI has 15 training & career development

mechanisms
Mechanism| NIH NCI
K 14 9
F 4 4
T 4 1
R 1 1
Fogarty 3 O




Current Structure

MENTORED MENTORED/INDEPENDENT NEWLY

. | Non-Tenure
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F30/F31/

Patient — oriented
research

F32
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. F32
sciences

Quantitative
sciences in cancer




Challenges with Numerous
Mechanisms

- Causes confusion
- Discourages applicants

- Impedes review & program recommendations

- Discourages interdisciplinary training




Five Recommendations to
Reduce Mechanisms

- Merge K23 into KO8

* Merge KO7 into K99/R00
- Retire KO5 and K24

- Retire K25

- Expand Scientific Disciplines Supported
by K99/R00 to All Cancer Research
Fields




#1 Merge K23 into KO8

- Both support physician-scientists

- Separation of basic/translational and
clinical research runs counter to
encouraging interdisciplinary training

* Widely recognized KO8 would expand to
all cancer-relevant research for
clinical/physician scientists

* Eliminate arbitrary separation in review
and program management

Mentored Clinical Scientist Research Career Development Award (KO8)
Mentored Patient-Oriented Research Career Development Award (K23)



#2 Merge KO7 into K99/R00

- KO7 tends to support independent
researchers, who outcompete postdocs

- Senior applicants can apply for K22, RO1
or RO3 mehanisms

* Would encourage transition to independence

- KO7 does not offer the benefits and
recognition of the K99/R00

* Foreign Nationals are not eligible for the
KO7

Cancer Prevention, Control, Behavioral Sciences, and Population Sciences Career
Development Award (KO7)
The Pathway to Independence Award (K99/R00)




#3 Retire KO5 and K24

* Provide mentoring awards to limited
number of researchers

- Diminish message that mentoring should be
done by all PIs

- Demand not as great as anticipated
* Low number of applicants

* Not attracting the most prestigious
investigators

Established Investigator Award in Cancer Prevention and Control (KO5)
Midcareer Award in Patient Research (K24)




#4 Retire K25

- Specific, emerging scientific areas could
be supported by RFAs

* Training should be essential component
of an RFA

* The recently expanded K22 and K99/R00
will support competitive applicants with
quantitative training

Mentored Quantitative Research Career Award (K25)




#5 Expand Scientific Disciplines
Supported by K99/R00 to All
Cancer Research Fields

- Establish clear focus for promoting
transition to independence for applicants
with no more than 4 yrs postdoctoral
experience

-+ K22 (more postdoctoral experience)
already supports all areas of cancer
research

The Pathway to Independence Award (K99/R00)




Proposed New Structure

All cancer-
relevant science
for physician
scientists

MENTORED

MENTORED/INDEPENDENT NEWLY

Predoc/Fellow
ship

Late Fellowship/Non-Tenure INDEPENDENT
Track Faculty

F31/F32

relevant
science for all
applicants
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Next Steps?

v Solicit feedback from NCI Program Staff
v Obtain approval of concept from NCI SPL

v  Solicit feedback from the extramural
community

v Solicit feedback from NCI and NIH training
contacts (TAC, etc.)

* Work with NIH on policy and procedure
issues

* Develop a final recommendation, including a
timeline for implementation, for NCI SPL
and NCAB approval



Timeline

* Merger of the K23 and KO8 requires a
Notice to the Guide and can proceed at
NCI’ s discretion

+ The research disciplines supported by the
K99/R00 will begin in January of 2015.
The most recent KO7 FOA will expire in
2018.

+ The KO5 can be retired immediately and the
K24 will require a Notice to the Guide at
NCI's discretion.

- The K25 can be retired with a Notice to the

Guide at NCI’ s discretion.



MENTORED MENTORED/INDEPENDENT NEWLY
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Main Questions for BSA/NCAB

« Should we reduce or eliminate the current
reduction from modular grants (13% for
<$175K; 17% for $175-250K)? If yes, should
we do it all at once, or over more than 1 year?

— NCI can determine these decisions

 Should we increase the maximum amount of
modular grants (currently $250K)? If yes, by
how much?

— This decision requires NIH approval



NIH Recommendations for Modifying
Maximum Amount of Modular Grants

 NIH Extramural Activities Working Group
(EAWG) recommendation: raise the
maximum amount of modular grants from
$250K to $275K

 No consensus among IC Directors at
August 28 meeting: opinions ranged from
recommending an even larger increase to
no change (and even to eliminating
modular grants)



Modular Grants: Theory vs. Practice

 Modular applications and awards were
developed to: 1) reduce the workload for
applicants and reviewers; 2) enable reviewers
to focus on evaluating science rather on
budgets

 |n reality, they now function largely to contain
costs (the NCI 13%/17% reduction of the
award is higher than the 13% average IC
reduction)

* The proportion of modular applications is
decreasing



Percentage of Modular RO1 Applications,*
FYO7-13
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Purchasing Power of $250K:
FYO3 vs. FY13

e $250K in FY03 = $181K in FY13 (a 28%
reduction)

 To keep pace with inflation (adjusted with
BRDPI*), it Is estimated the modular budget
would need to increase to $345K (a 38%

Increase)

*BRDPI = Biomedical Research and Development Price Index



NCI Modular vs. Non-Modular RO1
Competing Awards: FY12-FY14

 FY12: modular 61%, non-modular 39%; 661
awards, $257 million (average award: $389K)

e FY13: modular 58%, non-modular 42%; 611
awards, $241 million (average award: $394K)

 FY14: modular 54%, non-modular 46%; 629
awards, $264 million (average award: $420K)



Costs of Modular vs. Non-Modular

RO1 Competing Awards: FY14

e Modular: 342 awards, $113 million total
(average award: $330K)

e Non-modular; 287 awards, $151 million
(average award: $527K)

e Removal of 17% reduction:

— from modular awards: Costs an additional $23
million (average award: $398K);

— from non-modular awards: Costs an additional
$31 million (average award: $635K)

e The increased costs will continue for the
duration of each award



Possible Solutions for Modular and
Non-modular Awards

 Phase out the 13% reduction immediately
(only affects awards <$175K, little impact on
RO1 costs [~$2 million])

 Phase out the 17% reduction for modular
awards over 1 or 2 years; costs $23 million
more when phase out is complete = 8% of
total competing RO1 spending

— at $400K per award, $23 million = 57 modular
awards = 44 non-modular awards

 How to handle non-modular awards (>$250K)?



Recommend Increasing the
Maximum Modular Amount?

This change requires NIH approval; the current
250K maximum is NIH-wide

NIH EAWG recommends increasing the
maximum to $275K

A greater increase may be needed to try to
maximize the proportion of awards that are
modular

Each $25K increase would cost ~$9 million for
350 fully funded modular grants or ~$7 million
for 350 grants with the 17% reduction



Main Questions for BSA/NCAB

« Should we reduce or eliminate the current
reduction from modular grants (13% for
<$175K; 17% for $175-250K)? If yes, should
we do it all at once, or over more than 1 year?

— NCI can determine these decisions

 Should we increase the maximum amount of
modular grants (currently $250K)? If yes, by
how much?

— This decision requires NIH approval



Thank you!
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AT
I\ T%HE Motivation for Request for Reissuance

1. IMAT program continues to account for the
majority of NCI's support for investigator-initiated
technology development, addressing an area
unmet by other FOAs

2. IMAT solicitations continue to receive a significant
number of high-scoring applications that offer
potential to address unmet clinical and basic
research needs

3. Strong record of success, as supported by
multiple external program outcome evaluations.



ATION ) . .
KLQ%H%F& Presentation Overview

1. Overview of the program

2. Evaluation of most recently completed IMAT
projects

3. RFA Reissuance request detalls

4. BSA Subcommittee questions



g IMAT Program Overview

Technology-focused. Projects focused on pursuing
biological hypothesis are barred from review.

Emphasis on supporting development, testing, and validation
of high-risk/high-impact multidisciplinary, cancer-relevant
technologies for the molecular and cellular analysis of cancer

100% Investigator initiated research project grants, utilizing
the R21 and R33 award mechanisms for phase-1 and phase-
2 levels of support

Trans-divisional, cooperative initiative focused on
technological innovation with specific inclusions to minimize
overlap or duplication with other programs/initiatives
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IMAT Core Program Team

Officer DOC Contact
Chuaqui, Rodrigo DCTD chuaquir@mail.nih.gov
Dickherber, Tony OD/CSSI dickherberaj@mail.nih.gov
Divi, Rao DCCPS divir@mail.nih.gov
Ganguly, Aniruddha |[DCTD gangulya@mail.nih.gov
Knowlton, J. Randy |DCB knowltoj@mail.nih.gov
McKee, Tawnya DCTD mckeeta@mail.nih.gov
Ossandon, Miguel DCTD ossandom@mail.nih.gov
Patriotis, Christos DCP patriotisc@mail.nih.gov
Sorbara, Lynn DCP lynns@mail.nih.gov
Sorg, Brian DCTD brian.sorg@nih.gov
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RN IMAT Program History

« Solicited applications every year since 1998, 3 rounds of
receipt/yr
— No solicitations in CY2011, and only 1 round received in 2004

 Total of 3914 applications received
— 3098 R21 & 847 R33
— Ave ~300-350 applications/yr (~3.5:1 ratio R21:R33)

 Total of 478 new competitive awards
— 357 R21 and 121 R33
— Ave ~30-40 awards/yr

e ~70-100 active projects any given time (97 as of Nov
2014)
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Portfolio Evaluation



IATIO

it Outcomes from Recently Completed Projects

« 30 R21 grants (from 358 applications submitted in FY2010)

— 74 publications (6 of the projects accounting for over half of these)

— 19 US patent applications submitted, plus 3 provisional patents filed and 7 awarded for
supported platforms (5 of the projects account for nearly 67% of these)

* 9 licensure agreements are in progress or completed

— 31 new applications have since been submitted to NIH that indicate use of the technology
developed under these R21s; of these 9 were awarded and 12 are still pending

» 7 of these applications were submitted for IMAT R33 support and 1 application was for a
new IMAT R21 that leverages findings from the original R21; 2 succeeded in winning
R33 awards and many PIs indicated an intention to submit for R33 support

« 11 R33 grants (from 61 applications submitted in FY2010)

— 75 publications (4 of the projects accounting for roughly two thirds of these)
— 15 US patent applications submitted plus 2 patents awarded (accounted for by 5 projects)

— 1 product driving clinical profiling (OncoPanel) for thousands of patients at both Dana Farber
Cancer Institute and Brigham & Women'’s Hospital in Boston, MA

— 4 commercially available products, with several more licensing agreements in process

— 22 new applications have since been submitted to NIH that indicated use of the technology
developed under these R33s; of these 7 have received awards and 4 are still pending.



ATTONAL _ _
K?%H&;fﬁ Sampling of Successful Projects (IMT)

Single molecule Molecular
Inversion Probes (smMIP)

More sensitive sequencing approach for
detecting somatic mutations present at a
frequency of 1 mutant copy among
100,000 wild type.

A
Backbone
Molacular tag
Targeting arm

Genomic DNA
B Copied target

c Read 1 Index read

hree Jay Shendure, MD, PhD
Molecular tag “Ir-read” Genome SCIenCGS
o SRS, University of Washington

Sample index Random _
E &rrar True varant

Tag-defincd N
PO g
. —

F “smic-read”

- I .
Hiatt et al, Gen Res Feb 2013

FMTRIP-PLA

Novel binding probes for imaging RNA-
protein bound complexes with single

interaction sensitivity.

G = | a ( Deqartmel_ltol —
°SCZA| Biomedical Engineering < FMSRY

8 B FMTRIP-PLA:
s (§ ~of® Flag-tagged multiply-
o o FMTRP o _ labeled tetravalent RNA
e imaging probes detected
B e by proximity ligation assay

-
.....

Georgia Tech/Emory

%{iﬂ% Philip Santangelo, PhD
_( N Biomedical Engineering

Jung et al, PloS One,
mRNA Sept 2013
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Sampling of Successful Projects (EMT)

Kinase Activity Biosensors

Nano-scale sensors for detecting kinase
activity in intact cells.

UV-cleavable
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' Medical Chemistry & Pharmacology

Purdue University

INLIGHT™

Novel tags to facilitate quantitative mass
spectrometric analysis of N-linked
glycans with improved limits-of-detection.

2-(4-phenethylphenyl)acetohydrazide
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Sampling of Successful Projects (BSP)

Biomarker & Histology
Preservative (BHP)

Validation of a novel tissue fixative as a
replacement for formalin fixation, especially for

the ability to preserve phosphoproteins.

Tissue 1 Step/Solution BHP
—_— i
Procurement / Fixation

A | 1T
A GRACE
Paraffin ML BIO-LABRS
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Mueller et al, PloS One, Aug 2011
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Lance Liotta, MD, PhD mgﬁ
Center for Applied Proteomics and

Molecular Medicine

Exclusion-based Sample Prep
(ESP)

A seamless nucleic acid purification and
amplification capability directly in line with a co-
culture platform to examine intercellular
interactions in heterogeneous patient specimens.
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Genomics

Multi-photon Intravital Imaging (MPIVI) (Condeelis, awarded 2001)

Pyrophosphorolysis Activated Polymerization (PAP) (Sommer,
awarded 2002)

Pair-end Sequencing, developed initially to screen structural
rearrangements (Collins, awarded 2003)

COLD-PCR (Makrigiorgos, awarded 2005)
Digital Transcriptome Subtraction (Moore, awarded 2007)
Integrated Genomics Viewer (IGV) (Hahn, 2007)

Proteomics

Multi-Dimensional Protein Identification Technology (MuDPIT)
(Yates, awarded 1999)

Gateway ORF Cloning Tool (Vidal, awarded 2000)
Isotope-Coded Affinity Tags (ICAT) (Aebersold, awarded 2000)
Synchrotron Footprinting (Chance, awarded 2000)

Deuterium exchange Mass Spectrometry (DXMS) (Woods, awarded
2003)

Nucleic Acid Programmable Protein Array (NAPPA) (LaBaer,
awarded 2003)

Pressure-assisted Protein Extraction (Fowler, awarded 2009)

High Pressure-High Resolution Separation with Intelligent Selection
and Multiplexing (PRISM) (Tang, 2011)

Epigenomics

Differential Methylation Hybridization (DMH) (Huang, awarded 2003)

Chromatin Immunoprecipitation with next gen Sequencing (ChlP-
Seq) (Ren, awarded 2004)

Zinc Finger Nucleases for targeted double-strand breaks (Porteus,
awarded 2006)

Methylated CpG island amplification followed by sequencing (MCA-
Seaq) (Shen, awarded 2009)

Sampling of successful IMAT Technologies

Clinical Diagnostics

Protease-activatable near IR probes for in vivo diagnostics
(Tung, awarded 2001)

MicroSOL IEF, available from Invitrogen as Zoom IEF
Fractionator (Speicher, 2001)

Paramagnetic chemical exchange saturation transfer
(ParaCEST) (Sherry, awarded 2002)

Microfluidic Genetic Analysis (MGA) chip (Landers, awarded
2006)

Oncomap, also known as OncoPanel (Garraway, awarded
2007)

Oligonucleotide-selective Sequencing (0OS-Seq) (Ji, 2010)

Sample preparation

Magnetic Cell Sorting, now available from Ikotech (Chalmers,
awarded 1999)

Dielectrophoresis Field Flow Fractionation (DEP-FFF) available
as ApoStream™ system from ApoCell (Gascoyne, awarded
2001)

Cryopreservation followed by culturing of CML cells (Sims,
awarded 2004)

RainDance Oil Droplet Microfluidics (Link, awarded 2007)
NanoTrap (Liotta, awarded 2009)
NanoVelcro (Tseng, awarded 2010)

Drug Screening or Delivery

One Bead One Compound (OBOC) (Lam, awarded 2000)

CellASICs ONIX, available from EMD Millipore (Lee, awarded
2006)

Genetically modified T-cells for acute lymphoblastic leukemia
treatment (Cooper, awarded 2007)

IUVO chemotaxis assays, available from Thermo Fisher
(Beebe, 2009)
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Relissuance Request
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Reqguest to reissue 4 RFAS

1. Early-Stage Innovative Molecular Analysis Technology Development for
Cancer Research (IMT R21)

2. Advanced Development and Validation of Emerging Molecular Analysis

Technologies for Cancer Research (EMT R33)

3. Early-Stage Innovative Technologies for Cancer Biospecimen Sciences
(BSP R21)

4. Advanced Development and Validation of Emerging Technologies for
Cancer Biospecimen Sciences (BSP R33)

History of applications and awards for each FOA
RFA IMT R21 EMT R33 BSP R21 BSP R33
Series Apps Awards Apps Awards Apps Awards Apps Awards
CAO05 102 17 36 ) 33 4 6 1
CAOQ6 144 9 27 3 32 4 2 0
CAOQ7 248 29 57 6 65 8 13 1
CAOQS8 125 16 42 3 24 ) I 0
CAO09 174 14 34 4 33 4 8 1
CA10 223 16 51 9 30 3 10 2
CAl12 276 19 100 11 44 3 12 3
CAl3 177 21 80 7 28 ) 14 4
Total 1469 141 427 A8 489 36 72 12




m%}% Need for the RFA Mechanism

o Assurance of NCI interest in technology

development

— Designed to address a specific need that other initiatives
are not currently meeting.

— Investigators at every stage of their career, but especially
young investigators, do not consider the NIH and NCI as
Interested in supporting technology development research.

o Control over responsiveness and review
— Administrative responsiveness determination, controlling the
locus of review, and ability to work with DEA Scientific
Review Officers seen as critical to managing the program.
— Without the RFA mechanism, use of these elements are at
the discretion of NIH/CSR.
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NCER

Summary of Reissuance Request

Innovative and emerging molecular and cellular analysis
technologies for cancer

R21

~18-20 new awards per year

~$5M 1styear Total Cost

R33

~10-12 new awards per year

~$4M 15t year Total Cost

Innovative and emerging biospecimen science technologies for

cancer
R21 ~4-5 new awards per year ~$1.2M 18t year Total Cost
R33 ~2 new awards per year ~$0.8M 1st year Total Cost

Total: 34-39 new awards per year; ~$11M 15t year Total Costs




K?L\H&fﬁ Selected Questions from BSA Subcommittee

 From a historical perspective, what has this program
accomplished in terms of technological advances?

e How has this initiative advanced cancer research?

 Would the newly developed technologies have occurred
without this initiative?

 Why is the number of applications decreasing?



SETCTN

Experimental Therapeutics Clinical Trials Network

Team Driven. Cancer Therapy Focused.

Phase 2 Clinical Trial Component
of the ETCTN

Jeff Moscow
December 2, 2014
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Role of NCI/DCTD in Early Clinical Development
of New Cancer Therapies

= NCI/DCTD forms collaborations with Pharma and
academic medical centers to develop new anticancer
agents and new combinations of agents

= Underlying concept is that important public health needs
are not met by Pharma activities alone — role of
NCI/DCTD is to expand clinical indications for novel
agents as well as the understanding of their biology

= Many interrelated NCI programs are devoted to this
effort, in a continuum from evaluation of proposed
collaborations through the initial clinical evaluation of
these agents.

AR
'('/ #" ETCTN Team Driven. Cancer Therapy Focused. 2



High Priority Targets and DCTD/CTEP Agents
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Recently developed NCI IND agents

Agents that have achieved FDA approval based in part on early
development in CTEP collaborative early phase programs

Agent Indication
Azacytidine Myelodysplastic syndrome (secondary)
Bortezomib Mantle Cell Lymphoma (secondary)
Ipilumumab Melanoma (primary)
Lenalidomide and bortezomib Multiple Myeloma (secondary)
Oxaliplatin Colorectal Cancer (primary)
Romidepsin CTCL (primary)

PTCL (secondary)
Sorafenib Thyroid Cancer (secondary)
Ziv-aflibercept Colorectal Cancer (secondary)

Pending FDA approval
Dinutuximab (ch14.18) Neuroblastoma (primary)

In pivotal trials based on development in CTEP program
Cediranib and Oliparib Ovarian Cancer
Selumetinib Uveal Melanoma (secondary)
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Role of ETCTN in NCI Drug Development

= The Experimental Therapeutics Clinical Trials Network (ETCTN) is
the network of clinical trial sites and infrastructure that is solely
devoted to the conduct of the earliest clinical studies of these
Investigational New Drugs (INDs) sponsored by NCI.

= Assures the development of NCI IND agents up to the point of
hand-off to NCTN and/or back to Pharma: defining dose, schedule,
target engagement, biomarkers of response, and demonstration of
clinical activity

= Involves and maintains an experienced network of extramural
Investigators focused on mechanism-based early phase studies that
require intensive monitoring for safety and intensive intervention for
correlative studies

AR
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Consolidating the NCI ETCTN Initiative

= The ETCTN is currently composed of two distinct clinical components:
Phase 1 UM1 grant program and Phase 2 NO1 contract program

= Both the phase 1 and phase 2 programs consist of lead organizations,
either the grant or contract holders, and multiple affiliated centers
that contribute to accrual and scientific goals

= The Phase 1 program was recently re-competed as part of the
formation of ETCTN

= The expiration of contracts for the phase 2 program is an opportunity
to develop ETCTN into a unified grant program to adapt to the era of
targeted therapies

= As clinical science has evolved, current programmatic separation of
phase 1 and 2 activities is not desirable.

AR
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Evolution of the science of early phase trials

Requirements for early phase trials have evolved:

» Disease-focused context traditionally associated with phase 2 trials
now frequently required in phase 1 studies, because targeted
therapies are tested only against tumors that express the target

* Biomarker incorporation into trials, both for eligibility and proof of
target engagement, is now usually required in early stage drug
development

 Pharma has already adopted flexible early phase study design,
quickly building phase 2 endpoints into phase 1 studies when signal
of activity is detected

* As line becomes blurred between phase 1 and phase 2, placing
pharmacology-focused investigators (phase 1) with disease-focused
Investigators (phase 2) within the same program provides flexibility
required to nimbly develop trials of NCI IND agents

AR
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Phase 2 Program goals: How do we make the program
fit the science?

Program goals reflecting new realities:

e Shorter duration from phase 1 initiation through proof-of-
activity — flexibility to quickly explore signals of activity

« Enhance biomarker incorporation into phase 2 study design

e Maintain experienced phase 2 (disease-specific)
investigators in ETCTN and on ETCTN project teams that
develop early phase studies

« Expand pool of eligible patients for rare tumor subtypes

o Further leverage ETCTN centralized clinical trial support
resources

AR
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Separate vs unified ETCTN structure

Phase 1 (UM1)
(n=12 plus 10 NCI
CC affiliates)

ETCTN Core Grant Program
18 NCI CC’s (UM1 +/- phase 2 supplement)

in both (n=up to 10 with supplement)

Phase 2 (NO1)
(n=7 plus 21 NCI
CC affiliates)

Current Proposed

AR
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ETCTN Core Grant Program

= Current phase 1 grantees would compete for supplements to

expand phase 2 expertise

= Could include current NCI phase 2 programs or new, qualified
experimental therapeutics programs at other NCI CC’s — these CC’s
would be part of a consortium arrangement with the grantee
Institution

= QOpportunity to redistribute the 31 NCI CCs currently affiliated with
the phase 2 contract program into more streamlined alignments

= 7 NCI CC’s affiliated with different UM1 and NO1 LAO’s

= Flexibility in number of supplements requested to optimize network

= An FOA would be required for competitive supplement; focus will
be on scientific leadership/expertise for ETCTN phase 2 studies

x
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Budget history

Phase 2 Program funding history 2011-2014

Year Funding Accruals Biopsies Cost per patient
CYoin $6,584,333 736 0 58,826
CY02 $6,663,317 673 105 $9,901
CYO03 S5,658,879 564 261 $10,033
Average CY01-CYO03 $6,302,176 658 $9,577
CY0o4* $7,064,601 750 S8,507
Proposal

FY16-18 $9,000,000 900 $10,000

* Estimate

Alncludes ARRA funding
CY= Contract Year

AR
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Budget request for UM1 supplements

Proposed Annual Allocation of Funds for UM1 supplements: $9,000,000 per year

Total Funding Per Site (example of n=7 supplements) $1,250,000

Unrestricted Funding $1,000,000 80%
Salary support and travel $100,000 8%
Per-case patient accrual (n=130) and biopsy acquisition $900,000 72%
Restricted funding $250,000 20%
Biomarker studies $250,000 20

AR
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ETCTN Pilot Collaboration with NCI CC Program

ETCTN Core Grant Program
Phase 1 (UM1) (UM1 +/- phase 2 supplement)

(n=12 plus 10 NCI (n= up to 10 with supplement)
CC affiliates)

NCI CCs with ETCTN affiliation = 31

18 NCI CC’s
in both

Phase 2 (NO1)

(n=7 plus 21 NCI )
CC affiliates) Opportunity Program

(P30 supplement)
(NCI CC’s without ETCTN affiliation = 26)

NCI Early Therapeutics

Current Proposed
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NCI Early Therapeutics Opportunity Program —
Pilot collaboration with NCI cancer centers program

= Proposal designed to greatly expand participation in
early drug development studies for both physician-
scientists and patients

= Study leadership proposal

= Phase 2 study participation proposal

A

R
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NCI Cancer Centers and ETCTN Phase 2 study
leadership

= |n the NCI Early Therapeutics Opportunity Program, an
Investigator from any clinical NCI-designated cancer center
could submit an Letter of Intent (LOI) to CTEP and, if approved
by the Protocol Review Committee (PRC), the PI could receive:

= Full ETCTN clinical trial support for the study — including CIRB,
registration and data management support, and accrual from
ETCTN sites

* Funds for salary reimbursement (% effort)

= Funds for accrual to the study at the PI's home institution
= LOIs must be approved and submitted by cancer center

= Administered as a P30 administrative supplement after LOI
approved by PRC
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NCI Cancer Centers and ETCTN Phase 2 study
accrual

= NCI Cancer Centers would be able to open selected
ETCTN phase 2 studies that require screening for rare
tumor subsets.

= Reimbursement via P30 supplement with some restricted
funding.

= Qverall additional accrual to ETCTN trials with both
proposals is up to 91 patients per year
= Study leadership n=16

= Rare population accrual n=75

= Proposal coordinated with assistance & guidance from
the cancer centers program (Linda Weiss)
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NCI-Designated Cancer Centers (clinical)
(Red= cities gaining ETCTN opportunity under proposal)
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-
Budget request for Pilot NCI CC collaboration

NCI Cancer Centers Pilot Collaboration with ETCTN $1,000,000
Study leadership supplements (n=4 @ $62,500/supplement) $250,000
Supplements for study accrual (n=15 @ $50,000/supplement) $750,000

Metrics for 3-year pilot period (FY16-18)
 Number of accepted LOI’s
e Accrual to studies opened through leadership supplement
 Number of NCI CC’s participating in both programs
« Accrual to studies for rare tumors

Renewal would depend on performance of pilot program
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Total budget request

Total Proposed Annual Allocation of Funds $10,000,000 per year
Proposed Annual Allocation of Funds for UM1 supplements: $9,000,000 per year

UM1 Phase 2 Supplements $9,000,000
Unrestricted Funding $7,200,000 80%
Salary support and travel $1,000,000 8%
Per-case patient accrual and biopsy acquisition $6,200,000 72%
Restricted funding — For Biomarker Studies $1,800,000 20%
NCI Cancer Centers Pilot Collaboration with ETCTN $1,000,000
Study leadership supplements (n=4 @ $62,500/supplement) $250,000
Supplements for study accrual (n=15 @ $50,000/supplement) $750,000
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Open for discussion



Accelerating cancer prevention

We already know how to prevent most cancer.

Joint BSA&NCAB meeting
Dec 4 2014
National Cancer Institute

Graham A. Colditz, MD DrPH, FAFPHM

Department of Surgery
Division of Public Health Sciences

& Washington University in St Louis

SCHOOL OF MEDICINE




Goals of talk

Review potential for prevention

Challenge us to address and define — distinctive roles for NCI
IN cancer prevention research

Issues:
 Improving cancer prevention,
* Implementing what we know,
« ldentifying what needs to be done to achieve desired effects, and
 NCI’s role/priorities and collaborations with other agencies.

Shared understanding of what implementation science is

Clarity on boundaries between components of HHS

Department of Surgery

& Washington University in St.Louis » School of Medicine Division of Public Health Sciences



Medical Iinterventions proven to
prevent cancer (sciTrans Med 2012)

Intervention | Target Magnitude | Time (yrs)
of
reduction
Aspirin Colon mortality 40% 20+
SERMs Breast incidence 40-50% 5+
Salpingo Familial breast ca 50% 3+
oophorectomy
Screening for | Colon ca mortality @ 30-40% 10
colorectal ca
Vaccination Cervical ca 50-100% 20+
incidence
Liver ca incidence | 70-100% 20+
Mammography Breast ca mortality 30% 10-20
Serial CT lung Lung ca mortality | 20% 6+

re e . i : e Department of Surgery




Population approach
versus high risk strategy

Population
Strategy

High risk
Strategy

/

Rose, 1992 Level of risk

Department of Surgery

@thmlgtonumversmm&-mms‘SChOOIOfl\"[ediCine Division of Public Health Sciences



Behavioral, Social and Policy
INnterventions that impact Cancer
Prevention

Intervention | Target Type of Ix

Reduce Chidlren and Combined SG
tobacco use Adolescents Pharmaco/behavioral
IXS

Smokers to quit Smoke-free policies
Tobacco taxes

Increase Individuals and Urban design SG

physical community Stairs and workplace

activity norms

Reduce Population Messages IOM

Obesity School & work report
environ

Physical activity

Food & beverage
Surger
Limit alcohol Population Taxes WHO



When we implement what we
know, we prevent cancer

Tobacco —

lung cancer mortality decreased by one third
e Adolescent smoking decrease 35% (1999) to 18% (2011)

Colorectal cancer screening —

steady increase in use and reduction in CRC mortality
over time

Department of Surgery
Division of Public Health Sciences

& Washington University in St.Louis + School of Medicine



Adult smoking prevalence
US & Massachusetts, 1990-2005

Figure 2: Percentage of adult smokers
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Trends In smoking and lung
cancer, USA
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Lifestyle: high income countries

% cancer | Magnitude | Time (yrs)

caused possible
reduction
Smoking 33
Overweight/o | 20
besity
Diet 5
Lack of 5
exercise
Occupation 5
Viruses 5-7

Family history 5

Alcohol 3
UV/ionizing 2
radiation Colditz et al. Sci Transl Med 2012: March 28

Reproductive |3 o
: of Surgery



Lifestyle: high income countries

96 cancer
caused

Magnitude

possible
reduction

Time (yrs)

Smoking

Overweight/o

besity
Diet

Lack of
exercise

Occupation
Viruses

Family history

Alcohol

UV/ionizing
radiation

Reproductive

Pollution

33
20

/5%
50%

50%
85%

50%
100%0
50%
50%
50%
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Burden Cigarette Smoking, USA
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Lifestyle: high income countries

96 cancer
caused

Magnitude

possible
reduction

Time (yrs)

Smoking

Overweight/o

besity
Diet

Lack of
exercise

Occupation
Viruses

Family history

Alcohol

UV/ionizing
radiation

Reproductive

Pollution

33
20

/5%
50%

50%
85%

50%
100%0
50%
50%
50%

10-20
2-20

5-20
5-20

20-40
20-40
2-10
5-20
2-10

N/A
N/A
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Time course: lung & total mortality

Current smokerl;._ﬂ

continuing
= =5 3-10 10-=13 15 -<20 =5 S5-<10 10-=15 15 -<20

Risk of mortality (%)

30

20

10

CT Screen Cessation CT Screen Cessation
Lung cancer mortality Total mortality

Years since screening or cessation

Sources: Kenfield et al, 2008: Aberle et al, 2011
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Infections

 Helicobacter pylori  High income countries
e HPV 7.4%
« Hepatitis B « Low and middle income

countries 23% of cancer
o 2 million cases/yr (16%)

 Hepatitis C
 Epstein-Barr virus

e HTLV

 Human herpes virus 8 e Note: IARC excludes HIV as
_ _ only a co-factor for other

 Schistosoma haematobium infectious causes through

e Opisthorchis viverrini immunosuppression

de Martel et al, Lancet Oncology, 2012

Department of Surgery

& Washington University in St Louis » School of Medicine Division of Public Health Sciences



120

100

80

%0

60

40

20

0]

Hepatitis B (HepB3) immunization

coverage among 1l-year-olds (20)

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

H China

60

65

70

75

79

84

91

92

95

99

99

99

E India

21

34

37

47

& Washington University in St.Louis » School of Medicine

Department of Surgery
Division of Public Health Sciences




Trends in U.S. Vaccination Rates: Ages 13-17 Yrs

MMWR Vol 63, #29, July 25, 2014
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Abbreviations: Tdap = tetanus, diphtheria, acellular pertussis vaccine; MenACWY = meningococcal conjugate
vaccine; HPV-1 = human papillomavirus vaccine, 21 dose; HPV-3 = human papillomavirus, 23 doses.

* Tdap and MenACWY vaccination recommendations were published in March and October 2006, respectively.

T HPV vaccination recommendations were published in March 2007.
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Gaps = Research opportunities
Target vaccine: whole population

Convenient dosing current vaccines

Next generation vaccine / broader protection,
easier storage, etc, fewer doses

Oropharyngeal HPV infections and cancer

More effective ways to communicate about HPV-
associated disease and HPV vaccines

Determine how best to integrate HPV vaccination
and cervical cancer screening

President’s Cancer Panel Annual Report 2012-13

Department of Surgery
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Gaps = Research opportunities
Target: high risks women — SERMs
to prevent breast cancer

Stratify risk (epidemiology/genomics/imaging)

ldentify
Identify “high risk” women
v
Communicate risks and benefits Deliver
Clinical implementation of tools and strategies 3
Uptake and sustained use by women Reduce
Incidence

Department of Surgery

& Washington University in St.Louis + School of Medicine Division of Public Health Sciences



Moving from Discovery to Delivery

Translation scientific evidence base to population
health

Implementation of what works

 Evidence = guidelines (USPSFT or CDC
community guide)

e Benefit estimates = time frame for risk
reduction

« Disparities = Worsened, improved, or
unchanged?

Department of Surgery

& Washingon University in St.Louis * schooi of Medicine Division of Public Health Sciences



Social Conditions and
Policies

L Fundamental
Institutions Eames
Neighborhoods
¢ Patterns of =
Social - Lancer
Social Relationships Organization

Distal

Intermediate

Individual Risk Factors
!

Biologic/Genetic |
Biology
Pathways
Department of Surgery

Adapted from: Warnecke, OhyiGehlert’etal.l/AIPH;2008:s

Individual
Characteristics

Proximal



The Critical Intersection of Basic
and Population Science

What are the biological mechanisms that
translate disadvantaged social and

economic circumstances into poorer
health???

= LV row e s . i : e Department of Surgery
& Washington University in St.Louis + School of Medicine Division of Public Health Sciences




University of Chicago’ s Center for

Interdisciplinary Health Disparities Research
* Does the social-psychological environment

that inner city black women live in A
Increased their chances of dying from

breast cancer??
» Socially isolated mice:
* Experience stress as a result of isolation s ean

 Developed spontaneous mammary gland
cancers faster than control-group rats that were
not kept in isolation.

» Studied 230 newly diagnosed black breast cancer
patients living on Chicago” s South Side.

e Endocrine burn-out?

Brain and nerves

+—— Muscles and joints

-"'— Stomach
g
J

Pancreas

Intestines

Reproductive system

Department of surgery
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Why are we not preventing more
cancer now?

Multiple barriers:

. Skepticism that cancer can be prevented

. Short term focus of cancer research

. Interventions deployed too late in life
Research focused on treatment not prevention
Debates among scientists

Societal factors ignored

Lack of transdisciplinary training

Complexity of immplementation

©NOOE N R

Colditz et al Sci Transl Med 2012: March 28
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Barrier 2: Short-term focus

Time required for cancer prevention does not
match funding periods

Long-term benefits, e.g., smoking cessation takes
decades to show at population level

Funded studies focus too late in disease
development process

In contrast, the natural history or time-course of
cancer shows development over decades

Colditz et al. Sci Transl Med 2012: March 28
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What Potentially

Influences Cancer?

Genetic factors
telomere length
Inherited mutations
sporadic mutations

Macro-level factors
crime
poverty

2N availability of services
N = .
/, toxins

Demographic factors

Individual-level factors

diet = age
health behaviors gender
ancestry

Department of Surgery

& Washington University in St.Louis + School of Medicine Division of Public Health Sciences



Definition —
Implementation science

Scientific study of how to move evidence-
based interventions into practice and policy

Includes study of how to sustain changes to
Improve population health

**PAR13-055

Department of Surgery
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Cancer Prevention Gaps to Fill

« How do we identify gaps in discovery?

* Where do we strengthen science?

e How do we sharpen focus: on
iIndividual/community/broader public health programs
High risk vs. population-wide programs

 Increase translation and delivery to all members
of society

e How much should NCI be doing and where do
responsibilities of funding partners (NIH, CDC,
AHRQ,) tie In?

« Even when program implemented, research gaps
remain to achieve full population coverage and
health benefits

Department of Surgery

& Washington University in St.Louis + School of Medicine Division of Public Health Sciences
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Niess-Gain Professor of Surgery
Chief, Division of Public Health Sciences,
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Prevention Research Continuum

Etiology

» Tobacco

* Physical inactivity, diet,
and obesity

* Infectious agents

» Radiation

« Occupational carcinogens
 Hormones

» Genetics

Prevention

* HPV vaccine trial

* Melanoma screening
» Genetic risk prediction
» Radiation

* Nicotine addiction

» Occupational exposure
dose response and
threshold levels

Implementation

* HPV screening
recommendations and
management guidelines

e Lung cancer screening
guidelines

« Radiation protection
guidelines



DCEG Examples that Span the
Prevention Continuum

e HPV

« Tobacco {‘ |
e Obesity

e Radiation




HPV Etiologic Studies

 HPV natural history

o Established HPV as
necessary cause of
cancer of the cervix

e RiIsk of cancers of the
oral cavity, anus, and
other sites
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Schiffman MH, et al. Lancet 2007
Schiffman MH, et al. INCI 1993



HPV Prevention Research

HPV vaccine trial

One dose vs. two doses

vS. three doses

Protection against anal
and oral HPV infections

Long-term follow-up

Kreimer AR, et al. INCI 2011

Safaeian M, et al. Cancer Prev Res 2013
Kreimer AR, et al. Lancet Onc 2011
Herrero R, et al. PLoS One 2013



Risk of cervical precancer or cancer (%)

HPV Implementation Research

HPV+ / Pap+

.HPV+ / Pap-

-, HPV-/ Pap+

______ HPV- / Pap-

LA (L R A R DL

Years since baseline

e Screening guidelines

 Clinical management
guidelines

Katki HA, et al. Lancet Onc 2011
Gage JC, et al. INCI 2014



Tobacco

NIH-AARP cohort
Smoking & second cancer risk
Smokeless tobacco

New & emerging tobacco
products

Screening guidelines

Freedman ND, et al. Lancet Onc 2008
Freedman ND, et al. JAMA 2011
Thun MJ, et al. NEJM 2013

Kovalchik SA, et al. NEJM 2013

Gu F, et al. INCI 2014
Shiels MS, et al. JCO 2014

Carter BD, et al. NEJM in press



Radiation Exposure

Medical radiation exposures

« Diagnostic and screening
procedures (low dose)

 Radiotherapy treatments
(high dose)

e Occupational
(repeated low dose)

Environmental (nuclear testing,
nuclear power plant accidents)

EtIOIOgy Of rad IosenSItlve Berrington de Gonzalez A, et al. Lancet Onc 2011
mal |g n an CleS Brenner AV, et al. Env Health Persp 2011

Zablotska LB, et al. Env Health Persp 2013



Role of DCEG In Prevention Research

* Focus on foundational, etiologic research

« Randomized prevention trials as outgrowth of

etiologic work
e HPV
e Chinese Nutritional Intervention Trial

e Observational studies can be critical when trials

not feasible/ethical

e Radiation
* Chemical carcinogens



277N Global Alliance
A for Genomics & Health

Collaborate. Innovate. Accelerate.
Mission

To accelerate progress in human health by helping to establish a
common framework of harmonized approaches to enable
effective and responsible sharing of genomic and clinical data,
and by catalyzing data sharing projects that drive and
demonstrate the value of data sharing



Goals of the BRCA Challenge

1. Synchronize BRCA data in federated public
database

e Existing and future data

2. Review existing variants
e Curate reference list

3. Create an API for display of annotated variants
4. Create a template for other genes



Coordinated Activities

1. Data Collection
* Evidence Group
o Variant Classification Group

2. Interpretation of Variants

3. Community Engagement and Regulation



BRCA 1/2 Variants in Public Databases

NCBI ClinVar database: BRCA1 BRCA2
6431 variants

LOVD Databases:
3262 variants

French Universal Mutation
Database: 3913 variants A=ClinVar B=LOVD C=UMD

GOAL:
Expand to include ENIGMA, CIMBA, & other data sets
from around the world




2 ‘Views’ of Variant Classification

Scientific

B Pathogenic

= Likely pathogenic

O Variant of Uncertain
Significance

®m Unlikely pathogenic

= Non-pathogenic

Clinical

Custom

/ management

B Manage as
pathogenic

B Manage as not
pathogenic



SUBMISSION
Research CI|n|caI Expert
Labs Labs Panels

— 9 DATA AGGREGATION
ClinVar |« > EBI/LOVD

DATA CURATION

. . Computational

Case-level Genotype and
Phenotype
Data Store

Population Frequency Data
(EVS, ICGC, 1000G, 10KUK)




Deliverables

1. Display population-based allele frequencies using
available sequencing resources

e Prototypes being tested

2. Federated collection of Pathogenic Variants for
BRCA1/BRCAZ2

* |n development

3. Improve penetrance estimates

e Long-term goal



BRCA Challenge Steering Committee

Antonis Antoniou, University of Cambridge (United Kingdom)

Larry Brody, National Human Genome Research Institute (United States)
Sir John Burn, Newcastle University (United Kingdom)

Stephen Chanock, National Cancer Institute (United States)

Fergus Couch, Mayo Clinic (United States)

Johan den Dunnen, Leiden University Medical Center (Netherlands)
Susan Domchek, University of Pennsylvania (United States)

Douglas Easton, University of Cambridge (United Kingdom)

William Foulkes, McGill University (Canada)

Judy Garber, Dana Farber Cancer Institute (United States)

David Golgar, Huntsman Cancer Center (United States)

Robert Nussbaum, University of California, San Francisco (United States)
Ken Offit, Memorial Sloan Kettering Cancer Center (United States)
Sharon Plon, Baylor College of Medicine (United States)

Nazneen Rahman, Institute of Cancer Research (United Kingdom)

Heidi Rehm, Harvard Medical School (United States)

Mark Robson, Memorial Sloan Kettering Cancer Center (United States)
Wendy Rubinstein, National Institute of Health (United States)

Amanda Spurdle, QIMR Berghofer Medical Research Institute (Australia)
Dominique Stoppa-Lyonnet, Curie Institute (France)

Sean Tavtigian, University of Utah (United States)
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Recent NCAB and BSA
Presentations on DCP Research

Prostate Cancer Screening (Dec. 2011)
DCP Research Priorities (March 2013)

NCI Community Oncology Research Program
(June 2013 and Sept. 2014)

Molecular Characterization of Screen-Detected
Lesions (Nov. 2013)

Colorectal Cancer Screening (Dec. 2013)
Early Detection Research Network (June 2014)
Aspirin for Cancer Prevention (June 2014)



Phases of Cancer Prevention
Research Continuum

\ Hypothe5|s1 \ Methods

Dev elopment J/

2 Controlled
Intervention
Trials

Defined
' Population
| Studies

\ Implementation
Projects




Core Issues Iin Screening and
Prevention

* |t is difficult to make healthy people better
off than they already are.
It is sometimes easy to make healthy people
worse off.
e Strong evidence of benefit Is Important
when putting large numbers of healthy
people in harm’ s way.




Clinical & Public Health Impact of
Screening Studies

ASCUS-LSIL Triage (ALTS) Trial: Established the
role of HPV testing in triaging low-grade cervical
lesions

National Lung Screening Trial: Grade “B”
recommendation from US Preventive Services Task
Force mandates 3" party payment (May 2013)

Prostate Cancer Screening: Grade “D”

recommendation against routine screening
(Dec. 2013)

Ovarian Cancer Screening: Grade “D”
recommendation against screening (Sept. 2012)



Clinical & Public Health Impact of
Prevention Studies

« SERMS/Breast Cancer Prevention:
Grade “B” recommendation to discuss use of
tamoxifen or raloxifene in women at increased risk
for breast cancer (Sept. 2013)

 Beta-Carotene and Vitamin E Trials:
Grade “D” recommendation against beta-carotene
and vitamin E supplements to prevent cancer and
cardiovascular disease (Feb. 2014)




Research Directions and Resources

* NCI Community Oncology Research Program
(NCORP): a national network for studying the
effects of healthcare organizations on prevention &
care

 ASPREE Trial to study aspirin in the elderly

 Molecular Characterization of Screen-Detected
Lesions/Overdiagnosis RFA: Closed Sept. 18, 2014

* Prostate, Lung, Colorectal, Ovarian(PLCQO) Trial
Biorepository: a national resource

« Early Detection Research Network RFA:
Applications Due Jan. 6.

* National Resource: IDATA Study of Measurement
Error in Diet and Physical Activity: in preparation




NCI Cancer Prevention Fellowship Program:
Training the Next Generation

e Post-doctoral intramural fellowship for early-
career scientists

* Independent, mentored research in cancer
prevention

e Multidisciplinary

e Up to 4 years funding support

« 10-15 fellows selected annually

e http://cancer3.gov/prevention/pob



http://cancer3.gov/prevention/pob

Fellows’ Scientific Disciplines
(1987-2012, n = 248)

m Basic Science

Clinical

20% 20%
m Behavioral or
Social Science

Epidemiology

m Other




Areas of Potential Expansion in Prevention
and Screening Research

Microbiomics

o Obesity/energy exchange
o Role in carcinogenesis

o Immunomodulation

o Risk identification
Immunoprevention

o Oncogenic infections

o Non-infection related
HPV gaps

o Less than 3 doses

o HPV self-collection

o HPV therapeutic vaccines

Genomics of pre-malignant lesions (“pre-TCGA”)
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Division of Cancer Control and
Population Sciences

NCI’s bridge to public health
research, practice, and policy

National Cancer Institute

U.S. DEPARTMENT
OF HEALTH AND
HUMAN SERVICES

National Institutes
of Health



FOCUS: WHAT WE DO AND HOW WE PRIORITIZE

OUTLINE:
e About DCCPS
e Context of Prioritization

National Cancer Institute

e Gaps in the Portfolio
 Implementation Science and Practice
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Dollars - Millions

Funds Allocated to and Managed by DCCPS

$700 -
$600 -
$500 -
$400 |
$300 -
$200 -
i |1

$0 -

$100

FY98-14

Approximately 9.6% of the total NCI

budget in FY14 (excludes FDA funding).

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

[ DCCPS Operating Budget Allocation ® RPG Funding ™ ARRA Funding B FDA Funding



FY14 DCCPS Grants Portfolio (n=789)

40% of total is health disparities-

related research (317 grants) Tobacco Control
114 grants
(14%)

Obesity Related
109 grants
(14%)

All Others
419 grants (e.g.,
eni & genomics,

surveillance
(53%)

Cancer Screening
96 grants
(12%)

Health Services
51 grants
(6%)




Past to Present: DCCPS-Led RFAs
FY98-FY13

Long Term Cancer Survivors Research

Prevention and Cessation of Tobacco Use by Children and Youth in the U.S.
Breast Cancer Surveillance Research

Health Communications in Cancer Control

Basic Biobehavioral Research on Cancer-Related Behaviors

Regional Variation in Breast Cancer Rates in the U.S.

Interdisciplinary Studies in the Genetic Epidemiology of Cancer

Research in State and Community Tobacco Control Interventions

Cancer Intervention and Surveillance Modeling Network (CISNET)
Exposure Assessment Methods for Cancer Research

Cancer Care Outcomes Research and Surveillance Consortium (CanCORS)



DCCPS-Led RFAs, cont.

Cooperative Family Registry for Epidemiologic Studies in Colon Cancer
Cancer Research Network

Mechanisms of Physical Activity Change

Increasing the Utilization and Impact of the NCI’s Cancer Information Service
Breast Cancer Family Registry

Improved Measures of Diet and Physical Activity for the Genes and Environment Initiative

Improving Effectiveness of Smoking Cessation Interventions in Low Income Adult
Populations

Measures and Determinants of Smokeless Tobacco Use, Prevention, and Cessation
Replication and Fine-Mapping Studies for the Genes Environment and Health Initiative
Transdisciplinary Cancer Genomic Research: Post-Genome Wide Association Initiative

State and Community Tobacco Control Policy and Media Research

Population-Based Research Optimizing Screening Through Personalized Regimens
(PROSPR)



Centers of Excellence Initiatives

RFA Title

Transdisciplinary Tobacco Use Research Centers
(with NIDA, NIAAA, RWIJF)

Centers of Excellence in Cancer Communication Research

Centers for Population Health and Health Disparities
(with NIEHS, OBSSR, NHLBI)

Transdisciplinary Research on Energetics and Cancer

Funding

FY99 — FY08

FYO3 — FY12

FY04 — FY14

FYO5 - FY15



Tobacco Centers of
Regulatory Science —
totally funded by FDA

o 14 Centers (7 managed by NCI)
0 S53M in FY13
a $273M over 5 years

7 Research Areas:

Diversity of tobacco products
Reducing addiction

Reducing toxicity

Adverse health consequences
Communications

Marketing of tobacco products
Economics and policies

Organization

Title

Investigator(s)

American Heart
Association

American Heart Association Tobacco Regulation
and Addiction Center (A-TRAC)

Aruni Bhatnagar, Rose
Marie Rohertson

Georgia State
LIniversity

The Science of Decision-Making: Connecting
Feople and Policy (G3SU TCORS)

Michael Erikson

Chio State University

Q5L Center of Excellence in Regulatory
Tobacco Science (OSU-CERTS)

FPeter Shields, Mary Ellen
Wewers

Fennsylvania State

Pennsylvania State University Tobacco Center

Joshua Muscat, Jonathan

LIniversity of Regulatory Science (PSU TCORS) Foulds
University of
. - Improved Models to Inform Tobacco Product
Cal|fnrn_|a San Regulation (UCSF TCORS) Stanton Glantz
Francisco
LIniversity of Tobacco Product Messaging in a Complex Robert Hornik, Caryn
Fennsylvania Communication Environment (LUPenn TCORS) Lerman
. . Effective Communication on Tobacco Product
R Risk and FDA Authority (Center for Regulatory Kurt Ribis|
Carolina ——
Research on Tobacco Communication)
LIniversity of Morth The Impact of Tobacco Exposure on the Lungs
Carolina Innate Defense System (UNC TCORS) Robert Tarran
University of Rapid Response Characterization of Mew and
Maryland Manipulated Tobacco Products o

University of Southern
California

JSC Tobacco Center of Regulatory Science
(TCORS) for Vulnerable Populations

May Ann Pentz, Jonathan
Samet

LIniversity of Texas

Tobacco Center of Regulatory Science on Youth
and Young Adults

Cheryl Perry

University of Vermont

Yermont Center on Tobacco Regulatory Science

Stephen Higgins

Yirginia
Commonwealth
LIniversity

Center for the Study of Tobacco Products

Thomas
Eissenberg, Robert
Balster

Yale University

Yale Tobacco Center of Regulatory Science

Suchitra Krishnan-3Sarin,
Stephanie O'Malley




DCCPS-Led RFAs FY14 — FY15

RFA Title

Person-Centered Assessment Resources

Using Social Media to Understand and Address Substance Use and
Addiction

Center for Evaluation and Coordination of Training and Research
(CECTR) in Tobacco Regulatory Science

Population-based Research Optimizing Screening through
Personalized Regimens (PROSPR) — Revision to Enhance the
Collection of Cervical Cancer Screening Data

Cancer Intervention and Surveillance Modeling Network

Partners

12 other NIH ICs

NIDA and NIAAA

FDA and trans-NIH

CDC and DCP

CDC and AHRQ



Context of Prioritization
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National Prevention,
Health Promotion, and
Public Health Council

AMNUAL STATUS REPDRT

July 1, 2004




Department of Health and Human Services

@ Office of Disease Prevention health.gov healthfinder.g@v HealthyPeople gov

and Health Promotion

Search HealthyPeople gov
HealthyPeople.. &z

Topics & Objectives Leading Health Indicators

Data Search ‘ Healthy People in Action Tools & Resources

Strategic Initiatives (examples):

* Prevent and reduce tobacco use

 Promote prevention and wellness across the lifespan
 Help Americans achieve and maintain healthy weight
e Eliminate health disparities



The Office of the National Coordinator for =

Health Information Technology

Health IT Enabled Quality Improvement

A Vision to Achieve Better Health and Health Care

Figure 1. Vision of the Health IT Ecosystem

Personal Electronic Health Health Information MNatl & Intl
Health Record Record Exchange Health Analytics

lit Clinical

Quality Public Health nica
Measures Research

Patient Practice Population Public

Clinical
Guidelines

Public
Health Policy

Clinical Decision
Support



Interagency

Centers for Disease Control and Prevention
= . CDC 24/7: Saving Lives, Profecting People™

b
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CENTERS for MEDICARE & MEDICAID SERVICES

U.S. Food and Drug Administration

r D Protecting and Promoting Your Health

:\'HH Agency for Healthcare Research and Quality
- \ Advancing Excellence in Health Care



National Institutes of Health
Turning Discovery Into Health

Common Fund (e.g., Science of Behavior Change)

Tobacco Regulatory Science Program

Collaborative Research on Addiction at NIH (“CRAN”)
NIH Obesity Research Task Force

Patient-Centered Outcomes Research

Office of Disease Prevention



Non-Government Partners

susanc.
Kormern. LIVESTRONG"

§

pcor I \m Patient-Centered Outcomes Research |nstitute

FOUNDATION

L

Robert Wood Johnson Foundation
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ProvocativeQuestions

Identifying Perplexing Problems to Drive Progress Against Cancer

How do decision making processes influence habitual
behaviors, and how can that knowledge be used to design
strategies that lead to adoption and maintenance of
behaviors that reduce cancer risk?

e How does the level, type, or duration of physical activity
influence cancer risk and prognosis?

e How does obesity contribute to cancer risk?

e What methods and approaches induce physicians and
health systems to abandon ineffective interventions or
discourage adoption of unproven interventions?



Types of Funding Gaps

Disease Site

— e.g., Liver Cancer Control

e Underrepresented Subpopulations
— e.g., American Indian/Alaska Native

e |nsufficient Intervention Evidence

— e.g., Cessation within the Context of Lung Cancer
Screening

e Low Utilization Despite Evidence
— e.g., HPV Vaccination in Pediatric Settings



Implementation Science
and Practice
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Definition of Implementation Science

Implementation science is the study of methods
to promote the integration of research findings
and evidence into healthcare policy and practice.



Components of Participating
Organizations

Mational Institute of Mental Health (MIMH)

Mational Cancer Institute (ME1)

Mational Center for Complementary and Alternative Medicine (NCCAM)
Mational Heart, Lung, and Blood Institute (MHLBI)

Mational Human Genome Research Institute (NHGRIY

Mational Institute on Aging (MIA)

Mational Institute on Alcohaol Abuse and Alcohaolism (RIAAA)

Mational Institute of Allergy and Infectious Diseases (MIAID) (Clarification per MOT-Al-13-034)
Mational Institute on Deafness and Other Communication Disorders (MIDCD)
Mational Institute of Dental and Craniofacial Research (MIDCRE)

Mational Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)
Mational Institute on Drug Abuse (MIDA)

Mational Institute of Meurological Disorders and Strake (WINDS)

Mational Institute of Mursing Research (MIMR)

Office of Behavioral and Social Sciences Research (OBSSR)

Funding Opportunity Title

Dissemination and Implementation Research in Health (RO1)

Cancer Trends Progress Report - 2011/2012 Update

In the Report
Directors Message
Report Highlights
Introduction
Trends at a Glance

Summary Tables

The Cancer Trends Progress Report, first issued in 2001 as the Cancer Progress Report,
summarizes our nation's progress against cancer in relation to Healthy People targets set forth by
the Department of Health and Human Semnices. The report includes key measures of progress
along the cancer control continuum and uses national trend data to illustrate where advances have
been made.

Progress Report Prevention ’," ~“ (Treatment

Tools and Resources Tobacco, Physical activity, . "%, Bladder, breast, colorectal, kidney,
Appendices Diet, Sun, Environment lung, ovarian, prostate cancer treatment
Data Sources (POF)
Dictionary Early Detection Life After Cancer
Fact Sheet (FDF) Breast, cenical, colorectal Costs of cancer care, Survival,
EAQs cancer screening '« Cancer survivors and smoking

TH) Generate custom il

report

<& Print this page
Quick Tutorial

Report Archive

Diagnosis
v Incidence
=%, Stage at diagnosis

End of Life

~ Mortality
Epersnn-years of life lost
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I 5 W RTIPs Home M RTIPs Archive B Frequently Asked Questions B Fact Sheet B Contact Us

Research-tested Intervention Programs (RTIPs)
RTIPs - Moving Science into Programs for People

2775

T"Ul—..

{] Cancer Control P.L.AMN.E.T. Home |

Use the link below to select a number of criteria, and see
a list that contains programs from several topics.

Select from 151 Intervention Programs

RTIPs is a searchable database of cancer control
interventions and program materials and is designed fo
provide program planners and public health practitioners
easy and immediate access to research-tested
materials.

Register your program now and be part of
the RTIPs Community.

For more information on how to participate in a RTIPs
review, read the RTIPs Submission and Review
Process: A Guide for Program Developers

New Programs on RTIPs:

* Informed Decision Making
* -Thinking About Continuing Mammography Screening for Breast Cancer? A
Decision Aid for 70-Year-Old Women (Post date: October, 2014)

+ Survivorship
-Project ENABLE |l (Post date: September, 2014)

* Colorectal Cancer Screening
-Healthy Colon, Healthy Life (Post date: August, 2014)

* New programs are released periodically. Please check for updates.

C
é('}‘“ 8] N}

PLANET

Plan, Link, Act, Network w mth
Evidence.based Tools

Search Research to Reality (R:
NCI's online community of practics
links cancer control practitioners ¢
researchers, for discussions, cybs

seminars, and much mare. |

Links to comprehensive cancer control resources for public health professionals :

Home | About This Site | FAQ | Sponsors

DATA TOPICS

State Cancer Profilesd? (CDC, NCI) ¢ = Breast Cancer

- Cervical Cancer

= Physical Activity

= Public Health Genomics
= Sun Safety

= Survivorship

- Tobacco Control

- Colorectal Cancer

« Diet/ Nutrition

- Informed Decision Making
» Obesity

COLLABORATION

Research to Reality® (NCI) ¢

WHAT'S NEW
RESEARCH SYNTHESIS

Cancer Control P L ANE.T. now links to the International
Cancer Control Partnership's (ICCP) new web-portal. Learn

Guide to Community Preventive Servicest?
(Federally supported) <y

U.S. Preventive Services Task Force®
(Federally supported) ¢y

Evaluation of Genomic Applications in Practice and Prevention
(EGAPP)Z ¢}

Additional Research Evidence Reviews

more about their portald? and searchi? over 100 international
cancer plans and emerging non-communicable disease plans at
http:/fwww icc p-portal org/cancer-planses.

E-NEWSLETTER

Sign up to receive monthly updates on Cancer Control
P.LAN.ET.

FFFDRACK




MATIONA STATE CANCER PROFILES

A,
l&.‘.. [ITUTE Dyynamic views of cancer statistics for prioritizing
[fee e el =
cancer control efforts in the nation, states, and counties

About Help & Resources

Quick Profiles for States Data Topics Across the

Choose a state below to get a report of cancer statistics and other related topics. Cancer Control Continuum

Cancer statistics, charts, and maps by data
topic across the cancer control continuum.

Demographics

3

)

w» § Screening & Risk Factors

Cancer Knowledge

m

(] =
EN
] =

3D O &3

Incidence

Prevalence

Mortality



Administrative supplements for NClI cancer centers:

collaborations with state and local HPV coalitions and programs

Accelerating HPV Vaccine Uptake:

Urgency for Action to Prevent Cancer

® @ & & 0 0 0 0 0 0

@@1@@' *@@@ Institution Pl NAME Cancer Control Coordinator State

v ot cancers |uaB Ed Partridge Alison McGuire AL

o0 0 wom:m;us'o ® @ o |USC Stephen Gruber Samantha Garcia and Marisela Robles CA

' ' ' ' ' ' ' ' ' Yale Themas Lynch Pamela Julian co

Moffitt Thomas Sellers Kelly Nam FL

U of Hawaii Michele Carbone Hali Robinett HI

Markey - U of Kentucky [Mark Evers Amy Christian Ky

A Report to the President of the United States _ "

e UMC Lineberger Morman Sharpless Sara Smith MC

The President’s Cancer Panel Rosewell Park Donald Trump Christy Widman MY

Einstein Yeshiva David Goldman & Laurie Bauman |Dana Watnick WY

Case Stanton Gerson Darla Fickle (rural) and Toyin Sokari (urba| OH

Ohio State Michael Caligiuri Elizabeth Antognoli OH

MUSC Hollings Andrew Kraft Kathleen Cartmell 5C

Vanderbilt lennifer Pietenpol Todd Lawrence TN

MD Anderson Ronald DePinho Rosalind Bello T

Baylor Kent Oshorne Casey Martinez TX

Huntsman - Utah Mary Beckerle Echo Warner uT

uva Thomas Loughran Melissa Grossman VA

Wisconsin Carbone Howard Bailey Sarah Mroz Wi




Challenges

e How best to inform policy

Increasing diversity of population

e Understanding the changing health care context

e NCl's role in obesity control

e The new information environment

e Role of upstream social determinants of health

e Prevention among cancer survivors
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What areas of science need to be strengthened?

What are the opportunities to increase prevention of cancer?

How do we separate out individual behavior from broader public health
interventions?

How do we lessen the time from discovery to delivery in underserved populations?

How do we achieve sustained delivery?

What is the appropriate focus, scale, and strategy for NCI’s prevention early
detection, HSR, and implementation science efforts?

What, and how much, should NCI be doing, especially given other priorities and
limited budgets?

What are the responsibilities of funding partners, e.g., NIH, CDC, AHRQ, or other?
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