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PREFACE

DR. JAMES H. DOROSHOW 
DIRECTOR, NCI DIVISION 
OF CANCER TREATMENT 
AND DIAGNOSIS

In these pages, we describe the Programs and Initiatives of the Division of Cancer Treat-
ment and Diagnosis (DCTD), providing a multi-year review of the research activities and 
achievements of this segment of the National Cancer Institute (NCI). Though not meant to 
be a complete inventory of the division, this report covers advances from 2013 through 2017 
and outlines important highlights that have helped to improve the diagnosis and treatment 
of cancer.

One of our greatest challenges is to increase the speed with which new treatments are 
brought to the millions of Americans with cancer. DCTD has continued efforts to streamline 
the drug discovery and development process. The NCI Experimental Therapeutics (NExT) 
Program allows researchers to enter candidate agents into the NCI pipeline at a number of 
key steps, including: target development or high throughput screening, the facilitation of 
chemical optimization of potential lead molecules, preclinical toxicology, formulation, 
development of biologicals, pharmacokinetic/pharmacodynamic assay development, and 
the initiation of early phase clinical trials. Researchers from academic sites, or from biotech-
nology concerns, may apply for access to NCI resources and expertise in any of these areas. 
Our goal is to facilitate the development of novel molecules that are not a major focus of 

current pharmaceutical research; several ongoing projects are now undergoing first-in-human clinical trials. The development 
of the NCI Patient-Derived Models Repository has enhanced access of academic investigators to molecularly- and clinically-
characterized patient-derived xenografts and early passage conditionally-reprogrammed cell lines to facilitate development 
of novel investigational drug combinations and to further the development of molecular criteria for treatment selection.

During the past four years, the efforts of DCTD to improve its national clinical trials program have continued at a rapid pace, 
including consolidation of the Adult U01 Phase 1 and N01 Phase 2 Programs into a single NCI Experimental Therapeutics 
Clinical Trials Network (ETCTN). In concert with this reorganization, the NCI made major changes in its existing late stage 
clinical trials infrastructure, consolidating the ten prior Cooperative Groups into the five members of the NCI National Clinical 
Trials Network (NCTN). To support these activities, the NCI’s single Central Institutional Review Board (CIRB) was expanded 
to include four Boards to cover early and late stage adult therapy trials, pediatric clinical studies, and cancer prevention investi-
gations. The expanded Cancer Trials Support Unit (CTSU), a unified Medidata Rave clinical trial management system for  
all network trials, and a revitalized CTEP Clinical Trials Enterprise IT System are now capable of meeting the needs of studies 
used for FDA registration, and of providing a much enhanced auditing and clinical trial tracking capacity. As expected, the 
NCTN has been able to rapidly develop, accrue, and complete new generations of genomically-based clinical trials (such as 
NCI-MATCH) carried out across a national clinical research infrastructure with enhanced research capabilities. Similar results 
with respect to the initiation of a new generation of early-phase precision oncology studies that incorporate state-of-the-art 
immunologic and molecular characterization are now a consistent feature of all ETCTN trials.

In addition to these major DCTD efforts, we are providing summaries of recently established priorities and scientific advances 
across a wide variety of diagnostic and therapeutic domains made possible by the many talented and committed staff members 
throughout the division. It is my privilege to work with these dedicated individuals.
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OVERVIEW
DCTD supports the development of novel diagnostic 
and therapeutic approaches for cancer by expediting the 
initial and subsequent large-scale testing of new agents, 
biomarkers, imaging tests, and other diagnostic and 
therapeutic interventions (radiation, surgery, 
immunotherapy) in patients.

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

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

The Cancer Diagnosis Program (CDP) stimulates, coordi-
nates, and funds specimen resources, databases related 
to those specimens, and research on in vitro diagnostics 
and improved technologies to better characterize tumors, 
leading to improved patient treatment.

The Cancer Imaging Program (CIP) uses new technologies 
to expand the role of imaging in noninvasive diagnosis, 
identification of disease subsets in patients, disease 
staging, and treatment monitoring. Among these are 
nanotechnologies and artificial intelligence methods to 
extract comprehensive non-visual information from 
medical images to predict biological and clinical correlates. 

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

The Developmental Therapeutics Program (DTP) serves as 
a vital resource in discovering potential cancer therapeutics 
and acquiring information pertaining to their preclinical 
development. The program provides preclinical research 
materials and pharmacologic services to extramural 
investigators, and also manufactures new agents in bulk 
quantities for use in clinical studies conducted under 
U.S. Food and Drug Administration (FDA) Investigational 
New Drug applications.

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

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

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

The Developmental Therapeutics Clinic (DTC) is located 
in the NIH Clinical Research Center (CRC) on the Bethesda 
campus; it works in concert with the Center for Cancer 
Research to perform early phase clinical trials that include 
development of pharmacodynamic assays for subsequent use 
in the extramural community as part of the Experimental 
Therapeutics Clinical Trials Network (ETCTN).
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CURRENT RESEARCH EMPHASIS
DCTD supports research across the entire spectrum of areas 
related to diagnostic and therapeutic approaches to the treat-
ment of cancer. Figure 1 depicts the distribution of the nearly 
$976 M in grant funding managed by DCTD in 2016 across 
the seven Programs with grant portfolios.

FUTURE RESEARCH EMPHASIS

Over the recent past, the NCI has had the opportunity 
to participate in two major strategic planning programs 
(the NIH Precision Medicine Initiative and the Beau Biden 
Cancer Moonshot Initiative) that have identified major 
areas of research emphasis that are poised for rapid progress. 
Additional resources for the NCI to support these initiatives 
have permitted DCTD to make a concerted effort to increase 
funding for the research community in the following areas 
of emphasis:

MECHANISMS OF CANCER DRUG RESISTANCE 
AND SENSITIVITY

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

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

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

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

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

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

11%11%

6%

25%

28%

19%

TRP – $106,000,002
RRP – $54,258,804
DTP – $248,010,065

OCCAM – $2,095,501
CDP – $103,550,726
CIP – $184,062,674
CTEP – $278,000,000

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

DEVELOPMENT OF CANCER IMMUNOTHERAPY 
BIOMARKERS

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

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

• Development of reagents for novel immunobiomarker 
analytes 

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

NEW CANCER IMMUNOTHERAPY MODEL SYSTEMS

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

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

UNDERSTANDING THE MICROENVIRONMENT 
OF PANCREATIC CANCER TO ENHANCE 
IMMUNOTHERAPEUTIC OPTIONS

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

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

• Development of improved antigen selection and 
biomarker development methods for pancreatic 
cancer immunotherapy
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CURRENT PROGRAMS AND INITIATIVES
NCI’S PRECISION MEDICINE TRIALS

In 2014, NCI launched a series of clinical studies whose over-
all aim is to use more precise diagnostics to select patients 
for therapies that target particular molecular abnormalities. 
These initiatives take advantage of next generation sequenc-
ing (NGS) technologies to look for changes in tumor DNA, 
with some including additional technologies to search for 
changes in tumor protein levels. By making these studies  
accessible via NCI’s National Clinical Trials Network (NCTN) 
and Experimental Therapeutics Clinical Trials Network 
(ETCTN), patients treated at centers large and small, in 
cities and in rural communities, have access to these new 
approaches for cancer diagnosis and therapy. The general 
goals, eligibility criteria, study designs, and planned outcome 
analyses for each study are described below. Information 
for physicians is available at the following websites: www.
cancer.gov (NCI/clinical trial information) and www.ctsu.org 
(Cancer Trials Support Unit (CTSU)/Patient Enrollment).

NCI Molecular Analysis for Therapy Choice 
(NCI-MATCH)

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

FIGURE 2: NCI-MATCH TRIALS. 
Flow chart based on patient tumor mutation analysis and clinical response. Yellow boxes, genomic analysis; blue boxes, clinical decision points; red box, patient taken 
off trial.

http://www.cancer.gov
http://www.cancer.gov
http://www.ctsu.org
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
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the specific molecular abnormality in their tumor. Agent 
selection based on the molecular findings of the biopsy was 
rule driven in the protocol rather than based upon decisions 
by a tumor board. In the event of more than one mutation 
or abnormality in a patient’s tumor, decision rules were 
developed to select which genetic abnormality, and therefore 
treatment option, would predominate.

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

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

standard therapy for metastatic or advanced disease. Patients 
must be willing and able to undergo a re-biopsy of their 
tumor before enrolling on the study. Following assignment 
to a specific study drug based on the molecular abnormality 
of their tumor, patients are subsequently evaluated for tumor 
response and progression-free survival (PFS). Each arm of 
the trial will ultimately have approximately 30 evaluable 
patients receiving the same agent, all of whom meet the 
molecular eligibility criteria, but do not necessarily have 
the same tumor type. Patients whose tumors progress are 
removed from the study. They and their doctor will receive 
a report of the molecular analyses performed in the CLIA 
laboratory, including a list of the genes tested, in the hope 
that the information may be useful for future treatment 
choices. Additionally, any patient with progressive disease 
is eligible for re-biopsy to identify potential new actionable 
mutations for which another targeted study agent would be 
appropriate. One goal of NCI-MATCH is to find signals of 
activity with targeted agents in a wide variety of histologies. 
Additional follow-up Phase 2 studies are likely to be needed 
to evaluate any active targeted agent(s) in a larger number of 
patients with both the precise molecular abnormality and the 
histologies that showed a good response to determine if and 
where the agent will be of ultimate value.

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

Outside Assay/Rare Variant Initiative

While the high rate of accrual enabled NCI-MATCH to 
successfully reach its goal of screening nearly 6,000 patients, 
there remained arms that were not yet “filled” at that point, 
particularly in rarer tumors. The Outside Assay / Rare Vari-
ant initiative was thus conceived to help complete accrual 
to those arms using a different mechanism for molecular 
profiling. During the time that NCI-MATCH has been 
open, the availability to NGS tumor profiling has expanded 
through commercial companies and academic laborato-
ries. As many patients are now opting to have their tumor 
sequenced, the decision was made to work with designated 
laboratories outside of the NCI-MATCH laboratory network. 
Two commercial companies (Foundation Medicine Inc. and 
Caris Life Sciences) and three academic laboratories (MD 
Anderson Cancer Center, Massachusetts General Hospital 
and Memorial Sloan Kettering) would notify the ordering 
physician of patients who are potentially eligible for an 
NCI-MATCH treatment arm. Additional laboratories are 
also being recruited to refer patients to NCI-MATCH.

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

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

NCI-COG Pediatric MATCH

The NCI-COG Pediatric MATCH trial (Figure 2) is enroll-
ing children with advanced cancers that have progressed or 
recurred on standard therapy. As in the adult NCI-MATCH 

trial, DNA sequencing will be used to identify children and 
adolescents between the ages of 1 to 21 years whose tumors 
have a genetic abnormality for which either an approved or 
investigational targeted therapy exists. Pediatric MATCH is 
led by the NCTN Children’s Oncology Group and opened for 
accrual in July of 2017. Patients with all types of solid tumors 
are eligible for the trial, including central nervous system 
tumors and non-Hodgkin lymphomas as well as histiocytic 
disorders, as long as tissue is available from the time of tumor 
recurrence or progression. In the case of brain stem gliomas, 
a diagnostic biopsy can be submitted. The trial opened 
initially with seven treatment arms, with the intention to 
add several more shortly thereafter. A minimum of twenty 
patients will be enrolled on each treatment arm, with the 
ability for expansion if 3 or more responses are observed. 
Enrollment is expected to be approximately 200-300 patients 
per year, with the overall goal of screening a minimum of 
1,000 pediatric patients. 

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

One of the unique aspects of Pediatric MATCH is the 
submission of peripheral blood at the time of enrollment 
for germline DNA sequence analysis. If a genetic abnormal-
ity is identified in the tumor, the treating physician will be 
informed whether it was inherited or arose de novo, enabling 
recommendations for genetic testing/genetic counseling to 
the family. 

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

Agents targeting the epidermal growth factor receptor 
(EGFR) and the ALK-EML4 fusion protein both result in 
durable responses and an improvement in PFS in patients 
with advanced lung adenocarcinoma and the appropriate 
mutation. This study, which began in 2014, examines wheth-
er the addition of erlotinib (EGFR inhibitor) or crizotinib 
(ALK inhibitor) to standard adjuvant therapy, when indicat-
ed, in patients with resectable, early-stage lung cancer (stage 

http://ecog-acrin.org/nci-match-eay131/interim-analysis
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://www.cancer.gov/types/lung/research/alchemist
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1B – 3A) containing the pathognomonic molecular changes 
will result in improved survival. Screening of eligible patients 
occurs under a common, screening study (Figure 3). A poly-
merase chain reaction (PCR)-based assay identifies EGFR 
mutations, and the FDA-approved break-apart FISH assay is 
used to reveal ALK fusions. Patients with tumors exhibiting 
EGFR activating mutations are randomized to receive stan-
dard chemotherapy +/- erlotinib and, similarly, patients with 
tumors exhibiting the ALK fusion are randomized to receive 
standard chemotherapy +/- crizotinib. Because EGFR muta-
tion and the ALK fusion occur in only 15% and 5% of early 
stage lung cancer, respectively, an estimated 8,000 patients 
will need to be screened in order to identify a patient popula-
tion large enough to power the randomized clinical trials.

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

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

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

Lung Master Protocol (Lung MAP)

This clinical trial design is a novel approach to drug devel-
opment and regulatory approval as a second-line treatment 
for advanced squamous cell carcinoma of the lung. Patients 
whose tumors have progressed after front-line therapy for 
advanced disease have their treatment selection based upon 
the molecular profiling results of their tumor from an NGS 
panel of approximately 250 selected genes. Tumor specimens 
for profiling can come from a sample derived at diagnosis 
or at any other point during care. There is no charge to the 

FIGURE 3: ALCHEMIST TRIAL. 

Flow diagram based on lung cancer diagnosis and results of gene-specific mutation analysis.

https://www.cancer.gov/types/lung/research/lung-map
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FIGURE 4: FLOW DIAGRAM OF THE LUNG MAP TRIAL WITH DECISIONS MADE ON THE BASIS OF MOLECULAR PROFILING OF AROUND 250 GENES IN THE 
PATIENT TUMORS.

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

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

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

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

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

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

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

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

PRECISION MEDICINE INITIATIVE (PMI) – 
ONCOLOGY SUPPLEMENTS

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

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

FIGURE 5: SCHEMA FOR THE MULTICENTER NCI-MPACT TRIAL. AN AMENDMENT IS IN PROGRESS THAT WILL ADD AN IMMUNOTHERAPY ARM TO THIS TRIAL 
FOR ALL PATIENTS WHO DO NOT HAVE A QUALIFYING ACTIONABLE GENETIC MUTATION.

https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h05
https://dtc.cancer.gov/
https://dtc.cancer.gov/
https://www.cancer.gov/research/areas/treatment/pmi-oncology
https://gdc.cancer.gov/
https://gdc.cancer.gov/
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supplements included P30 (Cancer Centers), P50 (SPORES), 
and UM1 / U10 Cooperative Agreements (ETCTN and 
NCTN, respectively). 

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

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

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

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

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

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

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

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

NCI NATIONAL CLINICAL TRIALS NETWORK 
(NCTN)

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

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

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

With its state-of-the-art clinical trials infrastructure, the 
NCTN is poised to implement and complete trials far more 
rapidly than in the past. For physicians and their patients, 
important trials will be widely available throughout the 
country, in large cities and small communities alike. The 
NCTN has streamlined trial registration, data management, 
and tumor banking processes. It has a Clinical Trials Support 
Unit (CTSU) to provide online access to all materials and 
a central institutional review board (CIRB) to make ethics 
review easier and less redundant across the country. NCTN 
offers access to innovative clinical trials that are available for 
many common and an increasing number of rare cancers. 
The restructured program also has appeal for industry 
partners as evidenced by the large number of biotechnology 
and pharmaceutical companies collaborating on a series of 
precision medicine trials harnessing next generation DNA 
and RNA sequencing methods to inform treatment choices. 
NCTN’s resources are ideal for screening large numbers 
of patients to identify patients whose tumors exhibit the 
molecular features that may be responsive to new, targeted 
treatments and/or immunotherapy approaches. In addition, 
biospecimens collected from patients on these trials may help 
determine the underlying biological reasons for response and 
resistance to therapy.

http://www.cancer.gov/research/areas/clinical-trials/nctn
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Scientific Oversight Committees

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

NCTN Organizational Structure

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

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

NCTN Groups and Canadian Collaborating Clinical Trials 
Network:

• Alliance for Clinical Trials in Oncology

• ECOG-ACRIN Cancer Research Group

• NRG Oncology

• SWOG

• Children’s Oncology Group (COG)

• Canadian Cancer Trials Group (CCTG)

FIGURE 6: NCI NATIONAL CLINICAL TRIALS NETWORK STRUCTURE.

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

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

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

NCTN Sites

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

Community Hospitals and Medical Centers

Many investigators at community hospitals and medical 
centers participate in NCTN clinical trials. These sites, as 
well as a number of international sites, either receive research 
reimbursement for their participation in NCTN trials 
directly from one of the NCTN Groups with which they are 
affiliated, or they receive direct awards from the newly devel-
oped NCORP. NCI’s Division of Cancer Prevention (DCP) 

FIGURE 7: NCTN SITES THAT ENROLLED PATIENTS IN 2014.

https://ncorp.cancer.gov/


DIVISION OF CANCER TREATMENT AND DIAGNOSIS 15

consolidated their Community Clinical Oncology Program 
(CCOP), Minority-Based Community Oncology Program 
(MBCCOP), and NCI Community Cancer Centers Program 
(NCCCP) into the unified NCORP program for the support 
of community clinical trial participation.

Lead Academic Participating Sites (LAPS)

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

The 30 LAPS are:

• Case Western Reserve University – Case Comprehensive
Cancer Center

• Dana Farber/Harvard Cancer Center

• Duke Cancer Institute at Duke University Medical Center

• Emory University – Winship Cancer Institute

• Fred Hutchinson Cancer Research Center

• Indiana University Cancer Center

• Johns Hopkins University – Sidney Kimmel Comprehensive 
Cancer Center

• Mayo Clinic Cancer Center

• Memorial Sloan Kettering Cancer Center

• Norris Cotton Cancer Center at Dartmouth Hitchcock
Medical Center

• Ohio State University Comprehensive Cancer Center

• Roswell Park Cancer Institute

• Stanford University – Stanford Cancer Institute

• University of Alabama at Birmingham

• University of California Davis Comprehensive
Cancer Center

• University of Chicago Comprehensive Cancer Center

• University of Colorado Cancer Center

• University of Michigan Comprehensive Cancer Center

• University of North Carolina Lineberger Comprehensive
Cancer Center

• University of Oklahoma – Stephenson Cancer Center

• University of Pittsburgh Cancer Institute

• University of Southern California – Norris Comprehensive 
Cancer Center

• University of Texas MD Anderson Cancer Center

• University of Texas Southwestern Medical Center –
Harold C. Simmons Cancer Center

• University of Utah – Huntsman Cancer Institute

• University of Wisconsin Carbone Cancer Center

• Vanderbilt University Medical Center – Vanderbilt
Ingram Cancer Center

• Washington University at St. Louis – Siteman
Cancer Center

• Wayne State University Barbara Ann Karmanos
Cancer Institute

• Yale University – Yale Cancer Center

Integrated Translational Science Awards

The NCTN contains a translational component, consisting 
of seven academic institutions funded through an Integrat-
ed Translational Science Award (ITSA) to support teams of 
translational scientists. These teams use innovative genet-
ic, proteomic, and imaging technologies to help identify 
and qualify potential predictive biomarkers of response to 
therapy that the NCTN Groups can incorporate into future 
clinical trials. These awards leverage ongoing work in the 
investigators’ laboratories, which is often supported in 
part by other NCI grants, to assist the NCTN Groups 
to bring new laboratory discoveries into clinical trials. 
These laboratories employ cutting-edge technologies 
that characterize tumors and identify changes in tumor 
biology in response to treatment that may help explain 
mechanisms of treatment resistance.

http://cancer.case.edu/
http://cancer.case.edu/
http://www.dfhcc.harvard.edu/
http://www.dukecancerinstitute.org/
https://winshipcancer.emory.edu/
https://www.fredhutch.org/en.html
http://www.cancer.iu.edu/
http://www.hopkinsmedicine.org/kimmel_cancer_center/
http://www.hopkinsmedicine.org/kimmel_cancer_center/
http://www.mayoclinic.org/departments-centers/mayo-clinic-cancer-center
https://www.mskcc.org/
http://cancer.dartmouth.edu/
http://cancer.dartmouth.edu/
http://cancer.osu.edu/
https://www.roswellpark.org/
http://cancer.stanford.edu/
http://www3.ccc.uab.edu/
http://ucdmc.ucdavis.edu/cancer/
http://ucdmc.ucdavis.edu/cancer/
http://cancer.uchicago.edu/
http://www.ucdenver.edu/academics/colleges/medicalschool/centers/cancercenter/Pages/CancerCenter.aspx
http://www.mcancer.org/
http://unclineberger.org/
http://unclineberger.org/
http://stephensoncancercenter.org/
http://upci.upmc.edu/index.cfm
http://uscnorriscancer.usc.edu/
http://uscnorriscancer.usc.edu/
http://www.mdanderson.org/
http://www.utswmedicine.org/conditions-specialties/cancer/
http://www.utswmedicine.org/conditions-specialties/cancer/
http://healthcare.utah.edu/huntsmancancerinstitute/
http://www.uwhealth.org/uw-carbone-cancer-center/cancer/10252
http://www.vicc.org/
http://www.vicc.org/
http://www.siteman.wustl.edu/
http://www.siteman.wustl.edu/
http://www.karmanos.org/home
http://www.karmanos.org/home
http://yalecancercenter.org/
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The seven ITSA-funded institutions are:

• Children’s Hospital of Philadelphia

• Cold Spring Harbor Laboratory Cancer Center

• Emory University – Winship Cancer Institute 

• Montefiore Medical Center 

• Ohio State University Comprehensive Cancer Center 

• University of North Carolina Lineberger Comprehensive 
Cancer Center 

• Washington University at St. Louis – Siteman Cancer 
Center

Imaging and Radiation Oncology Core (IROC)

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

support the NCTN and other NCI-sponsored groups and 
networks to carry out rigorous oncologic multi-center clin-
ical trials. Within the context of NCI-sponsored trials, the 
IROC is tasked to provide:

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

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

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

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

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

NCTN Statistics

Phase 

Grant Year 1  
(3/1/2014 to 2/28/2015) 

Studies/Screened/Accrued 

Grant Year 2  
(3/1/2015 to 2/28/2016) 

Studies/Screened/Accrued

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

Studies/Screened/Accrued

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

Studies/Screened/Accrued

Phase 1 13 / 0 / 155 6 / 0 / 158 7 / 3 / 77 5 / 23 / 65

Phase 2 95 / 221 / 2,606 110 / 767 / 2,673 114 / 967 / 2,620 105 / 565 / 2,548

Phase 3 84 / 1,150 / 13,119 80 / 1,841 / 11,157 75 / 1,730 / 11,506 80 / 1,912 / 12,349

Other/Pilot 7 / 268 / 379 7 / 1,859 / 1,876 7 / 5,746 / 2,669 6 / 3,219 / 1,300

Total 199 / 1,639 / 16,259 203 / 4,467 / 15,864 203 / 8,446 / 16,872 196 / 5,719 / 16,262

Total #  
Unique Patients

17,246 18.553 22,089 17,298

TABLE 1: TOTAL NUMBER OF NCTN TREATMENT & ADVANCED IMAGING TRIALS OPEN TO RECRUITMENT, NUMBER OF PATIENTS SCREENED ON STUDY, AND 
NUMBER OF PATIENTS ACCRUED TO THE INTERVENTION FOR EACH YEAR OF THE NCTN GRANT. 
*The NCTN replaced the former Cooperative Group program on March 1, 2014.  These figures show the number of studies, number of patients screened on study, and 
number of patients who received the study intervention for the first four grant years of the NCTN.  The unique number of patients includes those who were screened 
on study and / or received the study intervention.

https://www.irocqa.org/
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Year Approved 
for Indication Drug Sponsoring Organization Cancer Site 

2004 Letrozole NCIC Clinical Trials Group (Canadian Cancer Trials Group) Breast

2004 Oxaliplatin North Central Cancer Treatment Group (Alliance for Clinical Trials in Oncology Group) Colorectal

2004 Taxotere SWOG Breast

2004 Nelarabine Children’s Oncology Group Leukemia

2006 Bevacizumab Eastern Cooperative Oncology Group (ECOG-ACRIN Cancer Research Group) Colorectal. Lung

2006 Trastuzumab
National Surgical Adjuvant Breast and Bowel Project, North Central Cancer Treatment Group 

(NRG Oncology, Alliance for Clinical Trials in Oncology Group)
Breast

2006 Dasatinib SWOG CML

2006 Sunitinib ECOG Renal Cell

2007 Lapatinib
North Central Cancer Treatment Group, 

Cancer and Leukemia Group B (Alliance for Clinical Trials in Oncology Group)
Breast

2008
Imatinib 
mesylate

American College of Surgeons Oncology Group (Alliance for Clinical Trials in Oncology Group)
Gastrointestinal 
stromal tumor 

2009 Bevacizumab Cancer and Leukemia Group B (Alliance for Clinical Trials in Oncology Group) Renal Cell

2014 Bevacizumab Gynecologic Oncology Group (NRG Oncology) Cervix

2015 Dinutuximab Children’s Oncology Group Neuroblastoma 

2017 Lenalidomide Alliance for Clinical Trials in Oncology Group Multiple myeloma

2017 Midostaurin Alliance for Clinical Trials in Oncology Group AML

2017 Cabozantinib Alliance for Clinical Trials in Oncology Group Renal cell

2018 Bevacizumab NRG Oncology Ovarian

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

Compressing Timelines for Development of 
CTEP-supported Cancer Treatment Trials 

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

studies have a target development timeline of 300 days. 
Trials not activated within 450 and 540 days, respectively, are 
automatically disapproved.

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

Following institution of the OEWG timeline processes in 
April 2010, development times for Phase 1-2 studies between 
April 2010 and May 2012 decreased by 18.3% from the his-
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torical median. The initial experience with Phase 3 studies, 
although more limited, demonstrated a 45.7% decrease from 
the historical median1. It is anticipated that with more experi-
ence, continued reduction in protocol development timelines 
will be achieved. A new initiative to further speed up trials 
conducted in the ETCTN will provide drafts of initial proto-
cols based on the objectives, goals, and background for the 
study set out by the principal investigators, incorporating all 
of the standard template language required by the NCI’s Cen-
tral IRB. It is expected that standardized protocol authoring 
will shorten the timeline for opening an early phase study by 
two to three months. 

Stopping Guidelines for Slow Accruing Clinical 
Treatment Trials

Guidelines were also developed by NCI to monitor accrual 
to CTEP-supported cancer treatment trials after studies are 
opened for patient enrollment. These guidelines were first 
developed for Phase 3 trials based on the historical expe-
rience of 239 CTEP-sponsored Phase 3 trials initiated on 
or prior to 2000 that were open for more than 15 months. 
Overall trial success was judged by whether the final trial 
accrual was over 80% of projected. Based on development of 
a validated model from historical experience, a cut-off of less 
than 20% of the projected accrual by quarters 5 and 6 after 
study opening was selected as the basis for termination of 
a study due to poor accrual. These guidelines were institut-
ed in 2010 to monitor accrual on all Phase 3 trials and to 
close a trial if this minimum level of accrual is not reached. 
Aggressive early interventions are instituted if it appears that 
a Phase 3 trial is at risk of not meeting this accrual milestone. 
Additional monitoring of the study continues throughout its 
accrual phase with appropriate interventions made as needed 
if accrual appears too slow.

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

risk of not achieving adequate accrual to complete the study 
in the time projected by the investigators.

NCI EXPERIMENTAL THERAPEUTICS CLINICAL 
TRIALS NETWORK (ETCTN)

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

The objectives of the ETCTN are to:

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

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

1 Abrams JS, et al; J Natl Cancer Inst 2013 Jul 3;105(13):954-9
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• Integrate preclinical findings using clinical samples for 
biomarker analysis

• Promote collaboration among institutions and investigators

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

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

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

Program Infrastructure

1. CTEP-Identity and Access Management (CTEP-IAM)
Investigators and Associates register for an account 
that enables access to the other applications (CTSU, 
OPEN/IWRS, Rave, CTEP Enterprise).

FIGURE 8: ETCTN PHASE 1 AND PHASE 2 PROGRAM SITES. 
LAO = Lead Academic Organization; AO = Academic organization; EDDOP = NCI Early Drug Development Opportunity Program
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2. Cancer Trials Support Unit (CTSU) 
Provides a variety of services, including a roster of institu-
tions and medical personnel; website support for posting 
of protocols and other information; and links to other 
services (OPEN/IWRS, Rave).

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

4. Oncology Patient Enrollment Network (OPEN)/Inter-
active Web Response System (IWRS) 
Linked applications for patient enrollment (OPEN), slot 
reservations, and cohort management (IWRS). Data are 
automatically transferred to Medidata Rave.

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

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

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

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



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 21

Activity Summary

From 2013 to 2017, investigators submitted 376 letters of 
intent (LOI); 109 of these were submitted in response to 
four mass solicitations issued in 2013 and 2014.  During this 
time-period, the following occurred within CTEP-sponsored 
early-phase trials:

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

• 455 PTMA applications were received, 110 were approved.

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

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

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

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

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

Currently, there are 88 active trials (includes ETCTN and 
legacy U01) of 52 investigational agents and 54 combinations 
with one or more NCI investigational agents. The CTEP Phase 1 
or 1/2 trials account for 60% of Phase 1 trials (excluding 
pediatric studies) performed under NCI sponsorship.

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

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

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

NCI Early Drug Development Opportunity Program 
(EDDOP)

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

Notable Recent CTEP-Sponsored Early Phase Trials

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

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

This single-arm Phase 2 trial assessed triapine-cispla-
tin-radiation treatment in women newly-diagnosed 
with advanced-stage II-IV uterine cervix cancer. The 
experimental therapeutic drug, triapine, compared to 
hydroxyurea, has been established as a 1000x more 
potent inhibitor of ribonucleotide reductase, a rate-limit-
ing enzyme responsible for new DNA precursors used by 
the cancer cell for proliferation or repair. Triapine added 
to standard-of-care cisplatin and radiation treatment 
resulted in profoundly beneficial cancer cell death as 
evidenced by clinical examinations and by metabolic 
radiology imaging. Results indicated stabilization or 
response in 96% of patients, which was interpreted as 
a potential major improvement in the management of 
uterine cervix cancer. A randomized Phase 2 trial in the 
NCTN is now underway.



DCTD PROGRAMS AND INITIATIVES (2013-2017)22

Protocol 9825: A Randomized Phase 2 Study of 
Combination Cediranib and Olaparib Versus Olapa-
rib Alone as Recurrence Therapy in Platinum-sensi-
tive Ovarian Cancer

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

This randomized, open-label, Phase 2 study evaluated the 
activity of olaparib monotherapy compared with com-
bination cediranib and olaparib in women with ovarian 
cancer with measurable platinum-sensitive, relapsed, 
high-grade serous or endometrioid disease or those with 
deleterious germline BRCA1/2 mutations (gBRCAm). 
The combination of cediranib and olaparib significantly 
extended PFS by 8.7 months compared to olaparib alone 
in recurrent platinum-sensitive ovarian cancer. More-
over, patients with germline wild-type BRCA1/2, who 
were not expected to benefit from the PARP inhibitor 
olaparib, experienced significant benefit when treated 
with the drug combination. This combination is now 
being studied in larger Phase 3 and Phase 2/3 trials in 
patients with platinum-sensitive and platinum-resistant 
ovarian cancer, respectively.

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

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

The incidence of squamous cell cancer of the anal canal 
(SCCA) continues to rise annually in the US. About 20% 
of patients will develop metastatic disease, which lacks 
a consensus approach to treatment. SCCA is largely 
driven by immune evasion of human papillomavirus 
(HPV)-specific CD8 and CD4 T cells that promote 
oncogenesis. In this NCI-sponsored multicenter Phase 
2 trial, patients with previously treated refractory met-
astatic SCCA, but immunotherapy naïve, were enrolled 
in a Simon two-stage design trial. Patients received 
intravenous nivolumab [3 mg/kg] every 2 weeks, with 
optional pre-treatment and on-treatment collection 
of tissue biopsies and plasma samples for measuring 
immune biomarkers and HPV/p16 status. Ultimately, 
37 patients were enrolled, with a median age of 56 years, 
of which 33 patients were evaluable for response. Seven 

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

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

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

Loss of donor-mediated immune anti-tumor activity may 
permit relapse of hematologic malignancies (HM) after 
allogeneic hematopoietic cell transplantation (allo HCT). 
This NCI-sponsored, Phase 1/1b multicenter, investi-
gator-initiated study was conducted to determine the 
safety and assess the efficacy of ipilimumab in patients 
with relapsed HM after allo HCT. Patients received 
initial courses of ipilimumab at 3.0 mg/kg or 10.0 mg/
kg every 3 weeks for 4 doses with additional doses every 
3 months for up to 1 year in patients with demonstrat-
ed clinical benefit. A total of 28 patients were enrolled. 
Immune-related adverse events (irAEs) were observed 
in six patients (21%), including one fatal event, and 
graft versus host disease (GVHD) was observed in four 
patients (14%). No responses were observed at the 3.0 
mg/kg dose level. However, of the 22 patients receiving 
10.0 mg/kg, five (23%) achieved complete response (CR), 
two (9%) achieved PR, and six additional patients (27%) 
had decreased tumor burden. CRs occurred in four 
patients with extramedullary acute myeloid leukemia 
(AML) and one patient with myelodysplastic syndromes 
(MDS)/AML. Durable responses were observed in sev-
eral histologic subtypes, including extramedullary AML. 
Clinical responses were associated with in situ leukemic 
infiltration of cytotoxic CD8+ T cells, decreased activa-
tion of regulatory T cells, and expansion of T effector 
subpopulations in the peripheral blood. The trial showed 
that repeated administration of ipilimumab is feasible 
in patients with recurrent HM after allo HCT, with early 
promising signs of efficacy, though immune-mediated 
toxicity and GVHD can occur. These promising response 
rates and/or survival outcomes have opened new areas 
for further exploration.
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SPECIALIZED PROGRAMS OF RESEARCH 
EXCELLENCE (SPORE)

The SPOREs are a cornerstone of the NCI’s efforts to promote 
collaborative, interdisciplinary translational research. Funded 
through the P50 or U54 grant mechanisms and managed by 
the Translational Research Program (TRP), SPORE funding 
supports state-of-the-art, investigator-initiated translational 
research contributing to improved prevention, early detec-
tion, diagnosis, and treatment of cancer. 

In each SPORE, this goal is achieved by:

• Focusing on a specific organ site, a group of highly related 
cancers, or cancers that are linked by a common activa-
tion pathway or other novel cross-cutting themes that 
have potential for innovation and high scientific impact 

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

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

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

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

• Supporting a career enhancement program to promote 
the transition of early-stage or established investigators to 
translational cancer research in the proposed organ site
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FIGURE 10: STATES WITH ACTIVE SPORE GRANTS IN FISCAL YEAR 2016. 
A total of 54 funded SPOREs are located in 22 states within 32 institutions and one consortium (darker green).

http://trp.cancer.gov/
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• Requiring collaboration among other SPOREs and across 
NCI-funded networks to promote translational advancement

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

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

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

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

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

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

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

NCI EXPERIMENTAL THERAPEUTICS (NExT) 
PROGRAM

Overview

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

https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
https://next.cancer.gov/
https://next.cancer.gov/
https://next.cancer.gov/
https://next.cancer.gov/discoveryResources/cbc.htm
https://www.cancer.gov/research/nci-role/fnlcr
https://www.cancer.gov/research/nci-role/fnlcr


DIVISION OF CANCER TREATMENT AND DIAGNOSIS 25

1%

65%
14%

25%

12%

7%

42%

3%

36%

Natural Product
Small Molecule

Biologic 
Imaging

Academic
Government

Pharma
Non-Profit
Biotech

FIGURE 11: NExT PORTFOLIO STRATIFIED BY AGENT CLASSIFICATION AND CATEGORY OF SUBMITTING INSTITUTION.

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

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

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

Although molecular imaging projects comprise a small seg-
ment (3%) of the projects accepted into the NExT pipeline, 
all biomedical imaging modalities in late discovery phase 
have progressed to clinical trial evaluation. These include a 
number of disease-targeted contrast agents and radiophar-
maceuticals: (i) a prostate specific membrane antigen posi-
tron emission spectroscopy (PET) tracer for prostate tumor 
imaging (PI: Peter Choyke, NCI CCR), (ii) panitumumab 
conjugated to the fluorescent dye IR800 (PI: Eben Rosenthal, 
University of Alabama at Birmingham) for fluorescence 
assisted head and neck surgery, (iii) LUM015, a cathep-
sin-activatable fluorescent probe (PI: David Kirsch, Duke 
University) being evaluated for fluorescence assisted sarcoma 
and breast cancer surgery and (iv) a near-infrared (NIR) flu-
orophore (PI: John Frangioni, Beth Israel Deaconess Medical 
Center) for fluorescence assisted resection and exploration.

Several biologic agents produced by the NExT Program also 
advanced into clinical trials. The first, ganitumab, entered the 
NExT Program as a supply of bulk drug substance donated 
by Amgen. NCI subsequently performed the final sterile 
filtration, vialing, release testing, QA/QC and stability testing 
to support a multi-site pediatric Ewing sarcoma trial open 
through COG in the US and Canada. The remaining projects 
originally came to NCI under the Rapid Access to Interven-
tion Development (RAID) Program, and continued their 
progress to clinical trials under the NExT program. NCI 
manufactured two genetically engineered oncolytic viruses, 
PVS-RIPO and AdDelta24-RGD, that show promising activ-
ity in patients with glioblastoma multiforme. In combination 
with bevacizumab to control cerebral edema, PVS-RIPO is 
being studied in a low-dose Extended Phase I Trial. FDA 
granted Breakthrough Therapy Designation in May 2016 
for PVS-RIPO, and an application to FDA for an Orphan 
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Drug indication is in review. Orphan Drug Designation was 
given to AdDelta24-RGD in October 2014. Ch11-1F4, a 
chimeric amyloid-reactive monoclonal antibody, is entering 
Phase 2 trials in patients with primary amyloidosis (and has 
already demonstrated therapeutic efficacy), and the Tet-
CMV peptide shows potential for reducing cytomegalovirus 
(CMV) infection during bone marrow transplant, and is also 
entering Phase 2 clinical trials.

First-in-human trials of Z-endoxifen, the active metabolite 
of tamoxifen that does not require activation by CYP2D6 
(which is non-functional in 20% of women with breast 
cancer), are now being completed. First-in-human stud-
ies for 4’-thio-2’-deoxycytidine (T-dCyd), a DNA (cyto-
sine-5-)-methyltransferase 1 (DNMT1) inhibitor discovered 
by Southern Research Institute, are in progress in the Devel-
opmental Therapeutics Clinic. 5-aza-4’-thio-2’-deoxycytidine 
(5-aza-T-dCyd), an analogue of T-dCyd, is efficacious in 
distinct tumor types and received IND and IRB approval 
in November 2017. A novel class of compounds targeting 
mutant isocitrate dehydrogenase 1 (IDH-1) discovered by 
the National Center for Advancing Translational Sciences 
(NCATS) Chemical Genomics Center was found to be just 
as efficacious in preclinical studies as another small molecule 
discovered by Agios, Inc. that recently entered clinical trials. 
Due to the competitive landscape, NCI has decided to look 
for a company interested in out-licensing the agent rather 
than continuing to expend funds for its further develop-
ment. Three additional small molecule projects are in the 

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

Origin of the NExT Discovery Pipeline

The NCI introduced the RAID Program in 1998 as a vehicle 
to provide researchers with access to IND-enabling resourc-
es for investigator-driven clinical trials; the NCI provided 
translational expertise and preclinical service contracts at 
no cost to the researcher. Until incorporation into the NExT 
program in 2009, the RAID Program pursued 139 projects. 
IND-enabling studies were done for 30 small molecules and 
33 biological agents, of which 15 and 24, respectively, entered 
clinical trials. The efforts behind two small molecules cul-
minated in FDA approval (Pralatrexate, 2009; Omacetaxine, 
2012). A similar program for imaging agents, Development 
of Clinical Imaging Drugs and Enhancers (DCIDE), was 
initiated in 2002 and was managed by CIP. Of the 10 formal 
applications, five reached clinical trials with IND-directed 
toxicology studies supported by NExT: F-18 FACB, Cu-64-
ATSM, In-111 Annexin, F-18 Flurocholine, and F-18 DCFBC 
(a current NExT project). One of these, F-18 ACBC, received 
FDA approval for prostate cancer (Axumin®) in 2016.

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

Initiated in 2009, the Discovery arm of the NExT Program had its origins in the NIH Molecular Libraries and the NCI RAID Programs. The CBC is the main resource for  
early discovery activities, DTP supports late discovery / pre-clinical development activities, and CCR provides scientific support for both early and late discovery activities.

1998 2004 2009

NExT Discovery Pipeline

NIH Molecular 
Libraries Program

NCI RAID 
Program

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

Developmental Therapeutics Program (DTP)

https://next.cancer.gov/about/default.htm
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The NExT Program was created to consolidate existing 
translational programs across NCI into a single discovery-
development pipeline analogous to the multidisciplinary 
best practices model used successfully in the pharmaceu-
tical industry (see Figure 12). The CBC, created to fill the 
early drug discovery void at the NCI, was modeled after and 
capitalized on the significant NIH Common Fund invest-
ment in the Molecular Libraries Program2 and the Molecular 
Libraries Probe Production Centers Network (MLPCN). The 
CBC discovery module of NExT differs from the Molecular 
Libraries Program in that it maintains confidentiality of the 
findings until appropriate patents are filed. This is critical to 
the success of the projects in that it allows NExT applicants 
and/or the NCI to develop an Intellectual Property (IP) space 
that encourages downstream investment in the technologies 
developed through the Consortium and most critically helps 
enable commercialization of any eventual investigational 
agents or FDA-approved drugs.

Chemical Biology Consortium (CBC) 

Probing cancer’s complex network of signaling pathways 
requires cutting-edge chemical tools, the discovery of which 
often exceeds the capabilities of an individual laboratory or, 
for that matter, an individual research university. NCI’s CBC 
is designed to be a flexible network of scientists working 
to increase the flow of early-stage drug candidates into the 
development pipeline. This network, which includes partici-
pants from government, academia, and industry, focuses on 
the identification and synthetic optimization of novel chem-
ical leads for drug discovery. The foundation of the Consor-
tium is a task-oriented approach to addressing challenging 
projects with clear objectives, deadlines, and milestones. By 
adopting pharma’s multidisciplinary drug discovery best 
practices, the CBC empowers academic and biotech inves-
tigators with the much needed capabilities and resources to 
drive their agents toward clinical development.

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

The pilot phase of the CBC network (2009 – 2015) consisted 
of 12 Comprehensive and Specialized Centers (Figure 13, 
upper panel) supported through contractual agreements 
with Leidos Biomedical Research, Inc. (Leidos Biomed) 
under its prime contract with the NCI as the Operations 
and Technical Support Services Contractor supporting 
the FNLCR. During this period, the CBC performed HTS 
against ten individual targets, with four of these projects 
advancing into hit-to-lead chemistry campaigns, three 
of which subsequently progressed to lead optimization. 
Routine in vitro absorption, distribution, metabolism, 
and excretion (ADME) profiling (through an interagency 
agreement (IAA) with the Walter Reed Drug Metabolism 
and Disposition Center) and structural biology resources 
were recruited in 2014 to support the medicinal chemistry 
activities in the Consortium. As several projects advanced 
toward preclinical evaluation, it became apparent that 
specialized in vivo support activities and increased capacity 
beyond what was currently available would be required to 
advance these projects.

The CBC was revised and extended in the spring of 2016 
after successfully recompeting the Request for Proposals 
(RFP) through Leidos Biomed. Changes in the program 
addressed the need for additional support in all stages of 
the drug discovery process by expanding beyond the original 
12 Centers to 22 Dedicated and/or Specialized Centers 
(Figure 13, lower panel). Each Dedicated Center provides 
technical expertise in all of the drug discovery stages. 
Collaborating under a Master Service Agreement (MSA) 
mechanism, the Dedicated Centers are provided with base 
funding sufficient to maintain the infrastructure and staff 
necessary to provide constant support for CBC projects, 
which ultimately reduces administrative costs and ensures 
greater continuity in participation. The Specialized Centers 
have technical expertise in specific areas, e.g. structural 
biology, in vivo pharmacology, and animal models for proof-
of-concept efficacy studies, which broaden the capabilities 
of the Consortium. Consortium-wide activities are also 
supported by contract research organizations (CROs), such 
as Quintara Biosciences (PD analysis), Oncolead (cell line 
profiling), and Human Metabolome Technologies, Inc. (in 
vitro metabolomics). Specialized Centers and/or CROs are 
brought into project teams on an ad hoc basis when incorpo-
ration of their particular expertise is needed to advance the 
science and decision-making process.

2 For more information, see https://commonfund.nih.gov/molecularlibraries/index

https://next.cancer.gov/discoveryResources/cbc.htm
https://commonfund.nih.gov/molecularlibraries/index
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FIGURE 13: EVOLUTION OF CBC NETWORKS.  

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

The collaborative nature of the CBC is captured in the 
graphical display of the “CBC Interactome” (Figure 14). Typ-
ically, each project engages two or more centers to select the 
optimal resources and expertise for carrying out the initial 

milestones.  This interactome evolves as the scientific needs 
of the projects change during progression to the clinic. The 
NCI also supports funding of investigators (either applicant 
principal investigators (PI) or scientific experts) outside 
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FIGURE 14: CBC CENTER INTERACTOME AROUND CURRENT PROJECTS WITHIN THE PORTFOLIO ILLUSTRATES THE LEVEL OF COLLABORATION INVOLVED IN 
ADVANCING PROJECTS.  SCIENTISTS FROM NON-CBC CENTERS WITH EXPERTISE IN SPECIFIC AREAS ARE RECRUITED TO PROJECTS AS NEEDED.

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

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

Investigative Toxicology Program

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

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

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

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

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

tional agents, and combinations. Most preclinical  
toxicology data generated to characterize investigative agents 
are unpublished and are generally not available as a public 
data resource. 

Investigative Toxicology
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FIGURE 15: ACTIVITIES AND ASSOCIATED EXPERIMENTAL TOOLS 
PERFORMED BY THE INVESTIGATIVE TOXICOLOGY PROGRAM IN SUPPORT 
OF NExT PROJECTS.

Pharmacokinetic Laboratory

The Pharmacokinetic (PK) Laboratory at FNLCR analyzes 
samples from preclinical and clinical trials. Samples from 
patients on protocols in the DTC, as well as at approved 
extramural sites, are sent to the PK Laboratory for analysis 
of systemic exposure to the drug and its metabolites. For 
earlier-stage projects, the PK Laboratory investigates 
the metabolism of compounds in vitro, including the 
development of methods for measuring incorporation of 
bases into DNA. The laboratory then works closely with 
DTP’s Biological Testing Branch (BTB) to conduct PK and 
metabolic studies in mice to provide information about 
the feasibility of achieving concentrations relevant to 
activity in cell culture, as well as the potential roles for 
active or toxic metabolites.

Imaging Drug Group

Molecular imaging has an enormous impact on the spec-
trum of clinical cancer management and cancer research. 
Almost every NCI strategic priority will depend on the 
information and knowledge gained from imaging, whether it 
is from the use of molecular imaging as a surrogate marker, 
assay, or therapeutic effectiveness metric or from a greater 
understanding of tumor biology and molecularly targeted 
therapeutic interventions. The great promise of image-guided 
therapeutic interventions is just beginning to be realized. 
However, the ability to provide this information requires 
significant innovations in imaging probes and systems, 
especially for molecular imaging agents, where the greatest 
opportunities and the strongest challenges lie. The DCIDE 
program was an important contributor of molecular imaging 
drugs for the strategic priorities in early detection, preven-
tion, and prediction; integrative cancer biology; strategic 
development of cancer interventions; and integrated clinical 
trials. In 2007, this imaging drug development program 
became the foundation for the Imaging Drug Group, which 
integrated the activities of several trans-NCI imaging drug 
activities into one decision-making committee. In doing so, 
the Imaging Drug Group subsumed the DCIDE program 

https://dtp.cancer.gov/organization/tpb/default.htm
https://dtp.cancer.gov/organization/btb/default.htm
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FIGURE 16: IMAGING DRUG DEVELOPMENT AT NCI.

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

The Imaging Drug Group was essential for facilitating the 
development of novel imaging agents, because very few 
alternative sources of funds exist for such studies. For most 
academic investigators who discover interesting new lead 
compounds for imaging agents, the regulatory process is 
unfamiliar and daunting terrain. Most commercial entities 
and universities correctly view the development of such 
discoveries as high risk (high cost, low potential revenue) 
that often cannot be justified in an environment of limited 
resources. Pre-investigational new drug application and 
early feasibility studies generally cannot be funded through 
the typical grant mechanisms because they are considered 
neither original nor novel research.

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

NCI PATIENT-DERIVED MODELS REPOSITORY 
(PDMR) PROGRAM

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

https://pdmr.cancer.gov
https://pdmr.cancer.gov
https://pdmr.cancer.gov
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Both conditionally-reprogrammed cell lines, organoid 
cultures, and cancer-associated fibroblasts are also prepared 
from matching patient and PDX samples; these cultures are 
now being finalized for distribution.

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

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

The targeted goal is to develop and make available more than 
1,000 unique, quality controlled, early passage, molecularly 
characterized PDMs that can serve as standardized reagents, 
enabling comparison of research results across laboratories. 
Ideally, the PDMR will have 50 unique PDX models for each 
common tumor type to capture the disease heterogeneity 
present in the population, provide a representative molecular 
landscape, and allow in-depth preclinical trial efforts by the 
research community. In addition to common cancers, the 
PDMR is also focusing on creating models for less preva-
lent cancer types that are under-represented in the research 
model space, such as prostate cancer, small cell lung cancer, 
and sarcomas, as well as developing models from racial and 
ethnic minorities. In the past 4 years, the NCI PDMR has 
received and processed over 6,000 specimens received from 
more than 4,000 unique patients covering a variety of malig-
nancies (Figure 17). 

The NCI PDMR is also undertaking preclinical drug studies 
using PDXs developed in this program, including the 
preclinical replication of the NCI-MPACT clinical trial. The 
PDMR continues its efforts to establish standard procedures 
for “high-throughput” preclinical testing with rolling enroll-
ment of >80 PDX models against five standard agents; results 
from this study enable assessment of how closely PDX model 
responses align with what is observed clinically with this 
subset of standard-of-care agents.

PHARMACODYNAMIC ASSAY DEVELOPMENT AND 
IMPLEMENTATION SECTION (PADIS)

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

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

https://www.pdxnetwork.org/
https://cbiit.cancer.gov/ncip/hpc/jdacs4c
https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm078933.pdf
https://dctd.cancer.gov/ResearchResources/ResearchResources-biomarkers.htm
https://dctd.cancer.gov/ResearchResources/ResearchResources-biomarkers.htm
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FIGURE 17: NUMBER OF TUMOR (LEFT) AND CTC (RIGHT) SPECIMENS, BY DISEASE LOCATION, THAT ARE CURRENTLY UNDERGOING MODEL DEVELOPMENT AT 
THE NCI PDMR. SPECIMENS ARE DISCONTINUED IF NO TUMOR GROWTH IS SEEN IN PASSAGE 0 (P0) AFTER 300 DAYS.

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

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

Finally, PADIS also serves as an NCI resource for assessing 
the proposed mechanism of action of new compounds 
entering the NExT program when an assay is appropriate 
for measuring the intended target or cellular pathway. 
These assays can often be applied to both in vitro as well 
as in vivo mouse studies of the compounds of interest.
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The following are representative of the assays developed 
to date:

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

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

DNA Damage Repair (DDR) Pathway Activation. In-house 
development of multiplex assays to survey DNA repair 
pathway activation on pathology slides from tissue biopsies, 
including ERCC1, Wee1, pHH3, Ki-67, and others. The 
multiplex of four DNA repair markers (pS343Nb1s, γH2AX, 
pT1989ATR, and RAD51) has completed fitness-for-purpose 
testing in a mouse xenograft model, and clinical readiness 
testing. A surprising finding from this work was a high 
degree of heterogeneity in activation of the repair pathway in 
different cells in the same tumor, in both pre-clinical models 
and clinical specimens from patients in DCTD trials.

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

Circulating Tumor Cells (CTCs). Four methods were 
developed for the detection, purification, enumeration, and 
characterization of CTCs in blood as a source for measuring 

PD effects on cancers where biopsies cannot be obtained, and 
enabling more frequent testing of drug effect. This represents 
the most extensive exploration of this technology in the NCI. 
Assays for γH2AX and p16 were developed to monitor the 
activity of DNA damaging agents and DNA methyl transfer-
ase inhibitors.

Extensive studies using the CellSearch technology on 381 
patients enrolled in NCI-sponsored clinical trials demon-
strated that more than half of patients had no detectable 
CTCs using the anti-Epcam capture methodology, even 
though all of the patients had advanced, disseminated carci-
nomas. A microfluidic dielectrophoresis-based, antibody-in-
dependent CTC isolation technology called ApoStream® that 
can isolate live CTCs from both epithelial and non-epithelial 
cancers was developed, validated, and brought on line to 
isolate CTCs from NCI patient clinical specimens and assist 
in evaluation of PD effects of new anticancer agents. Proof of 
isolation of CTCs from sarcoma patients was obtained using 
a FISH assay for a tumor-specific driver gene rearrange-
ment. Detection of CTCs from advanced cancer patients was 
achieved using automated image acquisition and analysis on 
the Nikon/Definiens platform developed for biopsy analysis. 
Isolation and characterization of CTCs from patients with 
disseminated carcinomas and sarcomas was implemented in 
several clinical trials. 

Epithelial to Mesenchymal Transition Assay. Multiplex 
assays have been developed to permit simultaneous demon-
stration and quantitation of the expression of E-cadherin and 
vimentin in solid tumor biopsies and CTCs. These studies 
have been noteworthy for quantitating the transition (often 
in a single cell) from an epithelial to a mesenchymal pheno-
type following short-term targeted agent therapy in patients 
with resistance to treatment.

Patents:

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

• U.S. Patent Application No. 62/138,825, filed March 26, 
2015, entitled “ANTI-CD133 MONOCLONAL  
ANTIBODIES AND RELATED COMPOSITIONS  
AND METHODS”
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THE CANCER IMAGING ARCHIVE (TCIA)

Much cancer imaging research requires access to large, 
standardized, purpose-built imaging collections. In 2010, 
the Cancer Imaging Program (CIP) leveraged its long-term 
investment in the development of imaging curation and 
archiving technology to initiate a funded service that would 
fill the unmet needs of cross-disciplinary image research-
ers for network access to clinical images. In response to an 
announced Request for Proposals, the Electronic Radiol-
ogy Laboratory at Washington University in St. Louis was 
selected to host the TCIA service. The contract was moved 
to University of Arkansas for Medical Sciences in 2016. Over 
74 datasets of computed tomography, magnetic resonance 
imaging, positron emission imaging, x-ray mammography, 
and radiation therapy planning imaging studies currently 
reside in the archive. There are more than 500 peer-reviewed 
publications based upon these TCIA-hosted data (Figure 18). 

More than three quarters of the datasets also have some 
associated metadata, such as demographics, outcomes, 
therapy, pathology slides, and genomic and proteomic data. 
The archive has data from more than 36,000 patients and 
includes over 31 million individual images. Each month 
more than 8,000 individual users download a cumulative 
total of approximately 25 terabytes (TB) of data from 
the archive (Figures 19 & 20, respectively). Both figures 
illustrate the effect of removing even trivial barriers to use, 
such as no longer requiring login credentials or simplifying 
the download of entire datasets. The archive sets the stage 
for real-time, multi-institutional image accessibility that 
could support protocol stratification strategies for a variety 

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

FIGURE 18: PUBLICATIONS BASED ON TCIA DATA SINCE INCEPTION.

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

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

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

Imaging-Genomics Research Support. A major goal of the 
TCIA service is to collect and make accessible the clinical 
images corresponding to the patients who were genomically 
characterized by TCGA such that researchers could explore 
the connectivity of cancer-image phenotypes using emerg-
ing publicly accessible -omic data. Data hosted in TCIA 
have allowed researchers across the world to publish new 
scientific findings. Of particular note, the CIP Informatics 
team has coordinated six volunteer research teams focusing 
on tumor-specific, TCGA-related phenotype-to-genotype 
science explorations. These voluntary, non-funded teams 
regularly hold teleconferences to share ideas. Twenty-one 
TCGA-matched imaging collections (8 of which have over 
100 cases) have been generated from data submitted by mul-

http://erl.wustl.edu
http://erl.wustl.edu
http://www.cancerimagingarchive.net/
https://www.nature.com/sdata/policies/repositories#healthsci
https://wiki.cancerimagingarchive.net/display/Public/Publications
https://wiki.cancerimagingarchive.net/display/Public/Publications
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FIGURE 19: NUMBER OF DATABASE SEARCHES FROM 2013-2017. THE LARGE INCREASE IN SEPTEMBER 2014 COINCIDES WITH A DECISION TO NO LONGER 
REQUIRE AN ID AND PASSWORD TO SEARCH THE DATA.

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

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

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

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

Community Awareness Building. TCIA has become a vital 
resource known throughout the cancer imaging community. 
TCIA provides regular updates on social networks, and CIP 
hosts meetings focused on imaging and genomics research 
during the annual meetings of the Radiological Society of 

https://proteomics.cancer.gov/programs/cptac
https://proteomics.cancer.gov/programs/apollo-network
https://imaging.cancer.gov/programs_resources/specialized_initiatives/qin/about/default.htm
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FIGURE 20: DOWNLOADS IN GB OVER THE TIME 2013-2017. THE LARGE INCREASE IN JANUARY 2016 COINCIDES WITH CHANGES IN THE WEB SITE TO MAKE 
DOWNLOADING ENTIRE COLLECTIONS MORE CONVENIENT.

North America to stimulate interest and cross-fertilize ideas. 
TCIA is an officially recognized repository for leading cancer 
imaging journals and has led the field in developing technol-
ogy to apply Digital Object Identifiers (DOI) to imaging col-
lections, which facilitate the publication and re-use of hosted 
data. TCIA is a registered publication and is in the process 
of getting PubMed to index the individual collections (all of 
which already have an assigned DOI) so that individuals who 
contribute data will have a way to cite their contribution as a 
publication and list it on their CVs. 

INNOVATIVE MOLECULAR ANALYSIS 
TECHNOLOGIES (IMAT)

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

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

• Early technology development to encourage 
exploratory/developmental research: 

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

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

• Development beyond the initial phase of emerging 
technologies: 

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

• “Validation and Advanced Development of Emerging 
Technologies in Biospecimen Science (R33)”

https://imat.cancer.gov/
https://imat.cancer.gov/
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IMAT has also partnered with the NCI SBIR Program to 
encourage research in the small business community through 
the “Innovative Molecular Analysis Technology Develop-
ment for Cancer Research and Clinical Care (R43/R44)” 
announcement.

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

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

THE CANCER IMMUNOTHERAPY TRIALS 
NETWORK (CITN)

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

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

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

• A Phase 2 study of CDX-1401, a dendritic cell 
targeting NY-ES0-1 vaccine, in patients with 
malignant melanoma pre-treated with rCDX-301, 
a recombinant human Flt3 ligand

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

provided the basis for FDA approval of Pembrolizumab 
for this indication

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

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

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

The remaining five clinical trials are still actively accruing 
patients:

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

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

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

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

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

CHILDHOOD CANCER SURVIVOR STUDY (CCSS)

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

http://citninfo.org/
https://ccss.stjude.org/learn-more/collaborating-institutions-and-principal-investigators.html
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largest established open resource for survivorship research, 
consisting of 36,000 childhood cancer survivors and approxi-
mately 5,000 of their siblings. 

Major accomplishments of the CCSS are: 

• Extensive use by the research community resulting in 
309 published or in press manuscripts now cited over 
13,000 times, 262 abstracts accepted or presented, 
49 investigator-initiated grants totaling $46 million, 
and seven randomized clinical trials. 

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

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

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

• A study of late effects in long-term survivors of standard 
risk acute lymphoblastic leukemia (ALL) found that the 

incidence of long-term side effects was low. This enables 
oncologists to reassure patients/families that cure of their 
child’s cancer is not accompanied, in most cases, by a 
diminished quality of life. 

NCI DEVELOPMENTAL THERAPEUTICS CLINIC 
(DTC)

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

https://dtc.cancer.gov/
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Tissue Procurement/Correlative Pharmacodynamic Support Studies

• Tissue procurement protocol for the Developmental Therapeutics Clinic, NCI

Phase 1 trials

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

• Veliparib (ABT-888), an oral PARP inhibitor, and VX-970, an ATR inhibitor, in combination with cisplatin in patients with refractory solid tumors

•  4’-thio-2’-deoxycytidine (T-dCyd) in patients with advanced solid tumors

• AZD1775 (MK-1775), a Wee1 inhibitor, in patients with advanced refractory solid tumors

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

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

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

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

• Pharmacokinetic study of belinostat (an HDAC inhibitor) in solid tumors and lymphomas in patients with varying degrees of liver dysfunction

• Oral 5-fluoro-2’-deoxycytidine with oral tetrahydrouridine in patients with advanced solid tumors

Phase 2 trials

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

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

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

• Patients with metastatic alveolar soft part sarcoma are randomized to either sunitinib or cediranib monotherapy, with cross-over at disease progression

• Cabozantinib (XL184), a dual inhibitor of MET and VEGFR, in patients with metastatic refractory soft tissue sarcoma

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

• TRC 102, a DNA damage repair inhibitor, plus temozolomide in patients with relapsed solid tumors and lymphomas

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

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

DTC plays a prominent part in NCI’s Precision Medicine 
Initiative (PMI) through its role in leading the multicenter 
NCI-MPACT trial in collaboration with the Molecular 
Characterization Lab (MoCha) and the ETCTN to evaluate 
the implementation of real-time molecular profiling and 
its role in guiding cancer treatment decisions. DTC also 
participates in NCI-MATCH, a national clinical trial that 
analyzes each patient’s tumor in search of genetic abnor-
malities for which there are targeted therapies available. 
Additionally, DTC has expanded the tumor types in which 
it conducts clinical research to include rare tumors, such as 

alveolar soft part sarcoma, adult soft tissue sarcoma, desmoid 
tumors, and tumors associated with mutant BRCA1 or 
BRCA2 genes (Table 3). 

Having pre-treatment and post-treatment biopsy tissue of 
sufficient quality to measure drug effect is a critical compo-
nent of PD-based clinical evaluation. With a preponderance 
of PD endpoint trials requiring biopsy material in the 
DTC (PD expansion of Phase 0/1 trials, MPACT and 
NCI-MATCH), there is a major collaborative effort between 
the DTC and the NIH Clinical Center interventional 

https://www.cancer.gov/research/areas/treatment/pmi-oncology
https://www.cancer.gov/research/areas/treatment/pmi-oncology
https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h05
https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h02
https://clinicaltrials.gov/show/NCT00900198
https://clinicaltrials.gov/show/NCT02423057
https://clinicaltrials.gov/show/NCT02211755
https://clinicaltrials.gov/show/NCT02379416
https://clinicaltrials.gov/ct2/show/NCT01051635?term=Indenoisoquinolines%2C+LMP400+and+LMP776+%28non-camptothecin+inhibitors+of+topoisomerase%29.&rank=1
https://clinicaltrials.gov/show/NCT01273155
https://clinicaltrials.gov/ct2/show/NCT02465060?term=MATCH&rank=23
https://clinicaltrials.gov/show/NCT01827384
https://clinicaltrials.gov/show/NCT00978250
https://clinicaltrials.gov/show/NCT01851369
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radiologists to improve the quality and quantity of biopsy 
tissue collected for research. A workshop was organized 
by the above members in 2017 to discuss approaches to 
increase the success rate of biopsy collection and disseminate 
best-practices to the clinical cancer community. Monthly 
dialogues continue to improve the quality of specimens 
obtained both at various NCI clinics and throughout the 
NCI-funded clinical research networks.

DTC staff also capitalize on their co-localization with other 
outstanding researchers within the NIH Clinical Center by 
establishing collaborations with investigators within NCI, 
as well as other NIH institutes. They have collaborated with 
the National Heart, Lung and Blood Institute (NHLBI) in a 
Phase I trial evaluating both solid tumors and hematologic 
malignancies. Several trials are ongoing in collaboration with 
the NCI Pediatric Oncology Branch (POB) to allow them 
to enroll children on DTC-sponsored adult trials, and for 
DTC to provide care to adult patients enrolled on POB trials. 
Investigational imaging agents have also been incorporated 
into several trials to address efficacy and MOA via collabora-
tion with Radiology and Imaging Sciences investigators. 

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

NCI PROGRAM FOR NATURAL PRODUCTS 
DISCOVERY (NPNPD)

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

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

The NCI has outstanding expertise and unique resources 
in the area of NP, including one of the world’s largest and 
most diverse public NP extract libraries. The chemical 
diversity contained within this NP library, based on reports 
of natural product libraries and their sources, is immense 
and simply cannot be matched by the small molecule 
libraries currently being screened by most researchers. The 
NCI NP Repository currently consists of crude extracts that 
have mainly been screened to identify active agents using 
the NCI-60 cell panel. As a result, the clinically-proven 
therapies for cancer that have thus far emerged are generally 
cytotoxic molecules effective at killing cancer cells. Building 
on this success, we are establishing an NCI Program for 
Natural Products Discovery (NPNPD), which will create 
an enhanced pre-fractionated library suitable for high-
throughput targeted screens, previously recalcitrant to crude 
NP extracts, and enhance the efficiency of subsequent NP 
chemistry efforts to discover new molecules that specifically 
modulate targets within biological pathways central to 
human disease. The overarching goal of the NPNPD is to 
implement new technologies towards increasing the scope 
and efficiency of NP drug discovery. This program is an 
exceptional opportunity for NCI to facilitate discovery 
not only for cancer, but across all disease states; promote 
multi-disciplinary, intramural-extramural collaboration; and 
uncover new biological frontiers. 

FIGURE 21: COMPONENTS OF THE NCI NATURAL PRODUCTS PROGRAM.

https://clinicalcenter.nih.gov/
https://ccr.cancer.gov/Pediatric-Oncology-Branch
http://clinicalcenter.nih.gov/drd/index.html
https://dtc.cancer.gov/fellowship_opportunities/default.htm
https://dtc.cancer.gov/fellowship_opportunities/default.htm
https://dtp.cancer.gov/organization/npb/introduction.htm
https://dtp.cancer.gov/organization/npb/open_repository.htm
https://dtp.cancer.gov/organization/npb/open_repository.htm
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The NPNPD will house the infrastructure necessary to enable 
NP discovery, including:

• the NCI NP collection of biomaterials

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

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

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

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

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

NCI FORMULARY

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

To develop the Formulary, DCTD has negotiated with 9 
companies to supply 27 agents to date using specific NCI 
Formulary Clinical Cooperative Research and Development 

Agreements (CRADAs). The NCI Formulary CRADAs will 
provide academic investigators with access to the collabora-
tors’ proprietary agents, thus eliminating the often lengthy 
agent access process that occurs between individual inves-
tigators and pharmaceutical collaborators. Agents within 
the NCI Formulary are made available to investigators at 
NCI-designated Cancer Centers for the conduct of pre-clin-
ical research, as well as clinical trials under investigator-held 
INDs. The NCI clinical trial infrastructure will facilitate 
conduct of the trials, from proposal submission and timely 
review by the collaborating pharmaceutical companies, to 
agent distribution, serious adverse event submission, and 
clinical data reporting, while providing a coordination mech-
anism between the clinical investigators and the pharmaceu-
tical collaborators. A clinical Material Transfer Agreement 
between NCI and the Cancer Center will formalize the 
expectations of each party.

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

EXPLORING THE HORIZON

Exploring the Horizon is a collaborative trans-NCI series 
created in the summer of 2015 by DCTD and developed 
by an inter-divisional planning committee. The goal of 
Exploring the Horizon is to foster interactions among 
program staff throughout NCI’s diverse Divisions, Offices, 
and Centers through the identification of common interests, 
enhanced communication about scientific priorities, current 
research, and possible collaborative opportunities. The first 
forum brought together 12 program directors from across 
NCI’s five extramural Divisions to create a cohesive over-
view of ongoing research in cancer metabolism, specifically 
focusing on what is known about the role of mutant isocitrate 
dehydrogenase 1/2 (IDH1/2) as an oncoprotein driving 
tumorigenesis in various cancers. The different presentations 
painted a “story” of mutant IDH in cancer biology, including 
the role of the microbiome, early detection biomarkers, 
diagnosis and imaging, treatment (both preclinical and 
clinical studies), and epidemiology studies. This collaborative 

https://nciformulary.cancer.gov/
https://www.cancer.gov/news-events/press-releases/2017/nci-formulary-launch
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effort illustrated how a single topic could integrate infor-
mation from biochemistry, cancer biology, imaging, drug 
development, patient stratification, clinical trials, and early 
epidemiology studies—fields that span the NCI portfolio. 

The forum continued in 2017 with a two-part series on 
Back Translation: Expecting One Thing and Getting Anoth-
er, which examined unique and unexpected clinical trial 
outcomes in the NCI research portfolio and how further 
laboratory and population studies clarified the results. 
Part 1 of the series defined this concept in a story titled, 
Targeting EGFR—An Iterative Process between Laboratory, 
Clinic, and Population Studies. The examples explored in 
Part 1 uncovered biological insights gained from both 
EGFR inhibitor clinical trial outcomes and population 
studies and how these insights opened up new avenues 
of research and guided future clinical trial design. Part 2 
continued with back translation stories on overcoming 
BRAF inhibitor resistance with novel drug combinations, 
understanding diet and cancer, and how patient derived 
models can be best incorporated in back translation studies. 
Ultimately, the 2017 series demonstrated the critical impor-
tance of designing clinical trials to facilitate the iterative 
process of back translation given that unexpected clinical 
trial outcomes can be the most informative ones.

NCI EXCEPTIONAL RESPONDERS INITIATIVE

Phase 1 clinical trials are primarily designed to evaluate 
the safety, rather than the efficacy, of an investigational 
agent. For agents targeting cancer, these trials are performed 
in patients whose cancers have progressed despite having 
received treatment with either the standard of care or investi-
gational agents further along in clinical development, 
and typically enroll patients regardless of their tumor type. 
Phase 2 studies assess activity of a treatment in patients 
with a particular cancer type. Preliminary data show that 
up to 10% of patients on early clinical trials unexpectedly 
have complete (CR) or partial (PR) responses. This may 
occur even in trials in which the drugs are not further 
developed because they show insufficient activity, which 
is often defined as less than 10% of patients responding 
to treatment. Responses to a standard treatment that are 
more robust than typical are also sometimes observed. 
The Exceptional Responder (ER) Pilot study is designed 

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

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

• a CR to a systemic treatment in which the expected CR 
rate is < 10%

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

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

In this study, physicians electronically submit proposed 
cases without any patient identifying information. Patients 
may have been treated with either standard or investigational 
agents, and must be able to provide informed consent or 
meet conditions for waiver of consent. The submitter must 
have access to tumor tissue from before the observed ER, 
and this tissue must meet quantity and quality thresholds. 
A committee of laboratory and clinical experts determines 
whether each case meets the criteria of a potential ER under 
this initiative. If so, the submitter is requested to proceed 
with implementing the ER trial at their site, submitting 
additional clinical information into NCI’s confidential 
Medidata Rave database, and shipping of relevant biological 
specimens to a central biospecimen core resource (Nation-
wide Children’s Hospital) along with a signed material trans-
fer agreement. Pathologists at the biospecimen core resource 
review the specimen, isolate and then ship DNA and RNA 
to the sequencing and characterization center at Baylor 
College of Medicine for whole exome and RNA sequencing. 
If enough material is present, some is also shipped to Foun-
dation Medicine, which is collaborating with NCI in this 
study, for deeper sequencing of a targeted gene panel 
to potentially identify alterations present in only a small 
population of cells in the tumor. Data (clinical and laborato-
ry) will be placed in a controlled access database (Genomic 
Data Commons) for use by other investigators. Analysis 
working groups, composed of ER pilot study scientists and 
the case submitter (if he/she wants to participate) review 
the data and attempt to correlate the molecular findings 
with the potential mechanism of action of the drug(s) the 
patient received.

https://dctd.cancer.gov/MajorInitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h06
http://www.ctsu.org
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Since the study began in August 2014, approximately 478 
cases have been internally reviewed, 221 have been pro-
visionally accepted, specimens from 105 cases have been 
shipped for sequencing, and analysis reviews are in progress. 
Breast cancer (24 cases), lung cancer (32 cases), colon cancer 
(25 cases), other gastrointestinal cancer (34 cases), and 
ovarian cancer (14 cases) are the most commonly submitted, 
but other rarer cancers, including melanoma, pancreatic, 
head/neck, brain, prostate, sarcomas, and others have also 
been received. Having reached the initial goal of obtaining 
sequence data from 100 cases in this pilot, additional cases 
are no longer being sought. It is encouraging that several 
ERs to standard treatments have been submitted. The feasi-
bility of obtaining retrospective tissue samples suitable for 
sequencing has already been demonstrated. As we approach 
the end of the pilot study, we are assessing whether this type 
of research could result in the development of diagnostic 
assays that will better inform which patients would be 
most responsive to a particular treatment, and conversely 
which treatment might provide the best outcome for an 
individual patient.

PROVOCATIVE QUESTION INITIATIVE

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

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

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

RECALCITRANT CANCER RESEARCH ACT OF 2012

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

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

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

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

DCTD also worked with DCP to issue a Program Announce-
ment to form a Pancreatic Cancer Detection Consortium, 
which would conduct research to improve the detection 
of early stage PDAC and characterization of its precursor 
lesions. Three grants have been funded.

https://provocativequestions.nci.nih.gov
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In addition to funding opportunities, DCTD, CCCT, 
and CSR staff are members of Action Planning Groups 
for both PDAC and SCLC. Their role is to interact with 
working groups of the Clinical and Translational Research 
Advisory Committee (CTAC) and keep them informed 
about progress being made within various SCLC and 
PDAC research initiatives.

NCI R21 PROGRAM: TRANSLATIONAL AND 
CLINICAL EXPLORATORY RESEARCH

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

The scope of work appropriate for this FOA includes: 

• early clinical studies

• correlative studies and biomarker development

• target and agent discovery and development

• model development and analysis

The first receipt date for this FOA was in July 2016. Of the 
375 grant applications received, the majority of the 18 that 
were eligible for funding involved immunotherapy and 
epigenetic studies, and 16 were assigned to Program Officers 
in DCTD.  In FY17, a total of 596 applications were received, 
524 of which were assigned to DCTD Program Officers. 
Of the 35 funded in FY17, 28 were assigned to DCTD for 
management (Table 4). 

Division Program # awards # applications Success Rate (%)

DCTD DTP (PTGB) 9 224 4

DTP (BRB) 7 92 7.6

CTEP 1 26 3.8

CIP 4 50 8

CDP 5 75 6.7

RRP 2 39 5.1

OCCAM 0 18 0

SUBTOTAL 28 524 5.3

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

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

https://deainfo.nci.nih.gov/advisory/ctac/ctac.htm
https://deainfo.nci.nih.gov/advisory/ctac/ctac.htm
https://grants.nih.gov/grants/guide/pa-files/PAR-18-020.html
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BIOMETRIC RESEARCH   
PROGRAM BRB

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

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

The major areas of BRP research encompass:

• Efficient clinical trial designs

• Integrating genomics in clinical trials

• Biomarkers in clinical trials

• Computational and systems biology of cancer

• Bioinformatics resources for the research community

STRUCTURE AND FUNCTION

BIOSTATISTICS BRANCH

Statisticians in the Biostatistics Branch (BB) are each desig-
nated to collaborate with specific colleagues in other DCTD 
programs to assist with all major DCTD activities, including 
clinical trials, drug discovery, molecular diagnostics, and 
biomedical imaging. It is the philosophy of BRP that statis-
ticians must be deeply involved in a research area to make 
important scientific contributions in that area and to provide 
appropriate statistical guidance and oversight for DCTD 
and NCI activities. In addition to their statistical expertise, 
BRP statisticians are knowledgeable in cancer therapeutics 
and are assigned duties by cancer type so that they develop a 
fundamental understanding of clinical issues relevant to their 
areas of responsibility. 

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

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

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

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

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

• Serving on Intergroup Clinical and Correlative Science 
Review Committees

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

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

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

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

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

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

• Facilitating the linkage of imaging and genomic databases 
and collaboration on analyses of the linked data to evalu-
ate the clinical validity of the measurements 

https://brb.nci.nih.gov/
https://brb.nci.nih.gov/aboutBRP/bb.htm
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 LISA MEIER MCSHANE
ACTING ASSOCIATE DIRECTOR

Lisa McShane, PhD, is Acting Associate Director of 

BRP. Dr. McShane holds a doctoral degree in statistics 

from Cornell University in Ithaca, New York. She is 

internationally recognized for her expertise in cancer 

biomarkers and precision medicine cancer clinical 

trials. In 2013, she was elected Fellow of the American 

Statistical Association for her outstanding statistical 

contributions to development of clinical tests for 

personalized medicine, international efforts to improve 

the quality and reproducibility of tumor marker research, 

exceptional ability to communicate statistical principles 

to cancer researchers, and distinguished service to the 

statistics profession. She is a coauthor of more than 

100 statistical and biomedical papers and the book 

“Statistical Design and Analysis of DNA Microarray 

Investigations.” Her statistical research interests include 

biomarker-driven clinical trial design, analysis methods 

for high-dimensional omics data, multiple comparisons 

methods, surrogate endpoints, measurement error 

adjustment methods, and biomarker assay analytical 

performance assessment. She co-led efforts to develop 

“Reporting guidelines for tumor marker prognostic 

studies (REMARK)” and “Criteria for the use of omics-

based predictors in clinical trials.” 

Dr. McShane joined the National Cancer Institute in 1995 

after spending a few years as a mathematical statistician 

at the National Institute of Neurological Disorders and 

Stroke. Since joining NCI she has specialized in cancer 

biomarker and omics research. She was appointed 

Chief of the Biostatistics Branch of BRP in 2015, and 

Acting Associate Director of BRP in 2017. Dr. McShane 

has served on journal scientific advisory and editorial 

boards, Institute of Medicine committees, and American 

Society of Clinical Oncology panels and committees that 

developed guidelines for HER2 and hormone receptor 

testing in breast cancer, EGFR mutation testing in lung 

cancer, and use of tumor biomarkers in early stage 

breast cancer. Her scientific contributions have had 

a major impact on the design, conduct, analysis, and 

reporting of cancer biomarker studies and precision 

medicine clinical trials and have helped to bring high 

quality biomarker and omics tests into the clinic to 

improve patient care and outcomes.
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BRP statisticians additionally collaborate with CCR 
intramural clinical branches (neuro-oncology, urologic 
oncology, metabolism, pediatric oncology, molecular 
imaging, and pathology). They serve as principal statis-
ticians for multiple NCI intramural early phase clinical 
studies and provide expertise for clinical, laboratory, and 
imaging study design and analysis, including analysis of 
data generated by novel and state-of-the-art imaging 
modalities and genomic, transcriptomic, proteomic, 
and other omics technologies. 

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

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

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

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

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

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

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

• Matching biomarker-driven clinical trial designs to level 
of evidence of a biomarker
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• Examination of nonparametric estimation of 
cumulative distribution functions

• Evaluating microsimulation to inform treatment 
decisions for prostate cancer

• New analysis strategies for competing risks 
survival data

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

• Adaptive methods for development of 
prognostic models

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

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

COMPUTATIONAL AND SYSTEMS 
BIOLOGY BRANCH

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

These systems include the following examples: 

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

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

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

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

The CSB conducts a postdoctoral training program in cancer 
computational and systems biology and bioinformatics. 
BRP has hosted visitors from several countries on short 
and extended visits for training and research in the use of 
genomics in cancer research. 

https://brb.nci.nih.gov/aboutBRP/csb.htm
https://brb.nci.nih.gov/aboutBRP/csb.htm
https://brb.nci.nih.gov/BRB-ArrayTools/
https://brb.nci.nih.gov/seqtools/
https://brb.nci.nih.gov/OpenGeneMed/
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Areas in which CSB research has recently focused include 
the following: 

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

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

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

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

FUTURE DIRECTIONS

In upcoming years, BRP plans to focus on the  
following activities: 

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

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

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

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

• Development of a bioinformatics system that empowers 
cancer biologists and pharmacologists to utilize whole 
genome tumor characterization data to identify resistance 
mechanisms, predictive biomarkers, and innovative com-
binations and treatment plans
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OVERVIEW
The mission of the Cancer Diagnosis Program (CDP) is to 
enable and promote precision cancer medicine by improving 
the diagnostics for, and thereby the treatment of, cancer. 
CDP accomplishes this by effectively moving new scientific 
knowledge about biomarkers into clinical practice. This 
national program stimulates, coordinates, and funds resourc-
es and research on diagnostics and improved technologies to 
better characterize cancers, to guide the choice of treatment, 
and to evaluate response to treatment. The overarching goals 
of CDP are to:

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

• Encourage research on the clinical utility of biomarkers 
for clinical practice

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

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

CDP has been instrumental in the implementation of two 
of NCI’s current precision medicine trials: NCI-MATCH 
(Molecular Analysis for Therapy Choice) and NCI-COG 
Pediatric MATCH, by bringing together a network of labo-
ratories that are Centers for Medicare & Medicaid Services 
(CMS) approved under the Clinical Laboratory Improvement 
Amendments (CLIA) to molecularly profile patients’ tumors. 
Along with the ECOG-ACRIN Cancer Research Group, 
part of the NCTN, CDP and the Cancer Therapy Evaluation 
Program (CTEP) led the development of NCI-MATCH and 
coordinated committees working on appropriate treatments, 
logistics, ethical and other issues. CDP also partners with 
NCI’s Center for Cancer Genomics in the Exceptional 
Responders Initiative, which invited clinicians to submit 
cases and tumors from patients who had an exceptional 
response to their chemotherapy treatment (targeted or 
standard chemotherapy). These tumors undergo extensive 
molecular profiling in an attempt to find potential molecular 
reasons for the patient’s exceptional response. The data may 
provide the seeds to eventually identify other patients with 
similar molecular profiles who may also respond very well 
to a given treatment. CDP’s efforts have also been crucial 
for the collection of the normal tissues used for NIH’s 
Genotype Tissue Expression Project (GTEx). The GTEx 
data have proven useful as normal expression controls in the 

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

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

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

https://cdp.cancer.gov/
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://dctd.cancer.gov/majorinitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h06
https://dctd.cancer.gov/majorinitiatives/NCI-sponsored_trials_in_precision_medicine.htm#h06
https://biospecimens.cancer.gov/resources/sops/gtex.asp
https://biospecimens.cancer.gov/resources/sops/gtex.asp
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 LYNDSAY N. HARRIS
ACTING ASSOCIATE DIRECTOR

Lyndsay Harris, MD, is Acting Associate Director of CDP. 
Prior to coming to NCI, she was Professor of Medicine at 
Case Western University and Director of the University 
Hospital’s Seidman Breast Cancer Program. Her research 
in the last 25 years has focused on the development of 
biomarkers and targeted therapeutics to improve out-
comes for breast cancer patients. Her laboratory focused 
on the use of genomic technologies to develop breast 
cancer signatures for optimizing therapy selection. She 
brings experience as a clinician, clinical-trialist and trans-
lational researcher, publishing over 120 scientific research 
articles, and has contributed to the understanding of 
molecular subtypes of breast cancer and the implication 
of gene, gene expression, and protein expression profiles 
on treatment response and resistance. She has held a 
variety of national and international leadership positions 
related to cancer clinical trials and translational stud-
ies, including co-leader of American Society of Clinical 
Oncology (ASCO) Breast Cancer Biomarker Guidelines, 
co-leader of Translational Studies for Breast Committee 
in Cancer and Leukemia B (CALGB), Breast Committee 
Eastern Cooperative Oncology Group-American College 
of Radiology Imaging Network (ECOG-ACRIN), Leader 
of Audit Committee for Pan American Cancer Trials 
Network and Member of the (Neo) ALTTO International 
Adjuvant Breast Cancer Clinical Trial Steering Commit-
tee. She directed the Tissue, Pathology and Clinical Data 
Core for the Dana-Farber/Harvard Cancer Center SPORE 
in Breast Cancer from 2001-2006, and co-led a Project.

As Acting Associate Director, Dr. Harris directs her team 
in the development of robust prognostic and therapeutic 
biomarkers through the study of biospecimen science, 
innovation and technology, pathology evaluation and 
clinical application of biomarkers. CDP works closely 
with the Cancer Therapy Evaluation Program (CTEP) to 
implement biomarkers into clinical trials, and CDP directs 
the NCI-MATCH (Molecular Analysis for Therapy Choice) 
and Exceptional Responders Precision Medicine trials.
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research related to the effects of biospecimen handling proto-
cols on research data; and grant support for robust transla-
tional research, technology, laboratory and quality assurance 
processes that will lead to more robust clinical assays.

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

CDP also supports earlier stages of biomarker discovery 
research and clinical assay development through an actively 
managed portfolio of investigator-initiated research project 
grants. Nearly half of its grant portfolio has been developed 
by means of targeted initiatives designed to provide grant 
mechanisms, such as exploratory grants, that sustain each 
part of the assay development process.

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

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

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

• Genomics and next-generation sequencing

• RNA and microRNA expression and sequencing

• DNA methylation and epigenetic regulation

• Proteomics and immunoassays

• Metabolomics and glycomics

• Circulating tumor, nucleic acids, and other analytes

• Assays that demonstrate target engagement by a  
cancer drug

• Collaboration with experts and programs in  
functional imaging

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

• New techniques and access to informatics technology

• Point of care devices for molecular diagnostics

• Diagnostics that are appropriate and effective for use  
in low and middle income countries

https://www.cancer.gov/about-nci/organization/ccct/funding/biqsfp
https://www.cancer.gov/about-nci/organization/ccct/funding/biqsfp
https://ctep.cancer.gov/protocoldevelopment/ancillary_correlatives.htm
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Biospecimens of sufficient quality are essential to the 
biomarker research and assay development that leads to 
diagnostic tests. CDP is a critical component of NCI’s 
program to provide cancer biospecimens for research 
and to develop the biospecimen resources of the future. 
CDP provides support for two major sources of biospeci-
mens, the Cooperative Human Tissue Network (CHTN) 
and the National Clinical Trials Network (NCTN) 
Biospecimen Banks, which each year provide thousands 
of biospecimens with appropriate pathologic and clinical 
data to researchers across the country. CDP’s Specimen 
Resource Locator (SRL) enables researchers to quickly 
and efficiently gain access to existing biospecimen resources 
housed in pathology archives within and outside NCI or 
NIH funded resources. 

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

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

STRUCTURE AND FUNCTION

Established as a DCTD program in 1996, CDP strives to 
improve patient outcomes by effectively moving molecular 
diagnostics from research into clinical practice. The program 
stimulates and funds resources and research on diagnostics 
and improvements in technologies to better characterize 
cancers in order to develop information that can aid cancer 
patients and their physicians in clinical decision making. The 
development of accurate and reliable molecular diagnostics 
that can guide treatment has been difficult, and there is no 
accepted, uniform path to this goal. CDP concentrates on 
the development of assays for cancers that have already been 
diagnosed, rather than on screening assays for identifying the 
presence of cancer.

The activities of CDP fall into three major categories:

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

2. Discovering biomarkers and developing enabling 
technologies

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

CDP collaborates with programs in the NCI Office of the 
Director, the NIH Common Fund, the NIH Personalized 
Medicine Initiative, the National Institute of Biomedical 
Imaging and Bioengineering (NIBIB), and bioengineer-
ing efforts across NIH. A significant challenge is the great 
quantity of information that can now be generated by various 
omics technologies. CDP works to validate such technolo-
gies for clinical use and collaborates to solve the challenging 
bioinformatics problems associated with these technologies 
and their use in patients.

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

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

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

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

BBRB activities include the following:

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

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

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

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

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

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

BBRB: Building Biospecimen Best Practices

Public Engagement in Biobanking Collection of Fit-for-
Purpose Biospecimens

Operational Standards

• Biospecimen science research (BRN)
• Literature and SOPs database (BRD)
• Biospecimen evidence-based 
 practices (BEBPs)
• Workshops

• Patient brochure
• ELSI research
• Workshops

• Quality Management
• Governance
• Legacy Planning
• Biobank economics
• Publication Standards (BRISQ)
• Biospecimen data management

https://biospecimens.cancer.gov/default.asp
https://biospecimens.cancer.gov/default.asp
https://biospecimens.cancer.gov/bestpractices/
https://biospecimens.cancer.gov/bestpractices/
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DIAGNOSTIC BIOMARKERS AND 
TECHNOLOGY BRANCH

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

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

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

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

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

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

DIAGNOSTICS EVALUATION BRANCH 

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

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

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

DEB activities include:

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

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

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

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

https://cdp.cancer.gov/aboutCDP/dbtb.htm
https://imat.cancer.gov/
https://imat.cancer.gov/
https://cdp.cancer.gov/aboutCDP/deb.htm
https://cdp.cancer.gov/scientific_programs/specs/default.htm
https://cdp.cancer.gov/scientific_programs/specs/default.htm
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THE PATHOLOGY INVESTIGATION AND 
RESOURCES BRANCH

The Pathology Investigation and Resources Branch (PIRB) 
supports the collection and distribution of human biospec-
imens, pathology investigation to facilitate the discovery of 
novel molecular features of cancers, and translational and 
cancer diagnostics research that requires patient biospecimens.

Biomarker discovery research, assay development, and 
evaluation of clinical utility of assays all depend on the 
availability of human tumor (or other) specimens for which 
there is also associated demographic and clinical data. PIRB 
has a long history of creative approaches to addressing these 
needs. The Cooperative Human Tissue Network (CHTN), 
first funded in 1987, continues to be a mainstay for the 
biomarker research community, providing high-quality 
human specimens specifically collected and processed to 
support biomarker discovery and early assay development. 
This resource collects specimens prospectively, based on 
the researcher’s requirements. The Cooperative Breast 
Cancer Tissue Resource, initially planned and created by 
CDP, was the first virtual specimen resource with significant 
clinical data. They provided the specimens and associated 
clinical outcome data from breast cancer patients that were 
used to create statistically designed tissue microarrays for 
the investigation of prognostic and predictive biomarker 
hypotheses. These resources, including the Breast Cancer 
Tissue Microarrays, are still in great demand and are being 
provided to support prognostic marker research by CHTN.

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

in the context of randomized trials was haphazard at best. 
Currently, the NCTN tissue collection and processing are being 
standardized, informatics implemented, and transparent access 
procedures are making the specimens more widely available 
for critical research, both within and outside the NCTN.

PIRB activities include the following: 

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

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

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

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

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

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

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

https://cdp.cancer.gov/aboutCDP/pirb.htm
https://www.chtn.org/
https://specimens.cancer.gov/
https://specimens.cancer.gov/
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CDP GRANTS OVERVIEW
The CDP research portfolio included 218 funded grants 
during fiscal year 2016. The grant award mechanisms 
used by CDP and their distribution in terms of research 
support in 2016 are shown in the accompanying charts. 

The predominant mechanism is the individual research 
project grant (R01), followed by co-operative agreements 
that support both targeted research and research resources 
such as tissue banks.

R01 U01, U24, UH2, UH3, UM1 R21 R33 Others (R00, R03, R13, R15)

1%7%

10%

25%
57%

3%
8%

21%

11%

57%

FIGURE 23: DISTRIBUTION OF 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY MECHANISM.

Diagnostic Biomarker and 
Technology Development

Diagnostics Evaluation Biospecimen Resources and 
Biospecimen Research

56%

10%

34%

50%

36%

14%

FIGURE 24: DISTRIBUTION OF 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY RESEARCH AREA.
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ASSISTANCE TO THE CANCER COMMUNITY
MOLECULAR CHARACTERIZATION 
LABORATORY (MOCHA)

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

PROGRAM FOR THE ASSESSMENT OF 
CLINICAL CANCER TESTS (PACCT)

Barriers impeding progress in the field of biomarker and 
assay development include the absence of a well-defined 
pathway for the development and evaluation of clinical 
biomarkers, and a lack of standards that assays must meet 
before being incorporated into trials or clinical practice. Only 
a small number of molecular assays used in cancer treatment 
are submitted to the FDA for clearance or approval. Most 
assays used in clinical practice are laboratory developed tests 
(LDTs) that can vary in their performance from laboratory 
to laboratory. If not adequately addressed, such variation in 
biomarker assessment could delay or diminish the impact 
of precision oncology. CDP launched the Program for the 
Assessment of Clinical Cancer Tests (PACCT) to develop a 
process for moving technologic and cancer biology advances 
more efficiently and effectively into clinical practice. PACCT 
is a strategy group composed of scientists from academia, 
as well as FDA and NCI, with expertise in clinical oncology, 

Assess feasibility/
prevalence

Discovery of assay
technology/marker

Define intended use; 
begin informal 

discussions with FDA

Assess performance, 
reproducibility, 

specificity, 
sensitivity, etc.

Refine assay 
as needed

Adjust assay 
parameters as needed

Test cutpoints in 
new retrospective 

Set 
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Test assay performance 
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FIGURE 25: THE MARKER DEVELOPMENT PROCESS.

https://cdp.cancer.gov/scientific_programs/pacct/default.htm
https://cdp.cancer.gov/scientific_programs/pacct/default.htm
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pathology, basic cancer biology, diagnostics technology and 
assay development, clinical trials methodology, and statistics. 
The strategy group establishes working groups to guide the 
development of specific projects.

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

Outcomes include the following:

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

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

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

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

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

• Discussion and recommendations on bringing massively 
parallel sequencing into clinical use

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

STRATEGIC PARTNERSHIPS TO EVALUATE 
CANCER SIGNATURES (SPECS)

SPECS is a cooperative agreement program accelerating 
progress in moving molecular profiles of tumor tissue from 
the research setting into clinical practice. New diagnostic 
tools developed under the SPECS program include:

• An assay for the “intrinsic” subtypes of breast 
cancer (luminal A and B, HER2, and basal) that can 
be performed in a clinical laboratory, now cleared 
by the FDA and commercially marketed as Prosigna™
(NanoString Technologies, Seattle, WA)

THE TAILORx TRIAL
TAILORx, the first trial launched by PACCT, is testing 
whether a set of genes whose expression has been 
shown to be associated with the risk of recurrence in 
women with node-negative, hormone receptor-positive 
breast cancer, can be used to assign patients to the most 
appropriate and effective treatment. The signature being 
tested is the 21-gene Oncotype DX panel, developed by 
Genomic Health, Inc. in collaboration with the Nation-
al Surgical Adjuvant Breast and Bowel Project, an NCI 
cooperative group. U.S. Postal Service sales of breast 
cancer stamps played a critical role in making possible a 
groundbreaking treatment trial by providing a portion of 
the funding for TAILORx. Without this support, the trial 
would not have been possible.

TAILORx is being carried out as a collaboration between 
CDP, CTEP, and all of the NCTN Groups that perform 
breast cancer studies. The trial was launched in the 
spring of 2006 and completed its testing and accrual 
of more than 11,000 patients in the summer of 2010. 
The first major result was published in the New England 
Journal of Medicine in 2015; the analysis indicated that 
women meeting the trial’s entry criteria whose tumors 
had a low-risk score on the 21-gene panel could safely 
be treated with hormonal therapy alone. Analysis of the 
randomized arm of the trial is anticipated in 2018. This 
trial is expected to have a major impact on the treatment 
of women with breast cancer.

https://www.cancer.gov/types/breast/research/tailorx
https://www.cancer.gov/types/breast/research/tailorx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362085/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362085/
https://cdp.cancer.gov/scientific_programs/specs/default.htm
https://cdp.cancer.gov/scientific_programs/pacct/tailorx.htm
https://cdp.cancer.gov/scientific_programs/pacct/default.htm
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• A commercially available mass spectroscopic assay to 
predict response to epidermal growth factor receptor 
(EGFR) inhibitors marketed by Biodesix

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

• A diagnostic signature for rhabdomyosarcoma based 
on genomic data that predicts outcome more reliably 
than standard histopathology 

• A system for classification of adult non-Hodgkin 
lymphoma based on gene expression patterns that is 
under commercial development for marketing and 
has been included as an investigational biomarker 
in clinical trials of ibrutinib

Additional signatures still undergoing clinical validation 
studies include:

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

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

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

BIOMARKER EVALUATION IN NCI CANCER 
THERAPY TRIALS

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

REMARK AND THE EORTC-NCI CANCER 
MOLECULAR MARKERS COLLABORATIONS

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

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

CLINICAL ASSAY STANDARDIZATION 

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

CDP, with the PACCT strategy group, has initiated proactive 
efforts to improve the standardization and reliability of 
newer assays entering into clinical practice. Projects have 
focused on how to evaluate the clinical utility of predictive 
and prognostic assays and to ensure that assays being 
evaluated in clinical trials or being used in clinical 
practice can be performed with sufficient reproducibility 
and minimal laboratory-to-laboratory variation. This is 

critical for dissemination of clinical laboratory tests into 
community practice.

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

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

https://dctd.cancer.gov/NewsEvents/innovation_and_biomarkers.htm
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BIOSPECIMEN ACCESS FOR THE CANCER 
RESEARCH COMMUNITY

Cooperative Human Tissue Network (CHTN) 

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

Tissue procurement through the CHTN is provided to 
any investigator who submits a summary of the project for 
which the biospecimens are requested, and signs the tissue 
and data use agreements, if appropriate. Priority is given 
to requests from investigators with peer-reviewed, funded 
research projects and to new investigators at academic or 
nonprofit research institutions. As such, about 80% of the 
investigators using CHTN samples are academic researchers, 
and the majority of them use the samples for their RO1 
grant funded projects. In addition, a large number of 
patents have cited the CHTN.

Tissue Microarrays for Breast Carcinoma and 
Colorectal Carcinoma

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

The Breast Cancer Progression TMA is designed to permit 
comparisons of biomarker expression across three stages of 
disease (node negative, node positive, and metastatic). The 
Breast Cancer Prognostic TMA is designed for correlation of 
biomarkers with survival and recurrence outcomes in stage I, 
II, and III breast cancer. Both TMAs were designed to ensure 
high statistical power for the intended comparisons. 

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

National Clinical Trials Network Banks

The NCTN Biospecimen Banks, formerly the Cooperative 
Oncology Group Banks, collect and store high-quality, 
well-annotated human specimens from cancer patients 
enrolled in NCI-funded Phase 3 and large Phase 2 clinical 
treatment trials. These banked specimens are most useful 
for clinical correlative studies or assay clinical validation 
studies on uniformly treated patient populations. PIRB 
has supported these banks through U24 grant awards 
to the Oncology Groups and ensured that the banks 
implement best practices such as common data structures 
and standardized collection and storage practices. After 
the reorganization of nine Cooperative Oncology Groups 
into five NCTN Groups in March, 2014, the NCTN biore-
positories were also reorganized and are now supported by 
five U24 grants with Biospecimen Bankers/Pathologists as 
PIs. The NCTN Group Banking Steering Committee was 
established with representatives from all the NCTN banks/
groups and NCI to lead and implement a harmonization 
of SOPs and a process for fair access to specimens. Investi-
gator requests for “legacy” banked specimens and research 
proposals are reviewed for scientific merit by the NCTN 
Core Correlative Science Committee. If proposals receive 
favorable reviews, specimens with clinical, treatment, and 
outcome data can be made available to researchers through 
collaborative arrangements. NCI and the NCTN Group 
Banking Steering Committee are currently working on an 
improved informatics system, and common application and 
review processes are being developed to improve access to 
specimens by the broader research community.

https://chtn.org/
http://clincancerres.aacrjournals.org/content/7/7/1843
http://clincancerres.aacrjournals.org/content/7/7/1843
http://chtn.sites.virginia.edu/tissue-microarrays
http://chtn.sites.virginia.edu/tissue-microarrays
https://cgb.cancer.gov/
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The Specimen Resource Locator (SRL)

Finding appropriate tissue resources for translational 
research can be very difficult for an investigator. The SRL 
database was designed to help researchers locate resources 
that might be able to provide the samples needed for 
their studies. This publicly searchable database includes 
information about biospecimen banks and sample 
procurement services. The specimens and samples come 
from non-commercial sources, either NCI or non-NCI-
funded resources. Investigators can search the database and 
gain access to thousands of specimens of various tumor, 
organ, and preservation methods.

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

NIH GENOTYPE TISSUE EXPRESSION (GTEX) 
PROGRAM

BBRB coordinated tissue acquisition for the NIH Common 
Fund’s Genotype Tissue Expression (GTEx) Program, 
which is studying human gene expression and regulation in 
multiple normal tissues with a focus on the expression of 
quantitative trait loci and their potential disease associations. 
BBRB staff worked in partnership with the Frederick Nation-
al Laboratory for Cancer Research (FNLCR) to develop 
the infrastructure capable of delivering large quantities of 
high-quality and annotated tissues from postmortem and 
organ donor cases for genomic analysis. The same infra-
structure was customized for collection of tumor tissues for 
BBRB’s Biospecimen Preanalytical Variables (BPV) Program, 
and is now being utilized for biospecimen collections to 
support the NCI Clinical Proteomic Tumor Analysis Consor-
tium (CPTAC). 

Biospecimen collections for GTEx were completed in late 
2015, with biospecimens from almost 1,000 postmortem 
donors, and the program is now planning and implementing 

a legacy plan for the remaining biospecimens and all 
associated biospecimen and clinical data. Residual 
biospecimens are now available to researchers outside the 
GTEx program; sample requests can be made at the GTEx 
Portal. An extensive set of GTEx public resources has 
been developed and released to the research community, 
including a full set of the SOPs guiding the project and an 
online library of histological images that correspond to 
the clinical, DNA and RNA sequencing, and expression 
quantitative trait loci data now available at dbGaP. More than 
200 scientific publications have been generated thus far from 
the molecular data derived from the GTEx biospecimens 
(Keen J, 2015). An associated study of the ethical, legal, and 
social implications of the GTEx project was also conducted, 
with findings relevant to ongoing work in engaging research 
participants (GTEx Consortium, 2013; Carithers LJ, 2015; 
GTEx Consortium, 2015).

GTEx Standard Operating Procedures (SOPs)

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

The GTEx Symposium: All Things Considered

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

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

The Biospecimen Research Network (BRN) was initiated 
to systematically address the impact of specific variables 
in individual specimen types on molecular data from 
different analysis platforms. Differences in preanalytic 
procedures (e.g. procurement, processing, shipping, 
storage) are potentially a large component of the inability 
of other researchers to reproduce biomarker findings. The 
goal of the BRN is to address these issues by sponsoring, 
conducting, and collaborating on biospecimen science 
studies to assess the effects of pre-analytical factors on 
the outcome of genomic and proteomic studies conducted 
for clinical diagnosis and cancer research purposes. By 
communicating the results of such research to the scientific 
community, and incorporating the data into biospecimen 
evidence-based practices for the collection, processing, 
storage, and analysis of biospecimens, BBRB aims to 
significantly improve the quality and reproducibility of 
NCI-funded biospecimen-based research. The first phase 
of the BRN program concluded in 2015. 

BRN program activities included:

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

• Sponsored research in biospecimen science that resulted 
in numerous publications and stimulated growth of this 
new area of science

• Development of a searchable website of the existing 
biospecimen literature, the Biospecimen Research 
Database (BRD)

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

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

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

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

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

TOOLS AND GUIDANCE FOR BIOBANKING

NCI Best Practices for Biospecimen Resources

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

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

https://biospecimens.cancer.gov/about/researchnetwork/default.asp
https://biospecimens.cancer.gov/about/researchnetwork/projects/default.asp
https://biospecimens.cancer.gov/about/researchnetwork/projects/default.asp
http://biospecimens.cancer.gov/brd/
http://biospecimens.cancer.gov/brd/
https://biospecimens.cancer.gov/programs/bpv/default.asp
https://biospecimens.cancer.gov/programs/bpv/default.asp
https://biospecimens.cancer.gov/resources/bebp.asp
https://biospecimens.cancer.gov/resources/bebp.asp
https://biospecimens.cancer.gov/bestpractices/
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resources. Although adoption of the NCI Best Practices is vol-
untary, the outlined principles support the goal of optimizing 
biospecimens for cancer research. Notably, the College of 
American Pathologists has recently launched a Biorepository 
Accreditation Program based on the NCI Best Practices.

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

Online Library of Standard Operating Procedures 
(SOPs) for Biobanking

An online library of SOPs related to biospecimen 
collection, processing, and storage was created within 
the NCI Biospecimen Research Database (BRD). The BRD 
is a free and publicly accessible database that contains 
peer-reviewed primary and review articles, and now SOPs, 
in the field of human biospecimen science. The goal of 
BRD is to share information and increase collaboration 
on evidence-based biospecimen practices, and ultimately 
to increase research reproducibility. The project is 
international in scope. 

Biobank Economic Modeling Tool 

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

and maintaining a biobank, thereby assisting with long-term 
financial planning and cost recovery. 

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

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

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

PATHOLOGY EVALUATION OF TISSUE SPECIMENS 
FOR RESEARCH

PIRB provides pathology evaluation of tissue specimens 
for use in research methodologies (ex. Next Generation 
Sequencing (NGS) assays, molecular testing, and 
pharmacodynamic immunoassay development) and 
assay validation by the Pharmacodynamic Assay 
Development and Implementation Section (PADIS), 
National Clinical Target Validation Laboratory (NCTVL), 
and Molecular Characterization Laboratory (MoCHA), all 
part of the FNLCR. The assessment includes confirmation 
of diagnosis, evaluation and annotation of Aperio-scanned 
images of the H&E and immunohistochemical stained 
slides for tumor content and viable tissue, as well as 
QA/QC of tissue specimens. 

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

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

BIOMARKER SUPPORT FOR IMMUNOTHERAPY

Immunotherapy has been successful in a subset of 
patients with particular malignancies, and holds the 
promise of therapeutic potential in other tumors. In 
January 2016, DCTD convened a workshop engaging 
immune-oncology (IO) leaders to provide insight into 
the critical challenges in the field, and to advise NCI 
on new directions and initiatives that will facilitate 
coordinated efforts and expedite progress in cancer 
immunotherapy. The participants represented academia, 
industry, and the NCI intramural programs and covered 
a range of in-depth discussions from basic science, to 
translational research, to clinical investigation and 
databases/informatics. 

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

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

• Facilitating biomarker studies through support for 
biobanking and assay development or standardization 

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

PRECLINICAL AND CLINICAL MOLECULAR 
CHARACTERIZATION FOR DEVELOPMENTAL 
THERAPEUTICS 

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

The broad aim is to accelerate time to appropriate drug 
approval, or to abandoning development of unsuccessful 
drugs, by identifying indicators of drug action, response, 
and resistance biomarkers from preclinical models, by 
using robust, well characterized assays to investigate 
specimens retrospectively from DCTD-sponsored 
clinical studies. In addition, and where feasible, a goal 
is to develop analytically validated pharmacodynamic 
and predictive assays to be used as integrated and/or 
integral assays in a GLP- or CLIA- certified clinical 
assay laboratory network in NCI-sponsored precision 
medicine studies. These assays will inform whether 
the intended molecular target has been engaged by 
the investigational treatment. These activities will also 
be helpful in developing rational combination therapies 
for cancer (e.g. combining two targeted agents, or 
targeted agents and immune checkpoint inhibitors).

CIRCULATING TUMOR NUCLEIC ACIDS

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

development of actionable resistance mutations, and poten-
tial detection of target engagement by novel therapeutics.

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

BIOETHICS AND SCIENCE IN BIOBANKING

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

A new CDP initiative in biospecimen science is working to 
advance clinical biomarker assay development within the 
NCTN and ETCTN. Grantees for a new FOA will be awarded 
in 2017 and 2018 and together will form a network of inves-
tigators to solve molecular assay challenges when utilizing 
small biopsies, including tissue cores and needle biopsies. An 
additional, trans-NCI initiative is in the planning stages and 
will investigate and mitigate the challenges in utilization of 
clinical FFPE biospecimens for RNA sequencing analysis. 
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OVERVIEW
The Cancer Imaging Program (CIP) of DCTD encourages 
coordination and collaboration among experts in basic, 
translational, and clinical research to advance the under-
standing of cancer through imaging and to create better 
diagnosis and treatment options for patients.

THE CIP MISSION: 
VISUALIZING THE PROBLEM 
AND DIRECTING THE SOLUTION:

• Enabling discovery

• Directing development

• Personalizing care

Clinical
decision
making

Creation of
imaging

technology &
imaging
probes

Tumor
biology

Therapy
development

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

To advance this mission, CIP supports:

• Basic biological research

• Technological innovation to provide tools

• Early-phase clinical trials

• Integration of imaging into therapeutic drug development

• Imaging applications

• Imaging interventions in cancer

Imaging is an enabling scientific discipline combining meth-
ods in advanced technology and complex analysis to provide 
the ability to extract spatial and temporal information from 
in vivo systems. Imaging enables interrogation of intact bio-
logic systems across the spectrum from subcellular to macro-
scopic levels and from discovery research to clinical decision 
making. In the last decade, major advances have been made 
in our understanding of tumor systems, in large part due 
to advanced imaging capability. The utility of imaging has 
grown beyond anatomic imaging to include functional and 
molecular domains. These enhancements have opened new 
opportunities for imaging in areas such as pharmacodynam-
ics (PD), image-guided interventions, and immunotherapy, 

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

Because of its successes, the role of imaging in cancer 
research is changing, and CIP continues to be a catalyst 
for this transformation. In the past, the focus of imaging 
research was on creating clearer and more detailed anatomic 
pictures of organs and tissues. Today, the primary thrust 
in imaging is functional or molecular imaging, to visualize 
and quantify the physiological, PD, cellular, or molecular 
processes in living tissues. This is being aided by advances in 
artificial intelligence (AI), data extraction and processing for 
building and testing predictive models of cancer develop-
ment, metastasis, and response to therapy. Connections to 
archives of clinical, genomic, and proteomic data are essen-
tial to this progress.

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

http://imaging.cancer.gov/
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PAULA M. JACOBS
ASSOCIATE DIRECTOR

Paula M. Jacobs, PhD, joined NCI after 30 years in the 
pharmaceutical and medical device industries, where she 
was a key developer of ultrasmall superparamagnetic 
iron oxide drugs as magnetic resonance imaging agents 
and iron replacement therapeutics. She became Deputy 
Associate Director of DCTD responsible for CIP in 
2009, Acting Associate Director in 2011, and Associate 
Director in 2012. Her efforts for NCI have been focused 
on lowering the scientific, logistical, and regulatory 
barriers to investigational use of positron emission 
tomography radiopharmaceuticals for therapeutic drug 
development by facilitating access to Investigational 
New Drug (IND) filings and by overseeing research to 
develop labeled drugs for clinical and preclinical use, 
particularly for optical imaging agents used to assist 
surgeons to make complete resections. Another effort 
is focused on wide-ranging aspects of standardization 
and quantitative imaging techniques, and a third focus 
is on genome-imaging correlations. Dr. Jacobs serves 
on three NCI Experimental Therapeutics (NExT) 
committees to review and manage the projects chosen 
for development. She oversees a radiochemistry 
laboratory and radiopharmacy at the Frederick National 
Laboratory for Cancer Research that provides preclinical 
and early clinical radiopharmaceuticals in support of 
therapeutic drug development.

Dr. Jacobs earned her undergraduate degree in 
chemistry at the Massachusetts Institute of Technology 
and graduate degrees at Tufts University and 
Northeastern University. Her postdoctoral training 
was at Northeastern University, the Massachusetts 
Institute of Technology, and Peter Bent Brigham 
Hospital/Harvard Medical School.

Her industrial experience began at Clinical Assays, a 
division of Baxter Travenol that manufactured in vitro 
radioimmunoassays, where she was responsible for 
process improvements in radioactive tracer synthesis, 
technical product maintenance, product and process 
improvements, and manufacturing of all reagents 
used in the company’s products. At Seragen, a small 
biotechnology firm, she was General Manager, with profit 
and loss responsibility for a division that developed, 
manufactured, and marketed prostaglandin, leukotriene, 
and small protein immunoassays. Subsequently, 
she joined Advanced Magnetics as Vice President, 
Development, to help chart a new course for this small 
biomedical products company. She was responsible for 
the development of iron oxide magnetic contrast agents 
from laboratory synthesis through IND submissions, 
including design of pharmacology, toxicology, and 
clinical studies. She served as international liaison 
for technology transfer to licensees, worked with 
independent physicians in the United States and 
abroad to develop physician IND trials in magnetic 
resonance imaging, and collaborated with academic 
researchers in a variety of preclinical investigations.

Dr. Jacobs has published papers in the areas of organic 
chemistry, inorganic chemistry, magnetic resonance 
imaging, positron emission tomography (PET), 
neuro-oncology, and nephrology.
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heterogeneous, and dynamic biologic system that constitutes 
cancer. Even more of a challenge is to integrate this wealth 
of information to understand, manipulate, and defeat cancer 
through prevention and therapeutic intervention. 

Imaging is critical to increasing our understanding of 
subcellular structural and molecular interactions executed 
by the proteome-to-cell microenvironment and cell-cell 
interactions through complex signaling and transfer 
processes. Imaging currently provides information 
at several places across the genotype-to-phenotype 
continuum. At one extreme, imaging is being applied 
to evaluate subcellular structure and biology, including 
protein-protein interactions and compartmentalization 
within unique intracellular microenvironments. At 
another extreme, macro-level imaging is used clinically 
to evaluate cancer phenotypic changes and characterizing 
changes in the cancer microenvironment. 

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

As part of its mission, CIP plays a critical role in the 
activities of NIH and NCI, contributing to the integration 
of imaging with emerging technologies, such as nanotech-
nology, cancer genomics, proteomics, and high-throughput 
screening and big data challenges. In addition to funding 
projects in key areas, CIP supports researchers by providing 
pooled resources and developing protocols that encourage 
the sharing of data, samples, and results. 

CIP encourages coordination and collaboration among 
experts in basic, translational, and clinical research to 
advance the understanding of cancer through imaging 
and to create better diagnosis and treatment options for 
patients. Its mission is to visualize problems and direct 

solutions by enabling discovery, directing development, 
and personalizing cancer care. This is done by supporting 
basic biological research and technological innovation to 
provide tools, early-phase clinical trials, and integration 
of imaging into therapeutic drug development.

Extracting relevant information from imaging is a major 
goal of CIP. More advanced imaging, as well as quantitative 
and directed approaches are being developed through 
extramural research support that highlights extensive 
collaborations among biologists, systems modelers, 
bioinformaticists, physicists, and chemists. An emerging 
example is the application of imaging as part of hypothesis 
testing and hardening of network models that are derived 
from available deductive data, including the rapidly grow-
ing “omic” space. Medical images contain much more 
information than is obvious to the naked eye, and radiomics 
approaches using structured computer-extracted features 
and AI are yielding increasing insights. Similar approaches 
employing complex cell systems have already revealed 
unanticipated network connectivity when these systems 
are perturbed with drugs with the potential to lead to 
refined models to be used in drug development for 
predicting not only target response but also toxicity. 
Translation of these research results to clinical practice 
is likely to depend heavily on collaboration with ongoing 
research in nanotechnology.
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CIP STRATEGIC GOALS 
• Encourage investigators to design and 

apply imaging to better understand tumor 
microenvironment and biochemistry.

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

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

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

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

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

• In collaboration with the Food and Drug 
Administration (FDA), reduce barriers to 
full clinical implementation of imaging 
agents and devices.

HISTORICAL NOTE 
NCI established the Diagnostic Imaging Program in 
October 1996. The name of the program has changed 
twice since that time—to the Biomedical Imaging 
Program in 2001 and to the Cancer Imaging Program 
in 2003—to more clearly reflect the role of the 
program to both NCI and the public. 

STRUCTURE AND FUNCTION

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

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

1. Molecular imaging

2. Clinical trials

3. Image-guided intervention 

4. Imaging technology development 

5. Imaging informatics

6. Nanotechnology

Through this organizational structure, CIP supports 
extramural investigators in academia and private 
industry as they create and apply the next generation 
of imaging technologies, including molecular probes, 
imaging devices, new contrast agents, and image-guided 
therapies to cancer problems.
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MOLECULAR IMAGING BRANCH

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

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

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

• Advanced image reconstruction and processing capabilities

• Highly multidisciplinary approaches

CIP supports these approaches primarily through its extra-
mural grant program and also by:

• Filing IND applications and encouraging suppliers 
for noncommercial PET molecular imaging agents

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

• Collaboration with the Molecular Imaging Program 
of the Center for Cancer Research and the Molecular 
Imaging Clinic in the NIH Clinical Center

CLINICAL TRIALS BRANCH

CIP supports clinical trials in several ways:

• Awarding grants and contracts to extramural 
investigators for exploratory trials

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

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

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

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

• Developing trial-related informatics

• Promoting the development of radiomics based clinical 
support tools

The Clinical Trials Branch (CTB) oversees and directs all 
aspects of clinical trials evaluating imaging and image-
guided interventions in the Phase 0 to Phase 3 setting. The 
overarching theme for CTB is to further the evaluation of 
imaging in cancer management. The branch serves as the 
primary CIP liaison with the NCI clinical trial system and 
ensures that CIP and NCI goals and priorities for imaging 
are addressed in these activities.

IMAGE-GUIDED INTERVENTION BRANCH

The Image-Guided Intervention Branch (IGIB) promotes 
the integration of imaging, informatics, and interventional 
methods to address diverse clinical challenges such as direct-
ed biopsy, image-guided tumor ablations, dimensionality of 
scale, and targeted drug delivery. IGIB is heavily involved 
in image augmentation probe development and supports 
research in probes, tissue markers, and delivery vectors for 
applications where imaging plays a significant role in clinical 
decision making.

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

The Imaging Technology Development Branch (ITDB) sup-
ports the development and validation of biomedical imaging 
technology and methods to enable basic research and clinical 
investigations of cancer biology and treatment responses. Its 
strategy is characterized by a balanced emphasis on both cur-
rent-generation (commercially supported) imaging platforms 
and the next generation of imaging platforms. This includes 
an emphasis on multimodality imaging and methods of 
quantitative imaging on resolution scales from the molecular 
level to the organ level. The integration of informatics with 
imaging is an important activity of the branch.

NANODELIVERY SYSTEMS AND DEVICES BRANCH

The Nanodelivery Systems and Devices Branch (NSDB) 
was formed in 2017. Initially known as the Office of 
Nanotechnology Research in the Center of Strategic 
Scientific Initiatives within the office of the NCI Director, 
this program was established in 2007 to support the 
development of nanomaterials and nanotechnology enabled 
devices for clinical applications in cancer diagnosis and 
treatment. It was the first program to fund large scale 
cooperative research in this area of medicine. Within 
its initial embodiment, it focused on the development 
of technology platforms that were seeking appropriate 
cancer applications. The program has matured and evolved 
into defining relevant biological and clinical problems 
that serve as a driver for the implementation of suitable 
nanotechnologies. Since the beginning of the program, 

several technologies developed under the Nanotechnology 
Alliance funding have reached a level warranting the 
initiation of clinical trials. 

Due to the increased technological maturity and progression 
of several technologies to the clinical stage, the decision was 
made to transition the program into DCTD. Although the 
new branch resides organizationally within CIP, its activities 
will extend beyond nano-imaging to also include novel 
in vitro diagnostics and therapeutics benefiting from the 
incorporation of nanotechnologies. The experience and 
expertise of the staff in managing cooperative agreement net-
work programs will enable NSDB to serve as a focal point for 
nanotechnology-based grant and contract activities within 
DCTD and NCI. The NSDB will continue in its prior role 
supporting and overseeing the Nanotechnology Character-
ization Laboratory (NCL) in Frederick National Laboratory 
for Cancer Research for the characterization of nanomate-
rials, and will participate in supporting the Small Animal 
Imaging Program (SAIP) activities involving nanomaterials.

CIP GRANTS OVERVIEW

The CIP research portfolio included 417 funded grants 
during fiscal year 2016, totaling $184 million. The grant 
award mechanisms used by CIP and their distribution 
in terms of research support in 2016 are shown in the 
accompanying chart. The predominant mechanism is 
the individual research project grant (R01), followed by 
cooperative agreements (U01).

R01 U01, U24, UH2 P01, P50 R21 R00, R03, R13, R15, R35

6%

69%

8%

15%

2%

5%
7%

9%

9%

70%

FIGURE 27: DISTRIBUTION OF 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY MECHANISM.

https://www.cancer.gov/sites/nano
https://ncl.cancer.gov/
https://ncl.cancer.gov/
https://ncifrederick.cancer.gov/Services/Accessioning/Services/LabServices/Area/19
https://ncifrederick.cancer.gov/Services/Accessioning/Services/LabServices/Area/19
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CIP Grants in Dollars 2016

FIGURE 28: DISTRIBUTION OF CIP 2016 RESEARCH FUNDS BY 
SOLICITATION MECHANISM.

Because of the specialized nature of imaging research, CIP 
has developed a number of funding initiatives that encourage 
applications in specific areas. Figure 28 shows the breakdown 
of funded grants by mechanism/initiatives.

Basic Research

R01 & R21

SBIR & STTR ICMIC

Early Validation Clinical Trials

Development
Multisite Preparation

QIN NCTN/ETCTN

Phase 0

NCI Experimental Therapeutics (NExT) Program

IND Resources

FIGURE 29: IMAGING RESEARCH SPECTRUM AND KEY CIP PROGRAMS. 

ICMIC = In Vivo Cellular and Molecular Imaging Centers; QIN = Quantitative Imaging Network; SBIR = Small Business Innovation Research; STTR = Small Business 
Technology Transfer

ASSISTANCE TO THE CANCER 
COMMUNITY

CIP works in close collaboration with intramural NCI 
scientists in the development of new imaging probes. 
A number of these probes are PET agents for molecular 
imaging directed at important targets such as angiogenesis 
and proliferation. This collaboration is bidirectional, 
forming a novel development pipeline with the Center 
for Cancer Research, which is providing the infrastructure 
for early clinical trials of imaging probes, and DCTD, 
which is providing expertise in drug development. 

SPECIALIZED INITIATIVES 

Extramural funding of research related to imaging at NCI 
includes traditional P01, R01, R21, and other investigator-
initiated grants. Several specialized initiatives have been 
developed or re-issued during this time period to address 
unmet needs in the field. They include initiatives in all of 
the areas that CIP is involved. CIP initiatives cover the full 
spectrum of research efforts, from basic research to clinical 
trials. These programs serve a variety of needs in the cancer 
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imaging community. In addition to many investigator-
initiated basic research efforts, several key program 
announcements use the R01 and R21 grant mechanisms 
to foster needed research. Others use specialized grant 
mechanisms, such as U01, P50, and U24, suited for their 
positions in the research pipeline. 

• Early Phase Clinical Trials in Image-Guided Interven-
tions (R01). PAR-17-167: The overall goals of this initia-
tive are to provide support for clinical trials in preliminary 
evaluation of safety and efficacy of imaging agents, as 
well as assessment of imaging systems, image processing, 
image-guided therapy, and contrast kinetic modeling. As 
many such preliminary evaluations are early in develop-
ment, this FOA will provide investigators with support 
for pilot (Phase I and II) cancer imaging clinical trials, 
including patient monitoring and laboratory studies. It 
provides funding for the immediate conduct of Phase 0, 1, 
or small Phase 2 clinical trials that are designed and devel-
oped to facilitate completion within the 3-year funding 
period. This FOA supports novel uses of known/standard 
clinical imaging agents and methods as well as the evalua-
tion of new agents, systems, or methods. The imaging and 
image-guided intervention (IGI) investigations, if proven 
successful in these early clinical trials, can then be validat-
ed in larger studies through competitive R01 mechanisms, 
or through clinical trials in the Specialized Programs of 
Research Excellence (SPOREs), Cancer Centers and/or 
the NCI’s National Clinical Trials Network.

• Image-Guided Drug Delivery in Cancer (R01).  
PAR-16-044: The Imaging-Guided Drug Delivery initia-
tive encourages innovative translational research in the 
development of quantitative in vivo imaging characteriza-
tion of imaging-guided drug delivery in cancer, including 
characterizations of the target, delivery validation, and 
therapy response. This initiative supports research in the 
development of integrated imaging-based platforms for 
multifunctional and multiplexed drug delivery systems in 
cancer. Validation studies in nonhuman primates or large 
animal models and first-in-human studies directed toward 
translation of imaging-guided drug delivery technology 
into the clinic are appropriate for this initiative. A goal 
of this research is the development of minimally invasive 
or noninvasive “theranostic” (combined therapeutic and 
diagnostic) approaches to cancer in order to optimize 
the therapeutic ratio and to provide quantitative imaging 
evaluation of therapy. These grants also support the devel-
opment of techniques to identify and modulate features of 

the tumor microenvironment for selective drug targeting 
and release. Imaging will not only play a major role in 
the development of such techniques but may well guide 
their delivery and release. The first application receipt date 
for this initiative was February 5, 2010, and resulted in 
12 pending applications. This initiative was developed in 
collaboration with the NCI Alliance for Nanotechnology 
in Cancer. 

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

• Quantitative Imaging Network (U01). PAR-17-128 
and PAR-17-129: This cooperative agreement program 
seeks to bring quantitative methods to clinical imaging to 
reduce the bias and variance seen in the variety of imag-
ing devices available in the clinical setting. The program 
also works to create software tools to extract quantitative 
information from clinical images and apply robust analy-
ses to predict or measure response of tumors to therapies 
in clinical trials. Progress toward applying decision sup-
port tools in clinical trials as correlative tools is gaining 
speed and soon the network will be testing tools in several 
National Clinical Trial Network (NCTN) trials.

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

https://grants.nih.gov/grants/guide/pa-files/PAR-17-167.html
https://trp.cancer.gov/
https://trp.cancer.gov/
https://www.cancer.gov/research/nci-role/cancer-centers
https://www.cancer.gov/research/areas/clinical-trials/nctn
https://grants.nih.gov/grants/guide/pa-files/PAR-16-044.html
https://grants.nih.gov/grants/guide/pa-files/PAR-16-089.html
https://grants.nih.gov/grants/guide/pa-files/PAR-17-128.html
https://grants.nih.gov/grants/guide/pa-files/PAR-17-129.html
https://grants.nih.gov/grants/guide/pa-files/PAR-17-093.html
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single or multi-modality in vivo imaging and spectroscopy 
systems, image-guided and drug delivery systems, image 
analysis, and related research resources. Translational 
development and methods optimization for a targeted 
cancer problem is emphasized.

• Academic-Industrial Partnerships for Translation of 
Technologies for Cancer Diagnosis and Treatment 
(R01). PAR-15-075: Collaboration with the Cancer 
Diagnosis Program and the National Institute of Biomed-
ical Imaging and Bioengineering, this initiative encour-
ages applications from research partnerships formed by 
academic and industrial investigators, to accelerate the 
translation of technologies, methods, assays, or devic-
es, and/or systems for preclinical or clinical molecular 
diagnosis or in vitro imaging that are designed to solve 
a targeted cancer problem. Funding may be requested 
to enhance, adapt, optimize, validate, and translate the 
current commercial systems, next-generation systems, 
quality assurance and quality control, validation and cor-
relation studies, quantitative imaging, and related research 
resources. Basic research or actual commercial production 
are not supported.

• Oncology Co-Clinical Imaging Research Resources to 
Encourage Consensus on Quantitative Imaging Meth-
ods and Precision Medicine (U24). PAR-16-385: Collab-
oration with the Division of Cancer Prevention and the 
Division of Cancer Biology: The purpose of this program 
is to invite Cooperative Agreement (U24) applications to 
develop research resources that will encourage a consen-
sus on how quantitative imaging methods are optimized 
to improve correlation of results for co-clinical trials. 
The scientific goals of this FOA are to: (a) perform the 
appropriate optimization of the pre-clinical quantitative 
imaging methods, (b) implement the optimized methods 
in the co-clinical trial, and (c) populate a web-accessible 
research resource with all the data, methods, workflow 
documentation, and results collected from the co-clinical 
investigations.

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

dissemination of data and knowledge across the cancer 
research continuum, including cancer biology, cancer 
treatment and diagnosis, cancer prevention, cancer con-
trol and epidemiology, and/or cancer health disparities. 
Each separate program in this series focuses on emerging 
informatics technology, defined as one that has passed 
the initial prototyping and pilot development stage, has 
demonstrated potential to have a significant and broader 
impact, has compelling reasons for further improvement 
and enhancement, and has not been widely adopted in the 
cancer research field. 

IMAGING INFORMATICS

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

IN VIVO CELLULAR AND MOLECULAR 
IMAGING CENTERS

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

https://grants.nih.gov/grants/guide/pa-files/PAR-15-075.html
https://grants.nih.gov/grants/guide/pa-files/PAR-16-385.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-331.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-332.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-333.html
https://grants.nih.gov/grants/guide/pa-files/PAR-15-334.html
https://imaging.cancer.gov/informatics/cancer_imaging_archive.htm
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The highly successful ICMIC program supported interdis-
ciplinary scientific teams conducting cutting-edge cancer 
molecular imaging research.  ICMIC grants supported: 

• Innovative cancer molecular imaging research projects

• Unique core facilities

• Initiation of pilot research in promising new directions 

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

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

• Enabling technologies: 

• Advances in optical imaging technology, particularly  
in tomographic imaging 

• Split luciferase constructs for studying protein– 
protein interactions 

• Fundamental discoveries related to cancer biology:

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

• Direct clinical applications:

• Combined virus and cell biotherapy 

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

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

• Development of magnetic nanoparticles as a 
clinical product 

MOLECULAR IMAGING CLINIC 

As noted, exploratory and imaging feasibility trials had been 
performed outside of the NCI intramural program, in part 
because of the NCI intramural program’s limited access to 
the radiochemistry and imaging platform resources required 
to perform such studies. In 2009, the intramural Molecu-
lar Imaging Clinic was established to provide a dedicated 
research infrastructure for such trials. This facility is engaged 
in performing multiple Phase 0 and 1 imaging studies, 
including some with radiopharmaceuticals supplied by the 
radiopharmacy at the Frederick National Laboratory for 
Cancer Research (FNLCR) that was developed in collabora-
tion by CIP during the same period. 

Three IND drugs are currently being supplied to the NIH 
Clinical Center: 16α-[18F]Fluoro-17β-estradiol, [89Zr]
Panitumumab, and [18F]DCFBC.

Institution PrincipaI Investigator

Emory University Carolyn Meltzer

Johns Hopkins University Zaver Bhujwalla

Massachusetts General Hospital Ralph Weissleder

Memorial Sloan-Kettering Cancer Center Steven Larson/Ronald Blasberg

Stanford University Sanjiv Gambhir

University of California, Los Angeles Harvey Herschman

University of California, San Diego Robert Mattrey

University of Michigan Brian Ross

Vanderbilt University John Gore

MDACC/Washington University David Piwnica-Worms/Sam Achilefu

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

SYNTHESIS OF AGENTS

Radiopharmaceuticals are essential components of our 
program. As part of the imaging drug development pipeline, 
the acquisition of trial-acceptable agents and precursors 
is a pivotal step to clinical trials. For imaging agents, the 
commercial interest in production is tempered by limited 
potential markets. Although there are a few examples of 
small biotechnology products, most imaging agents of 
interest are currently downstream markers of nucleic 
acid, amino acid, or lipid synthesis or labeled species of 
existing drugs through a process of chelation or by synthe-
sis of labeled species from precursor compounds. CIP has 
developed mechanisms to secure these materials for both 
preclinical and early clinical investigations. 

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

Examples of compounds explored for such use include: 
5FdC, 18F-AMT, 89Zr- and 111In-Cetuximab, 18F-DCFBC, 
18F-FES, 18F-FLT, 18F-ICMT-11, 18F-Lapatinib, 18F-ML-10, 
89Zr-,111In-, and NIR-Panitumumab, Reactive Oxygen  
Species Tracer FDHE, and 89Zr- and 111In-Trastuzumab.
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MOLECULAR IMAGING RADIOPHARMACEUTICAL 
RESOURCES 

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

• [18F]Fluorothymidine, targeted to areas of 
increased proliferation 

• [18F]Fluoromisonidazole, targeted to hypoxic tissues

• 16α-[18F]Fluoro-17β-estradiol, targeted to 
estrogen receptors

• [18F]Sodium fluoride, accumulating in areas of 
increased osteogenic activity

• [111In]Trastuzumab, targeted to HER2-expressing cancers

• [89Zr]Panitumumab, targeted to cancers expressing 
epidermal growth factor receptor (HER1)

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

• [18F]Fluorodeoxycytidine, targeted to areas of 
increased DNA synthesis

• [18F]DCFBC, targeted to prostate specific 
membrane antigen

• Hyperpolarized [13C]Pyruvate, targeted to areas 
of increased metabolism

NCI’s first IND for an imaging agent, [18F]fluorothymidine, 
was filed in 2004, while the most recent, C-13 hyperpolarized 
pyruvate, was acquired from General Electric in 2015. To 
facilitate further clinical research on these imaging drugs by 
the research community, a subset of the documents filed in 
several of these INDs is freely available to the research com-
munity to implement routine synthesis of tracers at their own 
facilities and to assist investigators with the filing of their 
own INDs, including a full set of manufacturing and quality 
control documents and an Investigator Drug Brochure. 
Extramural investigators can establish the synthesis at their 
sites and then file their own INDs with the U.S. FDA. CIP 
provides a letter to cross-reference the NCI IND file at the 
FDA for pharmacology, toxicology, dosimetry, and previous 
human experience.

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

CLINICAL TRIALS

Although Phase 0 and imaging feasibility studies can be 
performed in the Molecular Imaging Clinic at the NIH 
Clinical Center, this venue is not sufficient to perform many 
studies due to a number of factors, including lack of PET 
radiochemistry capabilities and limited access to imaging 
time. CIP is working with academic centers and commercial 
vendors that have capabilities and patient populations that 
complement the Clinical Center’s capabilities. Using this 
mechanism, CIP has been able to support extramural efforts 
to develop imaging drugs. 

Later-phase clinical trials, both of imaging drugs and of 
imaging for the evaluation of therapy, are handled through the 
Eastern Cooperative Oncology Group (ECOG)-American 
College of Radiology Imaging Network (ACRIN), a group 
under NCI’s NCTN structure that has imaging as one of its 
foci. Another mechanism for inclusion of imaging in therapy 
trials is by supplements to trials being funded through other 
NCTN Groups. These efforts are discussed further below.

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

CIP sponsors an R01 Program Announcement with special 
review, PAR-14-166, which was released March 28, 2014. 
This initiative, led by CTB program staff, is designed to 
support clinical trials conducting preliminary evaluation of 
the safety and efficacy of imaging agents and imaging-guided 
interventions, among other indications. Compared with its 
predecessor, the R21 Early Phase Trials (PAR-11-216), the 
R01 Early-Phase Clinical Trials Program Announcement has 
refined its purpose and primarily provides funding for the 
immediate conduct of Phase 0, 1, or small Phase 2 clinical 
trials that are designed and developed to facilitate completion 
within the 3-year funding period. This Program Announce-
ment is designed to fill the gap for projects that seek to obtain 

https://imaging.cancer.gov/programs_resources/IND_regulatory_manufacturing.htm
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early information about an imaging agent or imaging-guided 
intervention. Studies that prove successful in these early 
clinical trials can then be validated in larger studies through 
competitive R01 mechanisms or clinical trials in SPOREs, 
Cancer Centers, or the NCTN. 

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

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

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

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

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

ACRIN 6657: Functional MRI Techniques for Measuring 
Breast Tumor Response 

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

https://www.acrin.org/
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FIGURE 31: LONGITUDINAL MR IMAGES AND FTV MAPS. 
Maximum intensity projection images (top row) and corresponding FTV maps (bottom row) for a patient with an excellent clinical response and disseminated residual 
disease. FTV measurements were 48.5 cm3, 35.4 cm3, 5.6 cm3, and 0 cm3 for baseline, early treatment, inter-regimen, and pre-surgery time points, respectively 
(shown from left to right).

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

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

In addition, the use of this DCE-MRI technique to assess 
tumor responsiveness to two drug candidates, a veliparib-

carboplatin drug combination, yielded promising results 
in the I-SPY2 trial for treating triple negative breast 
cancer patients. 

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

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

Each year, 17,000 patients are newly diagnosed with primary 
brain tumors, with glioblastoma multiforme (GBM) being 
the most common and most aggressive malignant primary 
brain tumor. For patients with glioblastoma, surgical 
resection followed by chemoradiation with concomitant 
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FIGURE 32: EXAMPLE RESULTS FROM A REPRESENTATIVE CASE. 
Shown are (A and B) the pre- and postcontrast T1-weighted images, (C) the 
delta T1 (dT1) map, (D) an image with the automatically determined ROI 
highlighted in yellow, and (E and F) the normalized and standardized RCBV 
maps from the same slice.

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

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

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

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

response to therapy. These endpoints require significant 
patient numbers and follow-up and may not be practical for 
widespread use in the clinic because of the inability to offer 
a real-time assessment of treatment response to the patient. 
For these reasons, ACRIN embarked on this multicenter, 
cooperative group, prospective imaging biomarker trial to 
evaluate the utility of PET for determining response to therapy. 

This research study evaluated a newer imaging technique, 
18F-Sodium Fluoride (NaF) PET, that takes advantage of 
the fact that the tracer NaF is very sensitive for detecting 
changes in bone osteogenic activity. The study looked at 
how repeatable the NaF PET scans are before treatment, 
and performed scans after standard chemotherapy or 
hormone-directed treatment. The results demonstrated 
that this imaging approach was able to identify dasatinib 
treatment response in castrate-resistant prostate cancer bone 
metastases. It also confirmed that changes in 18F-fluoride 
uptake in bone metastases correlated with accepted criteria 
for radiographic PFS. This information could be used to 
develop better ways to measure prostate cancer bone lesions. 
In turn, this could be used to better evaluate treatment 
effects of standard chemotherapy and other new drugs being 
developed to treat prostate cancer.

Collaboration with CTEP

As a member of the CTEP Protocol Review Committee, 
CIP helps to identify opportunities for the evaluation 
of therapeutic response, such as demonstration projects 
evaluating functional imaging techniques in the assessment 
of response to therapy. CIP physicians are also primary 
reviewers and subsequent monitors for imaging-related 
concepts and clinical trials for molecular and functional 
imaging endpoints. They also ensure that NCI consensus 
guidelines for acquisition and interpretation of various 
imaging modalities are implemented.

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

PBTC N12 – Phase 2 Study of Fluoro-Thymidine (FLT) for 
PET Imaging of Brain Tumors in Children
Though rare, brain tumors are the most common solid tumor 
in children and is the leading cause of death from cancer in 
children. In the U.S., approximately 20,500 new cases of brain 
tumors are diagnosed per year, and of these, approximately 
10% are diagnosed in children. While these brain tumors can 
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be evaluated by conventional imaging such as CT or MRI, 
these anatomy-based scans often are neither as powerful nor 
as useful as functional imaging modalities such as PET scans. 
Being performed by the Pediatric Brain Tumor Consortium 
(PBTC) with funding from the FDA, this study evaluates a 
promising radioactive PET imaging agent called 18F-fluo-
rothymidine (FLT), which is thought to be superior to the 
standard 18F-fluorodeoxyglucose (FDG) used currently in 
clinical practice, and is the first multi-center study to study 
this agent in the pediatric population.

RTOG 1106 / ACRIN 6697 – Randomized Phase 2 
Study of Individualized Adaptive Radiotherapy 
Using During-Treatment FDG PET/CT and Modern 
Technology in Non-Small Cell Lung Cancer
Lung cancer is the leading cause of cancer death in the U.S. 
and worldwide, with an estimated 222,520 new cases of and 
156,176 deaths related to this disease in the U.S. in 2010. 
Radiation therapy (RT) is the principal mode of treatment 
for lung cancer patients who are medically inoperable or have 
disease that is not amenable to surgical resection. Despite 
the proven efficacy of RT, many patients do not respond as 
expected, and it is thought that one of the contributing factor 
to this observed RT resistance is the hypoxic micro-envi-
ronment that tumors create around themselves in the body. 
Therefore, if areas of hypoxia in the tumor can be detected 
early, increasing the focal radiation dose to the hypoxic area 
can compensate for the resultant radiation resistance. This 
clinical trial attempted to improve RT with two kinds of PET 
scans: 1.) a standard FDG PET to see if mid-therapy response 
as determined by the scan can be used to escalate the 
radiation dose to areas that are not responding well; 2.) an 
investigational PET agent 18F-FMISO to see whether areas 
of hypoxia visualized by this agent can serve as a prognostic 
biomarker for eventual response to therapy.

EAI141 – Early Assessment of Treatment Response 
in Acute Myeloid Leukemia Using Fluoro-Thymidine 
(FLT) PET/CT Imaging
Acute myeloid leukemia (AML) is a devastating liquid 
cancer that is typically initially treated by a strong 
induction chemotherapy aimed at wiping out the patient’s 
bone marrow, followed by consolidation treatment with 
either more chemotherapy or stem cell transplantation. 
Currently, there is a need to develop better tools to assess 
the effectiveness of the induction chemotherapy. Based on 
promising pre-clinical experiments in mice and early first-
in-human studies, EAI141 tests in a multi-center setting 
the hypothesis that the investigational PET agent FLT can 

be used to predict the success of induction chemotherapy 
more accurately and at an earlier time point compared 
to the current practice of a bone marrow biopsy, which 
can give false results due to sampling errors and is an 
uncomfortable procedure for the patient.

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

A021302 – Impact of Early FDG PET Scan on Pre-
operative Therapy for Locally Advanced Gastric Cancer
Patients with locally advanced gastric cancer can often 
have improved clinical outcomes with surgical resection if 
adjuvant therapy is added to the treatment course prior to 
surgery. However, it is currently not known how much of a 
response effect the added adjuvant therapy provides and for 
which patients this effect will be seen. Previous studies have 
shown that patients who have an improved PET scan done 
with standard FDG tend to benefit the most from adju-
vant therapy. In this study performed by the NCTN group 
Alliance, the investigators directly test the hypothesis that 
the FDG PET scan can be used to identify patients who have 
not benefitted from the adjuvant therapies that they have 
received, so that additional, more aggressive salvage adjuvant 
therapy can be given prior to undergoing surgical resection. 
The goal is to see whether patients who did not initially 
respond to adjuvant therapy, as identified by the FDG PET 
scan, can be given salvage adjuvant therapy so that their 
post-surgical clinical outcomes can be as good as those who 
had initially responded.

https://www.pbtc.org/
https://www.pbtc.org/
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9604 – Perfusion CT as a Predictive Biomarker in 
Advanced Pancreatic Neuroendocrine Tumors
Pancreatic neuroendocrine tumors (pNET) are rare 
cancers thought to arise from the pancreatic islet cells. 
These tumors have been found to induce high amounts 
of new blood vessel growth nearby with high degrees 
of neo-vasculature. This study being performed by the 
N01 Phase 2 Consortium member MD Anderson aims 
to see whether pNETs can be effectively treated with 
ziv-aflibercept, a drug that disrupts the neo-vasculature 
and blood supply built by these tumors. Embedded within 
this trial is a correlative imaging subcomponent that 
examines whether vascular parameters (such as tumor 
blood flow, tumor blood volume, and mean blood transit 
time) obtained by a specialized perfusion CT can serve 
as predictive biomarkers for eventual response to the 
therapy agent. Funding for this specialized perfusion CT 
is provided through the Imaging Option in the N01 Phase 
2 Consortium, which is made available to members of the 
Consortium through the efforts of CTB.

PBTC 047 and other Brain Tumor Trials with 
MR Imaging
Approximately 200 new cases of diffuse intrinsic pontine 
glioma (DIPG) are diagnosed each year in the U.S. DIPG 
is a devastating disease with no current effective therapy 
and low survival in the first few years of life. Different 
immunotherapy agents are currently being evaluated in 
clinical trials for DIPG and other brain tumors. Surgery 
and radiation therapy are not options for children with 
DIPG and are often not fully curative for other brain 
tumors. CIP board certified medical officers provide 
review of MRI scans for orphan diseases such as DIPG 
and plexiform neurofibromas. CIP collaborates with 
Pediatric Radiologists and the Children’s Oncology Group 
(COG) in developing more optimal means of tumor 
burden assessment. 

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

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

Clinical Imaging Steering Committee (CISC)

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

The roles of the CISC are:

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

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

• To provide other steering committees with valuable 
expertise for the evaluation of therapeutic concepts and 
discussions that include an imaging component

CTB has primary responsibility for the scientific proceedings 
of the CISC and acts as the main liaison between the CISC 
and the rest of the NCI, including CTEP and other NCTN 
Disease-Specific Steering Committees.

https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/clinical-imaging
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Imaging Biomarker Evaluation through the 
Biomarker, Imaging, and Quality of Life Studies 
Funding Program (BIQSFP) 

BIQSFP is a funding program designed to assist NCTN and 
NCORP Groups with inclusion and implementation, where 
appropriate, of important biomarker component studies 
in their clinical trials. The goal is to ensure that the most 
important, scientifically meritorious biomarker, imag-
ing, or quality of life studies are funded and initiated in a 
timely manner. A number of clinical trials with an imaging 
biomarker subcomponent have been approved and funded 
through the BIQSFP program, including:

• A Phase 3 randomized trial for newly diagnosed high risk 
leukemia to evaluate whether standard of care MRI can 
be used to help detect the presence of osteonecrosis in 
patients treated with clofarabine (AALL1131)

• A Phase 3 study in metastatic prostate cancer to evaluate 
the performance of Tc99m-MDP bone scans in compari-
son to F18-NaF PET scans (A031201)

• A large Phase 2 study in breast cancer to see whether the 
PET imaging done with the hypoxia agent F18-FMISO 
correlates with clinical outcomes or other markers of 
hypoxia (9881)

• A large Phase 2 study in lymphoma that evaluates  
whether F18-FLT PET scans can be used as an  
early response evaluation biomarker

CTB played an integral part in writing the BIQSFP 
funding announcement, and continues to support 
BIQSFP imaging research by serving as reviewers for 
submitted applications and contributing to the revised 
BIQSFP application template.

Response Assessment Evaluation

In association with the European Organisation for 
Research and Treatment of Cancer (EORTC), NCI’s 
Response Evaluation Criteria in Solid Tumors (RECIST) 
committee has developed updated guidelines for the 
assessment of response to therapy by anatomic imaging. 
These organizations are also formulating a joint guideline 
for the use of quantitative fluorodeoxyglucose (FDG) PET 
in the assessment of tumor response in clinical trials. CIP 
is also supporting the development of a proposal for an 
infrastructure to support the implementation of RECIST—
an FDA-acknowledged imaging methodology for clinical 
trial endpoints where noninvasive imaging is required to 
track tumor change over time.

FIGURE 33: RECIST MEASUREMENTS 
TAKEN ON A LUNG TUMOR AT TWO 
DIFFERENT TIMES.

https://www.cancer.gov/about-nci/organization/ccct/funding/biqsfp
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For the Agency for Healthcare Research and Quality 
(AHRQ), CIP staff members have served as reviewers for 
Centers for Medicare and Medicaid Services (CMS)-related 
evaluation of the application for Medicare reimbursement 
for FDG PET in glioma, pancreatic, ovarian, cervical, 
testicular, and small-cell lung cancer. An NCI-CMS task 
force has successfully implemented strategies to extend 
CMS reimbursement for FDG PET studies in all NCI-
sponsored Phase 2 and 3 therapeutic clinical trials.

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

Medical Monitor for Imaging IND Agents 

CIP currently holds INDs for the following eight 
investigational imaging agents and acts as the regulatory 
sponsor for NCI-funded trials that use these agents: 

• [18F] Sodium Fluoride

• [18F] FLT

• [18F] FMISO

• [18F] FES

• [89Zr]-panitumumab

• [18F] DCFBC

• Hyperpolarized [13C] Pyruvate

• Ferumoxytol

Medical officers in CTB serve as the medical monitor on 
record for these agents and have the responsibility of review-
ing and collating all adverse events deemed related to these 
investigational agents. CTB officials also assist in the prepara-
tion and filing of annual reports to the FDA.

Clinical Trial Informatics

CTB supports the application and development of infor-
matics technology in the conduct of imaging clinical trials, 
via participation in projects and committees both internal 
and external to NCI. CTB provides crucial clinical input to 
these endeavors ensuring that the informatics technology 
being developed can achieve real-world application for use 
by imaging clinical trialists. These projects often have wide 
impact affecting both internal NCI processes and the extra-

mural research community. Contributions of CTB to these 
projects include:

• The National Cancer Informatics Program (NCIP): 
contributes clinical perspective to discussion of NCIP 
informatics activities and representation on the Imaging 
Informatics Working Group

• Clinical Trials Reporting Program (CTRP): works with 
CTRP to develop imaging-appropriate terminology and 
abstraction rules so that clinical trials involving imaging 
can be more accurately reported

• Medidata RAVE Electronic Data Capture (EDC) and 
Clinical Data Management System (CDMS): medical 
officers from CTB provided clinical imaging input 
and were heavily involved with the customization and 
integration phase of Medidata-RAVE as it was being 
developed for NCI use

• NCI-CDISC Imaging Case Report Form (CRF) 
template project: CTB medical officers made significant 
contributions to the writing and editing of CRFs meant  
to capture data relative to imaging components in 
clinical trials

• Input to other trans-DCTD informatics projects: 
CTB staff assisted with the development of the new 
CAERS system for adverse event reporting and upgrades 
to the existing Protocol Abstraction and Tracking System 
(PATS system)

QUANTITATIVE IMAGING NETWORK (QIN) FOR 
THE MEASUREMENT OF THERAPY RESPONSE

Quantitative imaging encompasses the process of extracting 
measurable feature information from medical images for 
assessment of normal or the severity, degree of change, or 
status of a disease, injury, or chronic condition relative to 
normal. The goal of the quantitative process is to create the 
condition where clinical imaging scanners perform as mea-
surement instruments, delivering reliable and reproducible 
information concerning a patient’s health. To support this 
endeavor, CIP established the Quantitative Imaging Network 
(QIN) in 2008 to promote the development and clinical 
validation of data collection methods and software tools for 
clinical decision making in oncology. To date, 27 research 
teams, shown in Figure 34, participate as members of the 
network, and five others are active as associate members. The 
network is expanding internationally to include associate 
members from India and Europe. The multidisciplinary 

http://imaging.cancer.gov/programsandresources/specializedinitiatives/qin
http://imaging.cancer.gov/programsandresources/specializedinitiatives/qin
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teams include oncologists, radiologists, imaging specialists, 
medical physicists, computer informatics scientists, and 
others. An Executive Committee consisting of the principal 
investigators from each of the teams oversees the direction 
and external interactions of the network. External interac-
tions include discussions and presentations to professional 
societies, cancer centers, global health initiatives, and collab-
orations with clinical groups, such as NCTN and the other 
clinical cooperative groups.

The teams in QIN are studying non–small cell lung cancer, 
cancers of the central nervous system, breast cancer, and 
hepatocellular carcinoma, among others. Using single- 
and multisite clinical trials, these teams are applying a 
variety of imaging modalities to make quantitative mea-
surements of tumor response to therapies, such as drug or 
radiation treatments. The network is developing algorithms 
that could eventually become clinical tools to help oncolo-
gists make decisions about cancer treatment pathways for 

individual patients. At present, data are being collected and 
curated in TCIA. In addition, a number of demonstration 
projects are under way across the network to evaluate data 
analysis methods across different imaging platforms and 
commercial vendors.

QIN is moving rapidly from a posture of discovery and 
development into one of validation and deployment. Tools 
designed to locate, isolate, and extract information about 
tumors from medical images are being subjected to criti-
cal tests called challenges. A number of common function 
tools are tested against a dataset of images where outcome is 
known, but withheld from the challenge participants. Chal-
lenge results indicate which tools have potential for further 
clinical testing. In addition to validating tools and methods 
on an individual basis, QIN is also evaluating pipeline pro-
cesses, where the output from one tool is used as the input to 
the next, providing sequential information to support clinical 
decision making. 

FIGURE 34: GEOGRAPHICAL DISTRIBUTION OF QIN TEAM MEMBERS.
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Network Organization

Networks are generally organized to create avenues for 
communication and collaboration among its members, 
and the value of a network can be measured by the degree 
of collaboration experienced by the participants. Collabo-
ration can be difficult, however, when teams are focused on 
different technical challenges. Therefore, it is important to 
explore activities of common interest that cut across the 
goals of each technical team/institution and to create a 
mechanism for emphasizing these common interests.

QIN has achieved these goals through the use of cross-
institutional working groups. The organizational diagram 
of the network is shown in Figure 35. The Executive 
Committee guides the overall direction of the network, 
and the working groups are the links that bring the 
network together. Consensus among its members is 
important when establishing policies and network 
activities. Each technical team is required to participate 
in each of the separate working groups. As a result, each 
working group is a microcosm of the entire network, 
and each working group is focused on a specific 
challenge in quantitative imaging.

The working groups and their focus areas are:

• Clinical Trial Design and Development: Methods for 
moving software tools into clinical trials, including those 
developed by the network; fostering strong connections 
with clinical trial groups, such as NCTN.

• Data Acquisition: Problems associated with reducing bias 
and variance in image data collection; phantom circula-
tion among QIN teams to determine sources of error in 
the various imaging scanners and analysis of results.

• Bioinformatics and Data Sharing: Quantitative imag-
ing methods rely on firm informatics infrastructure to 
support tool comparison, data archiving and visualization, 
annotation, and statistical methods. This working group 
considers all of the projects being conducted within the 
network and plans for informatics support for them.

• PET/CT Working Group: Specific issues in PET/CT 
data processing 

• MRI Working Group: Specific issues in MRI 
data processing

FIGURE 35: ORGANIZATION OF THE QIN.

An important characteristic of each working group is that 
the leadership is chosen from within the group, not by the 
leadership of the individual research teams. Each working 
group selects a chair and co-chair to run the monthly tele-
conference meetings and to set the priorities for the group, 
which gives a strong sense of ownership to each working 
group for the projects undertaken. Most of the projects 
deal with important comparisons of quantitative imaging 
methods within the purview of the group. For example, the 
PET/CT group has completed a study of various methods 
used to segment tumor locations in images.

Network Highlights and Progress

Quantitative imaging is an important contributor to pre-
cision medicine and offers diagnostic methods based on 
molecular and/or mechanistic information to understand 
the causes, pathogenesis, and pathology of cancer. By rapid 
and precise measurement of response to therapy, quantitative 
imaging can stratify patients for appropriate interventions. 
However, quantitative imaging can only have value as a 
reliable method in this arena if it is embedded in the clinical 
workflow. Therefore, the major goal of QIN is to translate 
software tools and methods from development to clinical 
validation and deployment.

Moving from discovery and development of clinical decision 
support tools to their final validation is a complex process. To 
relate tool performance to the desired clinical outcome, the 
clinical outcome must be known; however, clinical outcomes 
data are often missing or of limited value in retrospective 
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FIGURE 36: PROGRESS OF QIN TEAMS TOWARD CLINICAL WORKFLOW.

datasets, and can be difficult to acquire if prospective data are 
used. In either case, sufficient data must be available to make 
an accurate assessment of the performance characteristics of 
the tool or method.

A recent review of QIN research teams shows that steady 
progress is being made to bring clinical decision support 
tools closer into the clinical workflow. Figure 36 shows how 
three classes of research teams (early stage, middle stage, and 
late stage in the network) are progressing in translational 
efforts. The scale considers basic research to include concept, 
development, and optimization; clinical research to include 
clinical testing or validation and commercialization; and the 
final stage to include clinical workflow in the community. 
Not surprisingly, the early stage teams (fewer than 2 years in 
the network) are making progress through the basic research 
tasks, middle-stage research teams (3 or 4 years in the 
network) have moved past basic research and are working to 
validate tools or methods, and teams with years of network 
experience are intent on building collaborations with indus-
trial partners for commercialization. 

Several QIN teams are moving their clinical support tools 
beyond the clinical validation and testing stage into clinical 
workflow. Figure 37 shows that the efforts by Brigham and 
Women’s Hospital and Stanford University to move software 
tools into clinical workflow are succeeding. In the case of 
Brigham and Women’s, their 3-D Slicer program is being 
expanded through their QIN participation to include med-
ical image visualization and annotation for multiparametric 
MRI studies. With industrial participation in their project, 
the team is overcoming translational challenges. Stanford 

University has been working on ePAD, a portable iPAD 
device with a number of software tools useful in clinical deci-
sion support. Many of the functions within the ePAD device 
are tools developed by other QIN network members. 

Future Directions for QIN

QIN is increasing its efforts to bring clinical decision support 
tools to clinical utility. This involves a close interaction with 
NCTN and other organizations focused on clinical trials. 
Outreach has already begun with the ECOG-ACRIN group 
and the Alliance group, both working on numerous clinical 
trials. A dialogue with IROC , the coordinated program 
designed to support NCTN efforts in imaging and radio-
therapy, is providing avenues for QIN members to begin 
inserting tools into imaging trials. The next few years will be 
important for the QIN and its attempts to translate tools and 
methods designed to predict or measure response to therapy 
during clinical trials.

ONGOING STRATEGIES IN IMAGING – NATIONAL 
STRATEGIC PLANS, INITIATIVES, & ROADMAPS

The CTB team is actively engaged in the following activ-
ities designed to establish national strategic plans and an 
NCI-specific roadmap to advance the field of medical and 
biomedical imaging. By serving as lead representatives, CTB 
staff are able to define and develop avenues leading to the 
discovery of the next scientific breakthroughs and foster the 
transfer of new technologies into the product development 
pipeline while focusing on key societal needs/priorities. 
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FIGURE 37: SEVERAL PROJECTS IN QIN ARE PARTICIPATING IN CLINICAL WORKFLOW.

National Nanotechnology Initiative 2.0

The National Nanotechnology Initiative (NNI) is a collabo-
ration of twenty Federal agencies and Cabinet-level depart-
ments with shared interests in nanotechnology research, 
development, and commercialization. These agencies rec-
ognize that the ability to understand and harness the novel 
phenomena that occur at the nanoscale is already leading to 
revolutionary new materials, devices, and structures for the 
diagnosis and treatment of cancer. These advances promise 
to improve human health and quality of life.

Every three years the NNI agencies are required to develop/
update the NNI Strategic Plan. This document represents a 
consensus among NNI agencies on the high-level goals and 
priorities of the initiative and on specific objectives to be 
pursued over at least the next three years. The purpose of the 
Strategic Plan is to catalyze achievement in support of the 
goals and vision of the NNI by providing guidance for agency 
leaders, program managers, and the research community 
regarding the planning and implementation of Federal Nan-
otechnology research and development (R&D) investments 
and activities.

A CTB program staff member currently serves as the 
co-Chair of the Nanoscale Science, Engineering, and Tech-
nology (NSET) Subcommittee of NNI and works with the 
Office of Science Policy in the NIH Office of the Director 
to define opportunities and national priorities. Based on a 
recent NIH-wide portfolio analysis, technical developments 

at the intersection of nanotechnology and imaging represent 
an opportunity to plan for the future in this field. The focus 
will be on the creation of grand challenges and new initia-
tives that support fundamental discovery, foster innovation 
of new materials, and accelerate the clinical translation of 
existing nanomedicine for cancer management.

Interagency Working Group On Medical Imaging 
(IWGMI)

Established in 2015 by the National Science and Technol-
ogy Council (NSTC) Committee on Science, the IWGMI 
was created in response to Senate Report 113-181 FY2015, 
which called for the establishment of “a Medical Imaging 
Subcommittee [MIS] to coordinate Federal investments in 
imaging research.” Following the group’s first meeting on July 
9, 2015, the IWGMI, which included representation from the 
Executive Office of the President (Office of Management and 
Budget, Office of National Drug Control Policy, and Office 
of Science and Technology Policy) and membership from 
a number of NSTC departments and agencies, developed a 
roadmap for the full scope of medical imaging research and 
development in the U.S. Some of the functions of the IWGMI 
were to:

• Improve coordination and collaboration of Federal 
Agency R&D agendas on medical imaging

• Identify cross-cutting national priorities that would  
benefit from medical imaging research outcomes

https://www.nano.gov/
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/NSTC/CoS-IWGMI-Charter-0415-SIGNED.pdf
https://www.congress.gov/congressional-report/113th-congress/senate-report/181
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• Develop a strategic roadmap for research and develop-
ment of medical imaging technologies and integration 
of science and technology advancements into clinical 
implementation

• Liaise with, respond to, and provide expert information to 
the Office of Science and Technology Policy (OSTP) and 
other NSTC groups on relevant issues of national concern 
involving medical imaging and related technologies

CTB staff, along with CIP’s Associate Director, supported 
this effort through a collaboration with the NIH National 
institute of Biomedical Imaging and Bioengineering (NIBIB) 
and the National Institute of Standards and Technology 
(NIST), who served as inaugural co-chairs of the IWGMI. 
The IWGMI published its final report in December 2017.

SPECIALIZED WORKSHOPS 

Community Engagement with Professional Societies

CIP staff work continuously with the major professional 
societies of medical imaging in the U.S. to understand 
and help support current areas of need and interest 
in medical imaging research. Medical Officers and 
Program Directors from CTB work directly with societies 
representing the various imaging modalities essential 
to cancer imaging, including the Radiological Society 
of North America (RSNA), the Society of Nuclear 
Medicine and Molecular Imaging (SNMMI), and the 
World Molecular Imaging Congress (WMIC). Examples 
of community outreach activities with professional 
societies include:

• Membership and participation of CIP/CTB in 
various initiatives organized by Quantitative 
Imaging Biomarkers Alliance (QIBA) of RSNA

• Offering consultation to the SNMMI on seeking 
regulatory approval for novel PET agents such as 
fluorocholine and fluorothymidine

• Giving presentations on relevant medical imaging 
and regulatory issues at plenary and other scientific 
sessions at the society Annual Meetings

• Membership in the Research Committee of the 
European Society of Radiology and the Imaging 
Committee of the EORTC

Immune Modulation Therapy and Imaging: 
What can we do in clinical trials now? 

Immunotherapy is rapidly becoming a successful strategy 
in treating malignancies. NCI is investing a large percentage 
of its resources to evaluate the role of various immunother-
apies – either alone or in combination with other cytotoxic 
or cytostatic therapies. Assessment of tumor response with 
anatomic imaging and with the standard RECIST criteria has 
not been very helpful in patients receiving immunotherapy. 
Therefore, CIP is actively pursuing alternative methods of 
tumor response assessment in this setting. SNMMI partnered 
with CIP to conduct this workshop on May 2, 2016. A meet-
ing report was published by the Journal of Nuclear Medicine 
(Shields AF, 2017).

NCI-ASIGS-WMIS Workshop on Regulatory 
Pathways for Clinical Use of Optical Methods and 
Exogenous Targets for Cancer Detection 

On May 4, 2016 officials from NCI, the FDA, members 
of the American Society for Image Guided Surgery 
(ASIGS) and the World Molecular Imaging Society 
(WMIS) discussed consensus methods for FDA-directed 
human testing and approval of investigational optical 
imaging devices and contrast agents for surgical applica-
tions. The specific goals of this workshop were to present 
FDA’s approval requirements and expectations for studies 
of new devices and drugs, alone and in combination, 
in the context of optical surgical navigation, and to 
provide clarity to the research community for the 
purpose of improving the data submitted to FDA and 
accelerating the regulatory process. This workshop 
was created in response to the community’s request 
to further the rapid development of optical and image-
guided imaging technologies, which is an activity that 
falls within CIP’s purview of facilitating the clinical 
evaluation of promising methodologies that can 
improve cancer care. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwitmNTP36vQAhWo1IMKHdOKBB4QFggcMAA&url=https%3A%2F%2Fwww.nibib.nih.gov%2F&usg=AFQjCNERE4EGx499nC44jLBB548gttymcA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwitmNTP36vQAhWo1IMKHdOKBB4QFggcMAA&url=https%3A%2F%2Fwww.nibib.nih.gov%2F&usg=AFQjCNERE4EGx499nC44jLBB548gttymcA
https://www.nist.gov/
https://www.nist.gov/
http://www.acadrad.org/wp-content/uploads/2018/01/Roadmap-for-Medical-Imaging-Research-and-Development-2017.pdf
http://jnm.snmjournals.org/content/early/2017/08/16/jnumed.117.195610.abstract?sid=311c1e95-1fa3-4446-ad5f-cf41c7713bfa
http://jnm.snmjournals.org/content/early/2017/08/16/jnumed.117.195610.abstract?sid=311c1e95-1fa3-4446-ad5f-cf41c7713bfa
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Response Evaluation Criteria in Solid Tumors 
(RECIST) Working Group (2006-present)

The RECIST criteria is a set of voluntary, international 
standards, which is the de facto method by which the 
response to an intervention (such as a novel cancer 
therapeutic drug) is being evaluated in the majority of 
cancer-related clinical trials performed today. RECIST 
is based on statistically validated work and analysis 
that categorizes responses to therapy based on changes 
in tumor size as measured with anatomical imaging 
modalities, such as a CT or MRI scan. The criteria were 
originally published in February 2000 by an international 
collaboration that included EORTC, NCI, and the National 
Cancer Institute of Canada, and were revised to RECIST 1.1 
in 2009. Having a set of standardized, validated response 
evaluation criteria such as RECIST enables comparative 
analysis across studies and allows medical imaging data to 
be used as a surrogate endpoint in clinical trials. Medical 
Officers of CTB participated in this international collabo-
ration and are committee members who produced RECIST. 
Moreover, CTB is leading the next version update to 
RECIST, and CTB Medical Officers have been co-chairs 
on the RECIST FDG PET Working Group from 2007 to 
the present, including the most recent revisions of the 
RECIST criteria issued in 2015.

QuIC-ConCePT (Quantitative Imaging in 
Cancer: Connecting Cellular Processes with 
Therapy) Consortium

The Innovative Medicines Initiative (IMI), a unique 
partnership between the European Union and the 
European Federation of Pharmaceutical Industries and 
Associations (EFPIA), has awarded a grant to the QuIC-
ConCePT Consortium to study imaging biomarkers for 
anti-cancer drug development. QuIC-ConCePT is coordi-
nated by AstraZeneca and managed by the EORTC. Staff 
from CTB serve in an advisory role to QuIC-ConCePT 
by being active members of the Independent Scientific 
Advisory Committee (ISAC).

FUTURE DIRECTIONS

Clinical imaging in cancer will continue to be transformed by 
novel devices, new methods for displaying and using images, 
and highly targeted imaging agents capable of isolating 
even the smallest tumors for characterization. Holographic 
images coupled with 3-D printing will give surgeons the 
opportunity to visualize deep seeded tumors in difficult 
anatomical location before surgery begins. Imaging probes 
that remain dormant in the bloodstream until reaching 
the tumor site will suddenly activate to isolate the tumor 
location. Functional imaging methods will signal the activity 
of natural immune response to tumors. Nanobot devices, 
molecularly engineered structures capable of performing 
intercellular tasks, guided through image control will be 
able to alter damaged cellular communication pathways to 
prevent disease before it begins. Implanted devices will be 
capable of detecting and eliminating circulating tumor cells 
before metastasis can take place. Such feats will be possible if 
imaging is teamed with the needed biological, chemical, and 
engineering technologies.

As imaging technologies and capabilities move toward 
these novel goals, tasks for the immediate future include 
improving methods that will support precision medicine. 
Major emphasis will be placed on improved methods for 
directed biopsy, support for clinical studies of imaging 
agents for tumor augmentation, and quantitative methods 
to extract phenotype information from tumors, including 
artificial intelligence techniques. It is critical to address the 
issue of co-correlation at vastly different physical scales and 
the integration of disparate data to allow valid alignment of 
imaging defined phenotypes with biologic characteristics. 
Developing techniques that minimize the intrinsic errors of 
random sampling and alignment are not trivial but essential 
to advancing our understanding of human cancer and 
improving patient outcomes. 

Additional challenges in imaging technology development 
will include methodologies for translating new imaging 
concepts into the clinical workflow, requiring consensus on 
standards, quality management activities, and continued 
dialogue with the FDA. Improvements in imaging capa-
bilities will continue to be a central focus for technology 
development, but methods for translation will be emphasized 
in future support.
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The Cancer Therapy Evaluation Program (CTEP) coordinates 
the clinical treatment program of DCTD. CTEP manages a 
broad range of clinical trials that are closely integrated with 
preclinical discovery and development fostered by other 
DCTD programs. Once an approach (drug, surgery, radia-
tion, immunotherapy) has obtained promising efficacy and 
adequate safety in preclinical testing, CTEP resources may 
be utilized to move the therapy from first-in-human safety 
trials through definitive, randomized, controlled trials that 
meet U.S. Food and Drug Administration (FDA) require-
ments for approval.

CTEP staff direct the monitoring of greater than 800 cancer 
treatment clinical trials conducted throughout the nation. 
These trials are funded by more than 40 cooperative agree-
ments and contracts, and involve about 20,000 patients annu-
ally. This level of activity makes CTEP the largest publicly 
funded clinical trials organization in the United States. The 
program is responsible for many of the major studies that 
have improved cancer treatment over the last three decades. 
The trials are conducted by clinical trials networks of U.S. 
and international members, within which are contained both 
considerable scientific expertise and accrual capability. The 
trial networks, supported in whole or in part by CTEP, are 
aligned as shown in the accompanying diagram.

OVERVIEW STRUCTURE AND FUNCTION 

FIGURE 38: NCI FUNDED CLINICAL TRIALS NETWORK. 

ABTC = Adult Brain Tumor Consortium; CITN = Cancer Immu-
notherapy Network; CNS = central nervous system; ETCTN = 
Experimental Therapeutic Clinical Trials Network; NCORP = 
National Community Oncology Research Program; NCTN = 
National Clinical Trials Network; PBTC = Pediatric Brain Tumor 
Consortium; SPOREs = Specialized Programs of Research 
Excellence; R01, R21, P01 are research project, exploratory/
developmental research, and program project grants.

Preclinical

Phase 1

Phase 2

Phase 3

CTEP-Funded
Resources

Non-CTEP-Funded
Resources

PPTC

CITN, 
ETCTN, 

CNS Consortia

ABTC, PBTC

NCTN

NCORP

Others 
(Centers,
SPOREs, 
R21, R01,
P01, etc.)

Clinical 
Center, 
Cancer 

Centers, 
etc.

CTEP staff comprise physicians, scientists, nurses, pharma-
cists, and other specialists. By offering support and exper-
tise to extramural investigators, CTEP branches enable the 
academic community to overcome many of the regulatory, 
pharmaceutical, and scientific barriers that can hinder the 
implementation of clinical trials. CTEP holds 167 Investiga-
tion New Drug (IND) applications for new agents, primarily 
through Cooperative Research and Development Agree-
ments (CRADAs) with pharmaceutical partners, thereby 
providing latitude to extramural investigators during early-
phase trials to explore new schedules, doses, and proof-of-
concept/mechanism-of-action studies. 

By expanding the number of diseases in which agents devel-
oped by pharmaceutical companies are studied, CTEP’s early 
clinical trials program (comprising the Phase 1 and 2 pro-
grams shown in the diagram below) adds significantly to the 
industry drug development plan, which is focused primarily 
on FDA registration. Depending on the scope and expertise 
of the pharmaceutical partner, CTEP-sponsored researchers 
can either perform trials in common cancers or can focus 
on areas that are less market driven, such as pediatric and 
hematologic tumors, complex tumors requiring multidisci-
plinary approaches, such as head-and-neck cancers and brain 
tumors, and multiple rare tumors. In addition, a particular 

http://ctep.cancer.gov/
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JEFFREY S. ABRAMS
ASSOCIATE DIRECTOR

Jeffrey S. Abrams, MD, has led CTEP as Associate Director 
since June 2007. Dr. Abrams has been a member of CTEP 
since 1993, when he joined as a clinical research scientist 
to oversee the breast cancer treatment trials portfolio and 
participate in clinical trials at the NIH Clinical Center. In 2004, 
Dr. Abrams was appointed Chief of the Clinical Investigations 
Branch and was responsible for the direction of the NCI Clinical 
Trials Cooperative Group program. As Associate Director, Dr. 
Abrams supervises a staff that collectively oversees, reviews, 
and coordinates more than 150 active Phase 3 trials and more 
than 700 early-phase trials in all varieties of cancer and all 
modalities of treatment. He pioneered the Cancer Trials Support 
Unit, which has established a national network of physicians 
to participate in NCI-sponsored Phase 3 treatment trials, and 
has overseen the implementation of NCI’s Central Institutional 
Review Board. Dr. Abrams’ achievements have been recognized 
by numerous NIH Director and Merit Awards, and he is the 
author of over 100 publications in the field of breast cancer and 
clinical trials and numerous book chapters.

CTEP STRATEGIC GOALS
• Develop predictive diagnostics in tandem with new agents 

to enable precise targeting to those patient populations 
most likely to benefit from the agents

• Conduct controlled Phase 2 and 3 trials with the goal of 
determining the best treatment approach for a particular 
cancer or molecular subtype

niche filled by CTEP in recent years involves early combi-
nation trials with experimental agents from two or more 
companies. CTEP has forged multi-company partnerships 
through the creation of a novel intellectual property (IP) 
agreement that enables collaborators to share IP when they 
co-develop drug combinations. Over 50 novel combinations 
of targeted investigational agents have entered into clinical 
trials sponsored by CTEP in recent years. 

When promising signals of biologic activity are seen in Phase 
2 trials performed by CTEP’s early-trials networks, the NCI 
National Clinical Trials Network (NCTN) is prepared to 
move these ideas into controlled, randomized, Phase 3 trials.

Transitioning from Phase 0 to Phase 3 studies requires a full 
complement of clinical trials services that reside in CTEP’s 
seven branches.

INVESTIGATIONAL DRUG BRANCH

The Investigational Drug Branch (IDB) is responsible for 
coordination and oversight of clinical trials of new chemo-
therapeutic and biological antitumor investigational agents 
that aim to evaluate their pharmacokinetic (PK), pharmacody-
namic (PD), and antitumor efficacy. IDB oversee a portfolio 
of 52 investigational agents, nearly all of which are developed 
under agreements with biotechnology and pharmaceutical 
companies. IDB staff evaluate agents for potential clinical 
development by NCI, initiate drug development plans, review 
study proposals, and oversee the conduct and analysis of data 
from trials conducted under CTEP INDs. IDB’s primary role 
is the acquisition of novel agents from the pharmaceutical 
industry in order to assist in their further development via 
CTEP’s Phase 1 and Phase 2 clinical trials programs, which in 
2014 were combined to form the Experimental Therapeutics 

http://ctep.cancer.gov/branches/idb/default.htm
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Clinical Trials Network (ETCTN). Staff meet regularly with 
pharmaceutical companies, serve on NCI drug development 
committees, and interact with investigators in academia and 
industry, as well as FDA regulatory staff. A major focus of 
CTEP drug development is exploration of the combinatorial 
utilization of investigational and approved drugs based upon 
a strong mechanistic rationale and supportive preclinical 
data. NCI is well positioned as a leader in testing novel com-
binations because of the large number of agents for which it 
holds the IND and its long tradition as a safe haven for IP, 
thereby permitting different companies to overcome industry 
barriers to co-development of agents. 

CLINICAL INVESTIGATIONS BRANCH

The Clinical Investigations Branch (CIB) is responsible 
for the scientific coordination and oversight of definitive, 
practice-changing clinical trials of innovative oncology 
treatments and advanced imaging, including complex, 
preliminary, and definitive precision medicine trials. 
These mostly randomized, Phase 2 and 3 studies include 
investigations of single-agent or multiple-agent targeted 
therapies or combined modality interventions, including 
surgical and radiation therapy with chemo-, biologic- and 
immuno-therapies, in the treatment of cancer for adult, 
adolescent, and pediatric populations, conducted nationally 
by the extramural scientific community:

• NCI National Clinical Trials Network (NCTN)

• Pediatric and Adult Brain Tumor Consortia (PBTC / ABTC)

• Pediatric Phase 1 Consortium 

• Pediatric Preclinical Testing Program (PPTP)

CIB physicians, nurses, and allied health professionals 
provide oversight of essential services and collaborations 
associated with these national clinical trial networks in 
conjunction with:

• The Cancer Trials Support Unit (CTSU), which provides 
centralized patient enrollment 24 hours a day, 7 days a 
week, as well as administrative and regulatory support for 
trial conduct

• The Central Institutional Review Board (CIRB) for adult 
and pediatric NCTN trials 

• The Cancer Diagnosis Program (CDP) regarding the 
collection, banking, and use of clinical biospecimens in 

conjunction with validated data from multi-institutional 
clinical trials 

• The Center for Coordinating Clinical Trials (CCCT) on 
identifying and prioritizing clinical trials for disease-
related research

• Other NIH and NCI programs, such as the Blood and 
Marrow Transplant Clinical Trials Network (BMT-CTN), 
co-sponsored by NCI and the National Heart, Lung, and 
Blood Institute (NHLBI)

• Other international clinical trial organizations on treat-
ment trials

CLINICAL GRANTS AND CONTRACTS BRANCH

The Clinical Grants and Contracts Branch (CGCB) manages 
a multidisciplinary clinical research portfolio that is concen-
trated in the areas of clinical oncology and surgical oncology. 
These program areas are focused on the development of 
investigative clinical agents, related correlative studies, novel 
treatment regimens, clinical and surgical methods develop-
ment, pharmacogenomics, clinical trial related bioethics,  
and clinical trial design. The CGCB supports investigator- 
initiated therapeutic research projects as well clinical trials 
networks and consortia.

In 2016, the CGCB managed 194 active grants totaling 
$144 million, including 124 ($55 million) Research Project 
grants (R01), 27 ($64 million) Program Project grants (P01) 
and 10 ($14 million) cooperative agreements (U01/U24/U10/
U54/UM1). The distribution of grant award mechanisms  
in CGCB’s portfolio, in terms of cancer type, is shown in 
Figure 39.

CGCB staff is composed of Program Officers (POs) who 
manage the scientific, technical, administrative, and fiscal 
aspects of CTEP’s extramural clinical research portfolio 
consisting of grants and cooperative agreements. POs are 
responsible for, but are not limited to, the following activities:

• Ensuring that research project grants and cooperative 
agreements are scientifically and programmatically sound, 
and technically appropriate

• Identifying areas of scientific gaps and/or overlap

• Discovering new areas of scientific investigation

• Developing plans to exploit promising new therapeutic 
agents, modalities, and treatment strategies

http://ctep.cancer.gov/branches/cib/default.htm
https://www.cancer.gov/research/areas/clinical-trials/nctn
https://ctep.cancer.gov/investigatorResources/childhood_cancer_resources.htm#pbtc
https://ctep.cancer.gov/MajorInitiatives/Adult_Brain_Tumor_Consortium.htm
https://ctep.cancer.gov/MajorInitiatives/Childrens_Oncology_Group.htm
https://ctep.cancer.gov/MajorInitiatives/Pediatric_Preclinical_Testing_Consortium.htm
https://ctep.cancer.gov/industryCollaborations2/default.htm
http://ctep.cancer.gov/branches/cgcb/default.htm
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FIGURE 39: DISTRIBUTION OF CTEP 2016 AWARDS BY CANCER TYPE.

• Providing assistance, information, guidance, and 
advice to the scientific community

• Managing CTEP UM1- and U01-funded consortia, 
such as the ABTC, the BMT CTN, and the Cancer 
Immunotherapy Trials Network (CITN)

• Ensuring regulatory compliance

• Ensuring that research project progress is adequate 
to meet project goals/objectives

• Stimulating interest in scientific areas relevant to 
clinical and surgical oncology

• Evaluating merit and mission relevance of research 
proposals

REGULATORY AFFAIRS BRANCH

The Regulatory Affairs Branch (RAB) is comprised of two 
groups, the Agreement Coordination Group (ACG) and the 
Drug Regulatory Group (DRG), both of which function to 
facilitate the development of promising anti-cancer drugs as 
identified via the NCI Experimental Therapeutics (NExT) 
Program. The ACG begins this process by developing and 

negotiating a CRADA with an industry partner, as a foun-
dation for the co-development of an agent. A CTEP-specific 
CRADA template with standard, non-negotiable clauses is 
used to reduce negotiation time. More recently, the ACG has 
been responsible for fostering pharmaceutical collaboration 
for three DCTD initiatives, the NCI-Molecular Analysis 
for Therapy Choice (NCI-MATCH) and NCI-COG Pediat-
ric-MATCH precision medicine studies, as well as the NCI 
Formulary (See Major Initiatives Supporting the Cancer 
Community, pg. 42). Other types of agreements put in 
place to support our IND studies include Material Transfer 
Agreements (for nonclinical studies), Clinical Trial Agree-
ments (e.g., NCI-MATCH study), International Agreements, 
Memoranda of Understanding, and Data Use Agreements 
(See “Assistance to the Cancer Community” below).

As part of the co-development process, CTEP takes on the 
role of IND sponsor, and all the responsibilities required by 
FDA. The DRG within RAB is responsible for filing the nec-
essary INDs to support all clinical trials under the auspices of 
a CRADA. Moreover, this group is responsible for ensuring 
that these studies are in compliance with FDA regulations. 
Currently, there are 167 IND applications used to support 

http://ctep.cancer.gov/branches/rab/default.htm
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/pediatric-match
https://nciformulary.cancer.gov/
https://nciformulary.cancer.gov/
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our ETCTN and NCTN trials. IND-related activities include 
Safety Reporting (expedited and annual reporting), new 
protocols and amendments, and responses to FDA queries. 
In addition, DRG coordinates End-of-Phase 2 meetings 
between the FDA and CTEP-NCTN-Pharma for all studies 
intended to support a new indication or label change. DRG 
also plays a central regulatory role regarding investigational 
biomarker assays used in conjunction with investigational 
drugs. Specifically, this group ensures that pertinent Investi-
gation Device Exemption (IDE) regulations are followed for 
those studies utilizing investigational, treatment-determining 
assays. In addition, meetings with FDA’s Center for Devices 
and Radiological Health (CDRH; e.g., Pre-submission meet-
ings) are coordinated through this group.

PHARMACEUTICAL MANAGEMENT BRANCH

The Pharmaceutical Management Branch (PMB) is a 
unique resource for experimental and investigational 
oncology agents in support of DCTD clinical research 
efforts by providing the extramural community with 
specific pharmaceutical services, regulatory oversight, and 
administrative support. PMB pharmacists manage the more 
than 150 investigational agents and deliver appropriate 
guidance to thousands of sites within the United States and 
around the world, requiring that they remain current on the 
latest advances in oncology practice. 

CLINICAL TRIALS MONITORING BRANCH

The Clinical Trials Monitoring Branch (CTMB) manages 
quality assurance and quality control of the following:

• Early phase clinical trials (Phase 0, Phase 1, and 
Phase 2 studies) conducted by the ETCTN

• Late phase clinical trials (Phase 2 and Phase 3 studies) 
conducted by the NCTN 

• Prevention trials sponsored by the Division of Cancer 
Prevention (DCP)

CTMB is responsible for establishing standards for quality 
assurance activities and for overseeing the on-site auditing 
activities to assure the integrity of the data, patient safety, and 
compliance with protocol requirements and Good Clinical 
Practices (GCP). CTMB also provides education to clinical 
research sites that are experiencing performance issues. 

Accomplishments (01/01/2013-11/30/2017)

• 4,446 Cooperative Group/Network Group 
audits reviewed 

• 239 Non-Network Group audits reviewed

• 156 Cancer Center Site Visits coordinated 
and performed

• 86 Children’s Oncology Group (COG) Phase 1 
Consortium audits conducted by the clinical trial 
management service (CTMS) and reviewed by 
CTMB staff 

• 137 Phase 1 and Phase 2 Protocols assigned for CTMS 
monitoring involving 1,878 patient enrollments

• 292 CTMS Phase 1/Phase 2 audits conducted by the 
CTMS and reviewed by CTMB staff

• 7 special response audits with independent radiologic 
review of cases

• All new studies assigned for CTMS monitoring 
since 2014 are built in Medidata Rave

• Since 2014, all Phase 2 studies conducted through 
the ETCTN have data management, including 
study build and monitoring by CTMS

• Development and deployment of a web-based module 
to facilitate the review of clinical trial data by IDB Drug 
Monitors and Principal Investigators, including tools 
for aggregate data analysis within and across studies 
using the same agent

http://ctep.cancer.gov/branches/pmb/default.htm
http://ctep.cancer.gov/branches/ctmb/default.htm
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CLINICAL TRIALS OPERATIONS AND INFORMATICS BRANCH

The Clinical Trials Operations and Informatics Branch 
(CTOIB) improves protocol development and conduct by 
providing efficient business practices, informatics tools, as 
well as central review of clinical trials for human safety and 
protection, and process evaluation methods. CTOIB includes 
the Protocol and Information Office (PIO), the CTEP 
Enterprise System (ESYS), the NCI CIRB, the CTSU and a 
quality improvement program. CTOIB also supports process 
evaluation and data-analysis efforts for the NCTN systems. 
This includes using surveys and marketing analyses for the 
development and application of systematic accrual practices 
to aid challenging trials and evaluation of NCI programs, 
including the CIRB.

CTEP GRANTS OVERVIEW

The CTEP research portfolio includes 263 active grants and 
cooperative agreements totaling approximately $278 million 
during fiscal year 2016. The award mechanisms used by 
CTEP and their distribution in terms of number of awards 
and funding in 2016 are shown in Figure 40. The predom-
inant mechanism, in terms of funding, is the Cooperative 
Agreement (U10), followed by the Program Project grant 
(P01) and Research Project grant (R01). In terms of numbers 
of grants, the Research Project grant (R01) is the mechanism 
most utilized in CTEP’s portfolio.

ASSISTANCE TO THE CANCER COMMUNITY

CTEP-SPONSORED PHASE 2 TRIALS LEADING TO 
PIVOTAL TRIALS

A number of CTEP-sponsored Phase 2 studies have led to 
pivotal clinical trials. Examples include the following:

• The randomized Phase 2 trial of cabozantinib versus suni-
tinib in metastatic renal cell carcinoma (RCC) led to the 
pivotal METEOR trial (NCT01865747).1

1 Choueiri TK, et al; Lancet Oncol 2016 Jul;17(7):917-27

 This comparison 
of cabozantinib to everolimus was the basis for the 2016 
FDA approval of cabozantinib in patients with advanced 
RCC who had received prior anti-angiogenic therapy.

• Phase 2 trial of cabozantinib in endometrial carcinoma 
(NCT01935934) leading to the pivotal CTEP-sponsored 
Phase 3 CARE trial of cabozantinib vs. adriamycin in 
recurrent/metastatic endometrial cancer.

• Randomized Phase 2 trial (NCT01143402) in metastatic 
uveal melanoma demonstrated marked improvements in 
PFS with selumetinib monotherapy relative to temazolo-
mide or dacarbazine.2

2 Carvajal RD, et al; JAMA 2014;311(23):2397-2405 

 These results led to the pivotal 
Phase 3 SUMIT trial (NCT01974752) of selumetinib + 
dacarbazine compared to dacarbazine alone.3

3 Carvajal RD, et al; BMC Cancer 2015 Jun 10;15:467

 Unfortu-
nately, the improvements in PFS and OS observed in the 
earlier trial were not reproduced.
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FIGURE 40: DISTRIBUTION OF CTEP 2016 GRANT FUNDS (LEFT) AND NUMBERS OF GRANTS (RIGHT) BY MECHANISM.

http://ctep.cancer.gov/branches/pio/default.htm
http://ctep.cancer.gov/branches/pio/default.htm
https://clinicaltrials.gov/ct2/show/NCT01865747
https://clinicaltrials.gov/ct2/show/NCT01935934
https://clinicaltrials.gov/show/NCT01143402
http://clinicaltrials.gov/show/NCT01974752
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• Randomized Phase 2 study (NCT01116648) of com-
bination cediranib and olaparib versus olaparib alone 
in ovarian cancer4 has led to two pivotal trials: one in 
platinum-sensitive (NCT02446600) and the other in plati-
num-refractory (NCT02502266) ovarian cancer.

FOSTERING CAREER DEVELOPMENT OF JUNIOR CLINICAL 
INVESTIGATORS

The Career Development LOI (CrDL) program is designed 
to facilitate career development by providing a competitive 
advantage for junior investigators submitting LOIs. The 
program provides mentoring in the LOI development and 
review process, including expert commentary on clinical trial 
proposals. Of the several hundred CrDLs submitted since the 
program’s inception, approximately 30% have been approved. 
Moreover, virtually all members of CTEP Drug Development 
Project Teams are junior faculty/mentor pairs. CrDLs have 
been submitted through all funding mechanisms, reflecting 
broad acceptance of the CrDL process.

Ten to twenty fellows and junior faculty from institutions 
around the country rotate at CTEP each year, during which 
they participate in:

• CTEP review of LOIs and protocols

• Scientific presentations by biotechnology and pharmaceu-
tical companies seeking CTEP collaboration

4 Liu JF, et al; Lancet Oncol 2014 Oct;15(11):1207-14

• Initiation of projects that interrogate the large CTEP 
Phase 1 database containing data from thousands of 
patients enrolled in CTEP clinical trials

CLINICAL TRIALS PROGRAM

NCI National Clinical Trials Network (NCTN) 

See Major Initiatives Supporting the Cancer Community, 
pg. 12

In 2016, investigators from COG presented their results for 
newly diagnosed children with high-risk neuroblastoma. 
ANBL0532 was designed to test whether intensifying therapy 
using two back-to-back phases of myeloablative chemother-
apy (tandem) would improve 3-year event-free-survival. A 
total of 652 patients were enrolled with 355 randomized to 
either single or tandem autologous stem cell transplants. The 
children treated with the tandem transplants had a superior 
3-year event-free survival of 63% as compared to 49% for 
those children who received a single transplant.

In view of these results, tandem transplant has now become 
the standard therapy for children with high-risk neuroblasto-
ma. In the next high-risk neuroblastoma study (ANBL1531), 
this regimen will be compared against the European approach 
for myeloablative therapy and against a treatment arm using 
the targeted radioactive agent 131I-MIBG during the first 
phase of therapy (induction) followed by tandem transplant.

http://clinicaltrials.gov/show/NCT01116648
https://clinicaltrials.gov/ct2/show/NCT02446600
https://clinicaltrials.gov/ct2/show/NCT02502266
https://clinicaltrials.gov/ct2/show/NCT00567567
https://clinicaltrials.gov/ct2/show/NCT03126916
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Cooperative Research and Development Agreements 
(CRADAs)

The establishment of an Alternate Technology Develop-
ment Coordinator position within RAB in 2011 markedly 
enhanced CTEPs ability to execute agreements associated 
with clinical trials. Following are the numbers and types of 
agreements for 2013–2017:

• CRADAs Executed: 67

• Total Active CRADAs: 98

• CTAs Executed: 19

• Total CTAs: 46

• International Agreements Executed: 9

• Total International Agreements: 17

• INDs Filed: 109

• IND Portfolio: 167

• IND Amendments (per year): 658 Protocol 
Amendments, 30 New Protocols, 194 Expedited 
Safety Reports, and 115 Annual Reports

• CRADA, IND, and Sponsor Inspection 
Support: Anti-GD2 MoAb ch14.18 
(FDA-approved March 2015)

IP and Biomarker Development

In order to facilitate precision medicine trials such as 
NCI-MATCH, as well as biomarker driven targeted 
therapy, DCTD has developed collaboration agreements 
with language that facilitates diagnostic assay company 
access to data and materials by clarifying the rights to 
data and IP for the pharmaceutical collaborators as 
well as the diagnostic company. As described in the 
CTEP IP Option to Collaborator, diagnostic assay 
companies must provide a pharmaceutical collaborator 
the biomarker rights to a research use and label use 
license if the collaborator is required to use an assay, 
for marketing of the agent or regulatory filings, that 
was developed using data or specimens collected under 
the scope of a CTEP study. In return, the diagnostic 
company retains the rights to any improvements or 
developments related to the proprietary assay that is 

being used to support or select patients for that clinical 
trial. Biomarker and clinical outcome data are shared 
per the multiparty data provisions of all agreements in 
order to allow both the collaborators and diagnostic 
companies any further development of their 
proprietary products.

NCI Drug Development Project Teams

Highly ranked drug development proposals submitted 
through the NCI Experimental Therapeutics (NExT) 
Program require the assembly of an NCI Drug Develop-
ment Project Team to design the scope of NCI’s initial 
multi-institutional, multi-disciplinary drug development 
plan for the proposed agent(s). In order to identify the 
appropriate team members, CTEP solicits and reviews 
Project Team Member Applications (PTMAs) from 
investigators in CTEP’s clinical trial networks. The 
Project Team members are selected based upon their 
qualifications and the expertise they can provide to 
the Project team. They will determine which clinical 
trials will be conducted across the CTEP clinical trials 
network sites, and how best to approach critical 
translational studies. 

Extramural investigators included on the Project Teams 
may fill one or more of the following roles:

• Clinician scientists lead the clinical trials recommended 
by the NCI Drug Development Project Team and create 
protocol study committees for execution of these studies. 
These trials can be conducted through any of the clinical 
trials networks managed by CTEP. Junior investigators 
and their mentors are encouraged to submit Career 
Development Project Team Member Applications 
(CrD PTMAs), similar to the CrDL process.

• Translational scientists provide guidance on prioritiza-
tion of biomarkers for the studies under development, 
including recommendations for technologies and plat-
forms that meet increasingly stringent requirements for 
integral and integrated biomarkers.

• Basic scientists provide scientific guidance for the 
study design based on the mechanism of action of 
the investigational agent, and help prioritize the 
clinical study choices based on published literature 
and unpublished data. Basic scientists on the team 

https://ctep.cancer.gov/branches/rab/intellectual_property_option_to_collaborators.htm
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will have access to the agents in order to conduct 
additional laboratory studies deemed important for 
supporting the proposed clinical trial(s) of the agent.

Once convened, the NCI Drug Development Project Team 
meets regularly over a 6-8-week period in order to finalize 
the drug development plan for presentation to the Investiga-
tional Drug Steering Committee (IDSC). Upon approval of 

the project development plan and the requisite funding by 
the NExT Senior Advisory Committee (SAC), the clinician 
and translational scientists on the Project Team submit LOIs 
to CTEP. CTEP subsequently makes the agent available to 
qualified investigators, contingent on approval from the 
agent applicant. Network and non-network sites not on the 
Project Team may submit unsolicited LOIs for clinical trials 
or request the agent for nonclinical studies (Figure 41).

FIGURE 41: WORKFLOW FOR THE PROJECT TEAM-DRIVEN APPROACH TO NCI CLINICAL TRIALS.
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Listed below are the Drug Development Project Teams assembled since implementation of this concept in 2014 through 2017.

Year Agent Mechanism of Action Target

2014 AT13387 (Onalespib lactate) poly(ADP-ribose) polymerase (PARP) inhibitor HSP90

AZD-9291 (Osimertinib) 3rd generation inhibitor of mutated epidermal growth factor receptor (mEGFR) mEGFR

VX-970 Inhibitor of ataxia telangiectasia mutated and Rad3-related (ATR) kinase ATR

2015 CO-1686 (Rociletinib) 3rd generation inhibitor of mEGFR mEGFR

MPDL3280A (Atezolizumab) Designed to target programmed cell death ligand (PD-L1) expressed on tumor and infiltrating 
immune cells, and prevent binding to programmed cell death protein-1 (PD-1) and B7.1

PD-L1

MEDI-4736 (Durvalumab) A human monoclonal antibody directed against PD-L1. Signals from PD-L1 help tumors avoid 
detection by the immune system

PD-L1

2016 T-VEC Herpes simplex virus type 1–derived oncolytic immunotherapy designed to selectively 
replicate within tumors and produce granulocyte macrophage colony-stimulating factor 
(GM-CSF) to enhance systemic antitumor immune responses

Oncolytic Virus

AMG-232 Inhibitor of murine double minute 2 (MDM2) signaling MDM2

Anetumab ravtansine A fully human IgG1 monoclonal antibody directed against the cell surface glycoprotein 
mesothelin and conjugated to the maytansinoid DM4 with potential antineoplastic activity

IgG1 Antibody

2017 Copanlisib A phosphoinositide 3-kinase (PI3K) inhibitor with potential antineoplastic activity PI3K

CB-839 Glutaminase inhibitor, oncology metabolomics Glutaminase

Ixazomib Proteasome inhibitor proteasome

Pevonedistat NEDD8ylation inhibitor NEDD8

M3814 DNA-PKcs inhibitor, DNA Repair DNA

TABLE 6: NCI DRUG DEVELOPMENT PROJECT TEAMS (2014-2017)
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CTEP has also acquired agents that, due to a very limited drug development plan, have not required a Drug Development 
Project Team. Those agents are listed in the following table.

Year Agent Mechanism of Action Target

2014 AMG-102 (Rilotumumab) Inhibit the hepatocyte growth factor/scatter factor (HGF/SF) HGF/MET

AMG-337 Specific inhibitor of the Met receptor cMET

CDX-011 (Glembatumumab 
vedotin) 

Transmembrane glycoprotein NMB (GPNMB)-targeted antibody drug conjugate
GPNMB

SGI-110 (Guadecitabine) Dinucleotide antimetabolite of a decitabine linked via phosphodiester bond to a guanosine, 
with potential antineoplastic activity

DNMT

VXc-984 A novel DNA-protein kinase (PK) inhibitor DNA-PK

2015 AZD8186 An inhibitor of the beta isoform of PI3K PI3K

CDX-1127 (Varlilumab) Fully human monoclonal antibody that targets CD27 anti-CD27-mAb

KW-0761 (Mogamulizumab) Defucosylated humanized IgG1 mAb against C-C chemokine receptor 4 (CCR4) anti-CCR-mAb

2016 LOXO-101 An orally available, tropomyosin receptor kinase (Trk) inhibitor, with potential 
antineoplastic activity

pan TRK

Pinometostat DOT1-like (Disruptor of telomeric silencing 1-like), histone H3K79 methyltransferase 
(DOT1L) inhibitor

DOT1L

Tazemetostat An orally available, small molecule selective and S-adenosyl methionine (SAM) competitive 
inhibitor of histone methyl transferase EZH2, with potential antineoplastic activity.

EZH2

Savolitinib An orally bioavailable inhibitor of the c-Met receptor tyrosine kinase with potential 
antineoplastic activity

MET

2017 GSK525762 (I-BET-762, 
GSK525762A)

Binds to the acetylated lysine recognition motifs on the bromodomain of BET 
proteins, thereby preventing the interaction between the BET proteins and acetylated 
histone peptides.

BET

TAK-243 A cell permeable small molecule inhibitor targeting ubiquitin-activating enzymes 
(UAE, also known as E1 enzymes).

UAE

TABLE 7: NCI AGENTS WITH LIMITED DRUG DEVELOPMENT (2014-2017)

NCI Investigational Drug Steering Committee (IDSC)

The recommendation of NCI’s Clinical Trials Working 
Group, which reviewed the national clinical research enter-
prise, formed the basis for establishment of the NCI IDSC in 
November 2005. The IDSC is composed of a steering com-
mittee and nine task forces. Members of the IDSC include 
the principal investigators of NCI’s early drug development 
grants and contracts, representatives from the NCTN, a 
patient advocate, biostatisticians, and NCI staff.

The goals of the IDSC are to:

• Provide external strategic input into the prioritization 
of Phase 1 and 2 trials for new agents, including review 
of the drug development plans proposed by the NCI 
Drug Development Project Teams

• Increase transparency of the prioritization process

• Optimize clinical trial designs to improve efficiency of 
early-phase therapeutics

https://www.cancer.gov/about-nci/organization/ccct/steering-committees/investigational-drug
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Registration of Clinical Trial Site Research Staff

More than 23,000 physician investigators are registered with 
PMB to participate in clinical investigations, of which approx-
imately 20,000 (87%) are domestic and 3,000 (13%) are 
international researchers. In addition, approximately 53,300 
trial-associated health care professionals are also registered. 
The help desk manages more than 55,000 inquiries and com-
munications annually in support of the registry. Registration 
is accomplished via the newly developed and implemented 
NCI Registration and Credential Repository database, which 
documents that the appropriate education, training and qual-
ification of research staff required to conduct DCTD-spon-
sored and funded research are obtained and current.

Additional activities include:

• An average of 25,000 investigational agent shipments 
annually authorized in support of DCTD-sponsored 
and supported trials worldwide. Of these, approximately 
24,000 are distributed to domestic clinical trial sites. 

• Blinded study/patient-specific supply order 
shipments: approximately 3,500 annually (for 
18 blinded, placebo-controlled and patient-specific 
supply clinical trials accruing patients)

• Open-label study standard order shipments: 
21,500 annually

• Specialized resources to support shipment of agents to 
international clinical trial sites. Over the past five years, 
agents were successfully shipped to clinical trial sites in 
the following countries: Australia, Canada, Hong Kong, 
Israel, Japan, South Korea, New Zealand, South Africa, 
Singapore, and Taiwan.

• Specialized resources to support randomized, placebo-
controlled and patient-specific supply clinical trials. The 
development, implementation, support, and monitoring 
of blinded and patient-specific clinical trials require devel-
opment of specialized computer programming for each 
trial to ensure that the pertinent active agent or placebo 
supply is delivered to patients in a timely manner. There 
are currently 18 blinded trials eligible to accrue patients 
and two more in development. 

• Investigator Community Service-Support Projects:

• Website—Provides the investigator and associated 
community valuable and time saving online tools to 
meet regulatory requirements.

• PMB After Hours—An e-mail address where 
investigators and research staff can send questions 
24/7/365, which is particularly helpful for sites 
outside the continental United States. Routine 
response time is within one business day. More 
than 10,000 e-mails in addition to 7,000 telephone 
inquiries are addressed annually.

• Maintenance and Distribution of Investigator 
Brochures—IBs contain confidential and essential 
information required by the investigator and research 
staff to develop and conduct clinical investigations. 
PMB has implemented a secured, password-protected 
web-based module utilizing authentication factors to 
allow access to authorized recipients.

• Creation of a library of training videos that support 
site education for investigational agent management 
and reinforce PMB policies and procedures. These 
are accessible through the NCI YouTube channel and 
PMB website.

• Implementation and enhancement of an interactive 
PMB On-Line Agent Order Processing (OAOP) 
module. OAOP allows investigators and research staff 
to order investigational agents and track their ship-
ment, access stock recovery notifications and IBs.

• Re-design of registration website and resources to 
support the implementation of the NCI Registration 
and Credential Repository.

• Facilitated development of website in support of the 
NCI Formulary.

• Meet regulatory requirements to support agent 
distribution processes for IND Exempt clinical 
investigations.

Protocol and Information Office 

The PIO collects, processes, tracks, and monitors all protocol-
related information between CTEP and its extramural collab-
orators, as well as with other CTEP and NCI programs to:

• Facilitate the development and conduct of quality clinical 
trials in the most efficient and expeditious manner possible

• Minimize the administrative burden related to clinical 
trial development, conduct, and management on CTEP 
staff and the extramural community
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• Capture protocol-related keywords and milestones into 
CTEP ESYS to assist with CTEP decision making

• Promote, inform, and educate all concerned parties 
regarding NCI programs, policies, and objectives related 
to clinical trial development, conduct, and management

Item 2013 2014 2015 2016 2017

LOIs 130 230 128 114 111

Concepts 57 68 65 64 68

New protocols 165 163 144 130 157

Protocol revisions 283 159 172 136 369

Protocol amendments 1034 1466 907 838 781

TABLE 8: ITEMS PROCESSED BY THE PROTOCOL AND INFORMATION OFFICE 
(2013–2017)

FIGURE 42: SCHEMATIC DIAGRAM OF THE CTEP-ESYS INTEGRATION INTO THE LARGER IT INFRASTRUCTURE THAT SUPPORTS THE NCI CLINICAL TRIAL SYSTEM.

CTEP Enterprise System 

The CTEP ESYS is a 29-application system that fosters 
broad investigator participation, patient safety, and 
scientific advancement. Specifically, it facilitates clinical 
trial conduct and management by: 

• Capturing data and translating it into a usable and 
streamlined format to address scientific, safety, regulatory, 
and administrative requirements of clinical trials

• Eliminating data redundancy throughout the oncology 
community through integrated data systems

• Improving communication between CTEP and 
its collaborators

• Assuring the security and confidentiality of proprietary 
and patient information

• Supporting broad patient access to clinical trials
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• Expediting the protocol development and review 
process within both clinical trial organizations and 
reviewing bodies

Because many of the sub-CTEP ESYS applications were 
developed more than 10 years ago, it is currently undergo-
ing modernization from both a technical and operational 
perspective. Tools are being upgraded to broaden their use 
for diagnostic imaging, cancer prevention, and cancer con-
trol. Additional flexibility is being incorporated to support 
evolving scientific needs, including translational research, 
precision medicine, and other genomic initiatives. Software 
upgrades will ensure that CTEP ESYS applications remain 
secure, flexible, and relevant with technology, operational, 
and scientific advancements.

The CTEP ESYS contains data on:

• 10,872 LOIs

• 1,581 Concepts

• 22,483 Protocols

• 1,225,987 Patients

• 1,641,487 Expedited and routine adverse events

• 185,060 Expedited adverse event reports submitted to 
NCI (original AE reports + amendments)

The CTEP ESYS contains several systems (new and 
enhanced) used for submitting and tracking clinical trial 
information to CTEP:

1. CTEP Adverse Event Reporting System (CTEP-
AERS)—Used by members of the external community 
to inform IND sponsors and the FDA of serious adverse 
events occurring during trials. Current CTOIB activities 
related to adverse event reporting include continued 
customization of CTEP-AERS. This includes integrating 
Rave with CTEP-AERS to allow Rave users to submit 
reports of serious adverse events while using Rave, as 
well as updating tools used by CTEP to track, review, 
and assess adverse event reports and submit them to 
the FDA within the regulatory timeframes.

2. Clinical Data Update System (CDUS)—Used by the 
external community to submit patient accrual informa-
tion, demographic makeup of accrued patients, response 
data, and routine adverse events to CTEP to facilitate 
stronger oversight of trial conduct. Recent CTOIB activity 

related to CDUS is the integration of CDUS and the 
Oncology Patient Enrollment Network (OPEN), which 
sends real-time patient demographic information to 
CTEP-ESYS.

3. Identity and Access Management (IAM)—Used by 
members of the external community and CTEP to 
securely manage access to applications. IAM allows for 
single-source sign-on to all CTEP-managed applications 
and reduces the need for multiple usernames and 
passwords. CTOIB is currently working with NCI’s Center 
for Biomedical Informatics and Information Technology 
to extend the usage of Identity Access Management to 
include the NIH Lightweight Directory Access Protocol 
to provide all CTEP ESYS users with true single-sign-on 
capability.

4. NCTN & ETCTN Restructure—The Cooperative Group 
program under NCI was restructured in response to the 
NCTN and its goals. As a result, the nine Cooperative 
Groups were merged to form four Adult and one Pediatric 
Network organizations. Changes to the CTEP Enterprise 
included adding a new organization status, providing the 
ability to transition and abstract protocols, ship drugs, 
enter adverse events, track patient accrual and monitor 
studies for the newly formed network organizations. The 
new organization status helped preserve the protocol 
information associated with legacy Cooperative Group 
organizations in the CTEP-ESYS for query and reporting 
purposes. Enhancements were made across the enterprise 
systems to support the new 3-tiered organization rostered 
structure. A central roster validation service was devel-
oped to maintain and verify Grant Package Roles across 
multiple systems (ECM, RSS and CCOP-SYS), which 
increased collaboration and accuracy of information. 

5. Study Abstraction Review & Tracking System 
(START)—The Study Abstraction Review and Tracking 
System provides CTEP the ability to enter, modify, and 
retrieve data on study documents such as LOIs, concepts, 
protocols, revisions, and amendments received from 
researchers conducting clinical trials. START tracks 
these documents as they move through the protocol 
lifecycle, from review and approval to activation and 
completion. The legacy protocol abstraction system, 
PATS, was re-engineered with a technology upgrade to a 
more scalable service-oriented platform that will support 
integration, configuration and enhanced security. An NCI 
BRIDG compliant database design was implemented to 
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enable data exchange with other sources. Data abstrac-
tion capabilities were enhanced to support streamlined 
workflows for protocol approval, reduce duplication of 
data abstraction, enable better tracking and reporting of 
OEWG timelines, study status, related studies (precision 
medicine), actual and planned accrual. 

6. Registration and Credentialing Repository (RCR)—
The Registration and Credential Repository (RCR) is an 
online application used for the collection and manage-
ment of NCI annual registration documents to ultimately 
generate an on-demand site- and protocol-specific regis-
tration report, based on study activities assigned on the 
trial’s Delegation of Tasks Log (DTL) that span the history 
of the study and meets FDA regulations. Information 
collected through the RCR includes elements from the 
NCI Biosketch, FDA Form 1572, the FDA Financial Dis-
closure Form and the NCI Shipping Information Form. It 
complies with 21 CFR Part 11. 

7. CTMB Audit Information System (AIS)—CTMB-AIS 
is the audit information system used to schedule and 
perform audits at sites conducting CTEP sponsored 
studies. The technology stack of AIS was updated to 
integrate SSO, improve security and enable integration 
with other CTEP-ESYS applications to include IAM, RCR, 
START and web services. One of the major enhancements 
was the implementation of site monitoring capability 
for a specific protocol and Targeted Source Document 
Verification (TSDV) integration, which enables source 
data verification in RAVE and provides transparency for 
audit activities. 

8. Integrated Platform for Agents and Diseases—IPAD 
serves as a search engine for anyone seeking information 
contained within the CTEP ESYS, which allows for 
customized queries that can be saved and exported 
as needed along with access to protocol-related 
documents linked within the CTEP ESYS. Several 
major enhancements were made to IPAD to meet 
NCI’s reporting and data analysis capabilities. The 
NIH AD/PIV Card login option was implemented, 
enabling CTEP IAM account holders who also have 
NIH accounts to login to IPAD. New accrual fields 
(Screening vs. Intervention) and reports were imple-
mented to support the analysis of accrual performance 
on more complex precision medicine trials. 

9. Central Enterprise Services (CES)—CES consists of 
multiple web services developed to support the exchange, 
sharing, and integration of clinical trial data with systems 
that are internal and external to the CTEP ESYS. These 
services have replaced manual processes to share data, 
reduced duplication of effort and increased data quality 
and standardization. Two new services were implemented, 
and existing services were enhanced. One of the new 
services was developed to send CTEP trial registration 
and accrual data to NCI’s Clinical Trial Reporting 
Program (CTRP) for all CTEP studies. The Central 
Accrual Service (CAS) was implemented to provide 
planned and actual accrual data to IPAD, AIS, and other 
external consumers. Study service enhancements added 
new data elements and additional operations to support 
integration and data retrieval. 
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10. CTEP Clinical Oncology Research Enterprise 
(CORE)—The CTEP CORE was established to increase 
collaboration and represent an integrated solution across 

multiple IT systems and contractors. CTEP CORE will 
support evolving and more complex science, emphasize 
harmonization, and streamline integration.

FIGURE 43: CTEP CLINICAL ONCOLOGY RESEARCH ENTERPRISE (CORE). 
Provides secure, flexible and scalable operational infrastructure to a robust clinical trials program.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 115

CANCER THERAPY  
EVALUATION PROGRAM CTEP

Cancer Trials Support Unit and CTSU-Flex Programs

The Cancer Trials Support Unit (CTSU) increases physician 
and patient access to NCI-sponsored clinical trials, reduc-
es the regulatory burden on investigators participating in 
clinical trials, and streamlines and standardizes trial data 
collection and reporting.

The CTSU works in tandem with ESYS to simplify 
admittance to NCI-funded clinical trials for qualified 
clinical sites and support the conduct of those clinical 
trials. CTSU membership provides access to a wide range 
of assistance for eligible investigators, including patient 
enrollment and data-collection services. The CTSU website 
also offers a listing of active CTSU-supported clinical trial 
protocols, displays accrual information, and provides links 
to study abstracts.

Since its inception, CTSU has:

• Increased Phase 3 trial cross-group accrual from 20% to 
40%, resulting in wider access of trials to the extramural 
community and enrollment of more than 8,000 patients in 
collaborative trials annually

• Diminished the regulatory and administrative burden for 
trial enrollment, handling more than 10,000 IRB approv-
als (initial, continuing, and amendments) each month

• Provided standardized data management services for 
multiple Phase 3 clinical trials

• Initiated the Oncology Patient Enrollment Network 
(OPEN), a Web-based registration system providing the 

ability to enroll patients on a 24/7 basis in trials occurring 
at any NCTN location via one centralized system

A pilot program, the CTSU-Flex program, was instituted 
in 2008 to extend the infrastructure support of the CTSU 
to other NCI-supported clinical trial networks, includ-
ing ETCTN trials supported by IDB, cancer control and 
symptom management trials sponsored by the NCI DCP, 
and trials initiated by Specialized Programs of Research 
Excellence (SPORE) investigators. Since its inception, the 
CTSU-Flex program has supported approximately 40 clinical 
trials and contributed more than 3,100 enrollments to trials 
led by NCTN Groups, cancer centers (including the NIH 
Clinical Center and NCI Community Oncology Research 
Program (NCORP) research bases) and various consortia 
and networks.

NCI Central Institutional Review Board

The NCI CIRB helps reduce the administrative burden on 
local IRBs and investigators while continuing a high level of 
protection for human research participants. The CIRB, with 
one centralized review, enables investigators to enroll patients 
into network trials significantly faster than when employing 
the traditional method of assessment, which requires trial 
investigators in each site to obtain approval from a local IRB.

In the past several years, the CIRB has expanded both its 
scope and service. The 2013 initiation of the Adult Early 
Phase Emphasis CIRB was followed in 2015 by the Cancer 
Prevention and Control CIRB. Now, with four Boards, nearly 

https://www.ctsu.org/Public/Default.aspx
https://open.ctsu.org/
https://open.ctsu.org/
https://ncicirb.org/
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all of the clinical trials conducted via the NCTN, the ETCTN, 
the NCORP and the DCP Phase I-II Prevention Consortia 
programs are reviewed by the CIRB. Thus, all study phases, 
treatment modalities, participant ages, cancer diagnoses, 
related conditions, and interventions across the entire cancer 
continuum can be coordinated. In 2014, the CIRB reviewed 
39 new studies. In the years 2015, 2016, and 2017, the 
following numbers of new studies were reviewed: 69 (NCI-
MATCH counted as one study), 68, and 96, respectively. The 
CIRB continues to meet the established review timelines in 
spite of this dramatic increase in volume.

A total of 533 signatory institutions, representing 1,932 sites, 
are currently enrolled in the CIRB. This constitutes 86% of 
the NCTN, 100% of the ETCTN, and 93% of the NCORP 
institutions. The total number of protocols opened through 
the CIRB by institutions since its inception in 2001 is over 
10,000. 

In addition:

• The CIRB implemented (2014) a new ‘independent’ 
model, with the CIRB serving as the ‘IRB of record’ for 
enrolled institutions. The benefits of this model occur 
at the local research sites where administrative burden 

is reduced. According to one survey respondent, “It has 
allowed the research associate staff more time for tracking 
studies and focus on carrying out the actual research, 
rather than being bogged down in paperwork.”

• A multi-year effort with the Veteran’s Administration 
(VA) recently culminated in an agreement that allows 
VA institutions conducting NCI trials to enroll in the 
CIRB. This complex negotiation required the VA to 
change their policy precluding reliance on external IRBs. 

• The CIRB underwent its first routine FDA inspection in 
February 2015, with no findings and no issues identified. 
A 3-day site visit by the Association for the Accreditation 
of Human Research Protection Programs resulted in a 
December 2015 award of Full Accreditation for 5 years. 
These findings serve to reinforce the program’s credibility 
and promote trust among its relying institutions. 

Common Network-Wide Clinical Data 
Management System

Medidata Rave is a standard Clinical Data Management 
System (CDMS) deployed by NCI in the Spring of 2012 
across its clinical trial networks to improve operational 
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FIGURE 44: INTEGRATION OF THE METADATA RAVE CLINICAL DATA MANAGEMENT SYSTEM (CDM) INTO THE NCI CLINICAL TRIALS IT INFRASTRUCTURE.
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efficiency, patient safety, and scientific advancement. Rave 
is integrated with multiple NCI applications, including the 
Cancer Therapy Evaluation Program Identity and Access 
Management (CTEP-IAM) Single Sign-On (SSO), Oncology 
Patient Enrollment Network (OPEN), Cancer Therapy Eval-
uation Program Adverse Event Reporting System (CTEP-
AERS), Data Quality Portal (DQP), Site Audit Portal (SAP), 
Central Monitoring Portal (CMP), and Core Data Repository 
(CORE-DR). Future integrations will support specimen 
tracking and site performance evaluation (using the auditing 
and central monitoring data).

The goals of using a common CDMS and related systems, are 
to improve efficiency of multi-center trial operations through 
communication, elimination of duplicative effort, and the 
development and use of standard systems and processes, 
for trial sponsors and participating sites. With the standard 

CDMS, NCI has been successful in facilitating a consistent 
adoption of Medidata Rave within the NCTN community, 
and it is now providing a broad package of support to users 
as they conduct clinical trials using Medidata Rave within the 
NCI Enterprise Systems environment.

Protocol Tracking System

To support recommendations from the Operational Efficien-
cy Working Group to improve timelines for protocol devel-
opment, CTOIB is opening its services to use by extramural 
investigators. The timeline reports website will provide a 
centralized protocol tracking service so that all investigators 
will have 24/7 online access to information about the status 
of their protocols in the development and approval process. 
This has helped CTEP and its investigators to reduce protocol 
development timelines by more than 75% in some cases.

FIGURE 45: CTOIB’S PROTOCOL TRACKER.
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Pediatric Translational and Clinical 
Research Programs

CTEP staff members also support a comprehensive research 
program for children with cancer that ranges from the 
discovery of new therapeutic targets, to the definitive clinical 
evaluation of new therapeutic strategies in Phase 3 trials, 
to studying the late effects of successful cancer treatment 
in long-term survivors of childhood cancers. This pediatric 
research program is critical because pharmaceutical com-
panies lack the market incentives to justify the systematic 
study of novel treatments in the pediatric oncology setting. 
CTEP primarily sponsors pediatric clinical trials through 
the NCTN COG. Additional pediatric trial consortia include 
the Pediatric Preclinical Testing Consortium (PPTC), the 
COG Phase 1/Pilot Consortium, and the Pediatric Brain 
Tumor Consortium (PBTC).

Pediatric Preclinical Testing Consortium (PPTC)

The PPTC systematically tests novel anticancer agents against 
pediatric preclinical models to develop datasets that can 
assist clinical researchers in selecting the agents and combi-
nation therapies that are most likely to be effective for child-
hood solid tumors and leukemias. The PPTC builds upon the 
10 years of experience achieved through the Pediatric Pre-
clinical Testing Program (PPTP), during which approximate-
ly 80 anticancer agents were systematically studied, providing 
the preclinical data that supported the advancement of a 
number of these agents into pediatric clinical testing. Equally 
importantly, the PPTP identified agents with limited activity 
for which focused pediatric development could be deferred 
absent additional rationale. The PPTC began its 5-year fund-
ing period in the second half of 2015 and has already devel-
oped agreements with companies and research institutes for 
evaluating 15 agents, some of which have initiated testing. 
Research Triangle Institute (RTI) serves as the Coordinating 
Center for this international consortium, which consists of 
the following research programs for the in vivo testing of 
agents using patient-derived xenograft (PDX) models:

• Osteosarcoma Research Program led by Richard Gorlick, 
MD (Albert Einstein College of Medicine; New York, NY)

• Sarcoma and Renal Tumors Research Program led by 
Peter Houghton, PhD, (Greehey Children’s Cancer 
Research Institute; San Antonio, TX)

• Brain Tumor Research Program led by Xiao-Nan Li, MD, 
PhD (Texas Children’s Hospital; Houston, TX)

• Neuroblastoma Research Program led by John Maris, MD 
(Children’s Hospital of Philadelphia; Philadelphia, PA)

• Acute lymphoblastic leukemia (ALL) Research Program 
led by Richard Lock, PhD (Children’s Cancer Institute; 
Sydney, Australia)

COG Phase 1/Pilot Consortium 

The COG Phase 1/Pilot Consortium efficiently and expedi-
tiously develops and implements pediatric Phase 1 and pilot 
studies, thus facilitating the integration of advances in cancer 
biology and therapy into the treatment of childhood cancer. 
The consortium includes approximately 20 institutions com-
petitively selected from among COG member institutions. 
Recent examples of important Phase 1 studies completed and 
published (or publicly presented) include: 

• ADVL1011: Phase 1 dose escalation study of 
Ruxolitinib in children with solid tumors that defined 
the Phase 2 dose as 50 mg/m2/dose BID.5 An ALL 
Phase 2 study (AALL1521) is currently open to 
accrual to further study Ruxolitinib. 

• ADVL1013: Phase 1 study of MK-2206 that evaluated 
two separate schedules of this AKT inhibitor. The 
recommended pediatric Phase 2 dose of MK-2206 
was determined to be 45 mg/m2/dose every other 
day or 120 mg/m2/dose weekly. The pharmacokinetics 
(PK) appeared linear over the dose range studied.6

• ADVL1211: Phase 1 study of Cabozantinib. Based upon 
dose-limiting toxicities in cycle 1, during later cycles, 
and PK data from this Phase 1 study of Cabozantinib, 
the recommended dose for pediatric patients with solid 
tumors was determined to be 40 mg/m2.7 In addition, 
based on the results of this Phase 1 trial, a Phase 2 study 
of cabozantinib is under development (ADVL1622).

5 Loh M, et al; Pediatric Blood and Cancer 2015; 62(10):1717-24
6  Fouladi M, et al; Pediatric Blood and Cancer 2014 Jul;61(7):1246-51
7  Chuk M, et al; J Clin Oncol 32:5s, 2014 (suppl; abstr 10078)

https://ctep.cancer.gov/MajorInitiatives/Pediatric_Preclinical_Testing_Consortium.htm
https://ctep.cancer.gov/MajorInitiatives/Childrens_Oncology_Group.htm
https://ctep.cancer.gov/investigatorResources/childhood_cancer_resources.htm#pbtc
https://ctep.cancer.gov/investigatorResources/childhood_cancer_resources.htm#pbtc
https://ctep.cancer.gov/MajorInitiatives/Pediatric_Preclinical_Testing_Consortium.htm
https://ctep.cancer.gov/MajorInitiatives/Childrens_Oncology_Group.htm
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• ADVL1212: This Phase 1 study combining the targeted 
agent crizotinib with cytotoxic chemotherapy agents 
simultaneously evaluates different chemotherapy back-
bones as well as new formulations of crizotinib. Parts A 
and B of the study of crizotinib oral solution in combina-
tion with chemotherapy were presented at ASCO 2015.8 
Building upon ADVL1212 and the previous Phase 1 
study of single agent crizotinib (ADVL0912), crizotinib is 
also being evaluated in combination with chemotherapy 
in newly diagnosed patients with anaplastic large-cell 
lymphoma (AHNL12P1), and the Neuroblastoma Disease 
Committee is planning to incorporate crizotinib into an 
upcoming Phase 3 trial (ANBL1531).

• ADVL1314: The results of this Phase 1 study of eribulin 
mesylate were presented at ASCO 2016.9 The recommend-
ed Phase 2 dose was determined to be 1.4 mg/m2 IV Days 
1 and 8 of a 21-day cycle. This dose was well tolerated in 
children with relapsed or refractory solid tumors. The 
expansion cohort is continuing to accrue, and PK analysis 
is pending completion of this accrual. Phase 2 studies of 
eribulin mesylate are in early stages of development.

Pediatric Brain Tumor Consortium

The primary objective of the Pediatric Brain Tumor 
Consortium (PBTC) is to rapidly conduct Phase 1 and 2 
clinical evaluations of new therapeutic drugs, intrathecal 

agents, delivery technologies, biological therapies, and 
radiation treatment strategies in children with brain tumors. 
A focus of the consortium is conducting the first in children 
studies of agents that directly target recurring genomic 
lesions in pediatric brain tumors, as illustrated by the 
following clinical trials: 

• PBTC-025 & PBTC-032: Phase 1 and 2 studies, respective-
ly, of vismodegib.10 The Phase 2 study included a cohort 
of patients selected for activation of the sonic hedgehog 
(SHH) pathway and identified a minority of patients who 
achieved an objective response to vismodegib.

• PBTC-029: Phase 1 and 2 studies of the MEK inhibitor 
selumetinib (AZD6244) in children with recurrent or 
progressive pilocytic astrocytoma. Activity was observed 
in patients with BRAF activation through either its fusion 
to a nearby gene or containing a point mutation(s). The 
Phase 2 expansion continues the trial in a selected cohort 
of patients.

• PBTC-036: Phase 1 study of imetelstat, an oligonucleotide 
that binds to the template region of the RNA component 
of telomerase, thereby inhibiting its enzymatic activity. 
While the PBTC demonstrated that imetelstat inhibited 
intratumoral and PBMC telomerase activity, the agent 
proved too toxic in children with recurrent CNS tumors 
at the schedule studied. Hence, if telomerase is to be 
targeted, other agents will need to be pursued.11

8  Greengard E, et al; J Clin Oncol 33, 2015 (suppl; abstr 10058)
9  Schafer E, et al; J Clin Oncol 34, 2016 (suppl; abstr 2567)
10  Robinson GW, et al; J Clin Oncol 2015;33:2646-54
11  Salloum R, et al; J Neurooncol 2016 Sep;129(3):443-51

https://ctep.cancer.gov/investigatorResources/childhood_cancer_resources.htm#pbtc
https://ctep.cancer.gov/investigatorResources/childhood_cancer_resources.htm#pbtc
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• PBTC-022: Phase 1 study of cediranib, a potent and 
relatively selective VEGF receptor inhibitor. The PBTC 
identified a recommended Phase 2 dose of 32 mg/m2/day, 
but found that chronic treatment with cediranib was not 
well tolerated in children with brain tumors.12

Major NCI-Supported Multisite Initiatives

Adult Brain Tumor Consortium

The Adult Brain Tumor Consortium (ABTC) is a multi-
institutional consortium that is supported through a UM1 
Cooperative Agreement. The consortium performs inno-
vative, multidisciplinary Phase 1/2 clinical trials that focus 
predominantly on adult patients with grade IV gliomas 
(glioblastoma multiforme; GBM). The ABTC is composed 
of a Central Operations office located at Johns Hopkins Uni-
versity, plus 11 premier institutions across the United States. 
Since its inception in 2009, the ABTC has completed more 
than 18 pilot and Phase 1/2 clinical trials and accrued more 
than 750 patients. These studies have resulted in more than 
40 peer-reviewed publications. Currently, 13 studies are in 
progress with an expected accrual of more than 250 addition-
al patients. Some recent representative ABTC studies include: 

• NABTT 2105: Determination of the maximum tolerated 
dose (MTD) of GliaSite balloon brachytherapy (GSBT) 
followed by conventional external beam radiation therapy 
(EBRT) in newly diagnosed GBM patients.13

• NCT00979862: Does the addition of cilengitide (an integ-
rin inhibitor with anti-invasive and antiangiogenic prop-
erties) safely block infiltrative tumor growth and enhance 
the efficacy of cediranib in patients with recurrent GBM.14

• Evaluation of the Safety and Benefit of Phase I Oncology 
Trials for Patients with Primary CNS Tumors: a review of 
patients with recurrent HGG enrolled onto ABTC trials 
of single-agent, cytotoxic or molecular agents from 2000 
to 2008.15

ABTC has demonstrated that clinical trials are not only possi-
ble in this challenging tumor type, but provide an important 
treatment option for patients faced with this refractory tumor.

Chronic Lymphocytic Leukemia Research Consortium

The Chronic Lymphocytic Leukemia Research Consor-
tium is a premier example of translational science activity. 
Research findings from this P01 unveiled the potential role 
of oncogenes and microRNAs in the pathogenesis of chronic 
lymphocytic leukemia (CLL) and the skewed expression 
of ultraconserved noncoding RNAs in human CLL relative 
to normal lymphocytes. MicroRNA34a, which is induced 
by activation of TP53, is involved in posttranscriptional 
silencing of the gene encoding the zeta-associated protein of 
70 kilodaltons (ZAP-70). A mouse model of CLL developed 
under this P01 has permitted the evaluation of the capacity of 
lenalidomide to reverse the defective immunologic synapse 
observed in patients with CLL. Further, the expression of 
Ror1 was recently shown to be directly correlated with CLL 
disease progression.16 Of particular interest, AD-ISF35 
gene therapy induces anti-ROR1 autoantibodies in patients. 
Several promising drugs, including flavopiridol, 9-(2-phos-
phonylmethoxyethyl)guanine, GS-9219, beta-phenylethyl 
isothiocyanate, and XIAP antagonists, are also in develop-
ment in this highly interactive P01. The role of the immune 
microenvironment has also been a focus of the P01, and in 
particular how CLL cells regulate the adoptive T cell response 
in the tumor milieu. CLL cells appear to induce defective 
T cell mobility, which is reversible by lenalidomide and is 
linked to impaired cytoskeletal dynamics.17 Further, a CLL 
mouse model study demonstrated that treatment with an 
anti-PD1 agent results in reversal of CLL-induced immuno-
suppression.18

Myeloproliferative Disease Research Consortium 

The Myeloproliferative Disease Research Consortium is an 
international consortium of medical centers established 
in 2005 under the P01 mechanism. It consists of five core 
centers conducting six projects, and 22 ancillary sites. All 
are served by three shared resource cores. Its function is to 
conduct basic research in Philadelphia-negative myeloprofer-
ative diseases—in particular, polycythemia vera and primary 
myelofibrosis—and to design and perform new clinical trials 
in these diseases. Six protocols have been activated in the 
consortium, and three are in various stages of accrual. A 

12 Kieran MW, et al; Childs Nerv Syst 2015;31:1433-45 
13 Streiff M, et al; J Neuro Oncol 2015 Sep;124(2):299-305
14 Gerstner ER, et al; Neuro Oncol 2015 Oct;17(10):1386-92
15 Gounder MM, et al; J Clin Oncol 2015 Oct 1;33(28):3186-92 
16 Cui B, et al; Blood 2016 Dec 22;128(25):2931-2940
17 Salzar et al; Nature Immunol 2016; 17:1352-1360
18 McClanahan F, et al; Blood 2015; 126:212-221

https://ctep.cancer.gov/MajorInitiatives/Adult_Brain_Tumor_Consortium.htm
http://cll.ucsd.edu/
http://cll.ucsd.edu/
http://www.mpnresearchfoundation.org/The-MPD-Research-Consortium
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recently published study19 from the consortium showed that 
1) a thrombopoietin receptor antagonist depletes myeolofi-
brosis hematopoietic stem and progenitor cells20 and 2) the 
inflammatory cytokine lipocalin-2 is elaborated by myelofi-
brosis myeloid cells, resulting in a cascade of events ultimate-
ly creating a dysfunctional microenvironment.21

Major Co-Funded Networks

Blood and Marrow Transplant Clinical Trials Network 

The BMT CTN utilizes the U01 funding mechanism to con-
duct large, multi-institutional clinical trials in hematopoietic 
stem cell transplantation (HCT) and evaluate promising ther-
apies for the treatment of hematopoietic malignancies and 
nonmalignant disease. The network is composed of 20 core 
clinical centers and a data coordinating center. The network 
is supported by a partnership between NCI and NHLBI. 

The BMT CTN was renewed in September of 2017, for its 
fourth 7-year period, to fund 20 transplant centers and the 
central Data Coordinating Center. Since inception, the BMT 
CTN has launched 46 protocols, either alone or in collabora-
tion with NCTN. It has completed 33 trials, enrolling more 
than 10,200 patients from more than 125 transplant centers 
across the U.S. The number of new protocols launched and 

patients accrued in the last five years alone are 18 and 4800, 
respectively, with 13 protocols still open for accrual at the 
end of 2017. The BMT CTN has also established a research 
repository containing more than 350,000 biospecimens. 

The most recent BMT CTN clinical trials have provided the 
following important insights:

• A study in collaboration with the AIDS Malignancy 
Consortium revealed that autologous transplant should be 
considered the standard of care for patients with relapsed/
refractory HIV-associated lymphoma who meet standard 
eligibility criteria.22 

• In collaboration with the Cancer and Leukemia Group 
B (CALGB) in the NCTN, a study demonstrated that 
patients older than age 60 with acute myeloblastic leu-
kemia (AML) in the first complete remission can benefit 
from the graft-versus-leukemia effects of allogeneic HCT 
using a reduced intensity, non-myeloablative condition-
ing region (RIC). Outcomes were similar to younger 
patients.23

• A study testing the best conditioning regimen for all adult 
patients with AML / myelodysplastic syndrome (MDS) 
showed that standard myeloablative conditioning, not 
RIC, should be considered standard of care.24

19 Wang X, et al; J Clin Invest 2012;122(11):3888–3899
20Wang X, et al; Blood 2016; 127:3398-3409
21 Lu M; Blood 2015; 126:972-982
22Alvarnas J, et al; Blood 2016;128:1050-1058
23Devine SM, et al; J Clinical Oncol 2015;33:4167-4175
24Scott et al; 2015 Dec; Abstract and oral late-breaking presentation, ASH 57th Annual Meeting 

https://web.emmes.com/study/bmt2/
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Center for International Blood and Marrow 
Transplant Research

The Center for International Blood and Marrow Transplant 
Research (CIBMTR) was formed in 2004 as a merger of the 
International Bone Marrow Transplant Registry (IBMTR) 
and the research division of the National Bone Marrow 
Donor Registry. It is funded by a U24 grant with co-fund-
ing from NHLBI and the National Institute of Allergy and 
Infectious Diseases (NIAID). The CIBMTR collects baseline 
and outcomes data from consecutive patients transplanted at 
centers throughout the world to advance hematopoietic stem 
cell transplant therapy. 

The CIBMTR database includes:

• 480,000 HCT recipients, an increase of 70,000 submis-
sions since 2013, from over 420 transplant centers word-
wide (over 55 countries)

• Information for 100% of the allogeneic transplants 
done in the US (as this is mandated by law), 25% of the 
allogeneic transplants done outside the U.S., and 80% of 
auto transplants

The CIBMTR has a proven system for facilitating the 
utilization of its database for research projects via 15 
scientific/research working committees, as well as 
collaborations with government agencies, professional 
groups, international partners, and patient organizations.

Cancer Immunotherapy Trials Network 

See “Major Initiatives Supporting the Cancer Community” 
Page 38

Development of a New NCI Informed Consent 
Document Template

Tension exists between the requirement to provide adequate 
information about a cancer clinical trial in an informed con-
sent document and the need to keep the document concise to 
maximize readability and comprehension. All too often, the 
informed consent document has been viewed by sponsors 
as a legal tool to limit investigator and site liability rather 
than, as originally proposed in the Belmont Report, part of 
a process to ensure that the key ethical principles for human 
experimentation—autonomy, beneficence, and justice—are 

25Sharp SM, et al; Am J Clin Oncol 2004;27(6):570–575 

respected.25 There is concern that the balance has tipped in 
favor of comprehensiveness instead of comprehension. 

In 1997, the NCI developed and promulgated an informed 
consent boilerplate document, known as the NCI Informed 
Consent Template, for use by its Clinical Trials Cooperative 
Group Program and others. Although the informed consent 
template has certainly made NCI-sponsored trial consent 
forms more harmonious, the length of the consent forms grew 
over the ensuing years to the point where there is now concern 
that readability and comprehension have been compromised. 
To address the problem, an NCI Planning Committee took 
on the challenge of revising the NCI Consent Form Template 
to result in more concise consent forms that still accurately 
capture the required explanations and elements of informed 
consent. Five working groups comprising internal and 
external stakeholders from across the scientific, academic, 
regulatory, and advocacy communities, including represen-
tation of clinical trialists and individuals with expertise in 
institutional review boards, were tasked with revising the 
template, resulting in shorter consent forms being launched 
in 2013. The forms are currently being revised to incorporate 
new language reflecting recent advancements in precision 
medicine and the need to collect biospecimens from which 
genetic information is obtained. A compliance review of 
the 2013 template also identified several sections where the 
responses often deviated from the template, indicating the 
need for modifications to more clearly capture the submitted 
information. Examples of such sections include those dealing 
with patient costs, additional tests and the collection of 
biospecimens for biobanks. Once the proposed updates have 
been widely reviewed and modified with stakeholder input, 
the revised template will be released for use, with the overall 
goal of continuing to have a concise and patient-friendly 
document that facilitates patient decision-making.

NCI Clinical Trials Quality Assurance Program

The Clinical Trials Monitoring Branch is responsible for 
managing quality assurance and quality control of the Phase 
1, Phase 2, and NCTN clinical therapeutic trials sponsored 
by DCTD and of prevention trials sponsored by the Division 
of Cancer Prevention. 

This program includes:

• Establishing standards for evaluating the conduct of 
research and the reporting of audit findings

https://www.cibmtr.org/pages/index.aspx
https://www.cibmtr.org/pages/index.aspx
http://www.hhs.gov/ohrp/policy/belmont.html
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• Ensuring the protection of research patients

• Monitoring the conduct of clinical trials by conducting 
onsite audits to ensure data quality, compliance with the 
protocol, and adherence to regulatory requirements, NCI 
policies, and GCP requirements

• Continuing education of investigators and research insti-
tutional sites through onsite audits to share information 
on data quality, data management, and other aspects of 
quality assurance

Scope of Program. The Quality Assurance Program includes 
institutions conducting Phase 1 and Phase 2 trials, NCTN 
Groups, NCORPs, Cancer Centers, and all other institutions 
conducting clinical research trials sponsored by CTEP and 
NCI. The program provides oversight and coordination of 
audit procedures for international sites participating in CTEP 
or DCTD clinical trials.

Organization/Type of Study Audits Protocols Patient Cases

Phase 1/2 studies 292 137 1878

Cooperative Groups/NCTN 4,446 700 26,293

Cancer Centers and single institutions 156 198 2,086

Groups/Non-NCTN 239 106 1,404

COGC 86 28 694

TABLE 9: AUDIT STATISTICS (2013-2017)

New Initiatives and Recent Accomplishments

•  In April 2012, CTEP’s clinical data management system, 
Medidata Rave, was launched for early-phase clinical 
trials. Medidata Rave has replaced a variety of electronic 
and paper-based data capture systems that were used 
by the groups for many years and establishes a common 
clinical data management system (CDMS) across the 
NCTN, NCI-funded networks, and the Early Therapeu-
tics Program. In an effort to make the transition from 
paper-based reports, and coinciding with the deploy-
ment of Medidata Rave, IDB and CTMB staff have been 
collaborating closely with Theradex (an NCI contractor) 
to develop and deploy a Web-based reporting system that 
will provide IDB staff with 24/7 access to clinical data. The 
system will include modules for patient demographics, 
protocol compliance, and reporting of adverse events, as 
well as an end-of-study module. Together representatives 
from IDB and CTMB staff have also been actively engaged 
in the development of electronic case report forms for the 
collection of genomic and PD data.

• In February 2014, CTMB issued revisions to the Guide-
lines for Auditing of Clinical Trials for Cooperative 
Groups, CCOP Research Bases, and the Cancer Trials 
Support Unit (CTSU).

• In September 2016, CTMB deployment of a web-based 
module to facilitate the review of clinical trial data by IDB 
Drug Monitors and Principal Investigators, including 
tools for aggregate data analysis within and across studies 
using the same agent.

http://ctep.cancer.gov/branches/ctmb/clinicalTrials/monitoring_coop_ccop_ctsu.htm
http://ctep.cancer.gov/branches/ctmb/clinicalTrials/monitoring_coop_ccop_ctsu.htm
http://ctep.cancer.gov/branches/ctmb/clinicalTrials/monitoring_coop_ccop_ctsu.htm
http://ctep.cancer.gov/branches/ctmb/clinicalTrials/monitoring_coop_ccop_ctsu.htm
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Accrual Assessment and Interventions

NCI analyzed Phase 3 trials activated between 2000 and 
2007 and found that 26.7% of their 149 non-pediatric 
treatment trials had insufficient accrual (accruing less 
than 90% of projected goal).26 To address slow accrual 
proactively, NCI organized the NCTN Accrual Core Team 
(ACT), which includes representatives from Network 
Groups, NCORPs, LAPs, patient advocates, and NCI offices. 
The team’s mission is to provide an inclusive forum to 
work collaboratively to raise awareness, enhance patient 
enrollment, and increase site participation and accrual to 
NCTN and NCORP trials. The ACT meets monthly via 
conference calls and provides NCTN and NCORP trial 
leaders the opportunity to present trials with challenging or 
complex issues and receive Network ACT input and support 
for improving accrual. Additionally, smaller Task Force 
Groups within the overall ACT have breakout sessions to 
address an identified accrual concern, such as developing 
templates to help in the creation of patient-friendly materials 
or identifying strategies to minimize the number of eligibility 
requirements listed for a trial.

Thus far, interventions to facilitate accrual have included 
educational and promotional efforts, including the use 
of NCTN-wide webinars to highlight trials and social media 
and other promotional efforts to increase awareness and 
understanding of the importance of clinical trials. In 
addition, groups have amended trials to adjust patient 
eligibility requirements, streamline the steps needed for 
trial activation, and reduce complexities. Trial accrual is 
monitored quarterly to evaluate progress and assess the 
need for further support. CTEP Early Stopping Guidelines 
for Slow Accruing Trials are used to determine whether 
further survey or accrual interventions are needed to avoid 
closure due to inadequate accrual. These efforts are also 
responsive to recommendations made by NCI’s Clinical 
Trials Working Group and the IOM Report “A National 
Cancer Clinical Trials System for the 21st Century: 
Reinvigorating the NCI Cooperative Group Program.”

FUTURE DIRECTIONS

CTEP will focus on four key areas over the next 5 years:

1. Expand efforts in targeted therapeutics and 
immunotherapy in early-phase trials.

2. Assist in the ongoing evolution of the NCTN Groups 
into a highly integrated system capable of performing 
cutting-edge, definitive trials with molecularly  
targeted agents.

3. Improve development and accrual timelines for  
Phase 1–3 trials.

4. Increase contributions to the mentoring of the next 
generation of clinical investigators.

Expand targeted therapeutics and immunotherapy in 
early-phase trials:

To remain at the forefront of cancer treatment, CTEP must 
increasingly focus its efforts and resources on clinical trials 
that have the greatest likelihood of disrupting the most 
important mechanisms of cancer cell growth, differentiation, 
and metastasis. Translating scientific discoveries into clinical-
ly effective and safe interventions will require CTEP to:

• Continue to serve as the key clinical facilitator for the 
newly created NExT program, designed to reinvigorate 
the ability of academic investigators to bring novel agents 
into the clinic.

• Improve and expand relationships with pharmaceutical 
and biotechnology companies to leverage their invest-
ments in drug discovery as agents increasingly target 
smaller, molecularly defined populations.

• Develop early trials in the ETCTN that are highly trans-
lational in which all patients entering trials have their 
tumors profiled for specific molecular targets.

• Design trials enriched with biomarkers, using improved 
technology, especially in solid tumors, to enable pre- 
and post-therapy assessments of tissue, blood, and 
functional imaging.

26Korn EL, et al; J Clin Oncol 2010;28(35):197–201 

https://www.ncbi.nlm.nih.gov/pubmed/25032387
https://www.ncbi.nlm.nih.gov/pubmed/25032387
https://www.ncbi.nlm.nih.gov/pubmed/25032387


DIVISION OF CANCER TREATMENT AND DIAGNOSIS 125

CANCER THERAPY  
EVALUATION PROGRAM CTEP

• Integrate and align drug development efforts with other 
major NCI biomarker and pathway discovery programs, 
such as the Patient Characterization Centers and the 
Center for Cancer Genomics.

Assist in the ongoing evolution of the NCTN Groups into 
an effective mechanism for cutting-edge, definitive trials 
that precisely characterize patient populations:

• Assist with funding from the Biomarker, Imaging, and 
Quality of Life Studies Funding Program (BIQSFP) for 
these trials.

• Aid in the development of the Translational Centers 
in the NCTN.

• Collaborate with the NCTN and industry in trial designs 
and public–private partnership agreements.

Improve timelines for developing and accruing to large 
Phase 2 and 3 trials:

• Monitor and track target timelines for every 
CTEP-sponsored protocol.

• Develop metrics that allow realistic expectations of the 
workload (number of trials) that can be supported with 
the resources provided to investigators by CTEP.

• Coordinate with patient advocates, community physi-
cians, and other allies to educate cancer patients about 
clinical trials and the benefits of participation.

• Leverage technology to promote consistent standards, 
templates, tools, and reports so that clinical trial methods 
become more uniform throughout the NCI system.

Expand CTEP contributions to mentoring the next 
generation of clinical investigators:

• Expand the CTEP fellowship program, whereby 
U.S. oncology fellows spend 1–3 months at CTEP 
participating in protocol review. 

• Increase attendance from U.S. fellows at CTEP’s Early 
Drug Development Meetings. 

• Continue the CrDL program for new fellows.

• Continue annual meetings of the American Society 
of Clinical Oncology with young investigators hosted 
by CTEP.

A number of intra- and interdivisional collaborations are 
underway or in the planning stages:

• Increased integration of imaging and correlative 
sciences into CTEP clinical trials 

• With the DCTD Cancer Imaging Program, 
incorporation of molecular imaging in CTEP 
trials of IND agents carried out in the ETCTN

• With the DCTD Molecular Characterization 
Laboratory, DNA sequencing of patient tumors 
to identify actionable genetic abnormalities

• Phase 1/2 trials of irradiation combined with targeted 
agents with the DCTD Radiation Research Program

• Evaluation of drug–drug Interactions and pharmacology, 
using human hepatic microsomes with the University of 
Pittsburgh, the AIDS Malignancy Consortium, and the 
CTEP Organ Dysfunction Working Group
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OVERVIEW
The mission of the Developmental Therapeutics Program 
(DTP) is to facilitate the discovery and preclinical devel-
opment of novel therapeutic agents by providing services, 
resources, and leadership to the academic and private-sector 
research communities worldwide. Created by Congress 
in 1955 as the Cancer Chemotherapy National Service 
Center, DTP manages and oversees a large research grant 
portfolio, and is a resource for the generation of preclinical 
information and research materials, including vialed and 
plated compounds, tumor cells, cell extracts, natural products 
extracts and compounds, as well as bulk and formulated 
drugs, necessary to support Investigational New Drug 
(IND)-directed studies. As shown on page 130, DTP has 
historically been directly involved in the discovery or devel-
opment of many of the anticancer therapeutics on the market 
today. The pharmaceutical sector is currently responsible 
for the bulk of activity surrounding anticancer therapeutics 
development; however, DTP continues to be involved in the 
development of selected agents. 

In addition, DTP has expanded its efforts as a provider 
of various forms of cancer drug discovery infrastructure 
to the broader extramural cancer research community, 
including:

• Materials:

• Samples of individual compounds for research use

• Large plated sets of compounds for high-throughput 
screening (HTS)

• Manufacturing and development of biopharmaceu-
ticals, such as monoclonal antibodies, cytokines, and 
viral vectors and cancer vaccines

• Genomically and transcriptionally characterized 
established tumor cell lines and extracts (DNA, RNA)

• Natural product crude extracts and fractions 

• Datasets and data mining tools:

• Data from in vitro screening of “open” compounds 
submitted by investigators

• Web-based databases of historical screening records

• Data mining tools, such as COMPARE, and the 
molecular targets program

• Grants: Over 800 active grants managed in 2017

• Resources for a robust discovery and development 
infrastructure:

• Compound libraries, chemical synthesis, and 
structure-activity modeling

• Preclinical efficacy testing in vitro and in vivo

• Natural product collection, extraction, 
and characterization

• Pharmaceutical optimization, formulation, and 
manufacturing under current Good Manufacturing 
Practice (cGMP) for both small molecule and 
biological therapeutic agents 

• Pharmacology and toxicology testing under 
current Good Laboratory Practice (cGLP)

• Preparation and review of technical documents 
for IND applications to the U.S. Food and Drug 
Administration (FDA)

Extramural and intramural investigators can access DTP 
discovery and development resources through the NCI 
Experimental Therapeutics (NExT) program.

STRUCTURE AND FUNCTION

DTP is functionally organized into nine branches under the 
oversight of the Office of the Associate Director.

OFFICE OF THE ASSOCIATE DIRECTOR

The Office of the Associate Director (OAD) organizes and 
coordinates activities across DTP to expedite the discovery 
and pre-clinical development of new anti-cancer therapeutic 
agents. In addition, there are broader NCI activities involving 
DTP staff and support that are also managed by the OAD, 
including the following in 2013-2017:

• Organization of a five-session PRESTO (Program and 
Review Extramural Staff Training Office) training 
program, which was offered to NCI extramural grant 
program directors and review staff. This training 
covered DTP’s broad research resources for supporting 
the discovery and pre-clinical development of small 
molecules, natural products, and biological anti-cancer 
therapeutic agents. The goal of this training program 
is to encourage Program staff to inform their grantees 
to utilize these government resources to facilitate 
their research and promote awareness of DTP and 
NExT capabilities. 

http://dtp.nci.nih.gov/
http://dtp.nci.nih.gov/
https://dtp.cancer.gov/databases_tools/compare.htm
http://next.cancer.gov/
http://next.cancer.gov/
https://dtp.cancer.gov/organization/oad/default.htm
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• The COMBO drugs project is a joint effort among DTP 
and DCTD’s Office of the Director, Cancer Diagnosis 
Program (CDP), Biometric Research Program (BRP), 
and Cancer Therapy Evaluation Program (CTEP) that is 
supported by the DTP OAD and other DTP branches: the 
Biological Testing Branch (BTB) conducts studies in vivo, 
the Molecular Pharmacology Branch (MPB) conducts 
studies in cell culture, the Drug Synthesis and Chemistry 
Branch (DSCB) provides drug supply, the Information 
Technology Branch (ITB) provides data management, and 
the Toxicology and Pharmacology Branch (TPB) provides 
external contractor management.

PRECLINICAL THERAPEUTICS GRANTS BRANCH

The Preclinical Therapeutics Grants Branch (PTGB) 
manages the biochemistry and pharmacology grants 
portfolio within DTP. PTGB grants support preclinical 
research related to therapeutic intervention, including 
chemistry, natural products, mechanisms of drug action, 
pharmacology, toxicology, and the co-development of drugs 
and biomarkers to support the new era of precision medicine 
with emphasis on the modulation of targets and pathways 
that drive tumors, consistent with the goal of accelerating 
the discovery, development, and evaluation of agents to treat 
cancer. PTGB manages more than 550 active extramural 
investigator–initiated research grants, and provides counsel 
to hundreds more potential applicants each year. The PTGB 
analyzes the portfolio to identify areas of innovative drug 
discovery and development that would benefit from focused 
support and develops new initiatives and funding opportunity 
announcements to encourage greater extramural participa-
tion in those innovative areas.

MOLECULAR PHARMACOLOGY BRANCH

The Molecular Pharmacology Branch (MPB) provides 
mechanistic understanding of drug responses in patient-
derived models that influence research on anticancer 
therapeutics. A major focus is on improving the treatment 
of recalcitrant, rare, and neglected cancers through interac-
tions and collaborations with the cancer research community 
and other NCI laboratories. In support of this mission, MPB 
oversees the work of several laboratories at FNLCR that 
use state-of-the-art molecular characterization and mecha-
nism-of-action techniques to identify therapeutic targets 
and genomic vulnerabilities, screen potential new agents, 
and develop potential therapeutic combinations. 

JERRY M. COLLINS
ASSOCIATE DIRECTOR 

Jerry M. Collins, PhD, is an internationally recognized 
pharmacologist who has been closely associated with 
NCI’s drug development efforts for more than 30 years, 
first as an NCI intramural investigator and then as the 
Chief of NCI’s Pharmacokinetics Section. From 1988 
until 2005, Dr. Collins served as the Director of the FDA 
Laboratory of Clinical Pharmacology, where he headed 
the development of new methods to facilitate research 
on human tissue metabolism to create an in vitro model 
to reduce adverse drug reactions. Dr. Collins was named 
Associate Director of the Developmental Therapeutics 
Program in DCTD in September 2005.

Dr. Collins’s areas of expertise are clinical pharmacology, 
the application of pharmacokinetic and pharmacody-
namic principles to cancer research, and increasing 
biomarker efficacy with positron emission tomography 
(PET). He received his bachelor’s degree from Drexel 
University and his master’s and doctoral degrees from 
the University of Pennsylvania. He has authored or 
co-authored more than 200 papers in the field of clinical 
pharmacology, primarily emphasizing the applications 
of pharmacokinetic (PK) and pharmacodynamic (PD) 
principles in the field of cancer. His current work also 
includes extending these principles with PET imaging. 

https://dtp.cancer.gov/organization/ptgb/default.htm
https://dtp.cancer.gov/organization/mpb/default.htm
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Target Validation and Screening Laboratory

The Target Validation and Screening Laboratory (TVSL) is 
dedicated to screening targets and cell lines in an effort to 
identify new drugs and disease sensitivity to investigational 
agents. TVSL has developed in-house expertise, automation, 
instrumentation, and an information technology infrastruc-
ture to carry out screening campaigns with a diverse array of 
molecular and cell-based assay technologies applied to large 
chemical libraries. TVSL has assembled and is characterizing 
disease-based cell line panels focused on challenging cancers 
for response to standard and investigational anticancer agents 
with the goal of uncovering previously unrecognized sensi-
tivities and potential new targets for therapeutic intervention. 

The TVSL is currently engaged in developing methods to use 
complex 3D cell spheroids (described below) to assay the response 
of several recently developed patient-derived conditionally-
reprogrammed cell lines to more than 300 compounds in 7-day 
and 12-day exposures. Complex spheroid screening is being 
pursued to evaluate new molecules developed by the Chemical 
Biology Consortium in the NExT Program, as well as in studies 
of novel, investigational-investigational agent combinations 
in advance of early phase clinical trials conducted by CTEP.

Functional Genomics Laboratory 

The Functional Genomics Laboratory (FGL) studies drug 
mechanism(s) in detail, applying leading-edge gene manip-
ulation technology (deletion and insertion) to drug mecha-
nism of action studies. MPL collaborates with computational 
biologists and statisticians to identify deregulated cellular 
processes utilizing patient-derived models and omic data-
bases to inform therapeutic choices, and develop testable 
mechanistic hypotheses suitable for clinical trial evaluation. 
Currently, MPL is examining the molecular basis for the 
differences in drug sensitivity among individual patient-
derived xenograft (PDX) models and is conducting in vitro 
studies to validate drug targets and to explore the therapeutic 
potential of the targets that appear promising. 

Translational Support Laboratory

The Translational Support Laboratory (TSL) contributes 
broadly to collaborative projects through its performance of 
detailed cell-based studies. A major tenet of cancer therapeu-
tics is that combinations of anticancer agents with different 
mechanisms of action and different toxicities may be effective 
treatment regimens. Evaluation of drug combinations in cell 
culture may be used to identify opportunities and assess risk 
of additive/synergistic toxicity. Currently, TSL is engaged 

in developing 3D cell culture models, including tumor, 
endothelial, and stromal cells in mixed culture spheroids. 
These models are being used for detailed studies in TSL and 
screening campaigns by TVSL.

BIOLOGICAL TESTING BRANCH

The Biological Testing Branch (BTB) provides oversight and 
technical direction to evaluate the in vivo activity of new 
chemotherapeutic agents, including the development and 
implementation of new models for drug discovery and 
testing. To accomplish this, BTB is responsible for:

• Implementing and managing a program to develop 
PDX models for distribution to the research community 
as tools for cancer target discovery as well as drug 
discovery and development

• Planning, directing, and managing a program to 
screen compounds for evidence of preclinical efficacy 
in rodent models

• Developing new in vitro and in vivo screening models

• Providing support for preclinical in vivo pharmacokinetic 
and pharmacodynamics studies across the DCTD drug 
development effort

• Maintaining a repository of experimental animal and 
human tumor cell lines for use in research performed 
by DTP and extramural investigators

COLLABORATIVE EFFORTS 
BETWEEN BTB AND THE 
PHARMACODYNAMICS PROGRAM

BTB provided the preclinical animal model 
support for the development and validation of 
numerous clinical assays, using the establishment 
of methodologies for collecting and stabilizing 
tumor biopsies for subsequent analysis. These 
assays and projects included assays for inhibi-
tion of DNA methylation, the g-H2AX assay, the 
c-Met assay, the HIF1a assay, the Mer kinase 
assay, the EMT immunofluorescence assay, the 
preclinical development of T-dCyd, the PARP 
inhibitors project, the development of multiplex 
immunofluorescence assays, the calf intestinal 
alkaline phosphatase assay, the topoisomerase 
1 complex assay, and the apoptosis 15-plex panel. 

https://dtp.cancer.gov/organization/mpb/target_validation.htm
https://next.cancer.gov/discoveryResources/cbc.htm
https://next.cancer.gov/discoveryResources/cbc.htm
https://dtp.cancer.gov/organization/mpb/functional_genomics.htm
https://dtp.cancer.gov/organization/mpb/translational_support.htm
https://dtp.cancer.gov/organization/btb/default.htm
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APPROVED CANCER TREATMENT DRUGS DEVELOPED 
WITH DTP INVOLVEMENT

2015 Dinutuximab (Unituxin, NSC 764038)

2012 Omacetaxine (homoharringtonine, NSC 141633)

2010 Eribulin (NSC 707389)

Sipuleucel-T (NSC 720270)

2009 Romidepsin (NSC 630176)

Pralatrexate (NSC 713204)

2004 Cetuximab (NSC 632307) 

2003 Bortezomib (NSC 681239) 

1998 Denileukin diftitox (NSC 697979) 

1996 Polifeprosan 20 with carmustine 
implant (NSC 714372) 

Topotecan (NSC 609699) 

1995 All-trans retinoic acid (NSC 122758) 

1992 2-Chlorodeoxyadenosine (NSC 105014) 

Paclitaxel (NSC 125973) 

Teniposide (NSC 122819) 

1991 Fludarabine phosphate (NSC 312887) 

Pentostatin (NSC 218321) 

1990 Hexamethylmelamine (NSC 13875) 

Levamisole (NSC 177023) 

1989 Carboplatin (NSC 241240) 

1988 Ifosfamide (NSC 109724) 

1987 Mitoxantrone (NSC 301739) 

1983 Etoposide (NSC 141540) 

1982 Streptozotocin (NSC 85998) 

1979 Daunorubicin (NSC 82151) 

1978 Cisplatin (cis-platinum) (NSC 119875) 

1977 Carmustine (BCNU) (NSC 409962) 

1976 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosurea 
(CCNU) (NSC 9037) 

1975 Dacarbazine (NSC 45388) 

1974 Doxorubicin (NSC 123127) 

Mitomycin C (NSC 26980) 

1973 Bleomycin (NSC 125066) 

1970 Floxuridine (FUDR) (NSC 27640) 

Mithramycin (NSC 24559) 

Mitotane (o-p’-DDD) (NSC 38721) 

1969 Cytarabine (ARA-C) (NSC 63878) 

Procarbazine (NSC 77213) 

1967 Hydroxyurea (NSC 32065) 

1966 Pipobroman (NSC 25154) 

Thioguanine (NSC 752) 

1964 Melphalan (NSC 8806) 

Actinomycin D (NSC 3053) 

1963 Vincristine (NSC 67574) 

1962 Fluorouracil (NSC 19893) 

1961 Vinblastine (NSC 49842) 

1959 Cyclophosphamide (NSC 26271) 

Thiotepa (NSC 6396) 

1957 Chlorambucil (NSC 3088)
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DRUG SYNTHESIS AND CHEMISTRY BRANCH 

The Drug Synthesis and Chemistry Branch (DSCB) is 
responsible for the following activities in support of the dis-
covery and development of novel anti-cancer agents:

• Worldwide scientific liaising with universities and 
industries to stimulate the submission of a wide variety 
of synthetic compounds and pure natural products for in 
vitro anti-cancer screening

• Managing the acquisition, synthesis, storage, inventory, 
documentation, and distribution of chemical samples for 
research purposes to NIH and external investigators

• Acquisition of pre-clinical and clinical anti-cancer 
small-molecule chemotherapeutics for evaluation in various 
cell-line screens and testing in vivo, including PDX models

• Synthetic and medicinal chemistry resources and expertise 
in support of NExT development and discovery projects

• Collaboration with DTP’s Natural Products Branch (NPB) 
for identification of novel chemical scaffolds, as well as 
development of synthetic methods to generate further 
supplies for active compounds that have been isolated 
from natural product extracts

• Supports NExT project Initiatives 
• Synthesis of benchmark clinical and preclinical candidates

• Manages new compounds submitted by extramural researchers
• Distribution of compounds for intramural and extramural 
 research activities

• Supports NExT discovery / development projects
• Provides chemical synthetic enablement expertise and service, 
 across DCTD, including natural products

External 
Synthesis
Contracts

NCI 
Chemical

Repository

Laboratory
of Synthetic
Chemistry

FIGURE 46: CHEMISTRY SUPPORT FOR DCTD.

NATURAL PRODUCTS BRANCH

The primary responsibility of the Natural Products Branch 
(NPB) is the acquisition of crude natural product materials 
from terrestrial and marine environments for the preparation 
of crude extracts to be screened in various intramural and 
extramural screening programs, including the NCI-60 Cell 
Line Screen. For example, a set of 100,000 extracts was pro-

vided to an extramural team of investigators to be screened 
in their biologic HTS assay as part of a NExT project. NPB 
also oversees the operations of the Natural Products Support 
Group at FNLCR, which conducts isolation and chemical 
identification of active components from various crude 
extracts that are positive in in vitro and in vivo anticancer 
screens, as well as scale up for production of active com-
pounds to support pre-clinical and early clinical evaluation.

BIOLOGICAL RESOURCES BRANCH

The Biological Resources Branch (BRB) supports research 
in biotechnology-based therapies and provides resources to 
develop potential leads for the treatment of cancer and relat-
ed conditions. Classes of therapeutic agents includes recom-
binant proteins, monoclonal antibodies, genetically modified 
viruses, bacteria and mammalian cells, peptides, and oligo-
nucleotides. These entities may function as cytokines, growth 
factors, vaccines, adjuvants, or other immune-modifying 
agents. BRB has a coordinated portfolio of research grants 
and contracts that represent the flexible utilization of all 
three legs of the discovery and development process:

1. Peer-reviewed, grant-supported, investigator-
initiated discovery 
The active BRB-managed grant portfolio consists of 
over 150 grant awards (R01, R03, R15, R21, and P01) 
focusing on the discovery, testing, and development of 
biotechnology-based products including immunother-
apy agents for the treatment of, and vaccination against, 
cancer. The portfolio also includes therapeutic model 
development and the study of therapeutic mechanisms 
of action. This grant portfolio has a notable history of 
supporting concepts that successfully compete for further 
development in programs like NExT.

2. Access to consistent and high-quality reliable reagents 
for detailed preclinical studies
A preclinical repository was established in 1988 to 
acquire, usually by donation, and distribute well-
characterized biological reagents to extramural investiga-
tors to provide more robust preclinical studies and thera-
peutic concept development. Surplus production materials 
from projects within the Biopharmaceutical Development 
Program (BDP) are also provided to the community 
through this repository. See “BRB Preclinical Repository”

3. Preclinical product development, cGMP manufacturing, 
testing and release of biologic material for IND-directed 
pre-clinical studies through Phase 3 clinical trials 
BRB directs projects in the BDP located at FNLCR. 

https://dtp.cancer.gov/organization/dscb/default.htm
https://dtp.cancer.gov/organization/npb/default.htm
https://dtp.cancer.gov/organization/npb/default.htm
http://npsg.ncifcrf.gov/
http://npsg.ncifcrf.gov/
https://ncifrederick.cancer.gov/research/brb/
https://frederick.cancer.gov/Science/Bdp/Default.aspx
https://frederick.cancer.gov/Science/Bdp/Default.aspx
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TOXICOLOGY AND PHARMACOLOGY BRANCH

The Toxicology and Pharmacology Branch (TPB) provides 
essential toxicology and pharmacology data and expertise 
for drugs, biologics, and imaging agents in development 
for clinical trials. TPB manages external contractors for the 
generation of toxicology data (e.g. ADME, dose range finding 
and IND-directed toxicology studies) that are an essential 
component of filing an IND application with the FDA. TPB 
also provides toxicology expertise to the extramural commu-
nity, creating tailored preclinical strategies and study designs 
for safety assessment. TPB staff guide studies at all stages of 
product development, from early and rapid in vitro or in vivo 
characterization to optimize clinical candidate selection 
through PK, PD, and safety studies across species to support 
IND-filing and clinical use in humans.

PHARMACEUTICAL RESOURCES BRANCH

The Pharmaceutical Resources Branch (PRB) provides 
comprehensive pharmaceutical services to various DCTD 
programs and other parts of NCI and NIH. The primary 
objective of PRB is to supply high-quality chemical 
substances and formulated products for use in preclinical 
studies and human clinical trials. PRB accomplishes this 
objective through the management of external contractors. 
Most of the generated data are submitted to the FDA in 
support of an IND. 

The major contract areas managed by PRB staff include:

• Chemical Resources. Small-scale synthesis, including 
probe runs, process optimization, and large-scale GMP 
synthesis ranging from relatively short syntheses of one 
to two steps to complicated and challenging multistep 
syntheses. 

• Analytical. Development of validated assays to certify 
the purity, identity, and quality of test agents according 
to FDA guidelines and industry standards. For bulk 
chemical substances of all lots, the branch also prepares 
specifications for release of bulk chemical substances for 
IND-directed cGLP toxicology studies and manufacturing 
of clinical supplies.

• Pharmaceutical Research and Development. Develop-
ment of dosage forms suitable for use in human clinical 
trials and evaluation of salts, non-aqueous solvents, 

and surfactants, with emphasis on newer techniques to 
improve solubility or stability (emulsions, prodrugs, and 
complexation). Evaluation of dosage forms for chemical 
content, activity in rodent models whenever possible, and 
feasibility for manufacture on production scale. 

• Pharmaceutical Production. Management of a pharma-
ceutical production contract for parenteral drug products, 
including freeze-dried, emulsion, and liquid-filled dosage 
forms. PRB also produces capsules and tablets for oral 
use, and has the capability to produce creams and gels 
for topical use. Production is carried out with adherence 
to strict cGMP guidelines and regular inspections of the 
production facilities are performed by the U.S. FDA, the 
United Kingdom Medicines and Healthcare Products 
Regulatory Agency (the U.K. equivalent of FDA), and 
other European regulatory authorities.

• Shelf-Life Surveillance. Stability programs are established 
for each clinical batch of drug to certify potency, identify 
degradation products, and other aspects as required. 
Testing schedules are carried out according to FDA and 
other guidelines.

INFORMATION TECHNOLOGY BRANCH

The Information Technology Branch (ITB) provides scientific 
computing support and development for DTP and other 
programs in DCTD. ITB staff work to understand and trans-
late the specific needs with regard to data capture, storage, 
searching and analysis into specific programming tasks. ITB 
efforts fall into two broad categories, internal and external. 
Internal efforts focus on infrastructure for DTP screening 
activities, including compound scheduling and shipping, 
experiment setup, data capture, report generation, and deci-
sion support and recording. External efforts focus on making 
available to the research community both DTP data as well as 
the requisite analysis tools, such as COMPARE. ITB works to 
ensure that data analyses are driven by the science and not by 
software limitations.

DTP GRANTS OVERVIEW

The DTP research portfolio included 721 funded grants with 
a total budget of ~$252 million during fiscal year 2016. DTP’s 
grants portfolio covers various aspects of the discovery and 
pre-clinical development of small molecule and biological 

https://dtp.cancer.gov/organization/tpb/default.htm
https://dtp.cancer.gov/organization/prb/default.htm
https://dtp.cancer.gov/organization/itb/default.htm
https://dtp.cancer.gov/databases_tools/compare.htm
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FIGURE 47: DISTRIBUTION OF DTP 2016 GRANT FUNDING BY MECHANISM.

therapeutic agents, such as drug discovery screen assays and 
models, medicinal chemistry, mechanism of actions, bio-
markers, cGMP production, and immunotherapy. The grant 
award mechanisms used by DTP and their distribution in 
terms of research support in 2016 are shown in the accom-
panying graphs and charts. The predominant mechanism 
is the individual research project grant (R01), followed by 
exploratory phase grants (R21). 

Funding Mechanism Number of Grants Total Cost

R01 398 $ 152,400,229

U01 3 $ 1,982,390

P01 7 $ 12,169,288

DP2 1 $ 2,377,500

R21 105 $ 19,911,749

R00 12 $ 2,965,505

R03 12 $ 944,886

R15 15 $ 5,650,661

R35 4 $ 3,564,884

R37 1 $ 294,818

Total 558 $ 202,261,910

TABLE 10: FY16 SMALL MOLECULE GRANTS PORTFOLIO

Biologics
23%

Small Molecules
77%

FIGURE 48: DISTRIBUTION OF DTP 2016 FUNDED GRANTS BY THERAPEUTIC 
AGENT CLASS.

In 2016, the grants portfolio administered by DTP’s PTGB 
contained 558 grants with a total budget of ~$202 million that 
support all aspects of small molecule anticancer drug discovery 
and treatment strategies, including drug design, selective 
targeting of therapeutic agents, development of new preclin-
ical models for drug discovery, biomarker development for 
assessing treatment response, and understanding, preventing, 
and overcoming drug resistance. Meanwhile, the biologicals 
grant portfolio administered by BRB contains 163 grants with 
a total budget of ~$50 million that supports concept discov-
ery and development in nonclinical models and laboratory 
studies conducted in parallel with ongoing clinical trials.

Funding Mechanism Number of Grants Total Cost

R01 115 $ 39,481,143

R21 35 $ 2,846,625

R15 4 $ 1,652,593

R03 3 $ 239,250

P01 3 $ 4,053,666

UH2 1 $ 198,360

R00 1 $ 249,000

P41 1 $ 1,081,184

Total 163 $ 49,801,821

TABLE 11: FY16 BIOLOGICAL GRANTS PORTFOLIO
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ASSISTANCE TO THE CANCER 
RESEARCH COMMUNITY

NCI-60 CELL LINE SCREEN 

The NCI-60 Cell Line Screen provides an initial evaluation 
of the activity of potential anticancer agents. The screen 
includes cell lines representing nine cancer types: leuke-
mia, melanoma, lung, colon, brain, ovary, breast, prostate, 
and kidney. The aim of the screen is to identify synthetic 
compounds and natural product samples, as well as select-
ed biologicals and combinations, showing selective growth 
inhibition or cell killing of particular tumor cell lines. 
The NCI-60 cell lines have been thoroughly characterized 
biologically and molecularly through the Molecular Targets 
initiative. There have been more than 200 peer-reviewed 
publications citing the NCI-60 Cell Line Screen over the past 
five years. While many of the reports are medicinal chem-
istry, drug response, and compound studies, an increasing 
number of publications center on gene expression, genomics, 
and the development of gene signatures. Other prominent 
topics include mutation analyses, proteomics, development 
of bioinformatics methods, biomarkers, microRNAs, metab-
olomics, epigenetics, and pathways analyses.

The NCI-60 Cell Line Screen consists of a three-step process 
that starts with a single concentration screen against all 
60 cell lines. Agents showing activity are further evaluated 
across a five-log-concentration range. Agents demonstrating 
a dose response are then retested in a confirmatory five-
concentration assay. 

During FY2015, the NCI-60 Cell Line Screen laboratory: 

• Performed single-concentration testing on more than 
5,700 new synthetic compounds and 7,400 natural 
product extracts from NPB. 

• Tested 888 synthetic compounds and 756 natural product 
extracts in the five-concentration screen.  

As an additional service to the extramural research commu-
nity, 50 vials of frozen cell pellets were prepared from each 
of the 60 cell lines for distribution to approved Molecular 
Targets investigators providing molecular characterization  
of the cells. 

IN VIVO MODEL DEVELOPMENT AND TESTING

Over the past five [2013 – 2017] years, BTB has assessed 
more than 308 synthetic molecules, 160 natural product 
extracts, and 20 unique vehicle formulations for determina-
tion of maximum tolerated dose in preparation for in vivo 
efficacy studies. It also conducted 64 hollow-fiber assays with 
250 unique new molecules or natural product extracts to test 
for in vivo activity, of which 37 agents met the traditional 
criteria for activity. BTB conducted 397 xenograft studies 
assessing the antitumor activity of small-molecules and 
natural product extracts, as well as of agent combinations. 
These represent more than 75 unique human tumor xeno-
graft models. During this timeframe the branch received over 
6300 patient samples (blood or tumor) for implantation into 
mice to generate patient-derived xenograft (PDX) models. 
Over 300 PDX models have been created and cryopre-
served (>200 vials/model) for distribution through the NCI 
Patient-Derived Models Repository (PDMR). Presently there 
are 110 models available to the research community through 
the PDMR. The branch has conducted 190 studies using 
PDXs to assess efficacy or to collect samples for pharmacody-
namic endpoint determinations.

These efforts were facilitated by a major change to their 
experiment management and data capture system, going 
to a commercial “off the shelf ” (COTS) software package, 
which was integrated into the larger DTP data systems by 
ITB, including the systems that allow suppliers to access the 
results of tests on their compounds.

TUMORS, CELLS, CELL LINES, AND MICE

BTB prepares and ships 300–350 orders annually, represent-
ing a distribution of more than 2,000 vials of cells, tumor 
fragments, and cell pellets to individual investigators in 
the scientific community. The branch also isolated mRNA 
at serial passages 1, 4, and 10 from more than 100 unique 
human tumor xenografts for Affymetrix gene expression 
profiling. The MicroXeno Project raw data for these profiles 
are web-accessible to the research community. 

COLLECTION AND DISTRIBUTION OF SYNTHETIC 
COMPOUNDS

DSCB maintains a repository of synthetic compounds and 
pure natural products that are available to investigators for 
non-clinical research purposes. The Repository collection is 

https://dtp.cancer.gov/discovery_development/nci-60
https://dtp.cancer.gov/databases_tools/molecular_target/default.htm
https://dtp.cancer.gov/databases_tools/microxeno_project.htm
https://dtp.cancer.gov/organization/dscb/obtaining/default.htm
https://pdmr.cancer.gov/
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a uniquely diverse set of more than 200,000 compounds that 
have been either submitted to DTP for biological evaluation, 
as part of a chemistry effort under a NExT project, or synthe-
sized under DTP auspices. 

Year No. of New Submitted 
Compounds (NSCs)

No. of Compounds 
Shipped

No. of Plates 
Shipped**

2013 6,989 24,682 2,138

2014 4,298 20,290 1,991

2015 5,560 22,190 1,912

2016 6,441 23,619 1,846

2017* 6,846 21,414 1,765

* As of 11/30/2017
** Plates include approved oncology drugs set, structural diversity 

set, mechanistic diversity set, and natural products set.

TABLE 12: DISTRIBUTION AND PROCUREMENT SUMMARIES (2013–2017)

ACQUISITION OF SMALL-MOLECULE 
ONCOLOGY AGENTS

As part of its mission, DSCB acquires samples of investiga-
tional oncology agents, comprised primarily of targeted small 
molecules currently in clinical and/or preclinical antican-
cer studies. These compounds are provided for evaluation 
in the NCI-60 Cell Line Screen, as well as to other DCTD 
programs, such as PADIS and the Molecular Pharmacology 

Lab in MPB, and to investigators in NCI’s CCR. As oncology 
treatment moves toward personalized targeted therapeutic 
agents, the various DCTD human tumor cell line panels are 
an ideal community-wide tool for further understanding 
of the disease targets of new agents. All DCTD panel cell 
lines were thoroughly characterized at the molecular level 
under the Molecular Target Program, with both in-house 
and crowd-sourced characterization, including exome 
sequence mutations, SNPs, DNA methylation, metabolome, 
mRNA, microRNA, and protein expression. This molecular 
characterization dataset enables interrogation of patterns of 
growth inhibition by the investigational drug set looking for 
characteristics of the cell lines that determine sensitivity. It is 
anticipated that comparison between drug sensitivity profiles 
from this data set could lead to the elucidation of common 
mechanistic targets or pathways, associations with potential 
response biomarkers, the confirmation of mechanism of 
action or identification of novel mechanisms, and the uncov-
ering of unexpected “off-target” activities.

DSCB is in the process of developing open-source web-based 
online tools to enable data analysis for this set, including 
an improved version of COMPARE, which provides for 
the identification of compounds and/or genes that have 
highly correlated response patterns for any selected ‘seed’ 
compound. Solid samples (5 mg) of most FDA-approved 
oncology drugs, as well as a plated set of the most current 
FDA-approved drugs, are available for transfer to external 
investigators without cost for non-clinical research purposes 
through the DSCB repository.

https://dtp.cancer.gov/databases_tools/molecular_target/default.htm
https://dtp.cancer.gov/databases_tools/compare.htm
https://dtp.cancer.gov/organization/dscb/obtaining/default.htm
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LABORATORY OF SYNTHETIC CHEMISTRY 

DSCB provides synthetic and medicinal chemistry resources 
and expertise in support of NExT development and discov-
ery projects. DSCB resources and expertise include: iterative 
drug design and synthesis, synthetic method development 
and process synthesis development. Recent NExT projects 
utilizing DSCB resources include:

1. Preclinical development of T-dCyd: a New Epigenetic 
Agent: DNMT1 is a maintenance methyltransferase that 
contributes to the hypermethylation and silencing of 
tumor suppressor genes. In addition, DNMT1 also has 
roles independent of its methyltransferase activity, and its 
knockout causes decreases in cell viability that are preced-
ed by events consistent with activation of DNA damage 
response. Southern Research Institute submitted a NExT 
proposal for assistance in the preclinical development of 
4’-Thio-2’-deoxycytidine (T-dCyd), an agent that they 
found depletes DNMT1 both in vitro and in vivo in tumor 
cells. In non-small cell lung cancer (NSCLC) NCI-H23 
xenograft studies, treatment with T-dCyd resulted in the 
inhibition of tumor growth with concomitant DNMT1 
depletion at well tolerated doses. Given the significant 
compound supply needs consistent with preclinical 
development, DSCB developed an efficient process for the 
synthesis of the clinical candidate, T-dCyd, and that of a 
close analog, 5-aza-T-dCyd.

2. Silvestrol: Investigators at Ohio State University came to 
NCI, originally through the RAID Program, seeking assis-
tance in the preclinical development of silvestrol, a natural 
product isolated from the plant Aglaia foveolata, which 
had been found to have anti-cancer activity. In order to 
further evaluate the potential of this natural product in 
large scale animal models and potentially human clinical 
trials, DSCB undertook the preparation of multi-gram 
quantities of silvestrol through total synthesis, using 
previously reported methodology as the template for the 
scale-up work.

NATURAL PRODUCTS REPOSITORY 

Located at FNLCR, the Natural Products Repository is one of 
the largest and most diverse collections of natural products 
in the world, housing nearly 230,000 extracts from more than 
80,000 plants, more than 20,000 marine organisms collected 

from more than 35 countries, and more than 30,000 extracts 
of diverse bacteria and fungi. The Natural Products Reposi-
tory Program was initiated by NPB in 1991 to maximize the 
potential of the plant, microbial, and marine invertebrate 
extracts derived from the raw materials that were collected 
for NPB. NPB continues to establish collaborative programs 
through the signing of a natural product collaboration 
agreement or letter of collection with qualified research 
organizations in source countries for the screening of natural 
product extracts for activity against cancer and human dis-
ease, and the pre-clinical and clinical development of active 
agents meeting NCI selection criteria. From 1996, these 
extracts have been made available to organizations and inves-
tigators interested in exploring their potential in any disease 
related to NIH interests. Materials are provided for only the 
costs of shipment.

Year Vials Plates Total Extracts Cultures

2013 4667 131 16,195 0

2014 3637 439 42,269 0

2015 630 2025 178,885 25

2016 788 667 59,531 0

2017 531 493 43,919 1

TABLE 13: SHIPMENTS MADE BY NPB TO NON-DCTD INVESTIGATORS AND 
COLLABORATORS (2013-2017)

A significant number of samples (>100 vials per year) are 
shipped to the NCI Center for Cancer Research (CCR) 
Molecular Targets Laboratory for chemical evaluation of 
DCTD’s Natural Products Repository extracts identified as 
active in targeted assays based on CCR-designated molecular 
targets. In addition to CCR efforts, NPB has >100 current 
material transfer agreements with extramural researchers to 
investigate various aspects of the bioactivity and chemical 
diversity of DCTD’s Natural Products Repository extracts.

Marine Collections 

NPB successfully negotiated a new agreement based on a 
Letter of Collection with the Australian Institute of Marine 
Sciences to obtain more than 3,000 individual marine 
invertebrate specimens and more than 6,000 marine microbe 

https://dtp.cancer.gov/organization/dscb/smChemistry/tdcyd.htm
https://dtp.cancer.gov/organization/dscb/smChemistry/tdcyd.htm
https://dtp.cancer.gov/organization/dscb/smChemistry/silvestrol.htm
https://dtp.cancer.gov/organization/npb/introduction.htm
https://dtp.cancer.gov/organization/npb/docs/template_MTA_NPB_June2015.pdf
https://dtp.cancer.gov/organization/npb/docs/template_MTA_NPB_June2015.pdf
https://dtp.cancer.gov/organization/npb/docs/NCI_LOC_NPCA_Aug2015.pdf
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cultures for use by NCI. NPB will extract the relevant sam-
ples, and the resulting extracts will be split between NCI and 
Australian research institutions. 

NPB also completed collections of marine invertebrates from 
the waters of Thailand through a Memo of Understanding 
between the Thai government, Chulabhorn Research Insti-
tute (CRI), and NCI. These samples were extracted in the 
Natural Products Support Group (NPSG), and the resulting 
210 extracts were tested for activity in the NCI-60 Cell Line 
Screen. Eight active extracts were selected for compound 
isolation and structure elucidation in NCI. The results of 
these studies were presented to Her Royal Highness Princess 
Chulabhorn Mahidol at a meeting hosted at NCI at Frederick 
between officials of the Thai government and NCI. Extracts 
from these collections will be split between NCI and CRI and 
made available to researchers in both countries. 

Plant Collections of Opportunity 

Although contracts for collections of plants have not been 
funded by NCI since 2004, NPB has been successful in 
finding other pathways to continue the acquisition of these 
materials. One such collection is of plants used in traditional 
Chinese medicine (TCM). 

Traditional Chinese Medicinal Plants. This fully annotated 
library of plant materials was obtained through collaboration 

with DCTD’s Office of Cancer Complementary and Alter-
native Medicine, Harvard University, Beijing University of 
Chinese Medicine, and Hong Kong Baptist University. These 
plants had been collected under TCM–defined conditions 
from sites where the original plants were collected for the 
ancient TCM monographs approximately 1,000 years ago. 
Five-hundred–gram samples of each part of the collection 
have been ground, extracted, and tested in the single-dose 
NCI-60 Cell Line Screen. Screening plates of these extracts 
have now been made available to researchers through the NP 
Repository website for testing in other assay systems. 

Microbial Collections

In 2016 NPB gained access to a new fungal library through 
a contract with Leidos Biomedical, Inc. and the University 
of Oklahoma Institute for Natural Product Applications and 
Research Technologies (INPART) to obtain recently collected 
soil fungi from the United States for culture at NCI. These 
fungi have been collected through a citizen science collection 
program sponsored by the University of Oklahoma. The 
contract is scheduled to bring up to 4,000 new, taxonomi-
cally typed, non-duplicative fungi to NCI every year. NCI 
will culture the fungi and extract the cultures to yield a new 
microbial extract library for natural product research. It is 
anticipated that this contract will extend for several years 
and bring significant new chemical diversity to the NPB 
screening library. 
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Natural Products Support Group (NPSG)

The NPSG extracts samples of natural products for testing in 
the NCI-60 Cell Line Screen, provides a compound plating 
support service for all drugs and natural products entering 
the NCI-60 queue, and conducts research to characterize and 
purify extracts showing promising screening results. These 
tasks include:

• Preparation of all samples (natural-product extracts 
or fractions, purified natural products, and synthetic 
compounds) for the one- and five-dose NCI-60 Cell Line 
Screens and the in vivo hollow-fiber and xenograft tests 
run by BTB.

• Management and maintenance of in-house computerized 
systems, including the successful integration of two state-
of-the-art Tecan robotic systems that materially improved 
the liquid handling systems and output. The output of 
this part of the NPSG can be seen in the quantity of the 
screening numbers reported on a weekly basis covering 
the NCI-60 Cell Line Screen.

• Purification and identification of active materials (both 
natural and synthetic) from within DCTD whose chemi-
cal structures require independent confirmation.

• Isolation, curation, and subsequent growth of microbes 
isolated as a result of collaboration with the U.S. Depart-
ment of Agriculture’s Noxious Weeds Research Unit based 
on the Fort Detrick campus and more recently with the 
University of Oklahoma.

• Development of new bioinformatics analysis tools 
(self-organizing maps) to aid in the prioritization of 
extracts for compound isolation based on large data sets 
of biological, taxonomic, geographic, and chemical data. 

• Creation of a pre-fractionated library of partially-purified 
extracts from the NCI National Products Repository. This 
library is expected to be much more amenable to use in 
modern screening programs and is expected to contain 
approximately 1,000,000 samples. 

NPSG has continued the isolation and structure elucidation 
of active compounds from extracts selected by DTP data 
review group. As a result of close cooperation between the 
in vivo testing laboratories of BTB and NPSG, and using the 

newly installed bioinformatics prioritization principles and 
pre-fractionation strategies, 30 extracts were selected for 
research in November 2015. Those projects have now all been 
completed, and 11 active samples have been scheduled for in 
vivo testing in suitable mouse models. Overall, since January 
2015, 124 individual chemical characterization projects 
have been pursued by the NPSG and brought to completion 
by identification of the compound or class of compounds 
responsible for the cytotoxicity of the extract.

cGMP MANUFACTURING AND FORMULATION

PRB produces clinical supplies and chemistry, manufactur-
ing, and control (CMC) data to support INDs sponsored 
by DCTD. Several new clinical candidates are currently in 
advanced IND development stages. The branch synthesized 
several distinct compounds ranging in batch sizes of grams 
to multi-kilograms, often manufacturing additional batches 
as the need arose. PRB also validated high-pressure liquid 
chromatographic (HPLC) analytical methods that were 
developed for several distinct compounds in advanced devel-
opment, with individual lots undergoing complete analytical 
assessment and release for advanced preclinical studies (IND 
directed) and/or use in preparing clinical dosage forms. In 
addition, PRB prepared a number of batches of parenteral 
dosage forms, including freeze-dried and liquid-filled 
products. Oral dosage forms (mostly capsules) of several 
compounds have been prepared in multiple batches and 
strengths to accommodate dosing needs in ongoing clinical 
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CLINICAL SUPPLIES RECENTLY 
PROVIDED BY PRB FOR NEW 
OR ONGOING TRIALS
• Z-Endoxifen

• T-dCyd (4’-thio-2’-deoxycytidine)

• Aza-T-dCyd (5-aza-4’-thio-2’-deoxycytidine)

• IPdR (5-iodo-2-pyrimidinone-2’-deoxyribose)

• LMP-400

• LMP-776

• LMP-744

• FdCyd/THU (5-fluoro-2’-deoxycytidine / 
tetrahydrouridine)

• PU-H71

• DMS-612

• 1-MT

• Fenretinide

• Safingol

• TRC102

• Phenformin

trials. Shelf-life studies were conducted at several points each 
year on an average of 80 distinct batches of drug products. 
Pre-formulation and formulation work was performed 
to identify the conditions required for preparing suitable 
and stable formulations, with the results transferred to the 
manufacturers of the clinical dosage forms for preparation of 
actual clinical supplies. Several lots of GMP bulk drugs were 
synthesized, requiring quality-control release testing of each 
batch. Formulations and/or new size configurations were 
developed, and sterile injectable and capsule dosage forms 
were manufactured as appropriate for each drug. 

INVESTIGATIVE TOXICOLOGY LABORATORY 

The Investigative Toxicology Laboratory, overseen by TPB, 
generates insights about the cellular toxicity of compounds. 
Better characterization of mechanisms of toxicity aids in the 
selection of drug candidates through the design of mecha-
nism-based in vitro screens. Thus, DCTD is better able to 
achieve its programmatic goals in drug development, and 
to support the underserved area of toxicology of anticancer 
agents. Generation and publication of baseline informa-
tion on in vitro assays and biomarkers that may be used 
to advance research are critical for expanded utilization of 
well-established in vitro assays by the community of toxico-
logical scientists. 

• Cellular and tissue slice systems
• CD34+ progenitor cell culture assay 

(Bone marrow toxicity)
• Assessment of Cardiac toxicity risk using 

cardiac myocytes in culture
– Cardiac injury biomarkers 

and arrhythmia
• Dorsal Root Ganglion for peripheral 

Neuropathy
• ADME characterization, solubility testing
• Issue resolution for Project teams

• Toxicology biomarkers
• Issue resolution for 

Project teams
• Application of tailored 

screens for investigations of 
organ specific toxicity

Exploratory Screen 
Development

Hit (SDS) to 
Lead ID

Lead 
Development

Candidate seeking 
and qualification

Clinical 
Candidate

Discovery and Early Development Full Development

FIGURE 49: INVESTIGATIVE TOXICOLOGY ACTIVITIES IN SUPPORT OF DRUG DEVELOPMENT.
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FIGURE 50: ADVANCED TECHNOLOGIES RESEARCH FACILITY (ATRF) IN FREDERICK, MD.

THE BIOPHARMACEUTICAL DEVELOPMENT 
PROGRAM

The BDP was established in 1993 for the purpose of manu-
facturing biologicals at pilot scale for first-in-human, proof-
of-concept studies; however, production levels now support 
preclinical development studies, Phase 1 and 2, or selected 
Phase 3, clinical trials. The BDP is located in the Advanced 
Technologies Research Facility (ATRF), a state-of-the-art 
FNLCR research facility with 55,000 ft2 occupied by BDP lab-
oratory, GMP manufacturing, and fill-finish suites. The GMP 
facility contains separate upstream bioprocessing and puri-
fication trains for mammalian and bacterial products, plus a 
separate set of isolated suites for viral vector production. The 
BDP facility has often served as a site for the FDA’s biologics 
inspectors training program, and maintains cGMP compli-
ance through audits by qualified independent contractors.

Technical expertise and specialized capabilities in BRB and 
BDP primarily support the production of biologic agents 
targeting cancer; however, the BDP is frequently engaged 
in collaborations outside of cancer with the following other 
government programs:

• National Institute of Allergy and Infectious Diseases 
(NIAID) and the U.S. Army Medical Research Institute 
for Infectious Diseases (USAMRIID) for vaccine 
development in infectious diseases

• National Center for Advancing Translational Sciences 
(NCATS) for rare and neglected disease treatments

• National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) for approaches to abort the autoim-
mune course of early type 1 diabetes 

In addition, staff expertise is frequently sought for advice 
or training by a range of programs outside DCTD that are 
involved in drug development:

• Source Evaluation Groups or Special Emphasis Panels 
reviewing grant applications and contract proposals for 
non-NCI initiatives

• Steering committees for new NIH programs in infectious 
disease or nanotechnology applications

• New biopharmaceutical programs and academic institu-
tions in developing countries for in-plant training of their 
senior staff

• New foreign production plants collaborating with NIH 
requiring the conduct of site visits

Since 2012, 31 different BDP products have been used in 
IND-supported clinical trials. In that interval, BDP released 
10 new GMP clinical lots in addition to master cell banks, 
control lots, diluents, and other associated products. BDP 
provides quality control, quality assurance, and regulatory 
support for its products, including technical packages for 

https://frederick.cancer.gov/Science/Bdp/Default.aspx
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FIGURE 52: Ch14.18 WAS ADVANCED FROM A GRANTEE RESEARCH 
LABORATORY INTO CLINICAL TRIALS AND EVENTUALLY TO A COMMERCIAL 
PARTNER THROUGH NCI ASSISTANCE.

pre-IND meetings with FDA; CMC documents for IND 
applications; post-filing technical and regulatory assistance, 
as well as on-going stability studies for the duration of their 
use in clinical trials. The following are some of the most sig-
nificant milestones for BDP products during this reporting 
period (2013 – 2017):

Ch14.18 (dinutuximab/Unituxin). Ch14.18 is based on 
an anti-GD2 murine monoclonal antibody (mAb) discov-
ered in the laboratory of Dr. Ralph Reisfeld, a BRB grantee 
and holder of a DTP-sponsored U01 Collaborative Agree-
ment. BDP manufactured several versions of the antibody 
(e.g., murine, human, the murine/human chimeric, and a 
human14.18-IL-2 recombinant fusion protein) as part of this 
project. In the largest clinical effort, BDP manufactured 11 
clinical lots of ch14.18 to support Children’s Oncology Group 
(COG) clinical trials in high-risk neuroblastoma combining 
ch14.18 with IL-2 and GM-CSF to boost Antibody Directed 
Cellular Cytotoxicity (ADCC), and 13-cis-retinoic acid (RA). 
After significant improvement in median disease-free surviv-
al was shown in a planned interim review of the randomized 
Phase 2 trial, NCI sought a commercial partner with whom 
they could license the manufacturing of this agent. Although 
United Therapeutics Corporation (UTC) became NCI’s 
CRADA Partner in 2010, BDP continued to provide most of 
the clinical material under the original IND trial and worked 
with UTC extensively in technology transfer activities while 
UTC established its large-scale commercial manufacturing 
process. In 2015, UTC received commercial licenses under 
Orphan Disease indications in the U.S. from FDA and in 
the EU from EMA for ch14.18 (now called dinutuximab, or 

Unituxin), based on the COG trial results using BDP product 
and several comparability studies between BDP and UTC 
product. FDA also awarded UTC a Rare Pediatric Priority 
Review Voucher, under the 2012 Food and Drug Administra-
tion Safety and Innovation Act (FDASIA). After more than 
1,000 children had been treated in the U.S., Canada, Austra-
lia, and New Zealand, the last BDP product was withdrawn 
from clinical use in March 2015. 

FIGURE 51: cGMP FILL/FINISH ACTIVITY AT THE BDP, FNLCR.

PVS-RIPO. PVS-RIPO, a modified poliovirus, was developed  
in the laboratory of Dr. Matthias Gromeier, who submitted a 
development proposal to the RAID/NExT program request-
ing NCI assistance in the GMP manufacturing of this agent 
as a potential treatment for recurrent Glioblastoma Multi-
forme (GBM) by direct intra-tumoral infusion. Under 
a research grant in the BRB portfolio, Dr. Gromeier and 
colleagues at Duke University Medical Center are evalu-
ating the mechanistic hypothesis that in addition to direct 
tumor cell killing, infection with a low dose of PVS-RIPO 
elicits inflammatory events that mediate anti-neoplastic 
effects through host-mediated immune responses. Based on 
promising results observed in the first 23 patients treated 
with a low-dose infusion, the FDA provided a “Breakthrough 
Therapy Designation” in May 2016, whereby the FDA will 
provide accelerated review of regulatory submissions, and 
work closely with the IND Sponsor during product devel-
opment. Three trial subjects are currently disease-free more 
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than three years after treatment. An IND amendment to 
extend the study to enroll subjects with Pediatric Glioblas-
toma was submitted to the FDA and reviewed by the NIH 
Recombinant DNA Advisory Committee (RAC) in 2016. 
BDP released a new lot of PVS-RIPO in 2016 that is sufficient 
to treat more than 1,400 additional subjects in support of the 
expanded studies. 

Tet-CMV Peptide Vaccine. Tet-CMV (CMVPepVax) is a 
peptide vaccine, developed in the laboratory of Dr. Don Dia-
mond at the City of Hope (COH) Cancer Center, to prevent 
CMV virus infections that cause major morbidity in the 
setting of hematopoietic cell transplant (HCT) procedures. 
The peptide, a T-helper epitope linked to a CMV pp65 HLA 
*0201 restricted epitope (Tet-CMV), is used in combination 
with CpG 7909 adjuvant that was donated by Pfizer. Results 
from the controlled Phase I study using BDP material were 
published in The Lancet Hematology in early 2016 showing 
a positive effect on CMV viremia and relapse-free sur-
vival. BDP released a new clinical lot in 2015 to support a 
multi-institution Phase 2 trial. In 2016, COH licensed the 
vaccine (named CMV PepVax) to Fortress Biotech (formerly 
Coronado Biosciences) who will work closely with BDP to 
transfer the technology in anticipation of taking over future 
production. 

Ganitumab. Ganitumab is an anti-IGF1R monoclonal 
antibody that was being developed by Amgen, and for which 
COG and NCI-CTEP had planned a Phase 2 clinical trial in 
Ewing Sarcoma. In early 2013 Amgen terminated their devel-
opment of the product; however, Amgen provided technical 
information to NCI in April 2013, and donated bulk drug 
substance to NCI in September 2013 for the COG trial and 
other clinical research under a CRADA. BDP established 
assays for quality control (QC) of the bulk drug substance 
and finished products to meet requirements established in a 
January 2014 pre-IND meeting with FDA. The first lot (3,652 
vials) of BDP filled material was released in September 2014, 
and the clinical trial opened in December 2014 at 175 COG 
institutions. Canadian sites opened in June 2015. Enrollment 
of subjects increased faster than expected, and Amgen donat-
ed additional bulk drug substance that was filled (8,719 vials) 
in January 2016. This was QC tested and released by BDP in 
June 2016 to avoid interruption in subject accrual. Accrual 
was completed without interruption in November 2016. 

A second NCI trial is planned in the NIH Clinical Center. 
NantBio has recently licensed Ganitumab from Amgen and 
will be responsible for future drug supply. 

Interleukin-15. Interleukin-15 (IL-15) was co-developed by 
the intramural laboratory of Dr. Thomas Waldmann at NCI. 
A high priority agent for immunotherapy researchers, BDP 
began the project with an R&D grade IL-15 expressing E. coli 
clone provided by Dr. Waldmann, and was able to develop 
a master cell bank from which scale-up manufacturing of 
GMP material could be performed. Toxicology material was 
released in June 2008, and the first clinical lot was produced 
in March 2009. Eight clinical lots (> 35,000 vials in total) 
have been produced, including three lots (~20,000 vials) 
funded by the American Recovery and Restoration Act 
(ARRA). In the current reporting interval, clinical trials have 
been underway in the extramural Cancer Immunotherapy 
Treatment Network (CITN), CCR, and individual grant-sup-
ported extramural centers. BDP-manufactured IL-15 is also 
available through the BRB Preclinical Repository for R&D 
purposes. Since this R&D material is closely similar to the 
BDP clinical material, investigators have developed prelimi-
nary data using this material to support regulatory filings for 
clinical trials. Therapeutic combinations with IL-15 are now 
in development at CITN to improve adoptive cell therapy (T 
cells and natural killer cells) and at NCI (Dr. Waldmann) to 
improve monoclonal antibody strategies. 

Ch11-1F4 monoclonal antibody. Dr. Alan Solomon of the 
University of Tennessee developed a murine antibody (mu 
11-1F4O) that recognized AL amyloid deposits (see figure 
below) and cleared deposits of human amyloid placed sub-
dermally in a mouse model. Dr. Solomon’s proposal to gen-
erate a chimeric antibody clone was accomplished by a BDP 
subcontractor under the NExT Program. BDP manufactured 
a GLP lot of murine 11-1F4 antibody for toxicology studies. 
The murine antibody was then used for an I-124 PET study 
in humans that was funded by an FDA Orphan Drug Grant. 
Striking images of amyloid deposits were demonstrated.1 The 
murine antibody has also generated images that demonstrate 
before-and-after effects of standard therapy (melphalan 
+/- stem cell infusion). BDP manufactured a 50 gm lot of 
chimeric antibody that is being used in a Phase 1 clinical 
trial that opened in 2014. An interim analysis presented at 
the American Society of Hematology meeting in December 

1 Wall JS, et al; Blood 2010;116:2241-44

http://www.sciencedirect.com/science/article/pii/S235230261500246X
https://clinicaltrials.gov/ct2/show/NCT02245867
https://clinicaltrials.gov/ct2/show/NCT02245867
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FIGURE 53: CO-LOCALIZATION OF 124I-M11-1F4 WITH HEPATOSPLENIC AND BONE AL AMYLOID.

2015 showed biomarker and organ response evidence of sin-
gle-dose antibody effects on amyloid deposits. The antibody 
has been tolerated through six dose levels up to 500 mg/m2 
administered IV in a single dose. The trial was taken to a 
multiple weekly-infusion phase that will provide groundwork 
for a possible Phase 2 study in the SWOG cooperative group. 
BDP is now in the process of manufacturing an additional 
700 gm of Ch11-1F4 in preparation for a Phase 2 study.

BRB PRECLINICAL REPOSITORY

• The BRB Preclinical Repository distributes bulk cytokines, 
monoclonal antibodies, cytokine standards, and other 
highly sought research reagents to academic investigators 
at no cost except for shipping expenses.

• Since 1996, more than 68,000 vials of different reagents 
have been shipped domestically and internationally to 
over 3,000 scientists. In recent years, the repository has 
provided an average of 2,900 vials/year through approxi-
mately 180 shipments. 

• One of the most popular BRB Repository requests is 
the NIH collection of Recombineering Bacteria Strains 
and Plasmid Vectors that investigators use to create new 
molecular entities for further study or manufacturing.

• Agents developed and manufactured under NCI-spon-
sored programs recently made available through the 
repository include ch14.18 and 1A7 monoclonal anti-
bodies, Ad-CCL21 chemokine, MPL adjuvant, and IL-7, 
IL-12, and IL-15 cytokines.

• The initial repository inventory was significantly aug-
mented with thousands of vials of cytokine standards 
from the United Kingdom’s National Institute of Bio-
logical Standards and Control for distribution to U.S. 
investigators and 80,000 vials of recombinant human IL-2 
from industry.

• BRB negotiates with companies and investigators to 
obtain, by donation or at reduced cost, new materials to 
enrich the repository’s supply of reagents. Many donated 
lots are expired commercial clinical materials that are 
retested or re-vialed by BDP to enable distribution of 
high-quality reagents for research and development  
use only.

• Agents are provided to the research community. 

http://ncifrederick.cancer.gov/research/brb/
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IT ENHANCEMENTS FACILITATING INTERACTIONS 
WITH THE RESEARCH COMMUNITY

Support for In Vivo Screening. BTB has made a major change 
to their experiment management and data capture system, 
going to a commercial “off the shelf ” (COTS) software 
package. This package is central to the efficiency of BTB’s 
contributions to the NCI Patient-Derived Models Repository. 
ITB integrated the new software into the larger DTP data 
systems, including the Compound Submission System 
(see below) that allows suppliers to access the results of tests 
on their compounds.

Support for Combination Studies. DCTD has invested 
significant effort in looking at combinations of agents in the 
NCI-60 Cell Line Screen, as well as in panels of sarcoma 
and NSCLC cell lines. ITB has created computer systems to 
capture, store, and report the data generated to the scientific 
community, as demonstrated via the NCI ALMANAC.

Compound Submission / Ordering System. A web-based 
Compound Submission / Ordering System collects the 
information necessary to process compound submissions to 
the NCI-60 Cell Line Screen. The system also creates an elec-
tronic Material Transfer Agreement (NCI_Receiving Form) 
for each submission. This is a change from the past, where 
suppliers either completed a written agreement that applied 
to all submissions, or went without any agreement at all. The 

online form also allows submitters to follow the progress of 
their compounds through screening and to access data as the 
assays are completed. This application handles more than 600 
submissions per month. 

The DCSB Repository can be accessed via a web interface to 
request samples of individual compounds or plated sets of 
compounds with an electronic Material Transfer Agreement 
(NCI_Shipping Form) that is automatically generated and 
routed, minimizing paperwork and processing time. This 
application handles about 20 requests per week with an aver-
age of about 15 compounds per request.

Further modification of the standard online submission 
application implemented above enabled the Chemical 
Biology Consortium (CBC) Centers to register and request 
compounds with NSC numbers within minutes using the 
NExT/CBC Compound Submission form. This application 
handles about 200 submissions per month.

Molecular Targets. The results of this effort by more than 
300 laboratories worldwide to molecularly characterize 
the NCI-60 Cell Lines are made available for data mining 
through the web-based Molecular Target Program interface. 
These activities have included the characterization of mRNA 
by microarrays (six platforms, five independent groups), 
high-density arrays of single-nucleotide polymorphisms 
(two platforms, three groups), characterization of microRNA 

https://dtp.cancer.gov/ncialmanac/initializePage.do
https://dtp.cancer.gov/compsub/
https://dtp.cancer.gov/discovery_development/nci-60/default.htm
https://dtp.cancer.gov/organization/dscb/obtaining/default.htm
https://dtp.cancer.gov/organization/dscb/obtaining/default.htm
https://dtp.cancer.gov/cbcsubmission/index.xhtml
https://dtp.cancer.gov/databases_tools/molecular_target/default.htm
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(three independent laboratories), metabolomic data, and 
genome-wide DNA methylation. In the last three years, more 
than 15,000 measurements in 18 projects have been publicly 
released. The largest contribution to this total was from an 
effort to sequence the exome of all the cell lines.

FUTURE DIRECTIONS

DTP will continue to provide services and resources to 
the academic and private sector worldwide to facilitate 
the discovery and development of new cancer therapeutic 
agents. Over the next five years, DTP plans to focus on the 
following three key areas:

Enhance the support for extramural immuno-oncology 
discovery and development
In response to the rapid progress in anti-cancer 
immunotherapy research, DTP recently established the 
Immuno-Oncology Branch to support peer-reviewed 
research projects in areas of emerging interest. Among these 
areas are small molecule immunomodulators, 3-dimensional 
organ and tumor systems consisting of multiple cell types 
and structural components, and the role of the tumor 
microenvironment or the crosstalk between tumor and 
the microenvironment as one of the modes of action for 
immune-oncology. DTP grant staff will continue to conduct 
portfolio analyses to identify research gaps for new initiatives, 

develop new funding opportunities and recommend 
funding levels to stimulate and facilitate the translational 
research of immunotherapy. In addition, DTP staff will 
explore opportunities to provide valuable resources to the 
immuno-oncology community, for instance, by acquiring and 
distributing well-characterized reagents.

Enhance the support for extramural therapeutic 
product developers
In 2016, DTP staff developed the Experimental Therapeutics 
Consultation Service of the NExT program. With the 
submission of a simple online form, extramural investigators 
can request a consultation with DTP’s drug development 
experts on critical path activities for preclinical development 
of new therapeutics, including nonclinical safety and good 
manufacturing processes for small molecules, biologics, and 
imaging agents. Ultimately, investigators are encouraged to 
consider applying to the NExT program to request access to 
NCI resources for performing the activities discussed if they 
do not have the capabilities themselves.

In addition, DTP staff will continue to support the best 
translational research based on peer review and clinical need, 
catalyze interactions among scientists, educate the scientific 
community on peer review and grant policy changes, inform 
grantees about DCTD drug development services such as 
NExT, and organize workshops. DTP staff will continue their 
involvement in the NExT program, serving as team members 
of working group committees and providing contract-based 
resources for approved projects where appropriate. 

Enhance the support for natural products drug discovery
NPB has undertaken a new effort to accelerate the discovery 
of new bioactive compounds from extracts in the NCI 
Natural Products Repository. This effort, termed the NCI 
Program for Natural Products Discovery (NPNPD), is a 
joint endeavor between CCR and DCTD to create an 
approximately 1,000,000 sample partially-purified natural 
product library for screening by CBC centers and other 
extramural institutions. NPB will also work with these 
centers in the isolation and structure elucidation of active 
natural products.

https://dtp.cancer.gov/organization/iob/default.htm
https://next.cancer.gov/experimentalTherapeutics/form.htm
https://next.cancer.gov/experimentalTherapeutics/form.htm
https://dtp.cancer.gov/organization/npb/introduction.htm
https://dtp.cancer.gov/organization/npb/introduction.htm
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OVERVIEW
The field of radiation oncology has a unique scientific and 
clinical breadth that includes radiation and stress biology, 
complex tumor and normal tissue systems biology, inno-
vative technology, electronic data acquisition and analysis, 
image-guided therapy, particle radiation therapy (RT; protons, 
carbon ions, and others), multimodality cancer treatment, 
immunology, systemic radionuclide therapy (SRT), non-ion-
izing radiation (hyperthermia, ultrasound, photodynamic 
therapy), outreach to the underserved and global cancer care, 
and health, medical, and societal response to threats from 
nuclear and radiological disasters, potentially including ter-
rorism. With its research base in basic biology, physics, and 
clinical care that encompasses the entire spectrum of oncolo-
gy, radiation oncology has a unique role in multidisciplinary 
translational science collaboration. Radiation therapy is 
used in more than half of patients during the course of their 
cancer treatment and is effective both as a curative modality 
and for palliative care. The Radiation Research Program 
(RRP) is the sole program focused on therapeutic radiation 
sciences within the extramural programs of NCI.

As part of ongoing efforts to stimulate research in RT and 
radiation biology, RRP staff provide support for basic, 
translational, and clinical RT research within DCTD by:

• Providing expertise to investigators and potential grantees 
who perform cutting-edge research with radiation and 
other forms of energy

• Helping to organize and lead the RT research community 
in establishing priorities for the future direction of 
radiation research, including interagency cooperation  
and collaboration

• Developing and promoting collaborative efforts among 
extramural investigators for both preclinical and clinical 
investigations, including the evaluation of systemic agents 
that can be used in combination with radiation

• Evaluating the effectiveness of radiation research being 
conducted by NCI grantees

• Advising NCI-funded clinical trial groups and the Cancer 
Therapy Evaluation Program (CTEP), DCTD regard-
ing scientific priorities and quality assurance in clinical 
studies with RT

• Developing unique models and capabilities to help and 
mentor medically underserved communities in the 
United States and worldwide to access cancer clinical 
trials and care

• Serving as the NCI liaison and advisor on the mitigation 
of radiation injury to normal tissue and the development 
of biomarkers for radiation injury in programs address-
ing radiological and nuclear terrorism in the National 
Institute of Allergy and Infectious Diseases (NIAID) and 
the Office of the Assistant Secretary for Preparedness and 
Response (ASPR) within the Department of Health and 
Human Services (HHS)

• Working and coordinating with professional societies 
to publicize research efforts and findings in radiation 
oncology and biology 

RRP coordinates its activities with other radiation research 
efforts at NCI, in particular the Division of Cancer Biology 
(DCB), the Division of Cancer Control and Population 
Sciences (DCCPS), the Center for Cancer Research’s (CCR) 
Radiation Oncology Branch and Radiation Biology Branch, 
and the Division of Cancer Epidemiology and Genetics 
(DCEG), as well as NIH, other federal agencies, and national 
and international research organizations. RRP also serves 
as a focal point for extramural investigators who are con-
cerned with clinically related radiation oncology and 
biology research.

STRUCTURE AND FUNCTION

RRP is divided into two branches and one coordinating 
activity:

1. Radiotherapy Development Branch (RDB)

2. Clinical Radiation Oncology Branch (CROB)

3. Molecular Radiation Therapeutics (MRT)

The primary responsibility of RRP is to the grantees and 
contractors of NCI and NIH. In fiscal year 2016 (FY16), 
RRP administered over 430 grant applications (including 
approximately 130 funded research projects from this 
and preceding years). In addition to conducting grants 
management, RRP staff members advise on and act as 
reviewers for grants and contracts submitted to the 
U.S. Department of Defense (DoD) and consult on 
radiation issues with program staff in NIAID, the 
Biomedical Advanced Research and Development 
Authority (BARDA), and the National Aeronautics 
and Space Administration (NASA).

https://rrp.cancer.gov/
https://rrp.cancer.gov/
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C. NORMAN COLEMAN
ASSOCIATE DIRECTOR

C. Norman Coleman, MD, is Associate Director for RRP, 
a Senior Investigator in the Radiation Oncology Branch 
of the NCI intramural CCR, and a Senior Medical Advisor 
in the Office of ASPR in HHS. He received his medical 
training at the Yale University School of Medicine. Dr. 
Coleman completed his internship and residency in 
internal medicine at the University of California, San 
Francisco; a fellowship in medical oncology at NCI; and 
a fellowship in radiation oncology at Stanford Univer-
sity. He is board certified in internal medicine, medical 
oncology, and radiation oncology. Dr. Coleman was a 
tenured faculty member in Radiology and Medicine at 
the Stanford University School of Medicine before joining 
Harvard Medical School in 1985 as the Alvan T. and 
Viola D. Fuller–American Cancer Society Professor and 
Chairman of the Joint Center for Radiation Therapy. In 
1999, he became Associate Director of NCI’s Radiation 
Research Program, Branch Chief and Senior Investiga-
tor in the Radiation Oncology Branch in the Division of 
Clinical Sciences (now part of the CCR) and Chief of the 
virtual Radiation Oncology Sciences Program that also 
included the Radiation Biology Branch. He served as 
Chief of the Radiation Oncology Branch from 1999 until 
2004, at which time he began working in the Office of 

Public Health Emergency Preparedness at HHS. He has 
written extensively in his field and has won numerous 
awards, including the 2005 Gold Medal Award from 
the American Society for Radiation Oncology (ASTRO). 
In 2011 he received the Service to America Homeland 
Security Medal from the Partnership for Public Service 
for his contributions to developing the health and med-
ical response for radiological/nuclear disasters and his 
service in Japan during their nuclear power plant crisis 
in 2011. In 2015 he received a Doctor of Science degree, 
Honoris Causia from his alma mater, the University of 
Vermont, for his contributions to science and society. 
He is the 2016 recipient of the Failla Award from the 
Radiation Research Society (RRS) for his many scientific 
and professional contributions to the fields of radiation 
oncology and radiation biology. Dr. Coleman is a Fellow 
of the American College of Physicians, the American 
College of Radiology (ACR), ASTRO, and the American 
Society of Clinical Oncology (ASCO).



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 149

RADIATION RESEARCH  
PROGRAM RRP

RADIOTHERAPY DEVELOPMENT BRANCH

RDB is responsible for the overall coordination of RRP’s 
research portfolio, which encompasses a broad range of 
topics that includes:

• Development and implementation of advanced 
technologies for the production and delivery of 
radiation, including protons and heavier charged 
particles (in collaboration with RRP’s CROB)

• Combination of RT with molecular-targeted treatment 
and immunotherapy

• Preclinical and clinical development of multi-modality 
cancer therapy including diagnosis, predictive and 
prognostic biomarkers, treatment, and long-term 
outcomes/toxicity

• Radiation-inducible molecular changes in both tumor 
and normal tissues that can be exploited to improve out-
comes with drugs and immune modulators 

• Radiation modifiers, including sensitizers and protectors, 
and radiation-nanotechnology

• Normal tissue injury and treatments to prevent or 
mitigate these injuries

• Systemic targeted radionuclide therapy, including 
radioimmunotherapy

• Non-ionizing radiation–based therapies such as 
photodynamic therapy and hyperthermia

RDB and CROB collaboratively manage grants that deal with 
image-guided RT (IGRT) and the physics of basic radia-
tion track (beam) structure and radiation chemistry. RDB 

also organizes workshops highlighting the importance of 
understanding biology in RT, including the tumor micro-
environment, DNA repair (in collaboration with DCB), and 
the role of immunity in radiation responses. The workshops 
addressed overarching issues in radiation research, such as 
the future of radiation biology research, precision medicine, 
particle and systemic radionuclide therapies, reproducibility 
of preclinical translational research, often in collaboration 
with national radiation related clinical and research profes-
sional societies such as ASTRO, SNMMI, and RRS. RDB 
also collaborates with NCI’s Center to Reduce Cancer Health 
Disparities (CRCHD) on issues relating to the accrual of 
underserved populations to cancer clinical trials.

CLINICAL RADIATION ONCOLOGY BRANCH

CROB manages the clinical and translational research grant 
portfolio in radiation oncology and nuclear medicine, the 
technical and physical aspects of radiation research, and the 
development of new therapeutic approaches. 

In addition to managing grants, CROB devotes a substantial 
effort to supporting NCI, NIH, HHS, and government-wide 
activities, such as technology development and assessment, 
comparative effectiveness research, and the application of 
precision medicine. The staff, with their knowledge of radia-
tion biology and therapeutic interventions, work extensively 
with other organizational entities in DCTD, NCI, NIH and 
even within other government agencies, to assist them in 
their mission: 

• CTEP and CIP 
Assisting with their cooperative clinical trial groups and 
early-phase trials consortia

http://rrp.cancer.gov/aboutRRP/rdb.htm
http://rrp.cancer.gov/aboutRRP/crob.htm
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• The Coordinating Center for Clinical Trials (CCCT)
Working with its steering committees and task forces 
(e.g., subcommittees on head and neck, thoracic, breast, 
gastrointestinal, genitourinary, and gynecological 
malignancies; investigational drugs; and symptom 
management and quality of life)

• The NCI Small Business Innovative Research (SBIR) and 
Small Business Technology Transfer (STTR) programs
Establishing priorities for programs involving radiation to 
help bring new treatments and technology to cancer care

• The National Cancer Informatics Program, the NCI 
Center for Biomedical Informatics and Information 
Technology (CBIIT), and the NIH Center for 
Information Technology (CIT)
Formulating concepts for demonstration projects using 
radiation oncology as a platform, including telemedicine 
with TELESYNERGY®

• The NCI Center for Global Health (CGH)
Developing topics for conferences and potential research 
programs involving RT as a component of global cancer 
research and care

• The Information Technology for Cancer Research 
(ITCR) Consortium
Helping to promote IT solutions for cancer treatment 
involving RT

• NIAID
Assisting in the identification of opportunities for radia-
tion countermeasure investigators to decrease treatment 
toxicity in cancer patients and for the development of 
biomarkers for whole or extensive partial body exposure 
for use in triage and medical management

• The Food and Drug Administration (FDA)
Assisting in identifying needs and opportunities for 
postmarketing surveillance of devices cleared for use  
in radiation oncology, and in establishing endpoints 
and benchmarks for the approval/clearance of new 
drugs and devices 

• The Agency for Healthcare Research and Quality 
(AHRQ) and the National Academy of Sciences (NAS)
Assisting in identifying priorities and opportunities for 
comparative effectiveness research in cancer 

• The DoD Armed Forces Radiobiology and Research 
Institute (AFRRI)
Discussing ways in which cancer clinical trials may help 
in licensing of radiation countermeasures

• The Department of Veterans Affairs
Facilitating quality improvement in radiation oncology 
at Veterans Health Administration (VHA) facilities, 
as well as in improving connectivity among various 
components of the VHA electronic health record and 
other radiation oncology networks, such as the recently 
formed NRG Oncology Group (merger of the NSABP, 
RTOG and GOG)

• Professional societies: facilitate transition of the most 
promising, radiation-based, experimental therapies to 
clinical practice by working with such groups as the 
Society of Nuclear Medicine and Molecular Imaging 
(SNMMI), American Association for Physicists in Medi-
cine (AAPM), American Association for Cancer Research 
(AACR), Society for Immunotherapy of Cancer (SITC), 
ASTRO and ASCO

• International organizations, such as the International 
Atomic Energy Agency (IAEA), the International Agency 
for Research on Cancer (IARC), the World Health 
Organization (WHO), Union for International Cancer 
Control (UICC), the Pan American Health Organization 
(PAHO), and the Consortium of Universities for Global 
Health (CUGH)

• Assisting countries and provinces with cancer control 
planning, especially with regard to human and other 
resources required for improving cancer detection and 
management using RT and allied treatments

MOLECULAR RADIATION THERAPEUTICS

MRT staff serve as a focal point for promoting collaboration 
between extramural radiation oncology researchers and the 
Developmental Therapeutics Program (DTP) and CTEP 
within DCTD, as well as with intramural investigators in 
the Radiation Biology and Radiation Oncology Branches of 
CCR. The focus of MRT activities is to facilitate the devel-
opment of radiation modifiers for tumor sensitization and 
to establish assays to better guide clinical trial designs in 
collaboration with DTP. The MRT staff are also members of 
NCI’s Experimental Therapeutics (NExT) Program projects 
involving the development of radiosensitizers. 

MRT staff coordinate and manage a series of clinical working 
groups in the areas of brain metastases, colorectal cancer, 
upper gastrointestinal tract cancer, glioblastoma, sarcoma, 
thoracic lung cancer, and radiation-immune system. Each 
working group is comprised of staff from RRP, DTP and 
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CTEP’s Investigational Drug Branch, core investigators from 
CCR’s Radiation Biology and Radiation Oncology Branches, 
extramural investigators, and industry collaborators. The 
working groups not only provide a forum for the discussion 
of pre-clinical and clinical gaps in prospective and active 
radiation-therapeutic agent combination trials, but also a 
network of investigators whose radiobiology laboratories are 
able to perform pre-clinical work in support of clinical trial 
concepts. Working group investigators undertake:

• Testing of anticancer agents with ionizing radiation, 
using an in vitro clonogenic assay in various human 
cancer and normal cell lines

• Evaluating potential radiation modifiers, using in vivo 
xenografts, orthotopic mouse models, or genetically engi-
neered mouse models

• Determining mechanisms of action of potential radiation 
modifiers using a variety of molecular and biochemical 
approaches for biomarker development

RRP GRANTS OVERVIEW

The 2016 RRP research portfolio comprised approximately 
121 awarded grants distributed across several areas of radia-
tion research (Figure 54).

The grant award mechanisms used by RRP and their distribu-
tion in terms of research support in 2016 are shown in Figure 
55. The predominant mechanism is the individual research 
project grant (R01), followed by exploratory phase grants (R21). 
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FIGURE 54: DISTRIBUTION OF RRP 2016 GRANTS BY RESEARCH AREAS.
The above graph depicts the distribution of FY16 grants based on the number 
funded in each of the categories. Molecular targeting of tumor signaling (MOT), 
Radioimmunotherapy/ systemic radiotherapy (Syst), Cancer Biology and 
responses to radiation (CB), Non-ionizing radiation (NIR), Therapeutic imaging 
(IGRT), Immune effects (IMM), Physics and technology (PT-TP), Nanoparticle 
interventions (NP), Particles and proton radiation (PP), Tumor microenviron-
ment (TM), Biomarkers & predictive assays (BioM), Normal tissue (NT).
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ASSISTANCE TO THE CANCER 
RESEARCH COMMUNITY

IMAGING AND RADIATION ONCOLOGY 
CORE (IROC)

The Imaging and Radiation Oncology Core (IROC) provides 
integrated radiation oncology and diagnostic imaging quality 
control programs in support of the NCI’s National Clinical 
Trials Network (NCTN), thereby assuring high quality data 
for clinical trials designed to improve the clinical outcomes 
for cancer patients worldwide. A major strength of IROC is 
the ongoing development of an IT infrastructure that fully 
integrates informatics and quality assurance (QA) services 
across six IROC QA Centers to enable the easy transmission 
of imaging and RT data sets for receipt, assessment, 
validation, and archiving using a common Web portal for 
all data entry and a common database of imaging and RT 
QA data. The NCTN Groups and associated investigators 
seamlessly share and access the data sets, which support trial 
outcomes analyses.

Previously funded grants were combined in the newly 
formed NCTN structure to form and provide support for the 
IROC infrastructure as follows:

IROC Houston QA Center

Located at the MD Anderson Cancer Center, this RT QA 
Center has experience interacting with approximately 1,800 
national and international research sites through its remote 
and on-site dosimetry quality audits, extensive RT credential-
ing programs, QA of brachytherapy treatments, and proton 
clinical trial QA program. Additionally, the center has expe-
rience with the design, implementation, and analysis of QA 
anthropomorphic phantoms for credentialing and maintains 
the only QA database of radiation oncology sites participat-
ing in NCI-sponsored research.  

IROC Ohio QA Center

This imaging QA Center is located at The Ohio State Uni-
versity (OSU) Wexner Medical Center and James Compre-
hensive Cancer Center. Its extensive experience in all aspects 

of imaging in oncologic trials includes participation in the 
Imaging Response Assessment Teams, the Virtual Imaging 
Evaluation Workspace (VIEW) consortium, and the Oncolo-
gy Biomarker Qualifying Initiative. 

IROC Rhode Island QA Center 

Located in Lincoln, RI and administered through the Uni-
versity of Massachusetts Medical School, this QA center has 
experience providing real-time, on-site, and remote review 
of imaging and RT objects (e.g., tumor, lymph nodes and 
normal tissue organs at risk specified in the study) to prevent 
research protocol deviations capable of invalidating trial 
results. It has developed a comprehensive, fully validated 
informatics infrastructure for acquisition, management, 
and review of imaging and RT objects. With approximately 
3,000 new patients whose data are monitored each year, the 
IROC Rhode Island QA Center maintains more than 80,000 
imaging datasets for 398 protocols from approximately 1,500 
participating sites.

IROC Philadelphia (RT) QA Center 

Located at the ACR Research Center in Philadelphia, 
this RT QA center has amassed extensive experience 
supporting a broad range of RT protocols involving 
advanced RT modalities, including 3D-conformal RT 
(CRT), intensity-modulated RT (IMRT), and IGRT. Key 
strengths of this QA Center include its ability to collaborate 
with physicists, dosimetrists, and radiation oncologists in 
developing protocols and credentialing techniques; conduct 
case reviews using a centralized remote review system; and 
develop and standardize credentialing for IMRT and lung 
stereotactic body RT (SBRT). 

IROC Philadelphia (Imaging) QA Center 

Also located at the ACR Research Center in Philadelphia, 
this QA Center provides imaging trial support for NCTN 
studies involving positron emission tomography (PET), 
magnetic resonance (MR), and computed tomography (CT), 
and most disease sites. Key strengths include its experience 
with the VIEW consortium, standardized image manage-
ment processes, and QA and analysis approaches across the 
NCTN system. 

http://rpc.mdanderson.org/RPC/home.htm
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IROC St. Louis QA Center

Located at Washington University, this RT QA Center has 
experience developing data exchange formats, data QA 
processes, and an informatics infrastructure for transmission, 
receipt, and analysis of imaging and treatment planning data 
from participating sites. More than 15,000 patient data sets 
for more than 80 US and international clinical trial protocols 
have been captured by the center. IROC St. Louis QA Center 
also has experience developing consensus contouring atlases 
and supporting secondary analyses.

RADIOBIOLOGY BIOTERRORISM RESEARCH AND 
TRAINING GROUP

The Radiobiology Bioterrorism Research and Training Group 
(RABRAT) is an informal working group of scientists in 
government agencies that are involved in all aspects of radi-
ation research, including the Department of Energy (DoE), 
the normal tissue medical countermeasures development 
program of NIAID, radiation biology and biodosimetry of 
AFRRI (DoD), space radiation and space radiation biology 
(NASA), BARDA, FDA, and others (see below) interested in 
radiation sciences and preparedness for radiation accidents 
and terrorism events. The purpose of RABRAT is to help 
keep the agencies informed of ongoing activities, to avoid 
both gaps and duplication of effort, develop synergy among 
programs, and to discuss training and educational opportu-
nities. RABRAT meets three to four times per year.

WORKSHOP ON UTILIZING THE BIOLOGICAL 
CONSEQUENCES OF RADIATION THERAPY IN THE  
DEVELOPMENT OF NEW TREATMENT APPROACHES

RRP convened a workshop on the biological consequences of 
radiation therapy from September 11-12, 2017 at NCI. Called 
“Shades of Gy,” this one and a half-day workshop included 
thought-provoking presentations related to defining what 
is a biologically meaningful “radiation dose” in the tumor 
milieu, as well as broadening the concepts of how radiation 
is an integral part of precision medicine. The workshop’s 
long-term goal is to build from a combination of well-known 
reliable models, new cancer biology, and clinical experience 
to develop new paradigms for clinical cancer care.

In addition to staff from RRP and NCI’s Center for Cancer 
Research (Radiation Biology Branch and Radiation Oncol-
ogy Branch), more than 50 U.S. and international workshop 
attendees from the federal government, large academic 
centers and hospitals, and industry participated in eight 
speaker and discussion sessions. The session topics includ-
ed: Dose-effect models; Biophysics; Endpoints for Relative 
Biological Effectiveness; Biomarkers and response predictors; 
Clinician’s perspective on radiation dose; Exploiting biology; 
and Partial tumor volume radiotherapy. The following are 
highlights of the discussions:

1. Compelling tumoricidal dose effects beyond the
conventional 2 Gy, as each radiation dose can potentially
act “as a drug” with unique and exploitable mechanism of
action. This pertains to molecular-target therapy
and immunotherapy.

https://rrp.cancer.gov/programsResources/program_collaborations.htm
https://rrp.cancer.gov/programsResources/program_collaborations.htm
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2. Utilizing biomarkers of radiation therapy in precision 
medicine to assess both efficacy and normal tissue 
damage.

3. Rethinking the target and extent of tumor volume irradi-
ation for maximum curative benefit and avoiding normal 
tissue toxicity with preservation of organ function.

This workshop sparked discussion of transformational 
approaches in radiotherapy that will lead to a new era 
of radiation science and ultimately new approaches to 
cancer treatment.

FUTURE DIRECTIONS

The role of radiation oncology in the new era of “Precision 
Medicine” is both broad and critical to advances in cancer 
care and quality of survival. The ability of radiation to be 
aimed precisely and accurately greatly enhances our ability 
to specifically kill cancer cells and enhance immunotherapy. 
In addition, radiation oncologists and biologists repurpose 
molecular targeted therapies for use in combination with RT. 
This can potentially extend the use of a drug that has already 
undergone clinical development. Given the extent of patient 
data captured as part of routine RT treatment, working under 
appropriate safeguards, radiation oncology has robust data 
sets for patients receiving RT that could provide well curated 
information in the emerging era of “big data.” As cells and 
tissues use complex systems to perform their functions, 
and as optimal clinical cancer care requires a coordinated 
system of expertise and functions, RRP approaches its entire 
portfolio and that of its scientific colleagues as a complex 
interactive system. Advances in any one area can potentially 
have an impact on another, and it is the program’s strategic 
vision not only to be aware of advances in radiation and 
related fields but also to strengthen existing links and develop 
new links that can accelerate advances. Further, through 
conferences and workshops, program staff strive to lead the 
field into new areas of opportunity. The broad but highly 
interrelated fields are:

• Accelerator physics

• Basic molecular and cell biology

• Complex tumor biology

• Electronic databases to facilitate comparative effectiveness 
research and international collaboration

• Immunotherapy

• International collaboration for nuclear safety and terror-
ism response

• International oncology-based diplomacy

• Molecular imaging and image-guided therapy

• Molecularly targeted therapeutics with radiation

• Normal tissue radiation injury

• Outreach to the medically underserved through technolo-
gy and mentoring

• Quality assurance for clinical trials

• Radiation biomarkers

• Radioprotectors and mitigators

• SRT

With a staff actively engaged in research planning and 
conduct through its MRT faculty, collaboration with CCR, 
NIAID, and ASPR’s BARDA, RRP generates a strong level of 
enthusiasm, collaboration, and innovation among agencies, 
investigators, and partners. This leadership has helped to 
sustain a critical mass of talent and enthusiasm within gov-
ernment (RABRAT), the new Radiation Education Initiative 
(see below), new areas of SRT (see below) and immunother-
apy (see below), and a means of bringing cancer advances to 
underserved populations worldwide (see above.) 

Radiobiology Education Initiatives

Future progress in the radiation sciences depends upon a 
cadre of scientists who are both knowledgeable about radi-
ation effects on cells and tissues and technologically trained 
to a high standard. Classically trained radiobiologists are 
approaching retirement age, and newer-generation scientists 
from more focused specialties (such as molecular biology), 
in many cases, have not received the broad training that 
ensures success in radiation-related research. In collabora-
tion with personnel in the Cancer Training Branch of NCI’s 
Center for Cancer Training (CCT), and ASTRO, an effort 
is being made to enhance current training in the radiation 
sciences through the development of supplemental training 
courses that will incorporate radiobiology, radiation physics, 
and translational and experimental methodology. The aim 
is to provide enhanced training in the radiation sciences at a 

http://www.cancer.gov/grants-training/training/about
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national level. Support in preparing applications for training 
programs geared to radiation training is provided on request 
to extramural investigators. In addition, RRP staff participate 
in the educational initiatives of national societies and inter-
national groups, such as the European Society for Therapeu-
tic Radiology and Oncology (ESTRO). A successful R25E 
training program at Wayne State University (Detroit, MI) has 
evolved out of these efforts.

Radiation and Immunotherapy

Radiation oncology is gaining importance in the field of 
cancer immunotherapy as radiation is used as a component 
of the vaccine process by causing robust presentation of 
antigens, including neo-antigens, and hence, augmenting the 
effects of immunotherapy. This cross-discipline interaction 
requires (a) mutual in-depth understanding of the disciplines 
of radiation biology and cancer immunotherapy; and (b) 
partnership in terms of exchange of resources/materials for 
pre-clinical and clinical studies. One of RRP’s missions is to 
expand opportunities to expose cancer immunotherapists 
to the science of radiation oncology/biology. By better 
understanding the underlying basic science of radiation 
and immunology, areas of collaboration can be established 
to develop strategic initiatives that help translate into 
successful combined modality trials. RRP’s MRT staff 
works with others in DCTD and extramural investigators to 
establish the Radiation and Immune Modulation Working 
Group to develop sound multi-center clinical concepts. 
RRP is currently highlighting the following critical issues 
that need to be addressed when combining radiation 
plus immunotherapy: (a) immune-modulation of tumor 
microenvironment and tumor cells by radiation; (b) effective 
combinations of radiation and immunotherapy; and (c) 
biomarkers of opportune immunogenicity after radiation-
immunotherapy combinations. 

Systemic Radionuclide Therapy

Systemic Radionuclide Therapy (SRT) enables personalized 
cancer treatment by combining the therapeutic effect of RT 
with the targeting capability of molecularly targeted agents, 
such as antibodies used for biologically targeted therapy or 
immunotherapy. In SRT, a radioactive isotope is attached 
to an agent that selectively binds to malignant tumor cells, 
thereby concentrating the radioactively labeled agent at the 
tumor site and delivering a cumulatively cytotoxic dose to 
the tumor cells, while normal tissue receives only a minimal 
diluted dose. This selectivity minimizes toxicity to normal 
tissues, can increase therapeutic efficacy (therapeutic index), 
and can reduce overall treatment costs.

Currently available SRT compounds, such as ytrium-90 ibri-
tumomab tiuxetan (linked radioactive chemical, Yttrium-90), 
iodine I-131 tositumomab (linked to the radioactive isotope 
iodine-131), and radium-233 dichloride have been developed 
and approved in the United States for use in the treatment of 
non-Hodgkin’s lymphoma (NHL). Large multicenter trials to 
study long-term survival are currently underway, but early 
results indicate that this class of treatments shows tremen-
dous clinical promise. Development of next-generation 
technologies for cancers other than NHL is crucial, including 
solid tumors where the clinical need is most acute. To this 
end, RRP in collaboration with the SNMMI, organized two 
workshops on the current status and future directions of SRT 
and initiated a SRT-related request for proposals that was 
issued by NCI’s SBIR Program. As a result, SNMMI estab-
lished a Therapy Center of Excellence, the function of which 
is to enhance professional networking and education, and 
SBIR awarded 14 contracts to small companies to stimulate 
research, development, and commercialization of innovative 
SRT techniques that could potentially shorten treatment 
cycles and reduce toxicity to normal tissues. 

http://www.snmmi.org/Membership/Content.aspx?ItemNumber=14735
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OVERVIEW
The Translational Research Program (TRP) is committed 
to reducing cancer incidence and mortality and improving 
survival and quality of life for cancer patients. TRP uses 
advances in basic sciences to develop new approaches for the 
prevention, diagnosis, and treatment of cancer by fostering 
interdisciplinary investigations and coordinating the resourc-
es of NCI with those of academia, industry, and nonprofit 
organizations and foundations.

These objectives are accomplished by:

• Supporting the Specialized Programs of Research Excel-
lence (SPOREs) to translate novel scientific discoveries
into clinical testing, including early-phase clinical trials

• Encouraging a multidirectional approach to translational
research

• Promoting research in high-incidence as well as rare
cancers

• Facilitating the cross-fertilization of ideas, leveraging
resources, and ensuring access of resources to projects
and investigators to bring discoveries from the
laboratory to the clinic in the most efficient manner

• Supporting additional grant mechanisms for
translational research
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FIGURE 56: TRP FOSTERS A MULTIDIRECTIONAL APPROACH TO 
TRANSLATIONAL RESEARCH BY COORDINATING INTERDISCIPLINARY 
INVESTIGATIONS THAT ARE BASED ON THE BIOLOGY OF HUMAN CANCER.

In addition to SPOREs, TRP also manages grants that are 
part of special initiatives, such as the Provocative Questions 
Initiative when those grants are translational and are con-
nected to the themes of currently funded SPOREs; the Recal-
citrant Cancer Act initiatives; and R50 Research Specialist 
Career Awards where the applicant is integral to the work of 
a funded SPORE.

TRP MISSION

The mission of TRP is to integrate scientific advancements 
in the understanding of the biology of human cancer with 
the development of new interventions for the prevention, 
diagnosis, and treatment of cancer patients or populations at 
risk for cancer. TRP’s mission is accomplished by fostering 
broad interdisciplinary investigations that focus on bringing 
discoveries from the laboratory to the clinic and coordinating 
the resources of NCI with those of academia, industry, and 
nonprofit organizations and foundations to reduce cancer 
incidence, morbidity, and mortality; to extend survival; and 
to increase the quality of life of cancer patients. To that end, 
TRP engages in the following activities and initiatives:

• Planning, advising, coordinating, evaluating, and support-
ing the SPOREs, which use the P50/U54 grant funding
mechanism, to translate novel scientific discoveries from
the laboratory and/or population studies to the clinic for
testing in humans with cancer, to determine the biolog-
ical basis for clinical observations, and to use specimens
from clinical studies to determine correlations between
biomarkers and outcomes in patients

• Encouraging and facilitating collaborations among the
SPOREs, Cancer Centers, other NCI- and NIH–funded
mechanisms and programs, other government organiza-
tions, and outside organizations to increase cross-fertiliza-
tion of ideas, leverage resources, reduce duplication, and
ensure access of resources to projects and investigators

• Maintaining the Developmental Research Program and
the Career Enhancement Program of the SPOREs to
promote high-risk and/or high-payoff projects and to
ensure the development of promising researchers who
are new to translational research

• Supporting research in high-incidence cancers as well as
rare cancers

• Collaborating with the advocacy community who sup-
ports translational science in cancer

http://trp.cancer.gov/


DCTD PROGRAMS AND INITIATIVES (2013-2017)158

TOBY T. HECHT
ASSOCIATE DIRECTOR

Toby T. Hecht earned a PhD in microbiology and 
immunology from the Albert Einstein College of 
Medicine studying the effect of virus infections on the 
expression of cell surface antigens. She conducted her 
postdoctoral research at Yale University in genetics 
and lymphocyte development before coming to NIH, 
where, among other accomplishments, she and her 
collaborators created a unique T-cell hybridoma to 
study the fine specificity of antigenic control of both 
proliferation and gamma-interferon production, as well 
as a Hodgkin lymphoma–specific monoclonal antibody 
that has been used in both human imaging and therapy 
trials. Dr. Hecht has worked for more than 37 years at 
NIH, 28 of which were spent at NCI in programmatic 
activities and biological agent development. She has 
also guided many projects (from conception to testing 
in the clinic) through the former NCI Rapid Access to 
Intervention Development (RAID) program, now known 
as the NCI Experimental Therapeutics (NExT) program. 
In 2008, Dr. Hecht was chosen to oversee the SPORE 
program and was made the permanent Associate 
Director of TRP in 2011. In 2016, she was also selected 
for the position of Deputy Director of DCTD. 

TRP GRANTS OVERVIEW

TRP currently uses the P50 (and the U54) funding mecha-
nism for the SPORE program. In 2016 there were 54 funded 
SPOREs, covering 18 organ sites and systems and including 
one signaling pathway-focused grant. Fifty-two of the grants 
used the P50 mechanism, and the remaining two were 
funded through a U54.
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GI Kidney Endometrial
Brain Leukemia Neuroendocrine
Skin Myeloma RAS-hyperactive
Head and Neck Ovarian Sarcoma
Lung Thyroid
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FIGURE 57: DISTRIBUTION OF TRP 2016 SPORE GRANTS ACROSS ORGAN 
SITES/PATHWAYS.

The 2017 fiscal year TRP research portfolio included 50 
funded SPORE grants. In addition, TRP staff currently 
oversee a relatively smaller number of R21, R01, and R50 
translational research grants.
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Organ Sites/Pathways 2013 2014 2015 2016 2017

Breast 5 6 5 5 4

Prostate 7# 6 7 8 9

Lung 3# 3 4 3 3

Gastrointestinal 5 5 4 5# 2

Ovarian 5 3* 4# 2 3

Bladder 1 1 1 1 0

Skin 4 5 4 4 3

Brain 5 5 5 4 5

H&N/Thyroid 4* 4 4 5 4

Lymphoma 3 3 3 3 3

Endometrial 1 1 0 1 1

Cervical 1 1 1 1 1

Kidney 1 0 1 2 2

Leukemia 3 2 2 2 3

Myeloma 2 2 2 2 2

Pancreatic 2* 3 2 3 3

Sarcoma 2 2 1 1 0

Neuroendocrine 0 0 1 1 1

Pediatrics/RAS 0 0 1 1 1

Total SPOREs 56 52 52 54 50

TABLE 14: DISTRIBUTION OF SPORE GRANTS ACROSS ORGAN SITES/
PATHWAYS IS SHOWN BY YEAR 
Groups of grants containing one (*) or two (#) grants on interim funding are 
indicated. From 2013-2015 one H&N SPORE was funded by NIDCR; in 2016, 
three grants were partially funded by NIDCR.

ORGANIZED SPORE WORKSHOPS 

BRAIN SPORE WORKSHOPS (2013-2017)

Members of the Brain SPORE teams hosted yearly work-
shops at their institutions (2013 – Birmingham, University 
of Alabama, Birmingham; 2014 - San Francisco, Univer-
sity of California, San Francisco (UCSF); 2015 - Houston, 
MD Anderson Cancer Center (MDACC); 2016 - Boston, 
Dana-Farber Cancer Institute/Harvard Cancer Center 
(DFCI/HCC); 2017 – Durham, Duke University). The 
workshops provided an informal collaborative forum for 
sharing current data with all Brain SPORE members and 
the planning of future projects. Collaborations on SPORE 
projects have originated and been cultivated at the work-
shops, such as a decade long population study between UCSF 
and the Mayo Clinic, which has provided new genetic and 
molecular insights in the classification of gliomas. Anoth-
er example is the collaboration between DFCI/HCC and 
MDACC on a SPORE project studying PI3K inhibitors for 
glioma treatment. Individual project updates were presented, 
as were representative examples from career enhancement or 
developmental projects. These workshops provided sufficient 
time for in depth discussions and included representatives 
from patient advocacy groups. Another outcome from these 
workshops was a plan in 2015 for the establishment of an 
Inter-SPORE Immune Monitoring Consortium aimed at 
the standardization of protocols for preparing, shipping, 
and analyzing specimens between SPOREs collaborating on 
clinical immunotherapy trials.

GASTROINTESTINAL (GI) AND PANCREAS 
WORKSHOPS (2013-2017)

Two SPORE workshops were held at the NCI Shady Grove 
campus in Rockville, MD in the areas of GI and pancreas 
cancer since 2013. In March 2014, a GI and Pancreas cancer 
SPORE workshop was organized by TRP program staff 
and Dr. Robert Coffey (Vanderbilt University GI SPORE 
Principal Investigator (PI)). The following workshop held 
in July 2015 was organized by TRP staff and Dr. Scott Kern 
(Johns Hopkins University GI SPORE PI). In October 2017, 
a third meeting was held in Nashville with coordination 
between staff and the Vanderbilt University GI SPORE. These 
workshops started with a session that allowed each SPORE 
PI to present a general summary of the activities in each of 
the components of their SPORE. Subsequent sessions were 
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organized around specific scientific topics of relevance to all 
or most of the GI/pancreas SPOREs, including:

• genomics/proteomics

• microbiome

• imaging

• cancer detection

• drug discovery

• new therapies

In addition, each workshop included a session on progress 
in Career Enhancement Program (CEP) and Developmental 
Research Program (DRP) projects, as well as a session 
on NCI initiatives. After the final presentation of each 
session, the session speakers led a discussion to engage 
all the workshop participants. The SPORE PI-led breakout 
sessions and opportunities for informal interactions among 
workshop participants were crucial to discussions related 
to issues arising in the SPOREs. As an example, one of the 
break-out groups focused specifically on patient/research 
advocacy issues.

SKIN SPORE WORKSHOPS (2013-2017)

Skin SPORE teams also alternated hosting the SPORE work-
shops (2013 – Houston, MD Anderson Cancer Center; 2014 
– Tampa, Moffitt Cancer Center; 2015 – Philadelphia, Wistar 
Institute/University of Pennsylvania; 2016 – Pittsburgh, 
University of Pittsburgh; 2017 – New Haven, Yale Universi-
ty). The Skin SPORE workshops included presentations of 
the latest data from individual SPOREs, and covered a wide 
range of topics such as: 

• Molecular Anti-tumor Signaling Inhibitors and Precision 
Medicine for Melanoma

• Biomarkers in Melanoma Theory

• Patient-derived xenograft (PDX) Models as Potential for 
Shared Research in Melanoma

• Challenges to Current Immunotherapy: Resistance to 
anti-PD1-Mechanisms of Resistance

• Sharing Data Handling, Databases, and Datasets Toward 
Collaborative Inter-SPORE Research 

Breakout meetings were convened on prevention strategies, 
biostatistics, tissue acquisition and sharing, or Inter-SPORE 
Clinical Trials Collaboration (Rare Disease, Combinations, 

Personalized Medicine). The workshops have been the 
impetus for developing inter-institutional Materials Transfer 
Agreement (MTA) to allow more seamless interchange of 
data, human biospecimens, and experimental PDXs. While 
each institution signs the MTA agreement with NCI as the 
umbrella organization, individual documents are specifi-
cally generated for each product shipped or shared between 
SPORE organizations.

LUNG CANCER SPORE WORKSHOPS (2013-2017)

From 2013 – 2016 the Lung Cancer SPORE workshops were 
held in Rockville or Bethesda, MD. The workshop in 2013 
was adjacent to the first NCI Workshop on setting priorities 
in small cell lung cancer (SCLC) research that was organized 
by the NCI under the leadership of Drs. Harold Varmus and 
James Doroshow, and chaired by SPORE investigators Drs. 
John Minna and Charles Rudin. Many lung cancer SPORE 
investigators actively participated in the SCLC meeting 
and contributed to a report titled “Scientific Framework 
for SCLC” that laid the foundation for three SCLC-focused 
Program Announcements in 2015. The 2017 workshop was 
hosted by the Yale University Lung Cancer SPORE in New 
Haven, CT.

Highlights from the 2013 Workshop:

• Discovery of oncogenic ARAF mutations in lung adeno-
carcinoma associated with dramatic sorafenib responses

• An integrated analysis of Axl and other mesenchymal 
targets using data from in The Cancer Genome Atlas

• Epigenetic priming of non-small cell lung cancer 
(NSCLC) to anti-PD-1 checkpoint inhibitor therapy

 Highlights from the 2014 Workshop: 

• Phenotypic heterogeneity in SCLC and its implications 
for treatment

• The concept of afatinib plus cetuximab in tyrosine 
kinase inhibitor-naive EGFR mutant lung cancer 

• EGFR as an early adaptive mechanism of resistance 
in gene fusion-positive lung cancer

• Predictive biomarkers of response to PDL1 
checkpoint inhibition

• Gene connectivity and expression variance in lung 
cancer, and molecular and clinical features of patients 
with advanced lung adenocarcinoma from the Lung 
Cancer Mutation Consortium

http://deainfo.nci.nih.gov/advisory/ctac/workgroup/SCLC/SCLC%20Congressional%20Response.pdf
http://deainfo.nci.nih.gov/advisory/ctac/workgroup/SCLC/SCLC%20Congressional%20Response.pdf
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Highlights from the 2015 Workshop: 

• EGFR kinase domain duplication (EGFR-KDD) - a novel 
oncogenic driver in lung cancer

• Inhibition or genetic ablation of Focal Adhesion Kinase 
(FAK) radiosensitizes KRAS lung cancer

• Perspectives on immunotherapy of lung cancer

• Targeting glutamine dependence as a novel therapeutic 
strategy in NSCLC

• Micropore selection isolates from lung epithelial cells with 
altered biophysical and metastatic properties

• An mRNA expression signature for classification and 
grading of NSCLC

Highlights from the 2016 Workshop: 

• Report of novel mutations in the receptor tyrosine 
kinases/Ras/Raf pathway with implications for targeted 
therapy of lung adenocarcinoma and whole-genome 
sequence alterations in non-coding regions

• Association of LKB1 loss alone with an inert immune 
phenotype in adenocarcinomas by comprehensive 
immunoprofiling

• SCLC cell line screen of drugs and investigational agents 
with gene and microRNA expression in collaboration 
with NCI

PROSTATE AND GENITOURINARY (GU) SPORE 
WORKSHOPS (2013-2014)

In 2013 and 2014 the SPORE investigators conducted 
workshops in conjunction with the Annual Meetings of 
the Society of Urologic Oncology (SUO). In 2013, the NCI 
SPORE SUO Workshop, titled “Bio Marker of Prostate 
Cancer Aggressiveness,” provided the urologic community 
with a comprehensive and critical overview of newly 
discovered and commercially developed markers of prostate 
cancer aggressiveness. In 2014, the SUO Meeting featured 
the Bladder SPORE Program and the Kidney SPORE 
Program, which updated the urologic oncology community 
on translational research in these GU cancers. 

TRP organized the NCI Prostate Cancer Provocative Ques-
tions Workshop, held on November 13, 2014. Participants, 
which included scientific leaders from each of the prostate 
cancer SPOREs, were experts from across the broad scientific 
community. This workshop resulted in the inclusion of a new 
provocative question for the Provocative Question solicita-
tion: PQ – 4, “Why do some closely related tissues exhibit 
dramatically different cancer incidence?”.

In 2014 and 2016, through R13 and U13 funding, NCI/
DCTD sponsored the Urological Oncology Research Sym-
posia at the Annual Meeting of the American Urological 
Association. Prostate and GU SPORE investigators, as well 
as TRP staff, played key roles in organizing the agenda and 
actively participate in these symposia.
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LEUKEMIA INTER-SPORE MEETING (2014)

A Leukemia Inter-SPORE meeting was held September 
8-9, 2014 in St. Louis. The participating leukemia SPORE 
investigators were from Washington University, St. Louis 
and MDACC. Each SPORE provided research updates on 
all of their SPORE projects, including unpublished results. 
Discussions, resulted in a number of new interactions and 
collaborations, including agreements to collaborate on joint 
clinical trials and biomarker trials. Moreover, each SPORE 
agreed to broadcast a call for Career Enhancement Programs 
(CEP) applications at Washington University, St. Louis and 
MDACC in order to broaden mentoring opportunities for 
CEP applicants and facilitate other collaborations.

HEAD AND NECK CANCER SPORE 
WORKSHOP (2014)

This workshop was held at the NCI Shady Grove campus 
in Rockville, MD, and it was hosted by Drs. Thomas Carey 
from the University of Michigan and Robert Ferris from the 
University of Pittsburgh. Four sessions of the meeting were 
focused on novel therapies; human epidermal growth factor 
receptor 2 (HER) family signaling and targeting, human pap-
illomavirus (HPV), cancer biology, and new targets. Within 
novel therapies, hyaluronan-cisplatin conjugates, bifunctional 
anti-EGFR and transforming growth factor-beta (TGF-β) 
antibodies, iron-oxide-Pc4 nanoparticles, and cetuximab-
activated natural killer and dendritic cells were discussed. 
The HER session covered other pathways such as PI3K, 
B-Raf/MEK/ERK, EGFR, ROS, and SIRT-1. Four presenta-
tions were devoted to HPV-associated cancer, including the 
unique study of high risk HPV, biomarkers, and outcomes in 
matched cohorts of head and neck cancer patients positive 
and negative for human immunodeficiency virus (HIV). 
Presentations in the last session included an integrative 
genomic characterization of oral squamous cell carcinoma 
that identified frequent somatic drivers of this cancer, and 
lysyl oxidase like-2 as a potential therapeutic target in oral 
neoplastic diseases.

HEMATOLOGIC MALIGNANCIES SPORE 
WORKSHOP (2015)

This workshop was held on March 9-10, 2015 at the NCI 
Shady Grove facility in Rockville, MD. There were approx-
imately 100 participants, including investigators from the 
Hematologic Malignancies SPOREs, investigators supported 

by P01 awards in hematological malignancies, NCI extra-
mural staff, and NCI intramural investigators. The agenda 
focused on presentations in the general areas of myeloma, 
lymphoma, and leukemia; however, the sessions overlapped 
these disease boundaries. Dr. Louis Staudt, NCI, provided the 
keynote presentation. In addition to the oral presentations, a 
poster session allowed the participants to interact informally 
and discuss potential collaborations. 

TRANSLATIONAL RESEARCH IN OVARIAN AND 
GYNECOLOGIC CANCERS WORKSHOP (2016)

On May 4, 2016, members of the translational ovarian and 
gynecologic (GYN) cancer research communities participat-
ed in a workshop organized by TRP at the NCI Shady Grove 
campus in Rockville, MD. The diverse group of 90 attendees 
included NCI staff, NCI-supported investigators with ovar-
ian, cervical, and endometrial cancer expertise, and patient 
advocates. The presentations and discussions concentrated 
on defining obstacles to success in the immunotherapy 
approach for treating ovarian and GYN cancers, identifying 
crucial resources to overcome these obstacles, and suggesting 
ways in which NCI can facilitate progress in this area. Four 
meeting sessions, totaling 19 presentations, were devoted to 
the following critical areas of ovarian and GYN cancer trans-
lational research: immunotherapy, highlights in ovarian and 
GYN cancer, PARP Inhibitor-based therapy, early detection 
in ovarian cancer. The workshop provided a venue to identify 
new synergies and collaborative opportunities between 
SPOREs and promoted their interaction with other programs 
and networks supported by the NCI.

TRANSLATIONAL SCIENCE IN PROSTATE CANCER 
WORKSHOP (2016)

Members of the prostate cancer translational research 
community participated in a workshop from April 4-5, 
2016 at the NCI Shady Grove campus in Rockville, MD. The 
goal of the workshop was to develop feasible metric- and 
endpoint-driven studies that will have an impact on the pre-
vention and/or treatment of prostate cancer. The workshop 
was planned collaboratively by TRP staff and prostate cancer 
SPORE investigators. Additional workshop attendees and 
speakers were members of the broad research community, 
including representatives from the Department of Defense, 
the Prostate Cancer Foundation, the American Urological 
Association, the Food and Drug Administration, and the 
Department of Veterans Affairs. The workshop consisted 

https://dctd.cancer.gov/NewsEvents/20160509_workshop.htm
https://dctd.cancer.gov/NewsEvents/translational_science_prostate_cancer.htm
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of a series of short presentations describing current studies 
related to the following crucial areas in translational prostate 
cancer research: 

• early detection and active surveillance

• high-risk localized and hormone sensitive 
metastatic disease

• castration resistant metastatic prostate cancer

Extensive deliberation by the working groups on both days  
of the workshop resulted in the development of blueprints 
for specific clinical studies.

HEAD AND NECK/THYROID CANCER SPORE 
WORKSHOP (2017)

Translational researchers with expertise in head and neck/
thyroid cancer and stakeholders from the NCI assembled at 
the NCI to exchange ideas in this field of research. In col-
laboration with members of TRP’s staff, including Program 
Director Leah Hubbard, PhD, the following three workshop 
co-chairs planned the meeting: Robert L. Ferris, MD, PhD, 
University of Pittsburgh, Jennifer Rubin Grandis, MD, Uni-
versity of California, San Francisco, and Matthew D. Ringel, 
MD, The Ohio State University.

The workshop was divided into the following sessions: Che-
moprevention/Premalignancy/Risk Management/Screen-
ing; Novel Tumor Targets/Cell Signaling/Cell Autonomous 
Targets; Treatment Resistance; SPORE HIV Consortium; 
Translation Models; Immunotherapy/Tumor Microenviron-
ment; and Human Papilloma Virus.

Robust discussions during each session identified sever-
al opportunities for future collaboration among SPORE 
research teams, applicants, and NCI cooperative group 
members. Some identified future goals included collabora-
tion among Head & Neck and Cervical SPOREs in the area of 
HPV-related cancer and HIV-infected patients; combination 
of novel therapeutic HPV vaccine strategies with current 
head and neck cancer therapies; and standardization of 
methods used to characterize, maintain, and share head and 
neck cancer models across SPORE sites, such as cell lines and 
patient-derived xenografts.

FUTURE DIRECTIONS

Following are descriptions of TRP initiatives planned for 
future years:

• Encourage research that will enable precision medicine 
approaches, such as genomic and proteomic-based diag-
nostic technologies, that will allow cancer patients with 
specific molecular alterations to receive the most effective 
treatments

• Increase translational cancer research in organ sites that 
are underrepresented in the NCI portfolio: pancreas, 
bladder, sarcoma, and head and neck

• Increase research in organ sites that represent recalcitrant 
cancers (not represented above) where additional transla-
tional research is warranted

• Advance studies on the dynamic relationship between 
tumors and cells/mediators in the microenvironment to 
translational science to make a difference in the diag-
nosis and treatment of cancer, particularly in the area of 
immunotherapy

• Advance the goals of translational research by facilitating 
collaborations between SPOREs and other NCI-funded 
mechanisms such that discoveries can move quickly and 
seamlessly along pathways from the laboratory to Phase 1 
and Phase 2 trials and beyond, with strong correlative 
study support

https://dctd.cancer.gov/NewsEvents/20170908_dctd_convenes_workshop.htm
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OCCAM
OVERVIEW
The Office of Cancer Complementary and Alternative 
Medicine (OCCAM) was initially established within the NCI 
Office of the Director in 1998 to increase NCI’s capacity to 
attract and manage high quality research on complementa-
ry and alternative medicine (CAM) in cancer and improve 
messaging, accuracy, and usefulness of information products 
addressing these topics.

OCCAM’s work is accomplished by four different organiza-
tional components:

• Research Development and Support Program – Solicits 
and manages a grant portfolio predominantly involving 
research on CAM and cancer treatment.

• Case Review and Intramural Science Program – Gathers 
and evaluates information about unconventional cancer 
therapies to propose next steps and facilitate decisions 
about therapies warranting NCI-initiated research.

NCI DEFINITIONS OF 
CAM-RELATED TERMS

Complementary and alternative medicine 
(CAM): Any medical system, practice, or 
product that is not thought of as standard care

Complementary medicine: A CAM therapy 
used along with standard medicine

Alternative medicine: A CAM therapy used in 
place of standard treatment

Integrative medicine: An approach that 
combines treatments from conventional medicine 
and CAM for which there is some high-quality 
evidence of safety and effectiveness

• International Research Program – Establishes research 
collaborations with foreign research organizations 
predominantly in the areas of natural product and 
traditional medical product evaluation.

• Office of the Director – Supports the other programs, 
provides topic area expertise for internal and external 
contacts, manages communication and education activities 

The office was created to provide expertise in CAM for the 
NCI. In 2007, the NCI director moved OCCAM into DCTD, 
where it promotes and supports research and generation of 
quality information on the various disciplines and modalities 
associated with the CAM field as they relate to the diagnosis, 
prevention, and treatment of cancer. The office also manag-
es a portfolio of grants and other projects evaluating CAM 
approaches for cancer treatment.

OCCAM identified three research areas with potential for 
therapeutic advances. Designed to mesh with DCTD goals, 
these areas focus on:

1. Identifying novel therapeutics in the pharmacopeia 
of traditional medical systems as defined by the  
World Health Organization 

2. Using complementary approaches to improve the  
therapeutic ratio of standard and investigational  
anticancer therapies

3. Research on lifestyle modifications (e.g., diet, exercise, 
mind–body approaches) for their impact on cancer 
outcomes (e.g., response to conventional cancer  
therapy, survival)

MISSION

The mission of OCCAM is to improve the quality of care for 
cancer patients, those at risk for cancer, and those recovering 
from cancer treatment by contributing to the advancement of 
evidence-based CAM practice and the sciences that support 
it and by improving the availability of high-quality infor-
mation for the health care community, researchers, and the 
general public.

http://www.cancer.gov/cam
http://www.cancer.gov/cam
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JEFFREY D. WHITE
DIRECTOR

Jeffrey D. White, MD, graduated from Cornell University 
with a BS degree in Applied and Engineering Physics 
in 1979 and received an MD degree from Howard 
University in 1984. He completed a residency in 
internal medicine in 1987 and fellowships in oncology 
and hematology in 1990 at the Washington Hospital 
Center in Washington, DC.

Dr. White joined the NCI Metabolism Branch in 
1990 as a Medical Staff Fellow. In the Metabolism 
Branch, he performed laboratory research in 
immunology and molecular biology and coordinated 
the development and administration of Phase 1 and 
2 clinical trials with unmodified and radiolabeled 
monoclonal antibody constructs. 

From 1995 to 1998, Dr. White also served as an 
oncology consultant to the director of the NIH’s 
Office of Alternative Medicine. In October 1998, 
he was chosen to serve as director of the newly 
created NCI OCCAM.

OCCAM GRANTS OVERVIEW

OCCAM is responsible for overseeing, directing, managing, 
and evaluating a portfolio of preclinical and clinical cancer 
treatment research grants, cooperative agreements, and con-
tracts related to the use of various dietary and natural prod-
uct interventions, mostly in combination with conventional 
cancer therapies. OCCAM contributes to the coordination 
of CAM activities across NCI divisions and analyzes NCI’s 
CAM expenditures and research portfolio. 

The grant award mechanisms used by OCCAM and their 
distribution in terms of research support in 2016 are shown 
in Figure 59. The predominant mechanism is the explorato-
ry phase grants (R21), followed equally by the individual 
research project grant (R01) and conference grant (R13).

Pharmacological Nutritional Therapy Conference

22%

33%

44%

FIGURE 58: PERCENT DISTRIBUTION OF OCCAM FY16 GRANTS BY 
RESEARCH AREA.
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R21
26%

R01
27%

R03
11%

Others (R03, R13)
5%

R01
22%

R21
34%

P01
11%

P01
42%

R13
22%

FIGURE 59: DISTRIBUTION OF 2016 GRANT NUMBERS (LEFT) AND FUNDING (RIGHT) BY MECHANISM.

ASSISTANCE TO THE 
SCIENTIFIC COMMUNITY

HERBAL MIXTURE PROGRAM PROJECT GRANT

NCI’s first program project grant (P01) of an herbal 
mixture (1P01CA154295-01A1), “Chinese Herbal 
Medicine as a Novel Paradigm for Cancer Chemotherapy,” 
is being led by Principal Investigator Yung-chi (Tommy) 
Cheng, PhD, of Yale University. In fiscal year 2011, NCI, 
along with the National Center for Complementary 
and Alternative Medicine (now the National Center 
for Complementary and Integrative Health) and the 
NIH Office of the Director, funded a grant to investigate 
the effectiveness of PHY906 as a modulator of the 
chemotherapy drug irinotecan in the treatment of 
patients with metastatic colorectal cancer. PHY906 is an 
extract of four herbs based on a formula of traditional 
Chinese medicine (TCM) known as Huang Qin Tang 
(HQT). HQT is used as a treatment for gastrointestinal 
ailments, including diarrhea, nausea, and vomiting. 
Animal research demonstrated that PHY906 improved 
the gastrointestinal side effects of irinotecan while 
simultaneously increasing the drug’s anticancer activity.

NCI BEST CASE SERIES PROGRAM

The NCI Best Case Series Program is the only program in the 
world advertised as willing and interested to review the case 
records of patients treated with unconventional cancer thera-
pies. The program is administered as a research protocol with 
approvals from the NCI Special Studies Institutional Review 
Board and the NIH Clinical Center. The primary objective of 
the program is to identify unconventional approaches to the 
treatment of cancer that may warrant NCI-initiated research. 
Since inception of the protocol, 185 cases have been sub-
mitted for review, of which 51 cases have met the eligibility 
criteria. In 2015, one case series met all eligibility criteria, 
received favorable reviews from the protocol investigators 
as well as external reviewers, and was presented to DCTD 
Leadership for further research recommendations.

PATIENT EDUCATION RESOURCE

In early 2013, OCCAM published an open access online 
patient education resource, “Talking about Complementary 
and Alternative Medicine with Health Care Providers: A 
Workbook and Tips,” which has an average of 250 visitors 
each month. The workbook was created to help patients 
and their health care providers have meaningful discussions 
about the use of CAM during and after cancer care. 

https://cam.cancer.gov/health_information/talking_about_cam.htm
https://cam.cancer.gov/health_information/talking_about_cam.htm
https://cam.cancer.gov/health_information/talking_about_cam.htm
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CONFERENCES

Workshop on Circadian Rhythm and 
Chronomedicine for Cancer and Other 
Diseases in the Era of Precision Medicine

This recent 2-day workshop from September 27-28, 2017 
was led by OCCAM and planned with input from the 
workshop planning committee. This comprehensive, trans-
NIH workshop was also co-funded by NCI’s Division 
of Cancer Prevention, the National Institute of General 
Medical Sciences, the National Heart, Lung, and Blood 
Institute, the National Institute of Diabetes and Digestive 
and Kidney Diseases, and the National Institute of Allergy 
and Infectious Diseases.

Approximately 50 attendees from NIH, academia, and 
cancer centers participated, with the following diverse 
expertise: circadian rhythms, circadian clock, sleep research, 
chronotherapy, cancer therapeutics research, radiation 
therapy, population and behavior science, cancer biology, 
molecular biology, computation and mathematical modeling, 
nutrition, metabolism, obesity and diabetes, the microbiome, 
the immune system and inflammation, neuroscience, 
aging and dementia, stem cells, pediatrics, biomarkers, 
and clinical trials.

The goals were to (1) assess the status of circadian rhythm 
and sleep research in cancer research, other diseases, and 
chronotherapy, from basic biology to population, translation-
al, and clinical research, (2) discuss the scientific gaps, needs, 
and opportunities, (3) provide input to NCI/NIH regarding 
future initiatives and priority research areas, and (4) to ulti-
mately improve our fundamental understanding of human 
circadian clock biology and improve translational application 
in public health, disease diagnosis, prevention, treatment, 
and health disparities across the lifespan. A white paper 
is in preparation.

Conference on Microbial-based Cancer Therapy

The first NIH-sponsored, comprehensive meeting on 
microbial-based cancer therapy occurred on July 11-12, 2017. 
A trans-NCI working group consisting of staff from DCTD, 
the Division of Cancer Biology, the Division of Cancer 
Prevention, and the NCI Small Business Innovation Research 
program planned and supported this important meeting. The 

goals of this multidisciplinary conference were to provide 
a forum for the nearly 300 participants from academia, 
industry, and the federal government to learn about the 
recent scientific advances in tumor biology, microbial 
pathogenesis, cancer immunity, and molecular tools and 
to develop new scientific collaborations, interactions, and 
research programs centered around this topic.

The agenda included 19 speakers in sessions on the biology 
of microbe-tumor interactions, virus- and bacteria-based 
therapies, translational aspects of microbial-based therapies, 
and a poster session. Opportunities for microbial-based 
therapy where conventional therapy is inadequate were 
highlighted, such as tumor cell dormancy, tumor cells 
that are not well affected by drugs, hypoxia, or poorly 
vascularized tumors. In addition, speakers described the 
complex nature of the microbe-tumor interaction and 
discussed recent advances in the field.

Future research could involve studying the unique 
potential of viruses and bacteria to invade, damage, or 
destroy human cells and induce immune responses to 
create new, safe, and effective therapeutic approaches. 
Post-meeting activities include preparation of a white 
paper by a Working Group, and a possible journal 
special issue aimed to highlight the clinical potential 
of microbial-based cancer therapy.

Acupuncture for Cancer Symptom Management

This conference was held in the Natcher Conference Center 
on the NIH Campus from June 16 – 17, 2016. OCCAM staff 
organized and co-chaired this meeting with invited expert 
speakers from various academic centers, including Harvard 
Medical School, Memorial Sloan Kettering Cancer Center, 
MD Anderson Cancer Center, Moffitt Cancer Center, and 
University of Zurich. The conference objectives were to: 

1. Determine the current evidence of acupuncture in the 
management of cancer patients, by specifically addressing 
mechanism of action

2. Determine the specific symptom(s) with the best evidence 
of response to acupuncture treatment

3. Determine the feasibility of the use of acupuncture in 
the management of cancer patients, assessing issues such 
as physician training, reimbursement, disparities, and 
cost-effectiveness

https://dctd.cancer.gov/NewsEvents/20171129_workshop_circadian_rhythm.htm
https://dctd.cancer.gov/NewsEvents/20170830_NCI_Convenes_Conference.htm
https://dctd.cancer.gov/NewsEvents/20170830_NCI_Convenes_Conference.htm
https://cam.cancer.gov/news_and_events/conferences.htm
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The conference assessed the current state of the science 
of acupuncture for cancer symptom management, 
determined the current gaps in research, and discussed 
ways to move research forward on a strong scientific 
foundation. A product of the conference was a white paper 
published in a special monograph of The Journal of the 
National Cancer Institute (JNCI). 

The State of the Science: Cancer Complementary 
and Alternative Medicine Therapeutics Research

On May 25-26, 2016, researchers with expertise in cancer 
therapeutics research, bioinformatics, computation modeling 
and databases, clinical trial design, and CAM convened at 
NIH to discuss the current state of the science. The diverse 
group of about 70 attendees included individuals from 
NIH, FDA, academia, cancer centers, and integrative medi-
cine programs. Representatives from the National Natural 
Science Foundation of China (NSFC) and Chinese medicine 
(CM) physician scientists from China also participated in 
the meeting.

The goals of the meeting were to:

• Assess the current status of evidence-based cancer CAM 
therapeutics research

• Discuss the scientific gaps, needs, and future opportu-
nities of cancer CAM therapeutics research in the era of 
precision medicine

• Explore solutions for challenges preventing progress in 
the field

• Provide suggestions to NCI regarding future initiatives 
and priority areas

This workshop provided a venue to identify new 
collaborative opportunities among a diverse, international 
research community. As a result, Beijing University of 
Chinese Medicine, one of the earliest established traditional 
Chinese medical universities in China, NSFC, and OCCAM 
are currently defining several priority areas for collaboration 

Evidence-based Traditional Medicine and 
Healthcare System in India

with NCI. A workshop summary report was published and 
serves as a guide to future research and provides suggestions 
regarding future initiatives and priority areas.

This NCI-sponsored Mini Symposium on March 3, 2016 
was organized in collaboration with scientists and Ayurveda 
practitioners on Indian Traditional Medicine from Savitribai 
Phule Pune University, India (Dr. Bhushan Patwardhan), 

https://dctd.cancer.gov/NewsEvents/integrative_oncology_article.htm
https://dctd.cancer.gov/NewsEvents/complementary_alternative_therapeutics.htm
https://www.ncbi.nlm.nih.gov/pubmed/29140484
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George Mason University, VA (Dr. Avinash Patwardhan), 
and AIM Swasthya, CA (Dr. Namyata Pathak Gandhi). 
The main aim was to learn more about the state of 
evidence-based Indian Traditional Medicine and its 
practices in India and the United States, and the potential 
for music and art to help in the management of cancer in 
patients. The symposium included presentations on the 
following topics: traditional medicine and healthcare in 
India, ayurveda (an Indian Traditional Medicine) and 
cancer, yoga and cancer, and evidence-based traditional 
medicine-research glimpses, research needs, and areas 
of potential collaborations. 

International Consortium for Chinese Medicine 
and Cancer (ICCMC)

On November 3, 2014, in Bethesda, Maryland, OCCAM/
NCI and Cancer Institute of China Academy of Chinese 
Medical Sciences (CI/CACMS) jointly held a meeting to 
examine the potential utility and feasibility of establishing 
an International Consortium for Chinese Medicine and 
Cancer (ICCMC), an international CM and cancer research 
platform to promote and enhance basic research and 
clinical trials of combined Western oncology and CM. 
At the meeting, participants from China, the US, Canada, 
Australia, and Korea discussed issues in CM and cancer 
research, treatment and management, including potential 
mechanisms of action, proof of efficacy, side effects, 
regulatory issues, and the need for improving the quality 
of randomized clinical trials of CM treatments and 
supportive care interventions. This initial planning 
meeting was followed by a second conference on October 
17-18, 2015 in Dalian, China. Since these meetings, staff 
from OCCAM and CI/CACMS have continued to work 
with a committee of scientists and practitioners from the 
US, China, Korea, Australia to establish the ICCMC.

TRAINING

OCCAM has continued educating the next generation in the 
area of CAM by maintaining a position within their program 
for a Cancer Research Training Award (CRTA) fellow.

RESEARCH RESOURCES

OCCAM worked with the Natural Products Branch (NPB) 
within DCTD’s Developmental Therapeutics Program 
(DTP), to establish a library of plant extracts from the 
pharmacopeia of TCM that is now available. (See section 
titled “Intradivisional and International Collaborations” 
below for further details)

COLLABORATIONS

NCI Office of Communications and Public 
Liaison (OCPL)

The director of OCCAM serves as the Editor-in-Chief of 
the Integrative, Alternative and Complementary Thera-
pies editorial board of the Physicians Data Query (PDQ) 
program, which is managed by OCPL. This board produces 
evidence-based summaries of the literature about various 
complementary and alternative medicine approaches used 
by cancer patients. 

NCI Center for Cancer Research (CCR)

OCCAM collaborates on a number of projects with 
NCI’s CCR:

• CCR’s Laboratory of Molecular Immunoregulation is 
studying Fufang Kushing Injection (FKI), an herbal 
mixture containing extracts from Sophora flavescens 
and Heterosmilacis Japonica, for its anticancer effects 
and ability to decrease cancer-related pain. The study 
has resulted in findings on FKI’s functions to inhibit 
sarcoma cancer cells’ growth both in vitro and in vivo, 
and its capability to modulate tumor-induced hyperalge-
sia in animal models. The molecular mechanism of FKI 
on pain control is related to signaling through the protein 
encoded by the transient receptor potential cation channel 
subfamily V member 1 (TRPV1) gene.

• In CCR’s Cancer Stem Cell Section, the Laboratory of 
Cancer Prevention studied a compound derived from 
CM – cryptotanshinone – for its inhibitory effects on 
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prostate cancer stem cells. The study found that crypto-
tanshinone targets the CD44+, CD24+ subpopulation of 
LNCaP prostate cancer cells, which represents prostate 
tumor initiating cells, and also affects total LNCaP cells 
as well via down-regulation of stemness genes, such as 
Nanog, OCT4, Sox2, b-catenin, and CXCR4. 

• The Laboratory of Cancer Prevention in CCR’s Gene 
Regulation Section has undertaken a comparative analysis 
of the CM compound berberine used to prevent or treat 
cancer with mouse models of similar types of cancer. 
The study has showed that berberine could regulate  
AMP-activated protein kinase signaling pathways and 
inhibits colon tumorigenesis in mice. Another study 
showed that cryptotanshinone can inhibit Stat3 expression 
and suppresses colorectal cancer proliferation and growth 
in vitro.

• The Signal Transduction Section in CCR’s Laboratory of 
Genitourinary Cancer Pathogenesis uses prostate cancer 
stem cells and animal models to study CM compounds 
(such as Gambogic Acid) and extracts (such as FKI) and 
their inhibition functions on prostate cancer stem cell 
growth and related mechanisms.

Intradivisional and International Collaborations

OCCAM is working with CDP and the investigators of the 
Exceptional Responders Initiative (ERI) to investigate various 
aspects of the lifestyles of patients whose cases have been 
accrued to this initiative. A substudy to the ERI protocol has 
been approved by the Central Institutional Review Board 
that will permit a voluntary survey of these patients about 
their dietary and physical activity habits, as well as their use 
of CAM approaches. 

Together with DTP’s NPB, OCCAM has worked to develop a 
CM herb library that contains 332 samples of unfractionated 
extracts from 133 plant species collected from different loca-
tions in China. The preliminary assessment of the anti-cancer 
activity of these extracts has been performed in the NCI-60 
human cancer cell line screen. This CM plant extracts library 
and the screening results are accessible to drug discovery 

researchers worldwide (academic and non-profit organiza-
tions) to investigate CM plants as potential sources of agents 
for the treatment of human diseases, especially cancer.

OCCAM and NPB have also worked together to collect 
pure compounds and medicinal herb extracts through 
international collaborative projects via Memorandum 
of Understanding (MOU) agreements. Up to 349 pure 
compounds and 200 extracts have been collected from 
three institutes in China (Kunming Institute of Botany; Key 
Laboratory of Chemistry for Natural Products (KLCNP) 
in Guizhou Province; and Institute of Matera Medica, 
China Academy of Medical Sciences). Seventy-four pure 
compounds have been screened on the NCI-60 human 
cancer cell lines; 14 of them entered to 5-dose screens. 
More compound screenings on the NCI-60 human cancer 
cell lines are underway. CCR’s Molecular Targets Laboratory 
has screened 26 compounds on seven cell target assays 
(GP78, PLK1, NF1, EpCAM, META, SUMO, p38) with 
certain hits; 152 medicinal herb extracts have been screened 
on eight cell target assays (GP78, NF1, EpCAM, MALT1, 
p38, SUMO, TRAIL and META) with certain hits. Hit 
extracts or compounds will be further tested on cell 
target assays.

Fellowships and Guest Researchers

Seven international visiting fellows from CI/CACMS have 
consecutively joined investigators from the Laboratory 
of Molecular Immunoregulation, Laboratory of Cancer 
Prevention at NCI’s Frederick National Laboratory for 
Cancer Research, and Laboratory of Genitourinary Cancer 
Pathogenesis in CCR to explore various CM compounds 
and extracts for their anticancer activity and immune-
stimulating effects (Fufang Kushing Injection - FKI) and 
cancer prevention activity (berberine, cryptotanshinone - 
CT, FKI). Five fellows have finished their training and 
collaborative studies and returned to their original institutes 
to continue their research. The studied CM compounds and 
herbal formulations are often used at hospitals in China as 
standard care to control cancer growth and decrease the 
side effects of chemotherapy. 

https://dtp.cancer.gov/organization/npb/tcm_extracts.htm
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FUTURE DIRECTIONS

Because industry and academia are not likely to invest 
in the development of botanical and dietary supplement 
compounds that may increase the effectiveness of chemo-
therapy agents, OCCAM will continue to contribute to this 
area of research. 

Planned research activities:

• An interdivisional dialog about diet, physical activity, and 
stress management after cancer diagnosis, with a focus on 
interactions of these factors with standard and investiga-
tional cancer therapies will be established. The goal of this 
dialog is to understand past and current research activities 
on this topic, the extent to which NCI has supported this 
work, and to identify areas of potential opportunity for 
program development and action. To date, background 
literature searches and preliminary portfolio analyses have 
been performed in preparation for these efforts.

• Translational research with medicinal botanicals and 
bioactive food components that have a strong preclin-
ical research base and meet one of OCCAM’s research 
priorities of special interest will be further explored both 
through collaborations with intramural and extramural 
research laboratories and in the clinical setting.

• The clinical evaluation of various CAM approaches to 
managing symptoms of cancer will be explored, including 
nausea, vomiting, xerostomia, fatigue, arthralgias, myal-
gias, and neuropathy. Opportunities may be considered 
through DCTD’s Developmental Therapeutics Clinic, as 
well as other clinics within the CCR, NIH Clinical Center, 
and outside collaborators. 

• The ICCMC is being established in collaboration with the 
CI/CACMS to bring together scientists, CM practitioners, 
conventional medicine oncologists, and industry to 
enhance the standards of CM oncology research, integrate 
CM and Western medicine cancer management, and 
encourage East-West dialog and collaboration.

• Working with NCI’s Center for Global Health and the 
Office of Global Affairs of HHS, OCCAM is exploring 
the potential to apply for an Asia Pacific Economical Col-
laboration (APEC) funding program to form the APEC 
Traditional Medicine and Cancer Network among APEC 
economies. This proposal has been submitted to the APEC 
Health Working group and has received positive responses 
from other APEC economies, such as Philippines, China, 
and Chinese Taipei as co-sponsors. The APEC Traditional 
Medicine and Cancer Network could promote collabora-
tive studies on traditional medicine (TM) and cancer; to 
share information on TM and cancer care; to establish TM 
and Cancer Network website/database; to set up standards 
on TM practice and products; and to promote regulations 
on the safety, quality, and efficacy of TM products. 

• OCCAM plans to develop a concept for system biology 
of nutritional modulation. 

• Funding opportunities and initiatives for mechanistic 
studies, drug discovery, clinical trials, adverse effects, 
databases, and computation modeling of CAM in the 
priority areas suggested in the May 25-26, 2016 workshop, 
“The State of the Science: Cancer Complementary  
and Alternative Medicine Therapeutics Research” are 
being developed.

• International collaborations with funding agencies 
and organizations in China and other countries, e.g. 
co-funding with Natural Science Foundation of China, a 
joint scientific conference, and international centers for 
cancer complementary and integrative research are being 
developed and/or explored. The amount and availability 
of patient information materials on CAM and cancer have 
increased, but a need remains for tailored patient educa-
tion. OCCAM will continue developing evidence-based 
patient education resources.
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Ms. Valerie Ficca   
Research Associate [Contractor] 
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Bioinformatics Analyst [Contractor] 
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Postdoctoral Fellow
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Research Associate [Contractor]
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Bioinformatics Analyst [Contractor]

Mr. Victor Lonsberry   
Research Associate [Contractor]

Dr. Brandon Miller   
Scientist [Contractor]

Dr. Mario Navas III  
Senior Scientist [Contractor]

Dr. Apurva Srivastava  
Principal Scientist [Contractor]

Dr. Lihua Wang   
Senior Scientist [Contractor]

Dr. Deborah Wilsker   
Scientist [Contractor]

Mr. Weimin Zhu   
Research Associate[Contractor]
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Acting Associate Directorf
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Extramural Program Assistant 
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Acting Branch Chief

Dr. Jared Foster   
Mathematical Statistician 

Dr. Erich Huang   
Mathematical Statistician

Dr. Edward Korn   
Mathematical Statistician 

Dr. Lawrence Rubinstein   
Mathematical Statistician

Dr. Michael Sachs   
Mathematical Statistician

Dr. Joanna Shih   
Mathematical Statistician

Dr. Laura Yee   
Mathematical Statistician
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Computational Biologist
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Postdoctoral Fellow

Dr. Jianwen Fang  
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Dr. Ming-Chung Li  
Mathematical Statistician
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Postdoctoral Fellow
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Dr. Dmitriy Sonkin 
Computational Biologist
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Mathematical Statistician
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Program Manager [Contractor]
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Program Manager [Contractor]

Ms. Ramona Saunders-Smith 
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Scientific Project Manager [Contractor] 
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Branch Chief
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Program Director

Dr. Philip Branton  
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Dr. Ping Guan 
Program Director

Dr. Hana Odeh 
Program Manager [Contractor]

Dr. Abhi Rao 
Program Director
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Dr. James Tricoli 
Branch Chief
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Program Analyst/Program Director

Dr. Brian Sorg 
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DIAGNOSTICS EVALUATION BRANCH

Dr. Tracy Lively  
Branch Chief

Dr. Sumana Dey  
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Dr. Kelly Y. Kim  
Program Director

Ms. Acquilly Lionel  
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Dr. Magdalena Thurin   
Program Director

Ms. Carol Weil  
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Mr. Derrick Burns  
Administrative Support
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Dr. Aniruddha Ganguly  
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Program Director

Ms. Joanne Peter-Demchok  
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Clinical Radiopharmacist [Contractor]

Dr. Ling Wei Chin  
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[Contractor] 
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Dr. Paula Jacobs  
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Dr. Richard Little  
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Ms. Grace Mishkin  
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Ms. Georgia Washington  
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CLINICAL TRIALS MONITORING BRANCH

Mr. Gary Lee Smith   
Branch Chief
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Ms. Lynnareal Elam  
Program Support Assistant
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DEVELOPMENTAL THERAPEUTICS 
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MOLECULAR PHARMACOLOGY BRANCH
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[Contractor]
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SCREENING TECHNOLOGIES BRANCH

Dr. Daniel Zaharevitz  
Acting Branch Chief

Ms. Ruoli Bai   
Chemist, Tubulin Lab

Dr. David Covell   
Computer Scientist

Dr. Ernest Hamel   
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TOXICOLOGY AND PHARMACOLOGY BRANCH

Dr. Joseph Covey   
Pharmacologist

Dr. Susan Donohue   
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Dr. Liang Guo  
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Dr. Karen Schweikart   
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RADIATION RESEARCH PROGRAM
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Dr. C. Norman Coleman   
Associate Director

Dr. Bhadrasain Vikram   
Deputy Associate Director

Ms. Patricia Angelis  
Administrative Support 

Dr. Judith Bader  
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Ms. Lang Banh  
Administrative Support
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Ms. Mary Martha Smith  
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Medical Officer
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Program Director
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Dr. James Deye   
Program Director

Dr. Ceferino Obcemea  
Medical Physicist

RADIOTHERAPY DEVELOPMENT BRANCH

Dr. Eric Bernhard  
Branch Chief

Dr. Mansoor Ahmed  
Program Director

Dr. Pataje Prasanna  
Program Director

Dr. Rosemary Wong   
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TRANSLATIONAL RESEARCH  
PROGRAM

Dr. Toby Hecht   
Associate Director

Dr. Peter Ujhazy   
Deputy Associate Director 

Ms. Ann Alston   
Program Support

Dr. Julia Arnold  
Health Scientist Administrator/Program Director

Dr. Andrew Hruszkewycz   
Medical Officer/ Program Director

Dr. Leah Hubbard  
Health Scientist Administrator 

Dr. Igor Kuzmin   
Health Scientist Administrator/Program Director

Dr. Steve Nothwehr  
Health Scientist Administrator/Program Director

Dr. JoyAnn Phillips Rohan  
Health Scientist Administrator/Program Director

Ms. Sharna Tingle  
Program Coordinator [Contractor]

Ms. Terese Trent  
Extramural Support Assistantr 

Ms. Tamara Walton  
Program Coordinator 
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OFFICE OF CANCER COMPLEMENTARY 
AND ALTERNATIVE MEDICINE

Dr. Jeffrey White  
Director

Ms. Christina Armstrong  
Aministrative Program Specialist

Dr. Libin Jia  
Science Program Manager 

Ms. Gina Nauman  
Cancer Research Training Awardee

Dr. Oluwadamilola Olaku  
Scientific Program Analyst [Contractor] 

Dr. Avraham Rasooly  
Health Science Administrator

Ms. Nekesha Rowlett-Thomas  
Meeting Coordinator [Contractor]

Dr. Dan Xi  
Program Director, Research Development and Support 
Program

Dr. Farah Zia  
Director, Case Review



PROGRAMS AND INITIATIVES (2013-2017)

DCTD STAFF 
PUBLICATIONS



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 191

2013
1. Abaan OD, Polley EC, Davis SR, et al. The exomes 

of the NCI-60 panel: a genomic resource for can-
cer biology and systems pharmacology. Cancer Res. 
2013;73(14):4372-4382.

2. Aberle DR, DeMello S, Berg CD, et al. Results of 
the two incidence screenings in the National Lung 
Screening Trial. N Engl J Med. 2013;369(10):920-931.

3. Abrams JS, Mooney MM, Zwiebel JA, et al. 
Implementation of timeline reforms speeds initiation 
of National Cancer Institute-sponsored trials. J Natl 
Cancer Inst. 2013;105(13):954-959.

4. Ahmed MM, Hodge JW, Guha C, Bernhard EJ, Vikram 
B, Coleman CN. Harnessing the potential of radiation-
induced immune modulation for cancer therapy. 
Cancer Immunol Res. 2013;1(5):280-284.

5. Amiri-Kordestani L, Luchenko V, Peer CJ, et al. 
Phase I trial of a new schedule of romidepsin in 
patients with advanced cancers. Clin Cancer Res. 
2013;19(16):4499-4507.

6. Andreopoulou E, Vigoda IS, Valero V, et al. Phase 
I-II study of the farnesyl transferase inhibitor 
tipifarnib plus sequential weekly paclitaxel and 
doxorubicin-cyclophosphamide in HER2/neu-negative 
inflammatory carcinoma and non-inflammatory 
estrogen receptor-positive breast carcinoma. Breast 
Cancer Res Treat. 2013;141(3):429-435.

7. Ascierto ML, Idowu MO, Zhao Y, et al. Molecular 
signatures mostly associated with NK cells are predic-
tive of relapse free survival in breast cancer patients. J 
Transl Med. 2013;11:145.

8. Ascierto PA, Grimaldi AM, Acquavella N, et al. Future 
perspectives in melanoma research. Meeting report 
from the “Melanoma Bridge. Napoli, December 
2nd-4th 2012”. J Transl Med. 2013;11:137.

9. Balsam J, Ossandon M, Bruck HA, Lubensky I, Rasooly 
A. Low-cost technologies for medical diagnostics 
in low-resource settings. Expert Opin Med Diagn. 
2013;7(3):243-255.

10. Batchelor TT, Gerstner ER, Emblem KE, et al. 
Improved tumor oxygenation and survival in glioblas-
toma patients who show increased blood perfusion 
after cediranib and chemoradiation. Proc Natl Acad Sci 
U S A. 2013;110(47):19059-19064.

11. Bedognetti D, Spivey TL, Zhao Y, et al. CXCR3/CCR5 
pathways in metastatic melanoma patients treated 
with adoptive therapy and interleukin-2. Br J Cancer. 
2013;109(9):2412-2423.

12. Berber B, Sanabria JR, Braun K, et al. Emerging role 
of stereotactic body radiotherapy in the treatment 
of pancreatic cancer. Expert Rev Anticancer Ther. 
2013;13(4):481-487.

13. Betsou F, Gunter E, Clements J, et al. Identification of 
evidence-based biospecimen quality-control tools: a 
report of the International Society for Biological and 
Environmental Repositories (ISBER) Biospecimen 
Science Working Group. J Mol Diagn. 2013;15(1):3-16.

14. Bhattacharyya S, Kurdziel K, Wei L, et al. Zirconium-89 
labeled panitumumab: a potential immuno-PET probe 
for HER1-expressing carcinomas. Nucl Med Biol. 
2013;40(4):451-457.

15. Bodelon C, Polley MY, Kemp TJ, et al. Circulating 
levels of immune and inflammatory markers and long 
versus short survival in early-stage lung cancer. Ann 
Oncol. 2013;24(8):2073-2079.

16. Castiello L, Sabatino M, Zhao Y, et al. Quality controls 
in cellular immunotherapies: rapid assessment of clin-
ical grade dendritic cells by gene expression profiling. 
Mol Ther. 2013;21(2):476-484.

17. Chakraborty AR, Robey RW, Luchenko VL, et al. 
MAPK pathway activation leads to Bim loss and 
histone deacetylase inhibitor resistance: rationale to 
combine romidepsin with an MEK inhibitor. Blood. 
2013;121(20):4115-4125.

18. Chapman S, Dobrovolskaia M, Farahani K, et al. 
Nanoparticles for cancer imaging: The good, the bad, 
and the promise. Nano Today. 2013;8(5):454-460.

19. Chee CE, Krishnamurthi S, Nock CJ, et al. Phase II 
study of dasatinib (BMS-354825) in patients with met-
astatic adenocarcinoma of the pancreas. Oncologist. 
2013;18(10):1091-1092.

20. Clark K, Vendt B, Smith K, et al. The Cancer 
Imaging Archive (TCIA): maintaining and operat-
ing a public information repository. J Digit Imaging. 
2013;26(6):1045-1057.

21. Coleman CN. Fukushima and the future of radiation 
research. Radiat Res. 2013;179(1):1-8.

22. Coleman CN, Blumenthal DJ, Casto CA, et al. Recovery 
and resilience after a nuclear power plant disaster: a 
medical decision model for managing an effective, 
timely, and balanced response. Disaster Med Public 
Health Prep. 2013;7(2):136-145.

23. Consortium GT. The Genotype-Tissue Expression 
(GTEx) project. Nat Genet. 2013;45(6):580-585.



DCTD PROGRAMS AND INITIATIVES (2013-2017)192

24. Dahut WL, Madan RA, Karakunnel JJ, et al. Phase 
II clinical trial of cediranib in patients with meta-
static castration-resistant prostate cancer. BJU Int. 
2013;111(8):1269-1280.

25. Diaz-Padilla I, Hirte H, Oza AM, et al. A phase Ib 
combination study of RO4929097, a gamma-secretase 
inhibitor, and temsirolimus in patients with advanced 
solid tumors. Invest New Drugs. 2013;31(5):1182-1191.

26. Emblem KE, Mouridsen K, Bjornerud A, et al. 
Vessel architectural imaging identifies cancer patient 
responders to anti-angiogenic therapy. Nat Med. 
2013;19(9):1178-1183.

27. Farrell BT, Hamilton BE, Dosa E, et al. Using iron 
oxide nanoparticles to diagnose CNS inflammatory dis-
eases and PCNSL. Neurology. 2013;81(3):256-263.

28. Gajjar A, Stewart CF, Ellison DW, et al. Phase I study 
of vismodegib in children with recurrent or refractory 
medulloblastoma: a pediatric brain tumor consortium 
study. Clin Cancer Res. 2013;19(22):6305-6312.

29. Glade Bender JL, Lee A, Reid JM, et al. Phase I pharma-
cokinetic and pharmacodynamic study of pazopanib in 
children with soft tissue sarcoma and other refractory 
solid tumors: a children’s oncology group phase I con-
sortium report. J Clin Oncol. 2013;31(24):3034-3043.

30. Grizzle WE, Moore HM. Mouse model findings 
and the future of human tissue in disease research. 
Biopreserv Biobank. 2013;11(3):135-136.

31. Gutman DA, Cooper LA, Hwang SN, et al. MR imaging 
predictors of molecular profile and survival: multi-in-
stitutional study of the TCGA glioblastoma data set. 
Radiology. 2013;267(2):560-569.

32. Hassan R, Miller AC, Sharon E, et al. Major cancer 
regressions in mesothelioma after treatment with an 
anti-mesothelin immunotoxin and immune suppres-
sion. Sci Transl Med. 2013;5(208):208ra147.

33. Hayes DF, Allen J, Compton C, et al. Breaking a vicious 
cycle. Sci Transl Med. 2013;5(196):196cm196.

34. Holkova B, Supko JG, Ames MM, et al. A phase I trial 
of vorinostat and alvocidib in patients with relapsed, 
refractory, or poor prognosis acute leukemia, or refrac-
tory anemia with excess blasts-2. Clin Cancer Res. 
2013;19(7):1873-1883.

35. Horning SJ, Haber DA, Selig WK, et al. Developing 
standards for breakthrough therapy designation in 
oncology. Clin Cancer Res. 2013;19(16):4297-4304.

36. Im JH, Tapmeier T, Balathasan L, et al. G-CSF res-
cues tumor growth and neo-angiogenesis during liver 
metastasis under host angiopoietin-2 deficiency. Int J 
Cancer. 2013;132(2):315-326.

37. Italiano A, Le Cesne A, Bellera C, et al. GDC-0449 in 
patients with advanced chondrosarcomas: a French 
Sarcoma Group/US and French National Cancer 
Institute Single-Arm Phase II Collaborative Study. Ann 
Oncol. 2013;24(11):2922-2926.

38. Jain R, Poisson L, Narang J, et al. Genomic mapping 
and survival prediction in glioblastoma: molecular sub-
classification strengthened by hemodynamic imaging 
biomarkers. Radiology. 2013;267(1):212-220.

39. Jiang H, Xie Y, Burnette A, et al. Purification of 
clinical-grade disulfide stabilized antibody fragment 
variable--Pseudomonas exotoxin conjugate (dsFv-
PE38) expressed in Escherichia coli. Appl Microbiol 
Biotechnol. 2013;97(2):621-632.

40. Johnson CH, Manna SK, Krausz KW, et al. Global 
metabolomics reveals urinary biomarkers of breast 
cancer in a mcf-7 xenograft mouse model. Metabolites. 
2013;3(3):658-672.

41. Kaur G, Behrsing H, Parchment RE, Millin MD, 
Teicher BA. Analyses of the combination of 6-MP and 
dasatinib in cell culture. Int J Oncol. 2013;43(1):13-22.

42. Kobrinsky B, Joseph SO, Muggia F, et al. A phase I 
and pharmacokinetic study of oxaliplatin and bortezo-
mib: activity, but dose-limiting neurotoxicity. Cancer 
Chemother Pharmacol. 2013;72(5):1073-1078.

43. Kolesar JM, Traynor AM, Holen KD, et al. Vorinostat 
in combination with bortezomib in patients with 
advanced malignancies directly alters transcrip-
tion of target genes. Cancer Chemother Pharmacol. 
2013;72(3):661-667.

44. Korn EL, McShane LM, Freidlin B. Statistical challeng-
es in the evaluation of treatments for small patient pop-
ulations. Sci Transl Med. 2013;5(178):178sr173.

45. Kumar NB, Dhurandhar M, Aggarwal B, et al. 
Proceedings of the Indo-U.S. bilateral workshop on 
accelerating botanicals/biologics agent development 
research for cancer chemoprevention, treatment, and 
survival. Cancer Med. 2013;2(1):108-115.

46. Kummar S, Allen D, Monks A, et al. Cediranib for 
metastatic alveolar soft part sarcoma. J Clin Oncol. 
2013;31(18):2296-2302.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 193

47. Kummar S, Anderson L, Hill K, et al. First-in-human 
phase 0 trial of oral 5-iodo-2-pyrimidinone-2’-deoxy-
ribose in patients with advanced malignancies. Clin 
Cancer Res. 2013;19(7):1852-1857.

48. Kunos C. Drug-mediated image-guided radiotherapy- 
Mining for the Mother Lode. J Radiology. 2013;2:e121.

49. Kunos C. Image-guided motion management. J 
Radiology. 2013;2.

50. Kunos C. Image-guided radiotherapy- On center stage. 
J Radiology. 2013;2.

51. Kunos C, Kuykendall T, White T. Lung cancer 
motion management - Cinema at its best? J Radiology. 
2013;1:e124.

52. Kunos CA, Petersen IA. Radiation quality, like art, 
consists in drawing the line somewhere. Front Oncol. 
2013;3:163.

53. Kunos CA, Radivoyevitch T, Waggoner S, et al. 
Radiochemotherapy plus 3-aminopyridine-2-carbox-
aldehyde thiosemicarbazone (3-AP, NSC #663249) in 
advanced-stage cervical and vaginal cancers. Gynecol 
Oncol. 2013;130(1):75-80.

54. Kunos CA, Stefan T, Jacobberger JW. Cabazitaxel-
induced stabilization of microtubules enhances 
radiosensitivity in ovarian cancer cells. Front Oncol. 
2013;3:226.

55. Kunos CA, Winter K, Dicker AP, et al. Ribonucleotide 
reductase expression in cervical cancer: a radiation 
therapy oncology group translational science analysis. 
Int J Gynecol Cancer. 2013;23(4):615-621.

56. Lawrence YR, Vikram B, Dignam JJ, et al. NCI-RTOG 
translational program strategic guidelines for the ear-
ly-stage development of radiosensitizers. J Natl Cancer 
Inst. 2013;105(1):11-24.

57. Lin SH, George TJ, Ben-Josef E, et al. Opportunities 
and challenges in the era of molecularly targeted 
agents and radiation therapy. J Natl Cancer Inst. 
2013;105(10):686-693.

58. Liu FF, workshop p, Okunieff P, et al. Lessons learned 
from radiation oncology clinical trials. Clin Cancer Res. 
2013;19(22):6089-6100.

59. Liu JF, Tolaney SM, Birrer M, et al. A Phase 1 trial of 
the poly(ADP-ribose) polymerase inhibitor olaparib 
(AZD2281) in combination with the anti-angiogenic 
cediranib (AZD2171) in recurrent epithelial ovar-
ian or triple-negative breast cancer. Eur J Cancer. 
2013;49(14):2972-2978.

60. Lu-Emerson C, Snuderl M, Kirkpatrick ND, et al. 
Increase in tumor-associated macrophages after anti-
angiogenic therapy is associated with poor survival 
among patients with recurrent glioblastoma. Neuro 
Oncol. 2013;15(8):1079-1087.

61. Luke JJ, Rubinstein LV, Smith GL, Ivy SP, Harris PJ. 
Similar efficacy for phase I trials in comparison with 
DTIC for advanced malignant melanoma: an analysis 
of melanoma outcomes in CTEP-sponsored phase I 
trials 1995-2011. Melanoma Res. 2013;23(2):152-158.

62. Ma CX, Ellis MJ, Petroni GR, et al. A phase II study 
of UCN-01 in combination with irinotecan in patients 
with metastatic triple negative breast cancer. Breast 
Cancer Res Treat. 2013;137(2):483-492.

63. Ma CX, Suman VJ, Goetz M, et al. A phase I trial of the 
IGF-1R antibody Cixutumumab in combination with 
temsirolimus in patients with metastatic breast cancer. 
Breast Cancer Res Treat. 2013;139(1):145-153.

64. Macy ME, Duncan T, Whitlock J, et al. A multi-center 
phase Ib study of oxaliplatin (NSC#266046) in com-
bination with fluorouracil and leucovorin in pediatric 
patients with advanced solid tumors. Pediatr Blood 
Cancer. 2013;60(2):230-236.

65. Makinde AY, John-Aryankalayil M, Palayoor ST, Cerna 
D, Coleman CN. Radiation survivors: understanding 
and exploiting the phenotype following fractionated 
radiation therapy. Mol Cancer Res. 2013;11(1):5-12.

66. McShane L, Korn E, Freidlin B. Statistical 
Considerations in the Develoment and Evaluation of 
Therapeutic Biomarkers in Cancer. In: Yang, Dancey, 
eds. Handbook of Therapeutic Biomarkers in Cancer. 
Singapore: Pan Stanford; 2013:31-58.

67. McShane LM, Cavenagh MM, Lively TG, et al. Criteria 
for the use of omics-based predictors in clinical trials: 
explanation and elaboration. BMC Med. 2013;11:220.

68. McShane LM, Cavenagh MM, Lively TG, et al. Criteria 
for the use of omics-based predictors in clinical trials. 
Nature. 2013;502(7471):317-320.

69. McShane LM, Polley MY. Development of omics-based 
clinical tests for prognosis and therapy selection: the 
challenge of achieving statistical robustness and clinical 
utility. Clin Trials. 2013;10(5):653-665.

70. Mittra ES, Fan-Minogue H, Lin FI, et al. Preclinical 
efficacy of the anti-hepatocyte growth factor antibody 
ficlatuzumab in a mouse brain orthotopic glioma 
model evaluated by bioluminescence, PET, and MRI. 
Clin Cancer Res. 2013;19(20):5711-5721.



DCTD PROGRAMS AND INITIATIVES (2013-2017)194

71. Moore HM. Acquisition of normal tissues for the GTEx 
program. Biopreserv Biobank. 2013;11(2):75-76.

72. Moore HM, Kelly A, McShane LM, Vaught J. 
Biospecimen Reporting for improved study quality 
(BRISQ). Transfusion. 2013;53(7):e1.

73. Morrison BL, Mullendore ME, Stockwin LH, Borgel 
S, Hollingshead MG, Newton DL. Oxyphenisatin ace-
tate (NSC 59687) triggers a cell starvation response 
leading to autophagy, mitochondrial dysfunction, and 
autocrine TNFalpha-mediated apoptosis. Cancer Med. 
2013;2(5):687-700.

74. Mortazavi A, Ling Y, Martin LK, et al. A phase I study 
of prolonged infusion of triapine in combination with 
fixed dose rate gemcitabine in patients with advanced 
solid tumors. Invest New Drugs. 2013;31(3):685-695.

75. Mucci NR, Moore HM, Brigham LE, et al. Meeting 
research needs with postmortem biospecimen dona-
tion: summary of recommendations for postmortem 
recovery of normal human biospecimens for research. 
Biopreserv Biobank. 2013;11(2):77-82.

76. Naing A, Lorusso P, Fu S, et al. Insulin growth factor 
receptor (IGF-1R) antibody cixutumumab combined 
with the mTOR inhibitor temsirolimus in patients 
with metastatic adrenocortical carcinoma. Br J Cancer. 
2013;108(4):826-830.

77. Noonan AM, Eisch RA, Liewehr DJ, et al. 
Electrocardiographic studies of romidepsin demon-
strate its safety and identify a potential role for K(ATP) 
channel. Clin Cancer Res. 2013;19(11):3095-3104.

78. Nordstrom R, Cherry S, Azhdarinia A, Sevick-Muraca 
E, Vanbrocklin H. Photons across medicine: relating 
optical and nuclear imaging. Biomed Opt Express. 
2013;4(12):2751-2762.

79. Olaku O, Zia F, Santana JM, White JD. The National 
Cancer Institute best case series program: a summary 
of cases of cancer patients treated with unconventional 
therapies in India. Integr Cancer Ther. 2013;12(5):385-
392.

80. Park SR, Speranza G, Piekarz R, et al. A multi-histology 
trial of fostamatinib in patients with advanced colorec-
tal, non-small cell lung, head and neck, thyroid, and 
renal cell carcinomas, and pheochromocytomas. Cancer 
Chemother Pharmacol. 2013;71(4):981-990.

81. Penet MF, Artemov D, Farahani K, Bhujwalla ZM. 
MR - eyes for cancer: looking within an impenetrable 
disease. NMR Biomed. 2013;26(7):745-755.

82. Phillips CL, Davies SM, McMasters R, et al. Low dose 
decitabine in very high risk relapsed or refractory acute 
myeloid leukaemia in children and young adults. Br J 
Haematol. 2013;161(3):406-410.

83. Piao YS, Wiesenfeld P, Sprando R, Arnold JT. 
TGFbeta1 alters androgenic metabolites and hydrox-
ysteroid dehydrogenase enzyme expression in human 
prostate reactive stromal primary cells: Is steroid 
metabolism altered by prostate reactive stromal 
microenvironment? J Steroid Biochem Mol Biol. 
2013;138:206-213.

84. Polley MY, Freidlin B, Korn EL, Conley BA, Abrams JS, 
McShane LM. Statistical and practical considerations 
for clinical evaluation of predictive biomarkers. J Natl 
Cancer Inst. 2013;105(22):1677-1683.

85. Polley MY, Leung SC, McShane LM, et al. An interna-
tional Ki67 reproducibility study. J Natl Cancer Inst. 
2013;105(24):1897-1906.

86. Ren J, Stroncek DF, Zhao Y, et al. Intra-subject 
variability in human bone marrow stromal cell 
(BMSC) replicative senescence: molecular changes 
associated with BMSC senescence. Stem Cell Res. 
2013;11(3):1060-1073.

87. Rusu M, Bloch BN, Jaffe CC, et al. Statistical 3D 
Prostate Imaging Atlas Construction via Anatomically 
Constrained Registration. Proc SPIE Int Soc Opt Eng. 
2013;8669.

88. Sahebjam S, Bedard PL, Castonguay V, et al. A phase I 
study of the combination of ro4929097 and cediranib 
in patients with advanced solid tumours (PJC-004/NCI 
8503). Br J Cancer. 2013;109(4):943-949.

89. Santaolalla R, Sussman DA, Ruiz JR, et al. TLR4 acti-
vates the beta-catenin pathway to cause intestinal neo-
plasia. PLoS One. 2013;8(5):e63298.

90. Savvides P, Nagaiah G, Lavertu P, et al. Phase II trial of 
sorafenib in patients with advanced anaplastic carcino-
ma of the thyroid. Thyroid. 2013;23(5):600-604.

91. Schelman WR, Traynor AM, Holen KD, et al. A phase I 
study of vorinostat in combination with bortezomib in 
patients with advanced malignancies. Invest New Drugs. 
2013;31(6):1539-1546.

92. Schwartz GK, Tap WD, Qin LX, et al. Cixutumumab 
and temsirolimus for patients with bone and soft-tissue 
sarcoma: a multicentre, open-label, phase 2 trial. Lancet 
Oncol. 2013;14(4):371-382.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 195

93. Sharma MR, Karrison TG, Kell B, et al. Evaluation 
of food effect on pharmacokinetics of vismodegib 
in advanced solid tumor patients. Clin Cancer Res. 
2013;19(11):3059-3067.

94. Shibata SI, Chung V, Synold TW, et al. Phase I study of 
pazopanib in patients with advanced solid tumors and 
hepatic dysfunction: a National Cancer Institute Organ 
Dysfunction Working Group study. Clin Cancer Res. 
2013;19(13):3631-3639.

95. Shunkwiler L, Ferris G, Kunos C. Inhibition 
of Poly(ADP-Ribose) Polymerase Enhances 
Radiochemosensitivity in Cancers Proficient in 
DNA Double-Strand Break Repair. Int J Mol Sci. 
2013;14(2):3773-3785.

96. Simone CB, 2nd, John-Aryankalayil M, Palayoor ST, et 
al. mRNA Expression Profiles for Prostate Cancer fol-
lowing Fractionated Irradiation Are Influenced by p53 
Status. Transl Oncol. 2013;6(5):573-585.

97. Simpkins F, Papadia A, Kunos C, et al. Patterns of 
recurrence in stage I endometrioid endometrial adeno-
carcinoma with lymphovascular space invasion. Int J 
Gynecol Cancer. 2013;23(1):98-104.

98. Sridhar SS, Mackenzie MJ, Hotte SJ, et al. A phase 
II study of cediranib (AZD 2171) in treatment 
naive patients with progressive unresectable recur-
rent or metastatic renal cell carcinoma. A trial of 
the PMH phase 2 consortium. Invest New Drugs. 
2013;31(4):1008-1015.

99. Starkschall G, Siochi RAC, Freymann J, Kirby J,  
Jaffe C. NCI Cancer Imaging Program. Informatics  
in Radiation Oncology. 2013:153-160.

100. Stein SM, Tiersten A, Hochster HS, et al. A phase 2 
study of oxaliplatin combined with continuous infusion 
topotecan for patients with previously treated ovarian 
cancer. Int J Gynecol Cancer. 2013;23(9):1577-1582.

101. Sullivan JM, Prasanna PG, Grace MB, et al. Assessment 
of biodosimetry methods for a mass-casualty radiolog-
ical incident: medical response and management con-
siderations. Health Phys. 2013;105(6):540-554.

102. Takebe N, Ivy P, Timmer W, Khan N, Schulz T, 
Harris P. Review of cancer-associated fibroblasts and 
therapies that interfere with their activities. Tumor 
Microenvironment and Therapy. 2013;1:19-36.

103. Teicher BA. Perspective: Opportunities in recalcitrant, 
rare and neglected tumors. Oncol Rep. 2013;30(3):1030-
1034.

104. Tsakalozou E, Adane ED, Kuo KL, Daily A, Moscow 
JA, Leggas M. The effect of breast cancer resistance 
protein, multidrug resistant protein 1, and organic 
anion-transporting polypeptide 1B3 on the antitumor 
efficacy of the lipophilic camptothecin 7-t-butyldimeth-
ylsilyl-10-hydroxycamptothecin (AR-67) in vitro. Drug 
Metab Dispos. 2013;41(7):1404-1413.

105. Waldmann TA, Conlon KC, Stewart DM, et al. Phase 1 
trial of IL-15 trans presentation blockade using human-
ized Mikbeta1 mAb in patients with T-cell large granu-
lar lymphocytic leukemia. Blood. 2013;121(3):476-484.

106. Weil CJ, Mechanic LE, Green T, et al. NCI think tank 
concerning the identifiability of biospecimens and 
“omic” data. Genet Med. 2013;15(12):997-1003.

107. Weinberg LE, Kunos CA, Zanotti KM. Lymphovascular 
space invasion (LVSI) is an isolated poor prognos-
tic factor for recurrence and survival among women 
with intermediate- to high-risk early-stage endo-
metrioid endometrial cancer. Int J Gynecol Cancer. 
2013;23(8):1438-1445.

108. Wolff AC, Hammond ME, Hicks DG, et al. 
Recommendations for human epidermal growth factor 
receptor 2 testing in breast cancer: American Society 
of Clinical Oncology/College of American Pathologists 
clinical practice guideline update. J Clin Oncol. 
2013;31(31):3997-4013.

109. Zhang J, Espinoza LA, Kinders RJ, et al. NANOG mod-
ulates stemness in human colorectal cancer. Oncogene. 
2013;32(37):4397-4405.

110. Zhao Y, Simon R. T Cell Epitope, Prediction with 
Peptide Libraries. In: Dubitzky W, Wolkenhauer 
O, Cho K-H, Yokota H, eds. Encyclopedia of System 
Biology. New York: Springer; 2013.



DCTD PROGRAMS AND INITIATIVES (2013-2017)196

2014
1. Abrams J, Conley B, Mooney M, et al. National Cancer 

Institute’s Precision Medicine Initiatives for the new 
National Clinical Trials Network. Am Soc Clin Oncol 
Educ Book. 2014:71-76.

2. Abrams JS, Mooney M, Zwiebel J, Friedman S. 
Improving the protocol implementation process: the 
National Cancer Institute’s response. J Clin Oncol. 
2014;32(23):2515-2516.

3. Adesina SK, Holly A, Kramer-Marek G, Capala J, Akala 
EO. Polylactide-based paclitaxel-loaded nanoparticles 
fabricated by dispersion polymerization: characterization, 
evaluation in cancer cell lines, and preliminary biodis-
tribution studies. J Pharm Sci. 2014;103(8):2546-2555.

4. Ahmed MM, Guha C, Hodge JW, Jaffee E. 
Immunobiology of radiotherapy: new paradigms. 
Radiat Res. 2014;182(2):123-125.

5. Altman DG, McShane LM, Sauerbrei W, Taube 
SE, Cavenagh MM. REMARK (REporting 
Recommendations for TUmor MARKer Prognostic 
Studies) Guidelines for Reporting Health Research: A 
User’s Manual. John Wiley & Sons, Ltd; 2014:241-249.

6. Ardeshirpour Y, Chernomordik V, Hassan M, Zielinski 
R, Capala J, Gandjbakhche A. In vivo fluorescence life-
time imaging for monitoring the efficacy of the cancer 
treatment. Clin Cancer Res. 2014;20(13):3531-3539.

7. Ardeshirpour Y, Hassan M, Zielinski R, et al. In vivo 
assessment of HER2 receptor density in HER2-positive 
tumors by near-infrared imaging, using repeated 
injections of the fluorescent probe. Technol Cancer Res 
Treat. 2014;13(5):427-434.

8. Aryankalayil MJ, Makinde AY, Gameiro SR, et al. 
Defining molecular signature of pro-immunogenic 
radiotherapy targets in human prostate cancer cells. 
Radiat Res. 2014;182(2):139-148.

9. Ascierto PA, Grimaldi AM, Anderson AC, et al. Future 
perspectives in melanoma research: meeting report 
from the “Melanoma Bridge”, Napoli, December 
5th-8th 2013. J Transl Med. 2014;12:277.

10. Bass BP, Engel KB, Greytak SR, Moore HM. A review 
of preanalytical factors affecting molecular, pro-
tein, and morphological analysis of formalin-fixed, 
paraffin-embedded (FFPE) tissue: how well do you 
know your FFPE specimen? Arch Pathol Lab Med. 
2014;138(11):1520-1530.

11. Bhattacharyya S, Patel N, Wei L, et al. Synthesis and 
biological evaluation of panitumumab-IRDye800 conjugate 
as a fluorescence imaging probe for EGFR-expressing 
cancers. Medchemcomm. 2014;5(9):1337-1346.

12. Bible KC, Suman VJ, Molina JR, et al. A multicenter 
phase 2 trial of pazopanib in metastatic and progres-
sive medullary thyroid carcinoma: MC057H. J Clin 
Endocrinol Metab. 2014;99(5):1687-1693.

13. Biel NM, Lee JA, Sorg BS, Siemann DW. Limitations 
of the dorsal skinfold window chamber model in eval-
uating anti-angiogenic therapy during early phase of 
angiogenesis. Vasc Cell. 2014;6:17.

14. Borad MJ, Champion MD, Egan JB, et al. Integrated 
genomic characterization reveals novel, therapeutically 
relevant drug targets in FGFR and EGFR pathways in 
sporadic intrahepatic cholangiocarcinoma. PLoS Genet. 
2014;10(2):e1004135.

15. Burkeen J, Coleman CN, Daphtary M, Vikram B. The 
medical student perspective on global health care in 
radiation oncology: opportunities, barriers to sustain-
ability, and future directions. Int J Radiat Oncol Biol 
Phys. 2014;89(3):492-494.

16. Carvajal RD, Sosman JA, Quevedo JF, et al. Effect of 
selumetinib vs chemotherapy on progression-free sur-
vival in uveal melanoma: a randomized clinical trial. 
JAMA. 2014;311(23):2397-2405.

17. Castonguay V, Lheureux S, Welch S, et al. A phase II 
trial of sunitinib in women with metastatic or recur-
rent endometrial carcinoma: a study of the Princess 
Margaret, Chicago and California Consortia. Gynecol 
Oncol. 2014;134(2):274-280.

18. Chen HX, Rubinstein LV, Shankar LK, Abrams 
JS. Are we ready for the 10% solution? Oncologist. 
2014;19(5):439-440.

19. Clarke LP, Nordstrom RJ, Zhang H, et al. The 
Quantitative Imaging Network: NCI’s Historical 
Perspective and Planned Goals. Transl Oncol. 
2014;7(1):1-4.

20. Coleman CN, Formenti SC, Williams TR, et al. The 
international cancer expert corps: a unique approach 
for sustainable cancer care in low and lower-middle 
income countries. Front Oncol. 2014;4:333.

21. Coleman CN, Lawrence TS, Kirsch DG. Enhancing the 
efficacy of radiation therapy: premises, promises, and 
practicality. J Clin Oncol. 2014;32(26):2832-2835.

22. Coleman CN, Love RR. Transforming science, service, 
and society. Sci Transl Med. 2014;6(259):259fs242.

23. Coleman CN, many o. Bringing cancer care to the 
underserved globally: a challenging problem for which 
radiation oncology can pioneer novel solutions. Int J 
Radiat Oncol Biol Phys. 2014;89(3):443-445.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 197

24. Colen RR, Vangel M, Wang J, et al. Imaging genomic 
mapping of an invasive MRI phenotype predicts patient 
outcome and metabolic dysfunction: a TCGA glioma 
phenotype research group project. BMC Med Genomics. 
2014;7:30.

25. Conley BA, Doroshow JH. Molecular analysis 
for therapy choice: NCI MATCH. Semin Oncol. 
2014;41(3):297-299.

26. Cragg GM, Grothaus PG, Newman DJ. New 
horizons for old drugs and drug leads. J Nat Prod. 
2014;77(3):703-723.

27. Daphtary M, Agrawal S, Vikram B. Human resources 
for cancer control in uttar pradesh, India: a case study 
for low and middle income countries. Front Oncol. 
2014;4:237.

28. David KA, Unger FT, Uhlig P, et al. Surgical pro-
cedures and postsurgical tissue processing signifi-
cantly affect expression of genes and EGFR-pathway 
proteins in colorectal cancer tissue. Oncotarget. 
2014;5(22):11017-11028.

29. Day CP, Carter J, Weaver Ohler Z, et al. “Glowing 
head” mice: a genetic tool enabling reliable preclinical 
image-based evaluation of cancers in immunocompe-
tent allografts. PLoS One. 2014;9(11):e109956.

30. Deming DA, Ninan J, Bailey HH, et al. A Phase I study 
of intermittently dosed vorinostat in combination with 
bortezomib in patients with advanced solid tumors. 
Invest New Drugs. 2014;32(2):323-329.

31. Denlinger CS, Meropol NJ, Li T, et al. A phase II trial 
of the proteasome inhibitor bortezomib in patients with 
advanced biliary tract cancers. Clin Colorectal Cancer. 
2014;13(2):81-86.

32. Dickherber A, Sorg B, Divi R, Ganguly A, Ossandon M. 
Guest editorial: funding for innovative cancer-
relevant technology development. Lab Chip. 
2014;14(18):3445-3446.

33. Dinney CP, Hansel D, McConkey D, et al. Novel neo-
adjuvant therapy paradigms for bladder cancer: results 
from the National Cancer Center Institute Forum. Urol 
Oncol. 2014;32(8):1108-1115.

34. Eldridge S, Guo L, Mussio J, Furniss M, Hamre J, 3rd, 
Davis M. Examining the protective role of ErbB2 mod-
ulation in human-induced pluripotent stem cell-de-
rived cardiomyocytes. Toxicol Sci. 2014;141(2):547-559.

35. Eldridge SR, Covey J, Morris J, et al. Characterization 
of acute biliary hyperplasia in Fisher 344 rats admin-
istered the indole-3-carbinol analog, NSC-743380. 
Toxicol Appl Pharmacol. 2014;281(3):303-309.

36. Elkins P, Coleman D, Burgess J, et al. Characterization 
of the isomeric configuration and impurities of 
(Z)-endoxifen by 2D NMR, high resolution LCMS, 
and quantitative HPLC analysis. J Pharm Biomed Anal. 
2014;88:174-179.

37. Engel KB, Vaught J, Moore HM. National Cancer 
Institute Biospecimen Evidence-Based Practices: a 
novel approach to pre-analytical standardization. 
Biopreserv Biobank. 2014;12(2):148-150.

38. Fahey F, Zukotynski K, Capala J, Knight N, Organizing 
Committee C, Participants of NCISJWoTRT. Targeted 
radionuclide therapy: proceedings of a joint workshop 
hosted by the National Cancer Institute and the Society 
of Nuclear Medicine and Molecular Imaging. J Nucl 
Med. 2014;55(2):337-348.

39. Feldinger K, Generali D, Kramer-Marek G, et al. 
ADAM10 mediates trastuzumab resistance and is cor-
related with survival in HER2 positive breast cancer. 
Oncotarget. 2014;5(16):6633-6646.

40. Figg WD, Monga M, Headlee D, et al. A phase I and 
pharmacokinetic study of oral perifosine with different 
loading schedules in patients with refractory neo-
plasms. Cancer Chemother Pharmacol. 2014;74(5):955-
967.

41. Fouladi M, Perentesis JP, Phillips CL, et al. A phase I 
trial of MK-2206 in children with refractory malignan-
cies: a Children’s Oncology Group study. Pediatr Blood 
Cancer. 2014;61(7):1246-1251.

42. Gardner LA, Klawitter J, Gregory MA, et al. Inhibition 
of calcineurin combined with dasatinib has direct and 
indirect anti-leukemia effects against BCR-ABL1(+) 
leukemia. Am J Hematol. 2014;89(9):896-903.

43. Hall JA, Salgado R, Lively T, Sweep F, Schuh A. 
A risk-management approach for effective integration 
of biomarkers in clinical trials: perspectives of an NCI, 
NCRI, and EORTC working group. Lancet Oncol. 
2014;15(4):e184-193.

44. Hassan R, Sharon E, Thomas A, et al. Phase 1 study 
of the antimesothelin immunotoxin SS1P in combi-
nation with pemetrexed and cisplatin for front-line 
therapy of pleural mesothelioma and correlation of 
tumor response with serum mesothelin, megakaryocyte 
potentiating factor, and cancer antigen 125. Cancer. 
2014;120(21):3311-3319.

45. Hassig CA, Zeng FY, Kung P, et al. Ultra-High-
Throughput Screening of Natural Product Extracts 
to Identify Proapoptotic Inhibitors of Bcl-2 Family 
Proteins. J Biomol Screen. 2014;19(8):1201-1211.



DCTD PROGRAMS AND INITIATIVES (2013-2017)198

46. Holkova B, Kmieciak M, Perkins EB, et al. Phase I 
trial of bortezomib (PS-341; NSC 681239) and “non-
hybrid” (bolus) infusion schedule of alvocidib (flavo-
piridol; NSC 649890) in patients with recurrent or 
refractory indolent B-cell neoplasms. Clin Cancer Res. 
2014;20(22):5652-5662.

47. Hollingshead MG, Stockwin LH, Alcoser SY, et al. 
Gene expression profiling of 49 human tumor xeno-
grafts from in vitro culture through multiple in vivo 
passages--strategies for data mining in support of ther-
apeutic studies. BMC Genomics. 2014;15:393.

48. Hong DS, Garrido-Laguna I, Ekmekcioglu S, et al. Dual 
inhibition of the vascular endothelial growth factor 
pathway: a phase 1 trial evaluating bevacizumab and 
AZD2171 (cediranib) in patients with advanced solid 
tumors. Cancer. 2014;120(14):2164-2173.

49. Horton TM, Perentesis JP, Gamis AS, et al. A Phase 2 
study of bortezomib combined with either idarubicin/
cytarabine or cytarabine/etoposide in children with 
relapsed, refractory or secondary acute myeloid leu-
kemia: a report from the Children’s Oncology Group. 
Pediatr Blood Cancer. 2014;61(10):1754-1760.

50. Hyman DM, Eaton AA, Gounder MM, Ivy SP, Iasonos 
A, Spriggs DR. Reply to M. Voskoboynik et al. J Clin 
Oncol. 2014;32(28):3199-3200.

51. Hyman DM, Eaton AA, Gounder MM, et al. 
Nomogram to predict cycle-one serious drug-relat-
ed toxicity in phase I oncology trials. J Clin Oncol. 
2014;32(6):519-526.

52. Ionan AC, Polley MY, McShane LM, Dobbin KK. 
Comparison of confidence interval methods for an 
intra-class correlation coefficient (ICC). BMC Med Res 
Methodol. 2014;14:121.

53. Issaq SH, Teicher BA, Monks A. Bioenergetic proper-
ties of human sarcoma cells help define sensitivity to 
metabolic inhibitors. Cell Cycle. 2014;13(7):1152-1161.

54. Jacobs P, Rieves D. Bringing an imaging product into 
the clinic. In: Nordstrom RJ, ed. Translational Research 
in Biophotonics: Four National Cancer Institute Case 
Studies. Bellingham, WA: SPIE Press; 2014:67-81.

55. Jain N, Curran E, Iyengar NM, et al. Phase II study of 
the oral MEK inhibitor selumetinib in advanced acute 
myelogenous leukemia: a University of Chicago phase II 
consortium trial. Clin Cancer Res. 2014;20(2):490-498.

56. Jain R, Poisson LM, Gutman D, et al. Outcome pre-
diction in patients with glioblastoma by using imag-
ing, clinical, and genomic biomarkers: focus on the 
nonenhancing component of the tumor. Radiology. 
2014;272(2):484-493.

57. Jarow J, Kluetz PG, Lerner SP, et al. Reply by the 
authors. Urology. 2014;84(2):495-496.

58. Jarow JP, Lerner SP, Kluetz PG, et al. Clinical trial design 
for the development of new therapies for nonmus-
cle-invasive bladder cancer: report of a Food and Drug 
Administration and American Urological Association 
public workshop. Urology. 2014;83(2):262-264.

59. Jeong W, Park SR, Rapisarda A, et al. Weekly EZN-
2208 (PEGylated SN-38) in combination with bevaci-
zumab in patients with refractory solid tumors. Invest 
New Drugs. 2014;32(2):340-346.

60. Kalpathy-Cramer J, Freymann JB, Kirby JS, Kinahan 
PE, Prior FW. Quantitative Imaging Network: Data 
Sharing and Competitive AlgorithmValidation 
Leveraging The Cancer Imaging Archive. Transl Oncol. 
2014;7(1):147-152.

61. Kanagavelu S, Gupta S, Wu X, et al. In vivo effects of 
lattice radiation therapy on local and distant lung can-
cer: potential role of immunomodulation. Radiat Res. 
2014;182(2):149-162.

62. Karovic S, Wen Y, Karrison TG, et al. Sorafenib dose 
escalation is not uniformly associated with blood pres-
sure elevations in normotensive patients with advanced 
malignancies. Clin Pharmacol Ther. 2014;96(1):27-35.

63. Khanna C, Fan TM, Gorlick R, et al. Toward a drug 
development path that targets metastatic progression in 
osteosarcoma. Clin Cancer Res. 2014;20(16):4200-4209.

64. Kim EJ, Sahai V, Abel EV, et al. Pilot clinical trial of 
hedgehog pathway inhibitor GDC-0449 (vismodegib) 
in combination with gemcitabine in patients with met-
astatic pancreatic adenocarcinoma. Clin Cancer Res. 
2014;20(23):5937-5945.

65. Kim KY, McShane LM, Conley BA. Designing bio-
marker studies for head and neck cancer. Head Neck. 
2014;36(7):1069-1075.

66. Kinders R, Ferry-Galow K, Wang L, Srivastava AK, 
Ji JJ, Parchment RE. Implementation of validated 
pharmacodynamic assays in multiple laboratories: 
challenges, successes, and limitations. Clin Cancer Res. 
2014;20(10):2578-2586.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 199

67. Klisovic RB, Blum W, Liu Z, et al. Phase I study 
of GTI-2040, a ribonucleotide reductase antisense, 
with high dose cytarabine in patients with relapsed/
refractory acute myeloid leukemia. Leuk Lymphoma. 
2014;55(6):1332-1336.

68. Koczywas M, Frankel PH, Synold TW, et al. Phase I 
study of the halichondrin B analogue eribulin mesylate 
in combination with cisplatin in advanced solid 
tumors. Br J Cancer. 2014;111(12):2268-2274.

69. Koerner JF, Coleman CN, Murrain-Hill P, FitzGerald 
DJ, Sullivan JM. The medical decision model and deci-
sion maker tools for management of radiological and 
nuclear incidents. Health Phys. 2014;106(6):645-651.

70. Konopleva MY, Walter RB, Faderl SH, et al. Preclinical 
and early clinical evaluation of the oral AKT inhibitor, 
MK-2206, for the treatment of acute myelogenous leu-
kemia. Clin Cancer Res. 2014;20(8):2226-2235.

71. Kunos CA. Novel biological radiochemotherapy 
approaches in locally advanced-stage cervical cancer 
management. Discov Med. 2014;17(94):179-186.

72. Kunos CA, Abdallah RR, Lyons JA. Hydration during 
breast radiotherapy may lower skin toxicity. Breast J. 
2014;20(6):679-681.

73. Kunos CA, Sherertz TM. Long-Term Disease Control 
with Triapine-Based Radiochemotherapy for Patients 
with Stage IB2-IIIB Cervical Cancer. Front Oncol. 
2014;4:184.

74. Lanza GM, Moonen C, Baker JR, Jr., et al. Assessing the  
barriers to image-guided drug delivery. Wiley Interdiscip  
Rev Nanomed Nanobiotechnol. 2014;6(1):1-14.

75. Laurie SA, Goss GD, Shepherd FA, et al. A phase II 
trial of saracatinib, an inhibitor of src kinases, in previ-
ously-treated advanced non-small-cell lung cancer: the 
princess margaret hospital phase II consortium. Clin 
Lung Cancer. 2014;15(1):52-57.

76. Lee JA, Biel NM, Kozikowski RT, Siemann DW, Sorg 
BS. In vivo spectral and fluorescence microscopy com-
parison of microvascular function after treatment with 
OXi4503, Sunitinib and their combination in Caki-2 
tumors. Biomed Opt Express. 2014;5(6):1965-1979.

77. Litiere S, de Vries EG, Seymour L, et al. The com-
ponents of progression as explanatory variables 
for overall survival in the Response Evaluation 
Criteria in Solid Tumours 1.1 database. Eur J Cancer. 
2014;50(10):1847-1853.

78. Liu JF, Barry WT, Birrer M, et al. Combination 
cediranib and olaparib versus olaparib alone for 
women with recurrent platinum-sensitive ovarian 
cancer: a randomised phase 2 study. Lancet Oncol. 
2014;15(11):1207-1214.

79. Liu M, Wang J, Wu X, et al. HPLC method develop-
ment, validation and impurity characterization for an 
antitumor Hsp90 inhibitor-PU-H71 (NSC 750424). J 
Pharm Biomed Anal. 2014;89:34-41.

80. Liu S, Miriyala S, Keaton MA, et al. Metabolic effects of 
acute thiamine depletion are reversed by rapamycin in 
breast and leukemia cells. PLoS One. 2014;9(1):e85702.

81. Liu X, Lorusso P, Mita M, et al. Incidence of mucositis 
in patients treated with temsirolimus-based regimens 
and correlation to treatment response. Oncologist. 
2014;19(4):426-428.

82. Liu Y, Litiere S, de Vries EG, et al. The role of response 
evaluation criteria in solid tumour in anticancer treat-
ment evaluation: results of a survey in the oncology 
community. Eur J Cancer. 2014;50(2):260-266.

83. Luo FR, Ding J, Chen HX, et al. Breakthrough cancer 
medicine and its impact on novel drug development 
in China: report of the US Chinese Anti-Cancer 
Association (USCACA) and Chinese Society of Clinical 
Oncology (CSCO) Joint Session at the 17th CSCO 
Annual Meeting. Chin J Cancer. 2014;33(12):620-624.

84. Mahalingam D, Malik L, Beeram M, et al. Phase II 
study evaluating the efficacy, safety, and pharmacody-
namic correlative study of dual antiangiogenic inhibi-
tion using bevacizumab in combination with sorafenib 
in patients with advanced malignant melanoma. Cancer 
Chemother Pharmacol. 2014;74(1):77-84.

85. Mattoo AR, Zhang J, Espinoza LA, Jessup JM. 
Inhibition of NANOG/NANOGP8 downregulates 
MCL-1 in colorectal cancer cells and enhances the 
therapeutic efficacy of BH3 mimetics. Clin Cancer Res. 
2014;20(21):5446-5455.

86. Mislmani M, Frasure H, Suppiah S, et al. Acute gas-
trointestinal toxicity after robotic stereotactic ablative 
radiotherapy for treatment of metastatic gynecological 
malignancies. Future Oncol. 2014;10(2):241-248.

87. Mittal K, Koon H, Elson P, et al. Dual VEGF/VEGFR 
inhibition in advanced solid malignancies: clinical 
effects and pharmacodynamic biomarkers. Cancer Biol 
Ther. 2014;15(8):975-981.



DCTD PROGRAMS AND INITIATIVES (2013-2017)200

88. Mohd Nafi SN, Generali D, Kramer-Marek G, et al. 
Nuclear HER4 mediates acquired resistance to trastu-
zumab and is associated with poor outcome in HER2 
positive breast cancer. Oncotarget. 2014;5(15):5934-
5949.

89. Molina JR, Foster NR, Reungwetwattana T, et al. A 
phase II trial of the Src-kinase inhibitor saracatinib 
after four cycles of chemotherapy for patients with 
extensive stage small cell lung cancer: NCCTG trial 
N-0621. Lung Cancer. 2014;85(2):245-250.

90. Moore HM. Moving toward biospecimen harmoniza-
tion with evidence-based practices. Biopreserv Biobank. 
2014;12(2):79-80.

91. Murai J, Huang SY, Renaud A, et al. Stereospecific 
PARP trapping by BMN 673 and comparison 
with olaparib and rucaparib. Mol Cancer Ther. 
2014;13(2):433-443.

92. Nafi S, Generali D, Kramer-Marek G, et al. Nuclear 
HER4 mediates acquired resistance to trastuzumab 
and is associated with poor outcome in HER2 positive 
breast cancer. Oncotarget. 2014.

93. Niedermeyer TH, Daily A, Swiatecka-Hagenbruch M, 
Moscow JA. Selectivity and potency of microcystin 
congeners against OATP1B1 and OATP1B3 expressing 
cancer cells. PLoS One. 2014;9(3):e91476.

94. Nordstrom R. Translational research and standard-
ization in optical imaging. Current Mol Imaging. 
2014;3:129-143.

95. Ocean AJ, Christos P, Sparano JA, et al. Phase II trial 
of bortezomib alone or in combination with irinote-
can in patients with adenocarcinoma of the gastro-
esophageal junction or stomach. Invest New Drugs. 
2014;32(3):542-548.

96. Ossandon MR, Phatak DS, Sorg BS, Kalpakis K. 
Forecasting new development of tumor areas using 
spatial and temporal distribution profiles of hemo-
globin saturation in a mouse model. J Med Imaging 
(Bellingham). 2014;1(1):014503.

97. Palayoor ST, John-Aryankalayil M, Makinde AY, 
Falduto MT, Magnuson SR, Coleman CN. Differential 
expression of stress and immune response pathway 
transcripts and miRNAs in normal human endothelial 
cells subjected to fractionated or single-dose radiation. 
Mol Cancer Res. 2014;12(7):1002-1015.

98. Paller CJ, Bradbury PA, Ivy SP, et al. Design of phase 
I combination trials: recommendations of the Clinical 
Trial Design Task Force of the NCI Investigational 
Drug Steering Committee. Clin Cancer Res. 
2014;20(16):4210-4217.

99. Palmisano A, Hoops S, Watson LT, Jones TC, Jr., 
Tyson JJ, Shaffer CA. Multistate Model Builder 
(MSMB): a flexible editor for compact biochemical 
models. BMC Syst Biol. 2014;8:42.

100. Paoletti X, Le Tourneau C, Verweij J, et al. Defining 
dose-limiting toxicity for phase 1 trials of molecularly 
targeted agents: results of a DLT-TARGETT interna-
tional survey. Eur J Cancer. 2014;50(12):2050-2056.

101. Park SR, Kinders RJ, Khin S, et al. Validation of a 
hypoxia-inducible factor-1 alpha specimen collection 
procedure and quantitative enzyme-linked immuno-
sorbent assay in solid tumor tissues. Anal Biochem. 
2014;459:1-11.

102. Parkinson DR, McCormack RT, Keating SM, et al. 
Evidence of clinical utility: an unmet need in molecular 
diagnostics for patients with cancer. Clin Cancer Res. 
2014;20(6):1428-1444.

103. Pathak R, Prasanna PG. Premature chromosome con-
densation in human resting peripheral blood lympho-
cytes without mitogen stimulation for chromosome 
aberration analysis using specific whole chromo-
some DNA hybridization probes. Methods Mol Biol. 
2014;1105:171-181.

104. Peterson LM, Kurland BF, Schubert EK, et al. A phase 
2 study of 16alpha-[18F]-fluoro-17beta-estradiol pos-
itron emission tomography (FES-PET) as a marker of 
hormone sensitivity in metastatic breast cancer (MBC). 
Mol Imaging Biol. 2014;16(3):431-440.

105. Philip PA, Chansky K, LeBlanc M, et al. Historical con-
trols for metastatic pancreatic cancer: benchmarks for 
planning and analyzing single-arm phase II trials. Clin 
Cancer Res. 2014;20(16):4176-4185.

106. Postel-Vinay S, Collette L, Paoletti X, et al. Towards 
new methods for the determination of dose limiting 
toxicities and the assessment of the recommended 
dose for further studies of molecularly targeted agents-
-dose-Limiting Toxicity and Toxicity Assessment 
Recommendation Group for Early Trials of Targeted 
therapies, an European Organisation for Research 
and Treatment of Cancer-led study. Eur J Cancer. 
2014;50(12):2040-2049.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 201

107. Prasanna A, Ahmed MM, Mohiuddin M, Coleman 
CN. Exploiting sensitization windows of opportunity 
in hyper and hypo-fractionated radiation therapy. J 
Thorac Dis. 2014;6(4):287-302.

108. Prasanna PG, Ahmed MM, Stone HB, Vikram B, 
Mehta MP, Coleman CN. Radiation-induced brain 
damage, impact of Michael Robbins’ work and the 
need for predictive biomarkers. Int J Radiat Biol. 
2014;90(9):742-752.

109. Richter S, Bedard PL, Chen EX, et al. A phase I study of 
the oral gamma secretase inhibitor R04929097 in com-
bination with gemcitabine in patients with advanced 
solid tumors (PHL-078/CTEP 8575). Invest New Drugs. 
2014;32(2):243-249.

110. Richter S, Seah JA, Pond GR, et al. Evaluation of sec-
ond-line and subsequent targeted therapies in metastat-
ic renal cell cancer (mRCC) patients treated with first-
line cediranib. Can Urol Assoc J. 2014;8(11-12):398-402.

111. Rosenblatt E, Abdel-Wahab M, El-Gantiry M, et al. 
Brachytherapy boost in loco-regionally advanced naso-
pharyngeal carcinoma: a prospective randomized trial 
of the International Atomic Energy Agency. Radiat 
Oncol. 2014;9:67.

112. Rubinson DA, Hochster HS, Ryan DP, et al. Multi-drug 
inhibition of the HER pathway in metastatic colorectal 
cancer: results of a phase I study of pertuzumab plus 
cetuximab in cetuximab-refractory patients. Invest New 
Drugs. 2014;32(1):113-122.

113. Rudek MA, Moore PC, Mitsuyasu RT, et al. A phase 
1/pharmacokinetic study of sunitinib in combination 
with highly active antiretroviral therapy in human 
immunodeficiency virus-positive patients with cancer: 
AIDS Malignancy Consortium trial AMC 061. Cancer. 
2014;120(8):1194-1202.

114. Rusu M, Bloch BN, Jaffe CC, et al. Prostatome: a com-
bined anatomical and disease based MRI atlas of the 
prostate. Med Phys. 2014;41(7):072301.

115. Salamoun J, Anderson S, Burnett JC, Gussio R, Wipf 
P. Synthesis of heterocyclic triads by Pd-catalyzed 
cross-couplings and evaluation of their cell-specific 
toxicity profile. Org Lett. 2014;16(7):2034-2037.

116. Satpathy M, Wang L, Zielinski R, et al. Active targeting  
using HER-2-affibody-conjugated nanoparticles enabled 
sensitive and specific imaging of orthotopic HER-2 
positive ovarian tumors. Small. 2014;10(3):544-555.

117. Schelman WR, Mohammed TA, Traynor AM, et al. A 
phase I study of AT-101 with cisplatin and etoposide in 
patients with advanced solid tumors with an expanded 
cohort in extensive-stage small cell lung cancer. Invest 
New Drugs. 2014;32(2):295-302.

118. Schwandt A, Harris PJ, Hunsberger S, et al. The role of 
age on dose-limiting toxicities in phase I dose-escala-
tion trials. Clin Cancer Res. 2014;20(18):4768-4775.

119. Schwandt A, von Gruenigen VE, Wenham RM, et 
al. Randomized phase II trial of sorafenib alone or in 
combination with carboplatin/paclitaxel in women 
with recurrent platinum sensitive epithelial ovarian, 
peritoneal, or fallopian tube cancer. Invest New Drugs. 
2014;32(4):729-738.

120. Schweikart KM, Eldridge SR, Safgren SL, et al. 
Comparative uterotrophic effects of endoxifen and 
tamoxifen in ovariectomized Sprague-Dawley rats. 
Toxicol Pathol. 2014;42(8):1188-1196.

121. Scott DW, Wright GW, Williams PM, et al. 
Determining cell-of-origin subtypes of diffuse 
large B-cell lymphoma using gene expression in 
formalin-fixed paraffin-embedded tissue. Blood. 
2014;123(8):1214-1217.

122. Sharon E, Polley MY, Bernstein MB, Ahmed M. 
Immunotherapy and radiation therapy: considerations 
for successfully combining radiation into the paradigm 
of immuno-oncology drug development. Radiat Res. 
2014;182(2):252-257.

123. Sharon E, Streicher H, Goncalves P, Chen HX. Immune 
checkpoint inhibitors in clinical trials. Chin J Cancer. 
2014;33(9):434-444.

124. Simeon-Dubach D, Moore HM. BIO comes into 
the cold to adopt BRISQ. Biopreserv Biobank. 
2014;12(4):223-224.

125. Spreafico A, Chi KN, Sridhar SS, et al. A randomized 
phase II study of cediranib alone versus cediranib in 
combination with dasatinib in docetaxel resistant, cas-
tration resistant prostate cancer patients. Invest New 
Drugs. 2014;32(5):1005-1016.

126. Takebe N, Nguyen D, Yang SX. Targeting notch signal-
ing pathway in cancer: clinical development advances 
and challenges. Pharmacol Ther. 2014;141(2):140-149.

127. Tandon P. The NTR: A format for translation. 
In: Nordstrom RJ, ed. Translational Research in 
Biophotonics. Four National Cancer Institute Case 
Studies. Bellingham, WA: SPIE Press; 2014:13-28.

128. Teicher BA. Targets in small cell lung cancer. Biochem 
Pharmacol. 2014;87(2):211-219.



DCTD PROGRAMS AND INITIATIVES (2013-2017)202

129. Teicher BA. Antibody drug conjugates. Curr Opin 
Oncol. 2014;26(5):476-483.

130. Thomas A, Rajan A, Szabo E, et al. A phase I/II trial of 
belinostat in combination with cisplatin, doxorubicin, 
and cyclophosphamide in thymic epithelial tumors: 
a clinical and translational study. Clin Cancer Res. 
2014;20(21):5392-5402.

131. Thottassery JV, Sambandam V, Allan PW, et al. 
Novel DNA methyltransferase-1 (DNMT1) depleting 
anticancer nucleosides, 4’-thio-2’-deoxycytidine and 
5-aza-4’-thio-2’-deoxycytidine. Cancer Chemother 
Pharmacol. 2014;74(2):291-302.

132. Ujhazy P, Hruszkewycz A, Hecht TT. Specialized 
Programs of Research Excellence (SPOREs). In: 
Srivastava R, Maksymowicz W, Lopaczynski W, eds. 
Lost in Translation: World Scientific Publishing; 
2014:155-179.

133. Vaught J, Abayomi A, Peakman T, Watson P, Matzke 
L, Moore H. Critical issues in international biobanking. 
Clin Chem. 2014;60(11):1368-1374.

134. Viswanathan AN, Erickson B, Gaffney DK, et al. 
Comparison and consensus guidelines for delinea-
tion of clinical target volume for CT- and MR-based 
brachytherapy in locally advanced cervical cancer. Int J 
Radiat Oncol Biol Phys. 2014;90(2):320-328.

135. Wattenberg MM, Fahim A, Ahmed MM, Hodge JW. 
Unlocking the combination: potentiation of radia-
tion-induced antitumor responses with immunothera-
py. Radiat Res. 2014;182(2):126-138.

136. Weigel B, Malempati S, Reid JM, et al. Phase 2 trial 
of cixutumumab in children, adolescents, and young 
adults with refractory solid tumors: a report from the 
Children’s Oncology Group. Pediatr Blood Cancer. 
2014;61(3):452-456.

137. Wen PY, Chang SM, Lamborn KR, et al. Phase I/
II study of erlotinib and temsirolimus for patients 
with recurrent malignant gliomas: North American 
Brain Tumor Consortium trial 04-02. Neuro Oncol. 
2014;16(4):567-578.

138. Wong P, Houghton P, Kirsch DG, et al. Combining 
targeted agents with modern radiotherapy in soft tissue 
sarcomas. J Natl Cancer Inst. 2014;106(11).

139. Wong RS, Vikram B, Govern FS, et al. National Cancer 
Institute’s Cancer Disparities Research Partnership 
Program: Experience and Lessons Learned. Front 
Oncol. 2014;4:303.

140. Yan L, Chen HX. Cancer immunotherapy. Chin J 
Cancer. 2014;33(9):413-415.

141. Yee KW, Storring JM, Buckstein R, et al. Sunitinib 
malate in patients with intermediate-2 or high-risk 
myelodysplastic syndrome or chronic myelomonocytic 
leukemia. Leuk Lymphoma. 2014;55(11):2669-2671.

142. Yoo SS, Jorgensen TJ, Kennedy AR, et al. Mitigating 
the risk of radiation-induced cancers: limitations 
and paradigms in drug development. J Radiol Prot. 
2014;34(2):R25-52.

143. Zeidner JF, Karp JE, Blackford AL, et al. A phase 
II trial of sequential ribonucleotide reductase inhi-
bition in aggressive myeloproliferative neoplasms. 
Haematologica. 2014;99(4):672-678.

144. Zhang H. The potential of hyperpolarized (13)C MRI 
in assessing signaling pathways in cancer. Acad Radiol. 
2014;21(2):215-222.

145. Zhang X, Fang Y, Zhao Y, Zheng W. Mathematical 
modeling the pathway of human breast cancer. Math 
Biosci. 2014;253:25-29.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 203

2015
1. Ahn DH, Li J, Wei L, et al. Results of an abbreviat-

ed phase-II study with the Akt Inhibitor MK-2206 
in Patients with Advanced Biliary Cancer. Sci Rep. 
2015;5:12122.

2. An MW, Dong X, Meyers J, et al. Evaluating 
Continuous Tumor Measurement-Based Metrics as 
Phase II Endpoints for Predicting Overall Survival. J 
Natl Cancer Inst. 2015;107(11).

3. Appleman LJ, Balasubramaniam S, Parise RA, et al. A 
phase i study of DMS612, a novel bifunctional alkylat-
ing agent. Clin Cancer Res. 2015;21(4):721-729.

4. Armato SG, 3rd, Hadjiiski L, Tourassi GD, et al. 
LUNGx Challenge for computerized lung nodule classi-
fication: reflections and lessons learned. J Med Imaging 
(Bellingham). 2015;2(2):020103.

5. Ascierto ML, Bozzano F, Bedognetti D, et al. Inherent 
transcriptional signatures of NK cells are associat-
ed with response to IFNalpha + rivabirin therapy 
in patients with Hepatitis C Virus. J Transl Med. 
2015;13:77.

6. Ascierto PA, Atkins M, Bifulco C, et al. Future perspec-
tives in melanoma research: meeting report from the 
“Melanoma Bridge”: Napoli, December 3rd-6th 2014. J 
Transl Med. 2015;13:374.

7. Atun R, Jaffray DA, Barton MB, et al. Expanding 
global access to radiotherapy. Lancet Oncol. 
2015;16(10):1153-1186.

8. Baird K, Comis LE, Joe GO, et al. Imatinib mesylate 
for the treatment of steroid-refractory sclerotic-type 
cutaneous chronic graft-versus-host disease. Biol Blood 
Marrow Transplant. 2015;21(6):1083-1090.

9. Bates SE, Eisch R, Ling A, et al. Romidepsin in periph-
eral and cutaneous T-cell lymphoma: mechanistic 
implications from clinical and correlative data. Br J 
Haematol. 2015;170(1):96-109.

10. Bates SE, Robey RW, Piekarz RL. CCR 20th 
Anniversary Commentary: Expanding the 
Epigenetic Therapeutic Portfolio. Clin Cancer Res. 
2015;21(10):2195-2197.

11. Brohl AS, Stinson JR, Su HC, et al. Germline CARD11 
Mutation in a Patient with Severe Congenital B Cell 
Lymphocytosis. J Clin Immunol. 2015;35(1):32-46.

12. Brown AM, Lindenberg ML, Sankineni S, et al. 
Does focal incidental 18F-FDG PET/CT uptake in 
the prostate have significance? Abdom Imaging. 
2015;40(8):3222-3229.

13. Brown JR, Tesar B, Yu L, et al. Obatoclax in combina-
tion with fludarabine and rituximab is well-tolerated 
and shows promising clinical activity in relapsed 
chronic lymphocytic leukemia. Leuk Lymphoma. 
2015;56(12):3336-3342.

14. Buch KA, Qureshi MM, Carpentier B, et al. 
Surveillance of probably benign (BI-RADS 3) lesions in 
mammography: what is the right follow-up protocol? 
Breast J. 2015;21(2):168-174.

15. Busaidy NL, LoRusso P, Lawhorn K, et al. The 
Prevalence and Impact of Hyperglycemia and 
Hyperlipidemia in Patients With Advanced 
Cancer Receiving Combination Treatment With 
the Mammalian Target of Rapamycin Inhibitor 
Temsirolimus and Insulin Growth Factor-
Receptor Antibody Cixutumumab. Oncologist. 
2015;20(7):737-741.

16. Cancer Cell Line Encyclopedia C, Genomics of Drug 
Sensitivity in Cancer C. Pharmacogenomic agree-
ment between two cancer cell line data sets. Nature. 
2015;528(7580):84-87.

17. Capala J, Goetsch SJ, Orton CG. Point/Counterpoint. 
Medical use of all high activity sources should 
be eliminated for security concerns. Med Phys. 
2015;42(12):6773-6775.

18. Carithers LJ, Ardlie K, Barcus M, et al. A Novel 
Approach to High-Quality Postmortem Tissue 
Procurement: The GTEx Project. Biopreserv Biobank. 
2015;13(5):311-319.

19. Carithers LJ, Moore HM. The Genotype-Tissue 
Expression (GTEx) Project. Biopreserv Biobank. 
2015;13(5):307-308.

20. Carrick DM, Mehaffey MG, Sachs MC, et al. 
Robustness of Next Generation Sequencing on Older 
Formalin-Fixed Paraffin-Embedded Tissue. PLoS One. 
2015;10(7):e0127353.

21. Catenacci DV, Junttila MR, Karrison T, et al. 
Randomized Phase Ib/II Study of Gemcitabine Plus 
Placebo or Vismodegib, a Hedgehog Pathway Inhibitor, 
in Patients with Metastatic Pancreatic Cancer. J Clin 
Oncol. 2015;33(36):4284-4292.

22. Chen F, Wang S, Fang J. Spectral clustering of high-di-
mensional data via k-nearest neighbor based sparse 
representation coefficients. In: Huang D, Han K, 
eds. Advanced Intelligent Computing Theories and 
Applications. ICIC 2015. Lecture Notes in Computer 
Science. Vol 9227: Springer; 2015.



DCTD PROGRAMS AND INITIATIVES (2013-2017)204

23. Chen HX, Abrams JS. Genomic Profiling: Building a 
Continuum from Knowledge to Care. JAMA Oncol. 
2015;1(4):474-475.

24. Coleman CN, Chen SY. Nuclear and radiological secu-
rity and safety (program area committees 3 & 5)-ses-
sion Q&A. Health Phys. 2015;108(2):170-171.

25. Coleman CN, Minsky BD. The verdict is in: the time 
for effective solutions to the global cancer burden is 
now. Lancet Oncol. 2015;16(10):1146-1147.

26. Coleman CN, Sullivan JM, Bader JL, et al. Public health 
and medical preparedness for a nuclear detonation: 
the nuclear incident medical enterprise. Health Phys. 
2015;108(2):149-160.

27. Conley BA. Genomically guided cancer treatments: 
from “promising” to “clinically useful”. J Natl Cancer 
Inst. 2015;107(7).

28. Conlon KC, Lugli E, Welles HC, et al. Redistribution, 
hyperproliferation, activation of natural killer cells 
and CD8 T cells, and cytokine production during 
first-in-human clinical trial of recombinant human 
interleukin-15 in patients with cancer. J Clin Oncol. 
2015;33(1):74-82.

29. Consortium GT. Human genomics. The 
Genotype-Tissue Expression (GTEx) pilot analy-
sis: multitissue gene regulation in humans. Science. 
2015;348(6235):648-660.

30. Dasari A, Phan A, Gupta S, et al. Phase I study of 
the anti-IGF1R antibody cixutumumab with ever-
olimus and octreotide in advanced well-differenti-
ated neuroendocrine tumors. Endocr Relat Cancer. 
2015;22(3):431-441.

31. Davis M, Bunin DI, Samuelsson SJ, et al. 
Characterization of Batracylin-induced Renal 
and Bladder Toxicity in Rats. Toxicol Pathol. 
2015;43(4):519-529.

32. Davis M, Li J, Knight E, Eldridge SR, Daniels KK, 
Bushel PR. Toxicogenomics profiling of bone marrow 
from rats treated with topotecan in combination with 
oxaliplatin: a mechanistic strategy to inform combina-
tion toxicity. Front Genet. 2015;6:14.

33. Diaz-Padilla I, Wilson MK, Clarke BA, et al. A phase II 
study of single-agent RO4929097, a gamma-secretase 
inhibitor of Notch signaling, in patients with recurrent 
platinum-resistant epithelial ovarian cancer: A study of 
the Princess Margaret, Chicago and California phase II 
consortia. Gynecol Oncol. 2015;137(2):216-222.

34. Do K, Cao L, Kang Z, et al. A Phase II Study of 
Sorafenib Combined with Cetuximab in EGFR-
Expressing, KRAS-Mutated Metastatic Colorectal 
Cancer. Clin Colorectal Cancer. 2015;14(3):154-161.

35. Do K, Speranza G, Bishop R, et al. Biomarker-driven 
phase 2 study of MK-2206 and selumetinib (AZD6244, 
ARRY-142886) in patients with colorectal cancer. 
Invest New Drugs. 2015;33(3):720-728.

36. Do K, Wilsker D, Ji J, et al. Phase I Study of Single-
Agent AZD1775 (MK-1775), a Wee1 Kinase Inhibitor, 
in Patients with Refractory Solid Tumors. J Clin Oncol. 
2015;33(30):3409-3415.

37. Dynlacht JR, Zeman EM, Held KD, Deye J, Vikram 
B, Joiner MC. Education and Training Needs in the 
Radiation Sciences: Problems and Potential Solutions. 
Radiat Res. 2015;184(5):449-455.

38. Ellingson BM, Bendszus M, Boxerman J, et al. 
Consensus recommendations for a standardized Brain 
Tumor Imaging Protocol in clinical trials. Neuro Oncol. 
2015;17(9):1188-1198.

39. Enewold L, Harlan LC, Stevens JL, Sharon E. Thyroid 
cancer presentation and treatment in the United States. 
Ann Surg Oncol. 2015;22(6):1789-1797.

40. Esteva FJ, Miller KD, Teicher BA. What Can We 
Learn about Antibody-Drug Conjugates from the 
T-DM1 Experience? Am Soc Clin Oncol Educ Book. 
2015:e117-125.

41. Fahey F, Zukotynski K, Jadvar H, Capala J, organizing 
committee c, participants of the second NCISWoTRT. 
Proceedings of the Second NCI-SNMMI Workshop 
on Targeted Radionuclide Therapy. J Nucl Med. 
2015;56(7):1119-1129.

42. Fan SW, Fang XQ, Liu YJ, Yu HJ, Lu YJ, Liu C. 
Reliability and variability in the interpretation of lum-
bar high intensity zone. Acta Orthop Traumatol Turc. 
2015;49(6):606-613.

43. Feng Y, Kunos CA, Xu Y. Determination of triapine, a 
ribonucleotide reductase inhibitor, in human plasma 
by liquid chromatography tandem mass spectrometry. 
Biomed Chromatogr. 2015;29(9):1380-1387.

44. Fouladi M, Perentesis JP, Wagner LM, et al. A Phase 
I Study of Cixutumumab (IMC-A12) in Combination 
with Temsirolimus (CCI-779) in Children with 
Recurrent Solid Tumors: A Children’s Oncology 
Group Phase I Consortium Report. Clin Cancer Res. 
2015;21(7):1558-1565.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 205

45. Freidlin B, Little RF, Korn EL. Design Issues in 
Randomized Clinical Trials of Maintenance Therapies. 
J Natl Cancer Inst. 2015;107(11).

46. Freidlin B, Simon R. Adaptive clinical trial designs with 
biomarker development and validation. In: Matsui 
S, Buyse ME, Simon R, eds. Design and Analysis of 
Clinical Trial for Predictive Medicine. Boca Raton, FL: 
CRC; 2015.

47. Geisler BP, Raad RA, Esaian D, Sharon E, Schwartz DR. 
Apical ballooning and cardiomyopathy in a melanoma 
patient treated with ipilimumab: a case of takotsu-
bo-like syndrome. J Immunother Cancer. 2015;3:4.

48. Ghassemi P, Wang J, Melchiorri AJ, et al. Rapid 
prototyping of biomimetic vascular phantoms for 
hyperspectral reflectance imaging. J Biomed Opt. 
2015;20(12):121312.

49. Gonzalez-Angulo AM, Krop I, Akcakanat A, et al. 
SU2C phase Ib study of paclitaxel and MK-2206 in 
advanced solid tumors and metastatic breast cancer. J 
Natl Cancer Inst. 2015;107(3).

50. Gounder MM, Nayak L, Sahebjam S, et al. Evaluation 
of the Safety and Benefit of Phase I Oncology Trials 
for Patients with Primary CNS Tumors. J Clin Oncol. 
2015;33(28):3186-3192.

51. Grant KB, Agarwal HK, Shih JH, et al. Comparison of 
calculated and acquired high b value diffusion-weight-
ed imaging in prostate cancer. Abdom Imaging. 
2015;40(3):578-586.

52. Greytak SR, Engel KB, Bass BP, Moore HM. 
Accuracy of Molecular Data Generated with FFPE 
Biospecimens: Lessons from the Literature. Cancer Res. 
2015;75(8):1541-1547.

53. Group ICW, Sweeney C, Nakabayashi M, et al. The 
Development of Intermediate Clinical Endpoints in 
Cancer of the Prostate (ICECaP). J Natl Cancer Inst. 
2015;107(12):djv261.

54. Grover S, Balogun OD, Yamoah K, et al. Training 
global oncologists: addressing the global cancer control 
problem. Front Oncol. 2015;5:80.

55. Guidance Development Review C, Working Group 
for Clinical Studies of Cancer I, Working Group for 
Effector Cell T, et al. 2015 Guidance on cancer immu-
notherapy development in early-phase clinical studies. 
Cancer Sci. 2015;106(12):1761-1771.

56. Guo L, Eldridge S, Furniss M, Mussio J, Davis M. Use 
of Human Induced Pluripotent Stem Cell-Derived 
Cardiomyocytes (hiPSC-CMs) to Monitor Compound 
Effects on Cardiac Myocyte Signaling Pathways. Curr 
Protoc Chem Biol. 2015;7(3):141-185.

57. Hayslip J, Dressler EV, Weiss H, et al. Plasma 
TNF-alpha and Soluble TNF Receptor Levels after 
Doxorubicin with or without Co-Administration of 
Mesna-A Randomized, Cross-Over Clinical Study. 
PLoS One. 2015;10(4):e0124988.

58. Herbst RS, Gandara DR, Hirsch FR, et al. Lung 
Master Protocol (Lung-MAP)-A Biomarker-Driven 
Protocol for Accelerating Development of Therapies 
for Squamous Cell Lung Cancer: SWOG S1400. Clin 
Cancer Res. 2015;21(7):1514-1524.

59. Hirte H, Lheureux S, Fleming GF, et al. A phase 2 study 
of cediranib in recurrent or persistent ovarian, peri-
toneal or fallopian tube cancer: a trial of the Princess 
Margaret, Chicago and California Phase II Consortia. 
Gynecol Oncol. 2015;138(1):55-61.

60. How J, Minden MD, Brian L, et al. A phase I trial of 
two sequence-specific schedules of decitabine and vori-
nostat in patients with acute myeloid leukemia. Leuk 
Lymphoma. 2015;56(10):2793-2802.

61. Huang EP, Wang XF, Choudhury KR, et al. Meta-
analysis of the technical performance of an imaging 
procedure: guidelines and statistical methodology. Stat 
Methods Med Res. 2015;24(1):141-174.

62. Hyman DM, Eaton AA, Gounder MM, et al. Predictors 
of early treatment discontinuation in patients 
enrolled on Phase I oncology trials. Oncotarget. 
2015;6(22):19316-19327.

63. Ivy SP. The National Cancer Institute’s Experimental 
Therapeutics Clinical Trials Network. Clin Adv 
Hematol Oncol. 2015;13(3):144-146.

64. Jaffray DA, Knaul FM, Atun R, et al. Global Task Force 
on Radiotherapy for Cancer Control. Lancet Oncol. 
2015;16(10):1144-1146.

65. Janes H, Pepe MS, McShane LM, Sargent DJ, Heagerty 
PJ. The Fundamental Difficulty with Evaluating the 
Accuracy of Biomarkers for Guiding Treatment. J Natl 
Cancer Inst. 2015;107(8).

66. Jiang MS, Yang X, Esposito D, et al. Mammalian 
cell transient expression, non-affinity purifica-
tion, and characterization of human recombinant 
IGFBP7, an IGF-1 targeting therapeutic protein. Int 
Immunopharmacol. 2015;29(2):476-487.



DCTD PROGRAMS AND INITIATIVES (2013-2017)206

67. Keen JC, Moore HM. The Genotype-Tissue Expression 
(GTEx) Project: Linking Clinical Data with Molecular 
Analysis to Advance Personalized Medicine. J Pers 
Med. 2015;5(1):22-29.

68. Keeney JT, Miriyala S, Noel T, Moscow JA, St Clair 
DK, Butterfield DA. Superoxide induces protein oxida-
tion in plasma and TNF-alpha elevation in macrophage 
culture: Insights into mechanisms of neurotoxicity 
following doxorubicin chemotherapy. Cancer Lett. 
2015;367(2):157-161.

69. Kelloff G, Sigman CC. Strategies to meet precision 
medicine challenges in oncology - Genomics plus. DIA 
Global Forum. 2015;7:28-34.

70. Kelloff GJ, Sigman CC, Scher HI. Biomarker develop-
ment in the context of urologic cancers. Urol Oncol. 
2015;33(6):295-301.

71. Kim ES, Bernstein D, Hilsenbeck SG, et al. 
Modernizing Eligibility Criteria for Molecularly Driven 
Trials. J Clin Oncol. 2015;33(25):2815-2820.

72. Kirby J, Tarbox LR, Freymann J, Jaffe C, Prior F. 
TU-AB-BRA-O3: The Cancer Imaging Archive: 
Supporting radiomic and imaging genomic research 
with open-access data sets. Med Phys. 2015;42(6):3587.

73. Kolb EA, Sampson V, Stabley D, et al. A phase I 
trial and viral clearance study of reovirus (Reolysin) 
in children with relapsed or refractory extra-cra-
nial solid tumors: A Children’s Oncology Group 
Phase I Consortium report. Pediatr Blood Cancer. 
2015;62(5):751-758.

74. Korn EL, Dignam JJ, Freidlin B. Assessing treatment 
benefit with competing risks not affected by the ran-
domized treatment. Stat Med. 2015;34(2):265-280.

75. Korn EL, Freidlin B. Commentary on Hey and 
Kimmelman. Clin Trials. 2015;12(2):122-124.

76. Korn EL, Freidlin B. Evaluation of chemore-
sponse assays as predictive markers. Br J Cancer. 
2015;112(4):621-623.

77. Korn EL, Freidlin B. Response to comment on: ‘evalua-
tion of chemoresponse assays as predictive biomarkers’. 
Br J Cancer. 2015;112(12):1978.

78. Krauze AV, Myrehaug SD, Chang MG, et al. A 
Phase 2 Study of Concurrent Radiation Therapy, 
Temozolomide, and the Histone Deacetylase Inhibitor 
Valproic Acid for Patients with Glioblastoma. Int J 
Radiat Oncol Biol Phys. 2015;92(5):986-992.

79. Kummar S, Oza AM, Fleming GF, et al. Randomized 
Trial of Oral Cyclophosphamide and Veliparib in 
High-Grade Serous Ovarian, Primary Peritoneal, or 
Fallopian Tube Cancers, or BRCA-Mutant Ovarian 
Cancer. Clin Cancer Res. 2015;21(7):1574-1582.

80. Kummar S, Williams PM, Lih CJ, et al. Application of 
molecular profiling in clinical trials for advanced meta-
static cancers. J Natl Cancer Inst. 2015;107(4).

81. Kunos C. Vero stereotactic body radiation therapy. 
OMICS J Radiology. 2015;4:e131.

82. Kunos C, Deng W, Dawson D, et al. A phase I-II eval-
uation of veliparib (NSC #737664), topotecan, and 
filgrastim or pegfilgrastim in the treatment of persistent 
or recurrent carcinoma of the uterine cervix: an NRG 
Oncology/Gynecologic Oncology Group study. Int J 
Gynecol Cancer. 2015;25(3):484-492.

83. Kunos C, Shaffer H, Fabien J. Hybrid arc sterotactic 
ablative body radiation therapy for pelvic relapse of 
gynecologic malignancies. Obstet Gynecol Cases Rev. 
2015(2):2.1-2.4.

84. Kunos C, Shanahan JP. 2-[18F]Fluoro-2-deoxy-D-
glucose positron emission tomography definition of 
lung targets in vero stereotactic body radiation therapy 
workflow. J Nucl Med Radiat Ther. 2015;6:227.

85. Kunos CA, Fabien JM, Shanahan JP, et al. Dynamic 
Lung Tumor Tracking for Stereotactic Ablative Body 
Radiation Therapy. J Vis Exp. 2015(100):e52875.

86. Kunos CA, Olszewski S, Espinal E. Impact of nurse 
navigation on timeliness of diagnostic medical ser-
vices in patients with newly diagnosed lung cancer. J 
Community Support Oncol. 2015;13(6):219-224.

87. Kunos CA, Sherertz TM, Mislmani M, et al. Phase I 
Trial of Carboplatin and Gemcitabine Chemotherapy 
and Stereotactic Ablative Radiosurgery for the Palliative 
Treatment of Persistent or Recurrent Gynecologic 
Cancer. Front Oncol. 2015;5:126.

88. Lam CG, Furman WL, Wang C, et al. Phase I clinical 
trial of ifosfamide, oxaliplatin, and etoposide (IOE) in 
pediatric patients with refractory solid tumors. J Pediatr 
Hematol Oncol. 2015;37(1):e13-18.

89. Lee JA, Kozikowski RT, Sorg BS. In vivo microscopy 
of microvessel oxygenation and network connections. 
Microvasc Res. 2015;98:29-39.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 207

90. Lee JM, Trepel JB, Choyke P, et al. CECs and IL-8 
Have Prognostic and Predictive Utility in Patients 
with Recurrent Platinum-Sensitive Ovarian Cancer: 
Biomarker Correlates from the Randomized Phase-
2 Trial of Olaparib and Cediranib Compared with 
Olaparib in Recurrent Platinum-Sensitive Ovarian 
Cancer. Front Oncol. 2015;5:123.

91. Lheureux S, Oza AM, Laurie SA, et al. A phase I com-
bination dose-escalation study of eribulin mesylate and 
gemcitabine in patients with advanced solid tumours: 
a study of the Princess Margaret Consortium. Br J 
Cancer. 2015;113(11):1534-1540.

92. Li W, Hua B, Saud SM, et al. Berberine regulates 
AMP-activated protein kinase signaling pathways and 
inhibits colon tumorigenesis in mice. Mol Carcinog. 
2015;54(10):1096-1109.

93. Liu M, Wang J, Wu X, et al. Characterization, HPLC 
method development and impurity identification for 
3,4,3-LI(1,2-HOPO), a potent actinide chelator for 
radionuclide decorporation. J Pharm Biomed Anal. 
2015;102:443-449.

94. Liu Y, deSouza NM, Shankar LK, et al. A risk manage-
ment approach for imaging biomarker-driven clinical 
trials in oncology. Lancet Oncol. 2015;16(16):e622-628.

95. LoConte NK, Razak AR, Ivy P, et al. A multi-
center phase 1 study of gamma -secretase inhibi-
tor RO4929097 in combination with capecitabine 
in refractory solid tumors. Invest New Drugs. 
2015;33(1):169-176.

96. Lopez-Chavez A, Thomas A, Rajan A, et al. Molecular 
profiling and targeted therapy for advanced tho-
racic malignancies: a biomarker-derived, multiarm, 
multihistology phase II basket trial. J Clin Oncol. 
2015;33(9):1000-1007.

97. Luke JJ, Triozzi PL, McKenna KC, et al. Biology 
of advanced uveal melanoma and next steps for 
clinical therapeutics. Pigment Cell Melanoma Res. 
2015;28(2):135-147.

98. Mahar AL, Compton C, McShane LM, et al. Refining 
Prognosis in Lung Cancer: A Report on the Quality and 
Relevance of Clinical Prognostic Tools. J Thorac Oncol. 
2015;10(11):1576-1589.

99. Mansfield AS, Tafur AJ, Vulih D, Smith GL, Harris PJ, 
Ivy SP. Severe hepatic dysfunction is associated with 
venous thromboembolic events in phase 1 clinical tri-
als. Thromb Res. 2015;136(6):1169-1173.

100. McKee TC, Tricoli JV. Epigenetics of prostate cancer. 
Methods Mol Biol. 2015;1238:217-234.

101. McShane L, Hunsberger S. An Overview of Phase II 
Clinical Trial Designs with Biomarkers. In: Mastui, 
Buyse, Simon, eds. Design and Analysis of Clinical 
Trials for Predictive Medicine: Chapman and Hall/CRC; 
2015:71-87.

102. Menze BH, Jakab A, Bauer S, et al. The 
Multimodal Brain Tumor Image Segmentation 
Benchmark (BRATS). IEEE Trans Med Imaging. 
2015;34(10):1993-2024.

103. Miszczyk J, Rawojc K, Panek A, Swakon J, Prasanna 
PG, Rydygier M. Response of human lymphocytes 
to proton radiation of 60 MeV compared to 250 kV 
X-rays by the cytokinesis-block micronucleus assay. 
Radiother Oncol. 2015;115(1):128-134.

104. Moore SM, Maffitt DR, Smith KE, et al. 
De-identification of Medical Images with Retention 
of Scientific Research Value. Radiographics. 
2015;35(3):727-735.

105. Nguyen D, Rubinstein L, Takebe N, et al. Notch1 phe-
notype and clinical stage progression in non-small cell 
lung cancer. J Hematol Oncol. 2015;8:9.

106. Nicolasjilwan M, Hu Y, Yan C, et al. Addition of MR 
imaging features and genetic biomarkers strengthens 
glioblastoma survival prediction in TCGA patients. 
J Neuroradiol. 2015;42(4):212-221.

107. Obuchowski NA, Reeves AP, Huang EP, et al. 
Quantitative imaging biomarkers: a review of statistical 
methods for computer algorithm comparisons. Stat 
Methods Med Res. 2015;24(1):68-106.

108. Odeh H, Miranda L, Rao A, et al. The Biobank 
Economic Modeling Tool (BEMT): Online Financial 
Planning to Facilitate Biobank Sustainability. Biopreserv 
Biobank. 2015;13(6):421-429.

109. O’Donnell PH, Karovic S, Karrison TG, et al. Serum 
C-Telopeptide Collagen Crosslinks and Plasma Soluble 
VEGFR2 as Pharmacodynamic Biomarkers in a Trial 
of Sequentially Administered Sunitinib and Cilengitide. 
Clin Cancer Res. 2015;21(22):5092-5099.

110. Ojukwu M, Mbizo J, Leyva B, Olaku O, Zia F. 
Complementary and Alternative Medicine Use Among 
Overweight and Obese Cancer Survivors in the United 
States. Integr Cancer Ther. 2015;14(6):503-514.

111. Olaku OO, Ojukwu MO, Zia FZ, White JD. The Role 
of Grape Seed Extract in the Treatment of Chemo/
Radiotherapy Induced Toxicity: A Systematic Review of 
Preclinical Studies. Nutr Cancer. 2015;67(5):730-740.



DCTD PROGRAMS AND INITIATIVES (2013-2017)208

112. Olson AC, Coleman CN, Hahn SM, et al. A 
Roadmap for a New Academic Pathway for Global 
Radiation Oncology. Int J Radiat Oncol Biol Phys. 
2015;93(3):493-496.

113. Palmisano A, Hoops S, Watson LT, Jones TC, Jr., 
Tyson JJ, Shaffer CA. JigCell Run Manager (JC-RM): 
a tool for managing large sets of biochemical model 
parametrizations. BMC Syst Biol. 2015;9:95.

114. Petereit DG, Coleman CN. Editorial: “global challenges 
in radiation oncology”. Front Oncol. 2015;5:103.

115. Pierson E, Consortium GT, Koller D, et al. Sharing 
and Specificity of Co-expression Networks 
across 35 Human Tissues. PLoS Comput Biol. 
2015;11(5):e1004220.

116. Polley MY, Leung SC, Gao D, et al. An international 
study to increase concordance in Ki67 scoring. Mod 
Pathol. 2015;28(6):778-786.

117. Prasanna PG, Narayanan D, Hallett K, et al. 
Radioprotectors and Radiomitigators for Improving 
Radiation Therapy: The Small Business Innovation 
Research (SBIR) Gateway for Accelerating Clinical 
Translation. Radiat Res. 2015;184(3):235-248.

118. Ramakumar A, Subramanian U, Prasanna PG. High-
throughput sample processing and sample manage-
ment; the functional evolution of classical cytogenetic 
assay towards automation. Mutat Res Genet Toxicol 
Environ Mutagen. 2015;793:132-141.

119. Rao A, Net J, Brandt K, et al. Identification of associa-
tions between radiologist-annotated imaging features 
and genomic alterations in breast invasive carcinoma, 
a TCGA phenotype research group study. Med Phys. 
2015;42(6):3603-3604.

120. Raunig DL, McShane LM, Pennello G, et al. 
Quantitative imaging biomarkers: a review of statistical 
methods for technical performance assessment. Stat 
Methods Med Res. 2015;24(1):27-67.

121. Reeves A, Vinogradov SV, Morrissey P, Chernin M, 
Ahmed MM. Curcumin-encapsulating Nanogels as 
an Effective Anticancer Formulation for Intracellular 
Uptake. Mol Cell Pharmacol. 2015;7(3):25-40.

122. Reiss KA, Herman JM, Zahurak M, et al. A Phase I 
study of veliparib (ABT-888) in combination with low-
dose fractionated whole abdominal radiation therapy in 
patients with advanced solid malignancies and perito-
neal carcinomatosis. Clin Cancer Res. 2015;21(1):68-76.

123. Riddick G, Song H, Holbeck SL, et al. An in sili-
co screen links gene expression signatures to drug 
response in glioblastoma stem cells. Pharmacogenomics 
J. 2015;15(4):347-353.

124. Rivas MA, Pirinen M, Conrad DF, et al. Human 
genomics. Effect of predicted protein-truncating 
genetic variants on the human transcriptome. Science. 
2015;348(6235):666-669.

125. Robinson GW, Orr BA, Wu G, et al. Vismodegib Exerts 
Targeted Efficacy Against Recurrent Sonic Hedgehog-
Subgroup Medulloblastoma: Results from Phase II 
Pediatric Brain Tumor Consortium Studies PBTC-025B 
and PBTC-032. J Clin Oncol. 2015;33(24):2646-2654.

126. Rouleau C, Gianolio DA, Smale R, et al. Anti-
Endosialin Antibody-Drug Conjugate: Potential in 
Sarcoma and Other Malignancies. Mol Cancer Ther. 
2015;14(9):2081-2089.

127. Saeedipour S, Tai D, Fang J. ChemCom: A Software 
Program for Searching and Comparing Chemical 
Libraries. J Chem Inf Model. 2015;55(7):1292-1296.

128. Salmaninejad A, Estiar MA, Gill RK, et al. Expression 
Analysis of p16, c-Myc, and mSin3A in Non-small Cell 
Lung Cancer by Computer Aided Scoring and Analysis 
(CASA). Clin Lab. 2015;61(5-6):549-559.

129. Sborov DW, Haverkos BM, Harris PJ. Investigational 
cancer drugs targeting cell metabolism in clinical devel-
opment. Expert Opin Investig Drugs. 2015;24(1):79-94.

130. Schully SD, Carrick DM, Mechanic LE, et al. 
Leveraging biospecimen resources for discovery or 
validation of markers for early cancer detection. J Natl 
Cancer Inst. 2015;107(4).

131. Seymour L, Groshen S, Rosner GL, et al. Impact of 
the 2010 Consensus Recommendations of the Clinical 
Trial Design Task Force of the NCI Investigational 
Drug Steering Committee. Clin Cancer Res. 
2015;21(22):5057-5063.

132. Shih JH, Albert PS, Mendola P, Grantz KL. Modelling 
the type and timing of consecutive events: application 
to predicting preterm birth in repeated pregnancies. J R 
Stat Soc Ser C Appl Stat. 2015;64(5):711-730.

133. Shinagare AB, Vikram R, Jaffe C, et al. Radiogenomics 
of clear cell renal cell carcinoma: preliminary findings 
of The Cancer Genome Atlas-Renal Cell Carcinoma 
(TCGA-RCC) Imaging Research Group. Abdom 
Imaging. 2015;40(6):1684-1692.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 209

134. Siddiqui MM, Truong H, Rais-Bahrami S, et al. Clinical 
implications of a multiparametric magnetic resonance 
imaging based nomogram applied to prostate cancer 
active surveillance. J Urol. 2015;193(6):1943-1949.

135. Simon R. Sensitivity, Specificity, PPV, and NPV for 
Predictive Biomarkers. J Natl Cancer Inst. 2015;107(8).

136. Simon R. Genomic clinical trials. Wiley Statistics 
Reference Online. 2015.

137. Simon R. Personalized/precision medicine. Wiley 
Statistics Reference Online. 2015.

138. Simon R, Blumenthal GM, Rothenberg ML, et al. The 
role of nonrandomized trials in the evaluation of oncol-
ogy drugs. Clin Pharmacol Ther. 2015;97(5):502-507.

139. Siu LL, Conley BA, Boerner S, LoRusso PM. Next-
Generation Sequencing to Guide Clinical Trials. Clin 
Cancer Res. 2015;21(20):4536-4544.

140. Sonkin D. Expression signature based on TP53 target 
genes doesn’t predict response to TP53-MDM2 inhibi-
tor in wild type TP53 tumors. eLife. 2015;4:e10279.

141. Sridhar SS, Joshua AM, Gregg R, et al. A phase II study 
of GW786034 (pazopanib) with or without bicalut-
amide in patients with castration-resistant prostate 
cancer. Clin Genitourin Cancer. 2015;13(2):124-129.

142. Steplewski Z, Thurin M, Kieber-Emmons T. 
Antibodies: At The Nexus of Antigens and Cancer 
Vaccines. J Infect Dis. 2015;212 Suppl 1:S59-66.

143. Sullivan DC, Obuchowski NA, Kessler LG, et al. 
Metrology Standards for Quantitative Imaging 
Biomarkers. Radiology. 2015;277(3):813-825.

144. Takebe N, McShane L, Conley B. Biomarkers: excep-
tional responders-discovering predictive biomarkers. 
Nat Rev Clin Oncol. 2015;12(3):132-134.

145. Takebe N, Miele L, Harris PJ, et al. Targeting Notch, 
Hedgehog, and Wnt pathways in cancer stem cells: 
clinical update. Nat Rev Clin Oncol. 2015;12(8):445-464.

146. Teicher BA, Anderson KC. CCR 20th anniversary 
commentary: In the beginning, there was PS-341. Clin 
Cancer Res. 2015;21(5):939-941.

147. Teicher BA, Polley E, Kunkel M, et al. Sarcoma Cell 
Line Screen of Oncology Drugs and Investigational 
Agents Identifies Patterns Associated with Gene 
and microRNA Expression. Mol Cancer Ther. 
2015;14(11):2452-2462.

148. Teicher BA, Tomaszewski JE. Proteasome inhibitors. 
Biochem Pharmacol. 2015;96(1):1-9.

149. Tolaney SM, Tan S, Guo H, et al. Phase II study 
of tivantinib (ARQ 197) in patients with metastat-
ic triple-negative breast cancer. Invest New Drugs. 
2015;33(5):1108-1114.

150. Turkbey B, Agarwal HK, Shih J, et al. A Phase I Dosing 
Study of Ferumoxytol for MR Lymphography at 3 T in 
Patients with Prostate Cancer. AJR Am J Roentgenol. 
2015;205(1):64-69.

151. Wagner LM, Fouladi M, Ahmed A, et al. Phase II 
study of cixutumumab in combination with temsi-
rolimus in pediatric patients and young adults with 
recurrent or refractory sarcoma: a report from the 
Children’s Oncology Group. Pediatr Blood Cancer. 
2015;62(3):440-444.

152. Walton Diaz A, Shakir NA, George AK, et al. Use of 
serial multiparametric magnetic resonance imaging 
in the management of patients with prostate cancer 
on active surveillance. Urol Oncol. 2015;33(5):202 
e201-207.

153. Wang S, Chen F, Fang J. Spectral clustering of high-di-
mensional data via nonnegative matrix factorization. 
International Joint Conference on Neural Networks. 
2015.

154. Wangaryattawanich P, Hatami M, Wang J, et al. 
Multicenter imaging outcomes study of The Cancer 
Genome Atlas glioblastoma patient cohort: imaging 
predictors of overall and progression-free survival. 
Neuro Oncol. 2015;17(11):1525-1537.

155. Wilky BA, Rudek MA, Ahmed S, et al. A phase I trial of 
vertical inhibition of IGF signalling using cixutumum-
ab, an anti-IGF-1R antibody, and selumetinib, an MEK 
1/2 inhibitor, in advanced solid tumours. Br J Cancer. 
2015;112(1):24-31.

156. Yang J, Huang T, Petralia F, et al. Synchronized age-re-
lated gene expression changes across multiple tissues 
in human and the link to complex diseases. Sci Rep. 
2015;5:15145.

157. Zeidner JF, Foster MC, Blackford AL, et al. 
Randomized multicenter phase II study of flavopiridol 
(alvocidib), cytarabine, and mitoxantrone (FLAM) 
versus cytarabine/daunorubicin (7+3) in newly 
diagnosed acute myeloid leukemia. Haematologica. 
2015;100(9):1172-1179.

158. Zhao Y, Polley EC, Li MC, et al. GeneMed: An 
Informatics Hub for the Coordination of Next-
Generation Sequencing Studies that Support Precision 
Oncology Clinical Trials. Cancer Inform. 2015;14(Suppl 
2):45-55.



DCTD PROGRAMS AND INITIATIVES (2013-2017)210

2016
1. Apolo AB, Lindenberg L, Shih JH, et al. Prospective 

Study Evaluating Na18F PET/CT in Predicting Clinical 
Outcomes and Survival in Advanced Prostate Cancer. J 
Nucl Med. 2016;57(6):886-892.

2. Belani CP, Dahlberg SE, Rudin CM, et al. Vismodegib 
or cixutumumab in combination with standard chemo-
therapy for patients with extensive-stage small cell lung 
cancer: A trial of the ECOG-ACRIN Cancer Research 
Group (E1508). Cancer. 2016;122(15):2371-2378.

3. Benedict SH, Hoffman K, Martel MK, et al. Overview 
of the American Society for Radiation Oncology-
National Institutes of Health-American Association 
of Physicists in Medicine Workshop 2015: Exploring 
Opportunities for Radiation Oncology in the Era of Big 
Data. Int J Radiat Oncol Biol Phys. 2016;95(3):873-879.

4. Beumer JH, Ding F, Tawbi H, et al. Effect of Renal 
Dysfunction on Toxicity in Three Decades of Cancer 
Therapy Evaluation Program-Sponsored Single-Agent 
Phase I Studies. J Clin Oncol. 2016;34(2):110-116.

5. Bouaoun L, Sonkin D, Ardin M, et al. TP53 Variations 
in Human Cancers: New Lessons from the IARC 
TP53 Database and Genomics Data. Hum Mutat. 
2016;37(9):865-876.

6. Bunn PA, Jr., Minna JD, Augustyn A, et al. Small 
Cell Lung Cancer: Can Recent Advances in Biology 
and Molecular Biology Be Translated into Improved 
Outcomes? J Thorac Oncol. 2016;11(4):453-474.

7. Burnside ES, Drukker K, Li H, et al. Using comput-
er-extracted image phenotypes from tumors on breast 
magnetic resonance imaging to predict breast cancer 
pathologic stage. Cancer. 2016;122(5):748-757.

8. Carter CA, Rajan A, Keen C, et al. Selumetinib with 
and without erlotinib in KRAS mutant and KRAS wild-
type advanced nonsmall-cell lung cancer. Ann Oncol. 
2016;27(4):693-699.

9. Chang LC, Das B, Lih CJ, et al. RefCNV: Identification 
of Gene-Based Copy Number Variants Using Whole 
Exome Sequencing. Cancer Inform. 2016;15:65-71.

10. Chang LC, Li B, Fang Z, et al. A computational method 
for genotype calling in family-based sequencing data. 
BMC Bioinformatics. 2016;17:37.

11. Chen KY, Cypess AM, Laughlin MR, et al. Brown 
Adipose Reporting Criteria in Imaging STudies 
(BARCIST 1.0): Recommendations for Standardized 
FDG-PET/CT Experiments in Humans. Cell Metab. 
2016;24(2):210-222.

12. Chiu JW, Hotte SJ, Kollmannsberger CK, et al. A 
phase I trial of ANG1/2-Tie2 inhibitor trebaninib 
(AMG386) and temsirolimus in advanced solid tumors 
(PJC008/NCImusical sharp9041). Invest New Drugs. 
2016;34(1):104-111.

13. Coleman CN, Higgins GS, Brown JM, et al. Improving 
the Predictive Value of Preclinical Studies in Support 
of Radiotherapy Clinical Trials. Clin Cancer Res. 
2016;22(13):3138-3147.

14. Deming DA, Cavalcante LL, Lubner SJ, et al. A phase 
I study of selumetinib (AZD6244/ARRY-142866), a 
MEK1/2 inhibitor, in combination with cetuximab in 
refractory solid tumors and KRAS mutant colorectal 
cancer. Invest New Drugs. 2016;34(2):168-175.

15. Drilon A, Eaton AA, Schindler K, et al. Beyond 
the dose-limiting toxicity period: Dermatologic 
adverse events of patients on phase 1 trials of the 
Cancer Therapeutics Evaluation Program. Cancer. 
2016;122(8):1228-1237.

16. Eaton A, Iasonos A, Gounder MM, et al. Toxicity 
Attribution in Phase I Trials: Evaluating the Effect 
of Dose on the Frequency of Related and Unrelated 
Toxicities. Clin Cancer Res. 2016;22(3):553-559.

17. Eke I, Makinde AY, Aryankalayil MJ, Ahmed MM, 
Coleman CN. Comprehensive molecular tumor pro-
filing in radiation oncology: How it could be used for 
precision medicine. Cancer Lett. 2016;382(1):118-126.

18. Elbuluk O, Muradyan N, Shih J, et al. Differentiating 
Transition Zone Cancers from Benign Prostatic 
Hyperplasia by Quantitative Multiparametric Magnetic 
Resonance Imaging. J Comput Assist Tomogr. 
2016;40(2):218-224.

19. Elkins JM, Fedele V, Szklarz M, et al. Comprehensive 
characterization of the Published Kinase Inhibitor Set. 
Nat Biotechnol. 2016;34(1):95-103.

20. Farahani K, Kalpathy-Cramer J, Chenevert TL, et 
al. Computational Challenges and Collaborative 
Projects in the NCI Quantitative Imaging Network. 
Tomography. 2016;2(4):242-249.

21. Ferry-Galow KV, Ji J, Kinders RJ, et al. 
Pharmacodynamic analyses in a multi-laboratory net-
work: lessons from the poly(ADP-ribose) assay. Semin 
Oncol. 2016;43(4):492-500.

22. Ferry-Galow KV, Makhlouf HR, Wilsker DF, et al. The 
root causes of pharmacodynamic assay failure. Semin 
Oncol. 2016;43(4):484-491.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 211

23. FitzGerald TJ, Bishop-Jodoin M, Followill DS, et 
al. Imaging and Data Acquisition in Clinical Trials 
for Radiation Therapy. Int J Radiat Oncol Biol Phys. 
2016;94(2):404-411.

24. Freidlin B, Korn E. Ethics of outcome adaptive ran-
domization. Wiley Statistics Reference Online. 2016.

25. Freidlin B, Korn EL. RE: Impact of a Biomarker-Based 
Strategy on Oncology Drug Development: A Meta-
analysis of Clinical Trials Leading to FDA Approval. J 
Natl Cancer Inst. 2016;108(3):djv430.

26. Freidlin B, Othus M, Korn EL. Information time scales 
for interim analyses of randomized clinical trials. Clin 
Trials. 2016;13(4):391-399.

27. French P, Marcu L, Nordstrom RJ, Popp J, Wilson B. 
Label-free optical techniques for biomedical diagnosis & 
imaging: Challenges and opportunities for clinical trans-
lation. 2016.

28. Gilbert MR, Rubinstein L, Lesser G. Creating clinical 
trial designs that incorporate clinical outcome assess-
ments. Neuro Oncol. 2016;18 Suppl 2:ii21-ii25.

29. Goey AK, Sissung TM, Peer CJ, et al. Effects of 
UGT1A1 genotype on the pharmacokinetics, pharma-
codynamics, and toxicities of belinostat administered 
by 48-hour continuous infusion in patients with cancer. 
J Clin Pharmacol. 2016;56(4):461-473.

30. Gojo I, Beumer JH, Pratz KW, et al. A phase 1 study 
of the PARP inhibitor veliparib in combination with 
temozolomide in acute myeloid leukemia. Clin Cancer 
Res. 2017 Feb 1;23(3):697-706. Epub 2016.

31. Guo L, Hamre J, 3rd, Davis M, Parchment RE. Human 
CD34(+) progenitor hematopoiesis in liquid culture 
for in vitro assessment of drug-induced myelotoxicity. 
Toxicol In Vitro. 2016;31:103-113.

32. Harris LN, Ismaila N, McShane LM, Andre F. Reply 
to D. Sgroi et al, T. Sanft et al, M.S. Copur et al, and 
M. Goetz et al. J Clin Oncol. 2016 Nov 10;34(32):3946-
3948.

33. Harris LN, Ismaila N, McShane LM, Hayes DF. Use of 
Biomarkers to Guide Decisions on Adjuvant Systemic 
Therapy for Women with Early-Stage Invasive Breast 
Cancer: American Society of Clinical Oncology 
Clinical Practice Guideline Summary. J Oncol Pract. 
2016;12(4):384-389.

34. Holkova B, Zingone A, Kmieciak M, et al. A 
Phase II Trial of AZD6244 (Selumetinib, ARRY-
142886), an Oral MEK1/2 Inhibitor, in Relapsed/
Refractory Multiple Myeloma. Clin Cancer Res. 
2016;22(5):1067-1075.

35. Hubbard JM, Kim G, Borad MJ, et al. Phase I trial 
of FOLFIRI in combination with sorafenib and bev-
acizumab in patients with advanced gastrointestinal 
malignancies. Invest New Drugs. 2016;34(1):96-103.

36. Hyman DM, Eaton A, Ivy SP, Spriggs DR, Iasonos A. 
Measuring Toxicity in Phase I Clinical Trials--Letter. 
Clin Cancer Res. 2016;22(7):1828.

37. Janssen I, Chen CC, Millo CM, et al. PET/CT com-
paring (68)Ga-DOTATATE and other radiophar-
maceuticals and in comparison with CT/MRI for the 
localization of sporadic metastatic pheochromocytoma 
and paraganglioma. Eur J Nucl Med Mol Imaging. 
2016;43(10):1784-1791.

38. Kalman LV, Datta V, Williams M, Zook JM, Salit 
ML, Han JY. Development and Characterization of 
Reference Materials for Genetic Testing: Focus on 
Public Partnerships. Ann Lab Med. 2016;36(6):513-520.

39. Kaur G, Reinhart RA, Monks A, et al. Bromodomain 
and hedgehog pathway targets in small cell lung cancer. 
Cancer Lett. 2016;371(2):225-239.

40. Kelloff G, Sigman CC. Precision medicine: A rising 
star in the new Moonshot for precision medicine. DIA 
Global Forum. 2016;8:84-88.

41. Korn EL, Freidlin B. Non-factorial analyses of 
two-by-two factorial trial designs. Clin Trials. 
2016;13(6):651-659.

42. Korn EL, Sachs MC, McShane LM. Statistical contro-
versies in clinical research: assessing pathologic com-
plete response as a trial-level surrogate end point for 
early-stage breast cancer. Ann Oncol. 2016;27(1):10-15.

43. Krushkal J, Zhao Y, Hose C, Monks A, Doroshow JH, 
Simon R. Concerted changes in transcriptional regula-
tion of genes involved in DNA methylation, demethyla-
tion, and folate-mediated one-carbon metabolism path-
ways in the NCI-60 cancer cell line panel in response to 
cancer drug treatment. Clin Epigenetics. 2016;8:73.

44. Kummar S, Chen A, Gutierrez M, et al. Clinical and 
pharmacologic evaluation of two dosing schedules of 
indotecan (LMP400), a novel indenoisoquinoline, in 
patients with advanced solid tumors. Cancer Chemother 
Pharmacol. 2016;78(1):73-81.

45. Kummar S, Do K, Coyne GO, et al. Establishing 
proof of mechanism: Assessing target modula-
tion in early-phase clinical trials. Semin Oncol. 
2016;43(4):446-452.



DCTD PROGRAMS AND INITIATIVES (2013-2017)212

46. Kummar S, Wade JL, Oza AM, et al. Randomized phase 
II trial of cyclophosphamide and the oral poly (ADP-
ribose) polymerase inhibitor veliparib in patients with 
recurrent, advanced triple-negative breast cancer. Invest 
New Drugs. 2016;34(3):355-363.

47. LeBlanc AK, Breen M, Choyke P, et al. Perspectives 
from man’s best friend: National Academy of 
Medicine’s Workshop on Comparative Oncology. Sci 
Transl Med. 2016;8(324):324ps325.

48. Lee JM, Ivy SP, Kohn EC. Challenges and 
Opportunities for Immunotherapies in Gynecologic 
Cancers. Oncology (Williston Park). 2016;30(1):67-69.

49. Lee SM, Backenroth D, Cheung YK, et al. Case 
Example of Dose Optimization Using Data From 
Bortezomib Dose-Finding Clinical Trials. J Clin Oncol. 
2016;34(12):1395-1401.

50. Lerner SP, Bajorin DF, Dinney CP, et al. Summary 
and Recommendations from the National Cancer 
Institute’s Clinical Trials Planning Meeting on Novel 
Therapeutics for Non-Muscle Invasive Bladder Cancer. 
Bladder Cancer. 2016;2(2):165-202.

51. Leung SCY, Nielsen TO, Zabaglo L, et al. Analytical 
validation of a standardized scoring protocol for Ki67: 
phase 3 of an international multicenter collaboration. 
Npj Breast Cancer. 2016;2:16014.

52. Lih CJ, Si H, Das B, et al. Certified DNA Reference 
Materials to Compare HER2 Gene Amplification 
Measurements Using Next-Generation Sequencing 
Methods. J Mol Diagn. 2016;18(5):753-761.

53. Lih CJ, Sims DJ, Harrington RD, et al. Analytical 
Validation and Application of a Targeted Next-
Generation Sequencing Mutation-Detection Assay for 
Use in Treatment Assignment in the NCI-MPACT 
Trial. J Mol Diagn. 2016;18(1):51-67.

54. Lockhart NC, Smith AM, Carithers LJ, Weil CJ. 
Genomic Research with Organs and Tissues 
Originating from Transplant Donors: Ethical 
Considerations for the GTEx Project. IRB. 
2016;38(2):1-7.

55. Lok BH, Gardner EE, Schneeberger VE, et al. PARP 
Inhibitor Activity Correlates with SLFN11 Expression 
and Demonstrates Synergy with Temozolomide in 
Small Cell Lung Cancer. Clin Cancer Res. 2017 Jan 
15;23(2):523-535. Epub 2016.

56. LoRusso PM, Li J, Burger A, et al. Phase I Safety, 
Pharmacokinetic, and Pharmacodynamic Study of 
the Poly(ADP-ribose) Polymerase (PARP) Inhibitor 
Veliparib (ABT-888) in Combination with Irinotecan 
in Patients with Advanced Solid Tumors. Clin Cancer 
Res. 2016;22(13):3227-3237.

57. Ma CX, Sanchez C, Gao F, et al. A Phase I Study of 
the AKT Inhibitor MK-2206 in Combination with 
Hormonal Therapy in Postmenopausal Women with 
Estrogen Receptor-Positive Metastatic Breast Cancer. 
Clin Cancer Res. 2016;22(11):2650-2658.

58. Mansfield AS, Rudek MA, Vulih D, et al. The Effect of 
Hepatic Impairment on Outcomes in Phase I Clinical 
Trials in Cancer Subjects. Clin Cancer Res. 2016.

59. Marrero A, Lawrence S, Wilsker D, Voth AR, Kinders 
RJ. Translating pharmacodynamic biomarkers from 
bench to bedside: analytical validation and fit-for-pur-
pose studies to qualify multiplex immunofluorescent 
assays for use on clinical core biopsy specimens. Semin 
Oncol. 2016;43(4):453-463.

60. Massett HA, Mishkin G, Rubinstein L, et al. 
Challenges Facing Early Phase Trials Sponsored by the 
National Cancer Institute: An Analysis of Corrective 
Action Plans to Improve Accrual. Clin Cancer Res. 
2016;22(22):5408-5416.

61. Matzke LA, Fombonne B, Watson PH, Moore HM. 
Fundamental Considerations for Biobank Legacy 
Planning. Biopreserv Biobank. 2016;14(2):99-106.

62. Mayo CS, Deasy JO, Chera BS, Freymann J, Kirby JS, 
Hardenberg PH. How Can We Effect Culture Change 
Toward Data-Driven Medicine? Int J Radiat Oncol Biol 
Phys. 2016;95(3):916-921.

63. McShane L, Lively T, Makhlouf H. Translation of 
Biomarkers into Clinical Practice. In: Badve G-P, ed. 
Molecular Pathology of Breast Cancer. Switzerland: 
Springer International Publishing; 2016:1-18.

64. Merchant MS, Wright M, Baird K, et al. Phase I 
Clinical Trial of Ipilimumab in Pediatric Patients 
with Advanced Solid Tumors. Clin Cancer Res. 
2016;22(6):1364-1370.

65. Mertan FV, Greer MD, Shih JH, et al. Prospective 
Evaluation of the Prostate Imaging Reporting and Data 
System Version 2 for Prostate Cancer Detection. J Urol. 
2016;196(3):690-696.

66. Miriyala S, Thippakorn C, Chaiswing L, et al. Novel 
role of 4-hydroxy-2-nonenal in AIFm2-mediated 
mitochondrial stress signaling. Free Radic Biol Med. 
2016;91:68-80.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 213

67. Newman DJ. Developing natural product drugs: 
Supply problems and how they have been overcome. 
Pharmacol Ther. 2016;162:1-9.

68. Newman DJ, Cragg GM. Natural Products as Sources 
of New Drugs from 1981 to 2014. J Nat Prod. 
2016;79(3):629-661.

69. Newman DJ, Cragg GM. Drugs and Drug Candidates 
from Marine Sources: An Assessment of the Current 
“State of Play”. Planta Med. 2016;82(9-10):775-789.

70. Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 Blockade 
with Pembrolizumab in Advanced Merkel-Cell 
Carcinoma. N Engl J Med. 2016;374(26):2542-2552.

71. Noonan AM, Bunch KP, Chen JQ, et al. 
Pharmacodynamic markers and clinical results from 
the phase 2 study of the SMAC mimetic birinapant in 
women with relapsed platinum-resistant or -refractory 
epithelial ovarian cancer. Cancer. 2016;122(4):588-597.

72. Noonan AM, Farren MR, Geyer SM, et al. 
Randomized Phase 2 Trial of the Oncolytic Virus 
Pelareorep (Reolysin) in Upfront Treatment of 
Metastatic Pancreatic Adenocarcinoma. Mol Ther. 
2016;24(6):1150-1158.

73. Nordstrom RJ. The Quantitative Imaging Network in 
Precision Medicine. Tomography. 2016;2(4):239-241.

74. Nowakowski GS, Blum KA, Kahl BS, et al. 
Beyond RCHOP: A Blueprint for Diffuse Large 
B Cell Lymphoma Research. J Natl Cancer Inst. 
2016;108(12):257.

75. Odia Y, Sul J, Shih JH, et al. A Phase II trial of tandu-
tinib (MLN 518) in combination with bevacizumab 
for patients with recurrent glioblastoma. CNS Oncol. 
2016;5(2):59-67.

76. Pavel AB, Sonkin D, Reddy A. Integrative modeling 
of multi-omics data to identify cancer drivers and 
infer patient-specific gene activity. BMC Syst Biol. 
2016;10:16.

77. Pearlman PC, Divi R, Gwede M, et al. The National 
Institutes of Health Affordable Cancer Technologies 
Program: Improving Access to Resource-Appropriate 
Technologies for Cancer Detection, Diagnosis, 
Monitoring, and Treatment in Low- and Middle-
Income Countries. IEEE J Transl Eng Health Med. 
2016;4:2800708.

78. Peer CJ, Goey AK, Sissung TM, et al. UGT1A1 gen-
otype-dependent dose adjustment of belinostat in 
patients with advanced cancers using population 
pharmacokinetic modeling and simulation. J Clin 
Pharmacol. 2016;56(4):450-460.

79. Pettit SD, Lipshultz SE, Cleeland CS, et al. Enhancing 
quality of life as a goal for anticancer therapeutics. Sci 
Transl Med. 2016;8(344):344ed349.

80. Polley E, Kunkel M, Evans D, et al. Small Cell Lung 
Cancer Screen of Oncology Drugs, Investigational 
Agents, and Gene and microRNA Expression. J Natl 
Cancer Inst. 2016;108(10).

81. Pratz KW, Rudek MA, Gojo I, et al. A Phase I study of 
topotecan, carboplatin and the PARP inhibitor velipa-
rib in acute leukemias, aggressive myeloproliferative 
neoplasms and chronic myelomonocytic leukemia. Clin 
Cancer Res. 2017 Feb 15;23(4):899-907. Epub 2016.

82. Rajan A, Berns A, Ringborg U, et al. Excellent transla-
tional research in oncology: A journey towards novel 
and more effective anti-cancer therapies. Mol Oncol. 
2016;10(5):645-651.

83. Rao A, Rao G, Gutman DA, et al. A combinatorial 
radiographic phenotype may stratify patient sur-
vival and be associated with invasion and prolifer-
ation characteristics in glioblastoma. J Neurosurg. 
2016;124(4):1008-1017.

84. Rasooly R, Bruck HA, Balsam J, Prickril B, Ossandon 
M, Rasooly A. Improving the Sensitivity and 
Functionality of Mobile Webcam-Based Fluorescence 
Detectors for Point-of-Care Diagnostics in Global 
Health. Diagnostics (Basel). 2016;6(2).

85. Rastinehad AR, Abboud SF, George AK, et al. 
Reproducibility of Multiparametric Magnetic 
Resonance Imaging and Fusion Guided Prostate 
Biopsy: Multi-Institutional External Validation 
by a Propensity Score Matched Cohort. J Urol. 
2016;195(6):1737-1743.

86. Rimsza L, Fedoriw Y, Staudt LM, et al. General 
Biomarker Recommendations for Lymphoma. J Natl 
Cancer Inst. 2016;108(12).

87. Ritter DI, Roychowdhury S, Roy A, et al. Somatic 
cancer variant curation and harmonization through 
consensus minimum variant level data. Genome Med. 
2016;8(1):117.

88. Rodgers B, Kirby J, Freymann J. Introduction to The 
Cancer Imaging Archive – A service with many poten-
tial uses for teaching and research examples of its 
use demonstrated. J Nucl Med. 2016;57(Supplement 
2):1911.

89. Rosenstein BS, Capala J, Efstathiou JA, et al. How 
Will Big Data Improve Clinical and Basic Research 
in Radiation Therapy? Int J Radiat Oncol Biol Phys. 
2016;95(3):895-904.



DCTD PROGRAMS AND INITIATIVES (2013-2017)214

90. Rosenthal EL, Warram JM, de Boer E, et al. Successful 
Translation of Fluorescence Navigation During 
Oncologic Surgery: A Consensus Report. J Nucl Med. 
2016;57(1):144-150.

91. Sachs MC, McShane L. Development and Validation 
of Predictive Signatures. In: George, Wang, Pang, eds. 
Cancer Clinical Trials: Current and Controversial Issues 
in Design and Analysis. Boca Roton, FL: CRC press; 
2016:133-165.

92. Sachs MC, McShane LM. Issues in developing multi-
variable molecular signatures for guiding clinical care 
decisions. J Biopharm Stat. 2016;26(6):1098-1110.

93. Sadowski SM, Neychev V, Millo C, et al. Prospective 
Study of 68Ga-DOTATATE Positron Emission 
Tomography/Computed Tomography for Detecting 
Gastro-Entero-Pancreatic Neuroendocrine 
Tumors and Unknown Primary Sites. J Clin Oncol. 
2016;34(6):588-596.

94. Schwartz LH, Litiere S, de Vries E, et al. RECIST 
1.1-Update and clarification: From the RECIST com-
mittee. Eur J Cancer. 2016;62:132-137.

95. Schwartz LH, Seymour L, Litiere S, et al. RECIST 
1.1 - Standardisation and disease-specific adaptations: 
Perspectives from the RECIST Working Group. Eur J 
Cancer. 2016;62:138-145.

96. Sidana A, Walton-Diaz A, Truong H, et al. 
Postoperative elevation in creatine kinase and its 
impact on renal function in patients undergoing 
complex partial nephrectomy. Int Urol Nephrol. 
2016;48(7):1047-1053.

97. Siddiqui MM, George AK, Rubin R, et al. Efficiency of 
Prostate Cancer Diagnosis by MR/Ultrasound Fusion-
Guided Biopsy vs Standard Extended-Sextant Biopsy 
for MR-Visible Lesions. J Natl Cancer Inst. 2016;108(9).

98. Simon R. Genomic Alteration-Driven Clinical 
Trial Designs in Oncology. Ann Intern Med. 
2016;165(4):270-278.

99. Simon R. Precision medicine in cancer diagnosis and 
treatment. Harvard Health Policy Review. 2016. http://
www.hhpronline.org/articles/2016/10/21/lorem-ip-
sum-dolor-sit-amet-consectetur-adipiscing.

100. Simon R, Geyer S, Subramanian J, Roychowdhury S. 
The Bayesian basket design for genomic variant-driven 
phase II trials. Semin Oncol. 2016;43(1):13-18.

101. Simon R, Piccart-Gehart M. Biomarker-based Clinical 
Trial Design in the Era of Genomic Medicine. Holland-
Frei Cancer Medicine2016:1-6.

102. Sims DJ, Harrington RD, Polley EC, et al. Plasmid-
Based Materials as Multiplex Quality Controls and 
Calibrators for Clinical Next-Generation Sequencing 
Assays. J Mol Diagn. 2016;18(3):336-349.

103. Soliman HH, Minton SE, Han HS, et al. A phase I 
study of indoximod in patients with advanced malig-
nancies. Oncotarget. 2016;7(16):22928-22938.

104. Srivastava AK, Hollingshead MG, Weiner J, et 
al. Pharmacodynamic Response of the MET/
HGF Receptor to Small-Molecule Tyrosine 
Kinase Inhibitors Examined with Validated, 
Fit-for-Clinic Immunoassays. Clin Cancer Res. 
2016;22(14):3683-3694.

105. Srivastava AK, Jaganathan S, Stephen L, et al. Effect of a 
Smac Mimetic (TL32711, Birinapant) on the Apoptotic 
Program and Apoptosis Biomarkers Examined with 
Validated Multiplex Immunoassays Fit for Clinical Use. 
Clin Cancer Res. 2016;22(4):1000-1010.

106. Stahnke J, Dork M, Muller B, Thom A. Probing 
Projections: Interaction Techniques for Interpreting 
Arrangements and Errors of Dimensionality 
Reductions. IEEE Trans Vis Comput Graph. 
2016;22(1):629-638.

107. Stone HB, Bernhard EJ, Coleman CN, et al. Preclinical 
Data on Efficacy of 10 Drug-Radiation Combinations: 
Evaluations, Concerns, and Recommendations. Transl 
Oncol. 2016;9(1):46-56.

108. Takebe N, Ahmed MM, Vikram B, et al. Radiation-
Therapeutic Agent Clinical Trials: Leveraging 
Advantages of a National Cancer Institute 
Programmatic Collaboration. Semin Radiat Oncol. 
2016;26(4):271-280.

109. Takebe N, Yang SX. Sonic hedgehog signaling pathway 
and gallbladder cancer: targeting with precision medi-
cine approach. Chin Clin Oncol. 2016;5(1):1.

110. Thomas A, Teicher BA, Hassan R. Antibody-
drug conjugates for cancer therapy. Lancet Oncol. 
2016;17(6):e254-262.

111. Tricoli JV, Blair DG, Anders CK, et al. Biologic and 
clinical characteristics of adolescent and young adult 
cancers: Acute lymphoblastic leukemia, colorectal can-
cer, breast cancer, melanoma, and sarcoma. Cancer. 
2016;122(7):1017-1028.

112. Turkbey B, Lindenberg ML, Adler S, et al. PET/CT 
imaging of renal cell carcinoma with (18)F-VM4-
037: a phase II pilot study. Abdom Radiol (NY). 
2016;41(1):109-118.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 215

113. Ujhazy P. Small cell lung cancer: The next challenge. 
IASLC Lung Cancer News. 2016;1(12). https://issuu.
com/iaslc/docs/ilcn_v1n2_june2016/7.

114. Unger FT, Lange N, Kruger J, et al. Nanoproteomic 
analysis of ischemia-dependent changes in signaling 
protein phosphorylation in colorectal normal and can-
cer tissue. J Transl Med. 2016;14:6.

115. Wan T, Bloch BN, Plecha D, et al. A Radio-genomics 
Approach for Identifying High Risk Estrogen Receptor-
positive Breast Cancers on DCE-MRI: Preliminary 
Results in Predicting OncotypeDX Risk Scores. Sci Rep. 
2016;6:21394.

116. Wang J, Liu M, Yang C, Wu X, Wang E, Liu P. HPLC 
method development, validation, and impurity char-
acterization of a potent antitumor indenoisoquino-
line, LMP776 (NSC 725776). J Pharm Biomed Anal. 
2016;124:267-273.

117. Wang L, Balasubramanian P, Chen AP, Kummar 
S, Evrard YA, Kinders RJ. Promise and limits of 
the CellSearch platform for evaluating pharmaco-
dynamics in circulating tumor cells. Semin Oncol. 
2016;43(4):464-475.

118. Wang S-L, Fang J. Predicting progression of 
ALS disease with random frog and support vec-
tor regression method. Intelligent Computing 
Methodologies2016:160-170.

119. Wang Y, Fang J, Chen S. Inference of Drug Responses 
in Cancer Cells from Cancer Genomic Features and 
Compound Chemical and Therapeutic Properties. Sci 
Rep. 2016:32769.

120. Williams PM, Conley BA. Clinical Application of 
Liquid Biopsies. JAMA Oncol. 2016;2(8):1003-1005.

121. Wong SJ, Karrison T, Hayes DN, et al. Phase II 
trial of dasatinib for recurrent or metastatic c-KIT 
expressing adenoid cystic carcinoma and for nonad-
enoid cystic malignant salivary tumors. Ann Oncol. 
2016;27(2):318-323.

122. Xu R, Shimizu F, Hovinga K, et al. Molecular and 
Clinical Effects of Notch Inhibition in Glioma 
Patients: A Phase 0/I Trial. Clin Cancer Res. 
2016;22(19):4786-4796.

123. Yang J, Huang T, Petralia F, et al. Corrigendum: 
Synchronized age-related gene expression changes 
across multiple tissues in human and the link to com-
plex diseases. Sci Rep. 2016;6:19384.

124. Yankeelov TE, Mankoff DA, Schwartz LH, et al. 
Quantitative Imaging in Cancer Clinical Trials. Clin 
Cancer Res. 2016;22(2):284-290.

125. Yuan J, Hegde PS, Clynes R, et al. Novel technologies 
and emerging biomarkers for personalized cancer 
immunotherapy. J Immunother Cancer. 2016;4:3.

126. Zarins-Tutt JS, Barberi TT, Gao H, et al. Prospecting 
for new bacterial metabolites: a glossary of approaches 
for inducing, activating and upregulating the biosyn-
thesis of bacterial cryptic or silent natural products.  
Nat Prod Rep. 2016;33(1):54-72.

127. Zeidner JF, Karp JE, Blackford AL, et al. Phase I 
Clinical Trials in Acute Myeloid Leukemia: 23-Year 
Experience from Cancer Therapy Evaluation Program 
of the National Cancer Institute. J Natl Cancer Inst. 
2016;108(3).

128. Zhang X, Guo L, Zeng H, et al. Multi-parametric 
assessment of cardiomyocyte excitation-contraction 
coupling using impedance and field potential record-
ing: A tool for cardiac safety assessment. J Pharmacol 
Toxicol Methods. 2016;81:201-216.

129. Zukotynski K, Jadvar H, Capala J, Fahey F. Targeted 
Radionuclide Therapy: Practical Applications and 
Future Prospects. Biomark Cancer. 2016;8(Suppl 
2):35-38.

130. Zwiebel J. The effect on drug development of the 
National Cancer Institute’s Cancer Therapy Evaluation 
Program. Clin Adv Hematol Oncol. 2016;14(3):157-159.



DCTD PROGRAMS AND INITIATIVES (2013-2017)216

2017
1. Airan RD, Foss CA, Ellens NP, et al. MR-Guided 

Delivery of Hydrophilic Molecular Imaging Agents 
Across the Blood-Brain Barrier Through Focused 
Ultrasound. Mol Imaging Biol. 2017;19(1):24-30.

2. Airan RD, Meyer RA, Ellens NP, et al. Noninvasive 
Targeted Transcranial Neuromodulation via Focused 
Ultrasound Gated Drug Release from Nanoemulsions. 
Nano Lett. 2017;17(2):652-659.

3. Allen CE, Laetsch TW, Mody R, et al. Target and Agent 
Prioritization for the Children’s Oncology Group-
National Cancer Institute Pediatric MATCH Trial. J 
Natl Cancer Inst. 2017;109(5).

4. Anagnostou V, Yarchoan M, Hansen AR, et al. 
Immuno-oncology Trial Endpoints: Capturing 
Clinically Meaningful Activity. Clin Cancer Res. 
2017;23(17):4959-4969.

5. Anderson KC, Auclair D, Kelloff GJ, et al. The Role 
of Minimal Residual Disease Testing in Myeloma 
Treatment Selection and Drug Development: Current 
Value and Future Applications. Clin Cancer Res. 
2017;23(15):3980-3993.

6. Annunziata CM, Kohn EC. Clinical trials in  
gynecologic oncology: Past, present, and future. 
Gynecol Oncol. 2018 Feb;148(2):393-402. Epub 2017.

7. Antony S, Jiang G, Wu Y, et al. NADPH oxidase 5 
(NOX5)-induced reactive oxygen signaling modulates 
normoxic HIF-1alpha and p27(Kip1) expression in 
malignant melanoma and other human tumors. Mol 
Carcinog. 2017;56(12):2643-2662.

8. Armato SG, 3rd, Drukker K, Li F, et al. Letter to the 
Editor: Use of Publicly Available Image Resources. 
Acad Radiol. 2017;24(7):916-917.

9. Arnason T, Borger DR, Corless C, et al. Biliary 
Adenofibroma of Liver: Morphology, Tumor 
Genetics, and Outcomes in 6 Cases. Am J Surg Pathol. 
2017;41(4):499-505.

10. Ascierto PA, Agarwala SS, Ciliberto G, et al. Future 
perspectives in melanoma research “Melanoma 
Bridge”, Napoli, November 30th-3rd December 2016. J 
Transl Med. 2017;15(1):236.

11. Azad NS, El-Khoueiry A, Yin J, et al. Combination epi-
genetic therapy in metastatic colorectal cancer (mCRC) 
with subcutaneous 5-azacitidine and entinostat: a phase 
2 consortium/stand up 2 cancer study. Oncotarget. 
2017;8(21):35326-35338.

12. Bakas S, Akbari H, Sotiras A, et al. Advancing The 
Cancer Genome Atlas glioma MRI collections with 
expert segmentation labels and radiomic features.  
Sci Data. 2017;4:170117.

13. Balasubramanian P, Kinders RJ, Kummar S, et al. 
Antibody-independent capture of circulating tumor 
cells of non-epithelial origin with the ApoStream(R) 
system. PLoS One. 2017;12(4):e0175414.

14. Balsam J, Bruck HA, Ossandon M, Prickril B, Rasooly 
A. Streak Imaging Flow Cytometer for Rare Cell 
Analysis. Methods Mol Biol. 2017;1571:267-286.

15. Bando H, Rubinstein L, Harris P, et al. Analysis 
of esophagogastric cancer patients enrolled in the 
National Cancer Institute Cancer Therapy Evaluation 
Program sponsored phase 1 trials. Gastric Cancer. 
2017;20(3):481-488.

16. Bender J, Fang J, Simon R. A computational study of 
the inhibition mechanisms of P-glycoprotein mediated 
paclitaxel efflux by kinase inhibitors. BMC Syst Biol. 
2017;11(1):108.

17. Bermingham A, Price E, Marchand C, et al. 
Identification of Natural Products That Inhibit 
the Catalytic Function of Human Tyrosyl-
DNA Phosphodiesterase (TDP1). SLAS Discov. 
2017:2472555217717200.

18. Berrington de Gonzalez A, Vikram B, Buchsbaum 
JC, et al. A Clarion Call for Large-Scale Collaborative 
Studies of Pediatric Proton Therapy. Int J Radiat Oncol 
Biol Phys. 2017;98(5):980-981.

19. Buchsbaum JC. Are Treatment Toxicity Issues in 
Particle Therapy a Clarion Call for Biologic Treatment 
Planning Overall? Int J Radiat Oncol Biol Phys. 
2017;97(5):1085-1086.

20. Burnett JC, Lim C, Peyser BD, et al. A threonine turn-
stile defines a dynamic amphiphilic binding motif 
in the AAA ATPase p97 allosteric binding site. Org 
Biomol Chem. 2017;15(19):4096-4114.

21. Cancer Genome Atlas Research Network. Electronic 
address wbe, Cancer Genome Atlas Research 
N. Comprehensive and Integrative Genomic 
Characterization of Hepatocellular Carcinoma. Cell. 
2017;169(7):1327-1341 e1323.

22. Cardoso F, Bartlett JMS, Slaets L, et al. Characterization 
of male breast cancer: Results of the EORTC 10085/
TBCRC/BIG/NABCG International Male Breast 
Cancer Program. Ann Oncol. 2018 Feb 1;29(2):405-417. 
Epub 2017.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 217

23. Carta D, Bortolozzi R, Sturlese M, et al. Synthesis, 
structure-activity relationships and biological evalua-
tion of 7-phenyl-pyrroloquinolinone 3-amide deriv-
atives as potent antimitotic agents. Eur J Med Chem. 
2017;127:643-660.

24. Casulo C, O’Connor O, Shustov A, et al. T-Cell 
Lymphoma: Recent Advances in Characterization and 
New Opportunities for Treatment. J Natl Cancer Inst. 
2017;109(2):248.

25. Chang LC, Vural S, Sonkin D. Detection of homozy-
gous deletions in tumor-suppressor genes ranging from 
dozen to hundreds nucleotides in cancer models. Hum 
Mutat. 2017;38(11):1449-1453.

26. Chennubhotla C, Clarke LP, Fedorov A, et al. 
An Assessment of Imaging Informatics for 
Precision Medicine in Cancer. Yearb Med Inform. 
2017;26(1):110-119.

27. Citrin DE, Prasanna PGS, Walker AJ, et al. Radiation-
Induced Fibrosis: Mechanisms and Opportunities to 
Mitigate. Report of an NCI Workshop, September 19, 
2016. Radiat Res. 2017;188(1):1-20.

28. Coleman CN. The Call. Pract Radiat Oncol. 2017.
29. Connolly RM, Li H, Jankowitz RC, et al. Combination 

Epigenetic Therapy in Advanced Breast Cancer with 
5-Azacitidine and Entinostat: A Phase II National 
Cancer Institute/Stand Up to Cancer Study. Clin 
Cancer Res. 2017;23(11):2691-2701.

30. Connolly RM, Rudek MA, Piekarz R. Entinostat: a 
promising treatment option for patients with advanced 
breast cancer. Future Oncol. 2017;13(13):1137-1148.

31. Crandall JP, Tahari AK, Juergens RA, et al. A compar-
ison of FLT to FDG PET/CT in the early assessment 
of chemotherapy response in stages IB-IIIA resectable 
NSCLC. EJNMMI Res. 2017;7(1):8.

32. Cremer M, Paul P, Bergman K, et al. A Non-Gas-Based 
Cryotherapy System for the Treatment of Cervical 
Intraepithelial Neoplasia: A Mixed-Methods Approach 
for Initial Development and Testing. Glob Health Sci 
Pract. 2017;5(1):57-64.

33. Cristofaro JV, Ansher SS, Zwiebel JA, et al. National 
Cancer Institute Formulary: A Public-Private 
Partnership Providing Investigators Access to 
Investigational Anticancer Agents. Clin Pharmacol 
Ther. 2017;101(5):616-618.

34. Cui MT, Jiang L, Goto M, et al. In Vivo and 
Mechanistic Studies on Antitumor Lead 7-Methoxy-
4-(2-methylquinazolin-4-yl)-3,4-dihydroquinoxalin-
2(1H)-one and Its Modification as a Novel Class of 
Tubulin-Binding Tumor-Vascular Disrupting Agents. J 
Med Chem. 2017;60(13):5586-5598.

35. Curran C, Sharon E. Report on the FDA-AACR 
Immuno-oncology Drug Development Workshop. 
Cancer Immunol Res. 2017;5(4):282-285.

36. Czuczman MS, Trneny M, Davies A, et al. A Phase 
2/3 Multicenter, Randomized, Open-Label Study to 
Compare the Efficacy and Safety of Lenalidomide 
Versus Investigator’s Choice in Patients with Relapsed 
or Refractory Diffuse Large B-Cell Lymphoma. Clin 
Cancer Res. 2017;23(15):4127-4137.

37. Day D, Monjazeb AM, Sharon E, et al. From Famine 
to Feast: Developing Early-Phase Combination 
Immunotherapy Trials Wisely. Clin Cancer Res. 
2017;23(17):4980-4991.

38. Deroose CM, Stroobants S, Liu Y, Shankar LK, 
Bourguet P. Using PET for therapy monitoring in 
oncological clinical trials: challenges ahead. Eur J Nucl 
Med Mol Imaging. 2017;44(Suppl 1):32-40.

39. Devambatla RKV, Li W, Zaware N, et al. Design, syn-
thesis, and structure-activity relationships of pyrimi-
do[4,5-b]indole-4-amines as microtubule depolymeriz-
ing agents that are effective against multidrug resistant 
cells. Bioorg Med Chem Lett. 2017;27(15):3423-3430.

40. Diefenbach CS, Connors JM, Friedberg JW, et al. 
Hodgkin Lymphoma: Current Status and Clinical Trial 
Recommendations. J Natl Cancer Inst. 2017;109(4):249.

41. Doroshow JH, Simon RM. On the Design 
of Combination Cancer Therapy. Cell. 
2017;171(7):1476-1478.

42. Duvic M, Bates SE, Piekarz R, et al. Responses to 
romidepsin in patients with cutaneous T-cell lympho-
ma and prior treatment with systemic chemotherapy. 
Leuk Lymphoma. 2018 Apr;59(4):880-887. Epub 2017.

43. Eke I, Makinde AY, Aryankalayil MJ, et al. Exploiting 
radiation-induced signaling to increase the susceptibility 
of resistant cancer cells to targeted drugs: AKT and 
mTOR inhibitors as an example. Mol Cancer Ther. 2018 
Feb;17(2):355-367. Epub 2017.

44. Enewold L, Sharon E, Harlan LC. Metastatic 
Melanoma: Treatment and Survival in the US after the 
Introduction of Ipilimumab and Vemurafenib. Oncol 
Res Treat. 2017;40(4):174-183.



DCTD PROGRAMS AND INITIATIVES (2013-2017)218

45. Enewold L, Sharon E, Thomas A. Patterns of care and 
survival among patients with malignant mesothelioma 
in the United States. Lung Cancer. 2017;112:102-108.

46. Foster JC, Le-Rademacher JG, Feliciano JL, et al. 
Comparative “nocebo effects” in older patients enrolled 
in cancer therapeutic trials: Observations from a 
446-patient cohort. Cancer. 2017;123(21):4193-4198.

47. Freidlin B, Korn EL. Sample size adjustment designs 
with time-to-event outcomes: A caution. Clin Trials. 
2017;14(6):597-604.

48. Freidlin B, Korn EL. Two-by-Two Factorial Cancer 
Treatment Trials: Is Sufficient Attention Being Paid to 
Possible Interactions? J Natl Cancer Inst. 2017;109(9).

49. Fung S, Xu C, Hamel E, et al. Novel indole-based com-
pounds that differentiate alkylindole-sensitive recep-
tors from cannabinoid receptors and microtubules: 
Characterization of their activity on glioma cell migra-
tion. Pharmacol Res. 2017;115:233-241.

50. Gadd S, Huff V, Walz AL, et al. A Children’s 
Oncology Group and TARGET initiative exploring 
the genetic landscape of Wilms tumor. Nat Genet. 
2017;49(10):1487-1494.

51. Goetz MP, Suman VJ, Reid JM, et al. First-in-
Human Phase I Study of the Tamoxifen Metabolite 
Z-Endoxifen in Women with Endocrine-
Refractory Metastatic Breast Cancer. J Clin Oncol. 
2017;35(30):3391-3400.

52. Goncalves PH, Heilbrun LK, Barrett MT, et al. A phase 
2 study of vorinostat in locally advanced, recurrent, 
or metastatic adenoid cystic carcinoma. Oncotarget. 
2017;8(20):32918-32929.

53. Greenwood C, Xu CJ, Alam S, Krushkal J, Adkins D, 
Naumova AK. Genetic and epigenetic variation at the 
H19 imprinted region and its effect on birth weight. 
In: Naumova AK, Taketo T, eds. Epigenetics in Human 
Reproduction and Development. Singapore: World 
Scientific Publishing; 2017:185-207.

54. Greer MD, Brown AM, Shih JH, et al. Accuracy 
and agreement of PIRADSv2 for prostate cancer 
mpMRI: A multireader study. J Magn Reson Imaging. 
2017;45(2):579-585.

55. Greer MD, Shih JH, Lay N, et al. Validation of the 
Dominant Sequence Paradigm and Role of Dynamic 
Contrast-enhanced Imaging in PI-RADS Version 2. 
Radiology. 2017;285(3):859-869.

56. Guittard G, Gallardo DL, Li W, et al. Unexpected 
Cartilage Phenotype in CD4-Cre-Conditional SOS-
Deficient Mice. Front Immunol. 2017;8:343.

57. Gulley JL, Berzofsky JA, Butler MO, et al. 
Immunotherapy biomarkers 2016: overcoming the bar-
riers. J Immunother Cancer. 2017;5(1):29.

58. Guo L, Furniss M, Mussio J, et al. Maturation of 
Human iPSC-cardiomyocytes in Long-term Culture 
for Cardiotoxicity Testing. J of Pharmacol and Toxicol 
Methods. 2017;88(2):237-238.

59. Guo L, Hamre J, 3rd, Eldridge S, et al. Editor’s 
Highlight: Multiparametric Image Analysis of Rat 
Dorsal Root Ganglion Cultures to Evaluate Peripheral 
Neuropathy-Inducing Chemotherapeutics. Toxicol Sci. 
2017;156(1):275-288.

60. Hall WA, Bergom C, Thompson RF, et al. Precision 
Oncology and Genomically Guided Radiation Therapy: 
A Report from the American Society for Radiation 
Oncology/American Association of Physicists in 
Medicine/National Cancer Institute Precision Medicine 
Conference. Int J Radiat Oncol Biol Phys. 2017.

61. Han CJ, Korde LA, Reding S, et al. Investigation of a 
Lifestyle Intervention in Women at High Risk of Breast 
Cancer. West J Nurs Res. 2017:193945917697227.

62. Haney K, Tandon P, Divi R, Ossandon MR, Baker H, 
Pearlman PC. The Role of Affordable, Point-of-Care 
Technologies for Cancer Care in Low- and Middle-
Income Countries: A Review and Commentary. IEEE J 
Transl Eng Health Med. 2017;5:2800514.

63. Head MMDACC, Neck Quantitative Imaging Working 
G. Matched computed tomography segmentation and 
demographic data for oropharyngeal cancer radiomics 
challenges. Sci Data. 2017;4:170077.

64. Heery CR, O’Sullivan-Coyne G, Madan RA, et al. 
Avelumab for metastatic or locally advanced previously 
treated solid tumours (JAVELIN Solid Tumor): a phase 
1a, multicohort, dose-escalation trial. Lancet Oncol. 
2017;18(5):587-598.

65. Henderson LA, Shankar LK. Clinical Translation 
of the National Institutes of Health’s Investments 
in Nanodrug Products and Devices. AAPS J. 
2017;19(2):343-359.

66. Hirakawa A, Yonemori K, Kinoshita F, et al. Potential 
utility of a longitudinal relative dose intensity of molec-
ularly targeted agents in phase 1 dose-finding trials. 
Cancer Sci. 2018 Jan;109(1):207-214. Epub 2017.

67. Holbeck SL, Camalier R, Crowell JA, et al. The National 
Cancer Institute ALMANAC: A Comprehensive 
Screening Resource for the Detection of Anticancer 
Drug Pairs with Enhanced Therapeutic Activity. Cancer 
Res. 2017;77(13):3564-3576.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 219

68. Hristova I, Boellaard R, Galette P, et al. Guidelines for 
quality control of PET/CT scans in a multicenter clini-
cal study. EJNMMI Phys. 2017;4(1):23.

69. Huang EP, Lin FI, Shankar LK. Beyond Correlations, 
Sensitivities, and Specificities: A Roadmap for 
Demonstrating Utility of Advanced Imaging in 
Oncology Treatment and Clinical Trial Design. Acad 
Radiol. 2017;24(8):1036-1049.

70. Hyman DM, Sill MW, Lankes HA, et al. A phase 2 
study of alisertib (MLN8237) in recurrent or per-
sistent uterine leiomyosarcoma: An NRG Oncology/
Gynecologic Oncology Group study 0231D. Gynecol 
Oncol. 2017;144(1):96-100.

71. Jacobs P. Overview of FDA Approval Paths Optical 
Surgical Navigation. SPIE. 2017;10049(Molecular-
Guided Surgery: Molecules, Devices, and Applications 
III).

72. Jais JP, Molina TJ, Ruminy P, et al. Reliable sub-
type classification of diffuse large B-cell lympho-
ma samples from GELA LNH2003 trials using the 
Lymph2Cx gene expression assay. Haematologica. 
2017;102(10):e404-e406.

73. Ji J, Zhang Y, Redon CE, et al. Phosphorylated fraction 
of H2AX as a measurement for DNA damage in cancer 
cells and potential applications of a novel assay. PLoS 
One. 2017;12(2):e0171582.

74. Jia L, Lin H, Oppenheim J, et al. US National Cancer 
Institute-China Collaborative Studies on Chinese 
Medicine and Cancer. J Natl Cancer Inst Monogr. 
2017;2017(52).

75. Jones L, Richmond J, Evans K, et al. Bioluminescence 
Imaging Enhances Analysis of Drug Responses in a 
Patient-Derived Xenograft Model of Pediatric ALL. 
Clin Cancer Res. 2017;23(14):3744-3755.

76. Karam A, Ledermann JA, Kim JW, et al. Fifth Ovarian 
Cancer Consensus Conference of the Gynecologic 
Cancer InterGroup: first-line interventions. Ann Oncol. 
2017;28(4):711-717.

77. Kim J, Singh H, Ayalew K, et al. Use of PRO measures 
to inform tolerability in oncology trials: Implications 
for clinical review, IND safety reporting and clinical 
site inspections. Clin Cancer Res. 2017.

78. Kim KY, Le QT, Yom SS, et al. Clinical Utility of 
Epstein-Barr Virus DNA Testing in the Treatment of 
Nasopharyngeal Carcinoma Patients. Int J Radiat Oncol 
Biol Phys. 2017;98(5):996-1001.

79. Kim KY, Le QT, Yom SS, et al. Current State of 
PCR-Based Epstein-Barr Virus DNA Testing 
for Nasopharyngeal Cancer. J Natl Cancer Inst. 
2017;109(4).

80. Kirsch DG, Diehn M, Kesarwala AH, et al. The Future 
of Radiobiology. J Natl Cancer Inst. 2017.

81. Knobf MT, Jeon S, Smith B, et al. The Yale Fitness 
Intervention Trial in female cancer survivors: 
Cardiovascular and physiological outcomes. Heart 
Lung. 2017;46(5):375-381.

82. Kohn EC, Ivy SP. Whence High-Grade Serous 
Ovarian Cancer. Am Soc Clin Oncol Educ Book. 
2017;37:443-448.

83. Kohn EC, Lee JM, Ivy SP. The HRD Decision-Which 
PARP Inhibitor to Use for Whom and When. Clin 
Cancer Res. 2017;23(23):7155-7157.

84. Korde LA, Doody DR, Hsu L, Porter PL, Malone KE. 
Bisphosphonate Use and Risk of Recurrence, Second 
Primary Breast Cancer, and Breast Cancer Mortality in 
a Population-Based Cohort of Breast Cancer Patients. 
Cancer Epidemiol Biomarkers Prev. 2017.

85. Korn E, Freidlin B. Clinical Trial Designs in Oncology. 
In: Niederhuber JE, Armitage JO, Doroshow J, Kastan 
MB, Tepper JE, eds. Abeloff’s Clinical Oncology, Sixth 
Edition. New York: Elsevier; 2017.

86. Korn EL, Freidlin B. Adaptive Clinical Trials: 
Advantages and Disadvantages of Various Adaptive 
Design Elements. J Natl Cancer Inst. 2017;109(6).

87. Korn EL, Freidlin B. Quantitative assessment of a 
prognostic or predictive biomarker panel. J Biopharm 
Stat. 2017:1-18.

88. Korn EL, Freidlin B. Reader reaction on estima-
tion of treatment effects in all-comers randomized 
clinical trials with a predictive marker. Biometrics. 
2017;73(2):706-708.

89. Korn EL, Othus M, Chen T, Freidlin B. Assessing treat-
ment efficacy in the subset of responders in a random-
ized clinical trial. Ann Oncol. 2017;28(7):1640-1647.

90. Kralik SF, Watson GA, Shih CS, Ho CY, Finke W, 
Buchsbaum J. Radiation-Induced Large Vessel Cerebral 
Vasculopathy in Pediatric Patients with Brain Tumors 
Treated With Proton Radiation Therapy. Int J Radiat 
Oncol Biol Phys. 2017;99(4):817-824.

91. Krushkal J, Zhao Y, Hose C, Monks A, Doroshow JH, 
Simon R. Longitudinal Transcriptional Response of 
Glycosylation-Related Genes, Regulators, and Targets 
in Cancer Cell Lines Treated With 11 Antitumor 
Agents. Cancer Inform. 2017;16:1176935117747259.



DCTD PROGRAMS AND INITIATIVES (2013-2017)220

92. Kummar S, Coyne GO, Do KT, et al. Clinical Activity 
of the gamma-Secretase Inhibitor PF-03084014 
in Adults with Desmoid Tumors (Aggressive 
Fibromatosis). Journal of Clinical Oncology. 
2017;35(14):1561-+.

93. Kunos CA, Chu E, Makower D, Kaubisch A, Sznol M, 
Ivy SP. Phase I Trial of Triapine-Cisplatin-Paclitaxel 
Chemotherapy for Advanced Stage or Metastatic Solid 
Tumor Cancers. Front Oncol. 2017;7:62.

94. Kunos CA, Galanis E, Buchsbaum J, et al. Radiation-
agent combinations for glioblastoma: challenges 
in drug development and future considerations. J 
Neurooncol. 2017;134(3):551-557.

95. Kurmasheva RT, Gorlick R, Kolb EA, et al. Initial 
testing of VS-4718, a novel inhibitor of focal adhesion 
kinase (FAK), against pediatric tumor models by the 
Pediatric Preclinical Testing Program. Pediatr Blood 
Cancer. 2017;64(4).

96. Kurmasheva RT, Sammons M, Favours E, et al. Initial 
testing (stage 1) of tazemetostat (EPZ-6438), a novel 
EZH2 inhibitor, by the Pediatric Preclinical Testing 
Program. Pediatr Blood Cancer. 2017;64(3).

97. La Regina G, Bai R, Coluccia A, et al. 3-Aroyl-1,4-
diarylpyrroles Inhibit Chronic Myeloid Leukemia Cell 
Growth through an Interaction with Tubulin. ACS Med 
Chem Lett. 2017;8(5):521-526.

98. Leary AF, Quinn M, Fujiwara K, et al. Fifth Ovarian 
Cancer Consensus Conference of the Gynecologic 
Cancer InterGroup (GCIG): clinical trial design for rare 
ovarian tumours. Ann Oncol. 2017;28(4):718-726.

99. Lee JM, Hays JL, Chiou VL, et al. Phase I/Ib study of 
olaparib and carboplatin in women with triple negative 
breast cancer. Oncotarget. 2017;8(45):79175-79187.

100. Lee J-M, Kohn E. Ovarian Cancer. In: Abraham 
J, Gulley JL, Allegra C, eds. Bethesda Handbook of 
Clinical Oncology. 4th ed. Philadelphia: Lippincott, 
Williams & Wilkins; 2017;233-242.

101. Lindenberg L, Adler S, Turkbey IB, et al. Dosimetry 
and first human experience with (89)Zr-panitumumab. 
Am J Nucl Med Mol Imaging. 2017;7(4):195-203.

102. Lionakis MS, Dunleavy K, Roschewski M, et 
al. Inhibition of B Cell Receptor Signaling by 
Ibrutinib in Primary CNS Lymphoma. Cancer Cell. 
2017;31(6):833-843 e835.

103. Lipshultz SE, Herman EH. Anthracycline 
Cardiotoxicity: The Importance of Horizontally 
Integrating Pre-Clinical and Clinical Research. 
Cardiovasc Res. 2018 Feb 1;114(2):205-209.

104. Little RF, McShane LM, Freidlin B. Myeloma Minimal 
Residual Disease and Surrogacy. JAMA Oncol. 
2017;3(8):1136.

105. Little RF, Streicher H. Checking up on checkpoint 
inhibitors. Blood. 2017;130(2):107-108.

106. Liu CH, Abrams ND, Carrick DM, et al. Biomarkers of 
chronic inflammation in disease development and pre-
vention: challenges and opportunities. Nat Immunol. 
2017;18(11):1175-1180.

107. Liu Y, Easton J, Shao Y, et al. The genomic landscape of 
pediatric and young adult T-lineage acute lymphoblas-
tic leukemia. Nat Genet. 2017;49(8):1211-1218.

108. Lock R, Carol H, Maris JM, et al. Initial testing (stage 
1) of the curaxin CBL0137 by the pediatric preclinical 
testing program. Pediatr Blood Cancer. 2017;64(4).

109. Lok BH, Gardner EE, Schneeberger VE, et al. PARP 
Inhibitor Activity Correlates with SLFN11 Expression 
and Demonstrates Synergy with Temozolomide 
in Small Cell Lung Cancer. Clin Cancer Res. 
2017;23(2):523-535.

110. Lucas JL, Tacheny EA, Ferris A, et al. Development and 
validation of a Luminex assay for detection of a predic-
tive biomarker for PROSTVAC-VF therapy. PLoS One. 
2017;12(8):e0182739.

111. Luo D, Wang S-L, Fang J. Combining Gene Expression 
and Interactions Data with miRNA Family Information 
for Identifying miRNA-mRNA Regulatory Modules. 
ICIC. 2017;2:311-322.

112. Luo J, Johnston BS, Kitsch AE, et al. Ductal Carcinoma 
in Situ: Quantitative Preoperative Breast MR Imaging 
Features Associated with Recurrence after Treatment. 
Radiology. 2017;285(3):788-797.

113. Maddocks K, Barr PM, Cheson BD, et al. 
Recommendations for Clinical Trial Development in 
Follicular Lymphoma. J Natl Cancer Inst. 2017;109(3).

114. Mann B, Zwiebel J. Planning Adjuvant Trials When 
Regimens Effective for Patients with Advanced Disease 
Don’t Work in the Adjuvant Setting-Paradigms Lost. 
JAMA Oncol. 2017;3(9):1178-1179.

115. Mason C, Wang L, Duggan C, et al. Gene expression in 
breast and adipose tissue after 12 months of weight loss 
and vitamin D supplementation in postmenopausal 
women. NPJ Breast Cancer. 2017;3:15.

116. Masucci GV, Cesano A, Eggermont A, et al. The need 
for a network to establish and validate predictive 
biomarkers in cancer immunotherapy. J Transl Med. 
2017;15(1):223.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 221

117. Matsumoto J, Kiesel BF, Parise RA, et al. LC-MS/
MS assay for the quantitation of the ribonucleotide 
reductase inhibitor triapine in human plasma. J Pharm 
Biomed Anal. 2017;146:154-160.

118. Meehan TF, Conte N, Goldstein T, et al. PDX-MI: 
Minimal Information for Patient-Derived Tumor 
Xenograft Models. Cancer Res. 2017;77(21):e62-e66.

119. Mehrotra S, Gopalakrishnan M, Gobburu J, et al. 
Population pharmacokinetics and site of action expo-
sures of veliparib with topotecan plus carboplatin in 
patients with haematological malignancies. Br J Clin 
Pharmacol. 2017;83(8):1688-1700.

120. Mehrotra S, Gopalakrishnan M, Gobburu J, et al. 
Exposure-Response of Veliparib to Inform Phase 
II Trial Design in Refractory or Relapsed Patients 
with Hematological Malignancies. Clin Cancer Res. 
2017;23(21):6421-6429.

121. Meitzler JL, Makhlouf HR, Antony S, et al. Decoding 
NADPH oxidase 4 expression in human tumors. Redox 
Biol. 2017;13:182-195.

122. Mendoza TR, Dueck AC, Bennett AV, et al. 
Evaluation of different recall periods for the US 
National Cancer Institute’s PRO-CTCAE. Clin Trials. 
2017;14(3):255-263.

123. Mitchell CA, Ramessar K, O’Keefe BR. Antiviral lec-
tins: Selective inhibitors of viral entry. Antiviral Res. 
2017;142:37-54.

124. Moscow J, Cowan KH, Sikic BI. Chapter 62: Drug 
Resistance and Its Clinical Significance. In Holland-Frei 
Cancer Medicine. 9th Edition. ed. Hamilton, Ontario. 
2017;733-742.

125. Moscow JA, Fojo T, Schilsky RL. The evidence frame-
work for precision cancer medicine. Nat Rev Clin 
Oncol. 2018 Mar;15(3):183-192. Epub 2017.

126. Negi S, Guda C. Functional Characterization of Healthy 
Adult Human Brain Gene Expression Model and Its 
Application on Neurodevelopment Disorders. Sci Rep. 
2017;7:897.

127. Newman D, Cragg GM, Gorthaus PG. Chemical 
Biology of Natural Products. In: Press C, ed. Boca 
Raton 2017:662.

128. Nicolaou KC, Rhoades D, Wang Y, et al. 
12,13-Aziridinyl Epothilones. Stereoselective 
Synthesis of Trisubstituted Olefinic Bonds from 
Methyl Ketones and Heteroaromatic Phosphonates 
and Design, Synthesis, and Biological Evaluation 
of Potent Antitumor Agents. J Am Chem Soc. 
2017;139(21):7318-7334.

129. O’Connor JP, Aboagye EO, Adams JE, et al. Imaging 
biomarker roadmap for cancer studies. Nat Rev Clin 
Oncol. 2017;14(3):169-186.

130. Oh H, Baumrind S, Korn EL, et al. A retrospective 
study of Class II mixed-dentition treatment. Angle 
Orthod. 2017;87(1):56-67.

131. Ossandon M, Balsam J, Bruck HA, Kalpakis K, 
Rasooly A. A computational streak mode cytometry 
biosensor for rare cell analysis. Analyst. 2017 Feb 
14;142(4):641-648.

132. Ossandon M, Balsam J, Bruck HA, Rasooly A, Kalpakis 
K. Evaluation of a Methodology for Automated Cell 
Counting for Streak Mode Imaging Flow Cytometry.  
J Anal Bioanal Tech. 2017;8:364.

133. O’Sullivan Coyne G, Burotto M. MABp1 for the 
treatment of colorectal cancer. Expert Opin Biol Ther. 
2017;17(9):1155-1161.

134. O’Sullivan Coyne G, Chen AP, Meehan R, Doroshow 
JH. PARP Inhibitors in Reproductive System 
Cancers: Current Use and Developments. Drugs. 
2017;77(2):113-130.

135. O’Sullivan Coyne G, Woodring TS, Lee CR, Chen AP, 
Kong HH. Hidradenitis suppurativa-like lesions 
associated with pharmacologic inhibition of 
gamma-secretase. J Invest Dermatol. 2017.

136. Palmisano A, Zamborszky J, Oguz C, Csikasz-Nagy A. 
Molecular Network Dynamics of Cell Cycle Control: 
Periodicity of Start and Finish. Methods Mol Biol. 
2017;1524:331-349.

137. Palmisano A, Zhao Y, Li MC, Polley EC, Simon RM. 
OpenGeneMed: a portable, flexible and customizable 
informatics hub for the coordination of next-genera-
tion sequencing studies in support of precision medi-
cine trials. Brief Bioinform. 2017;18(5):723-734.

138. Park JR, Bagatell R, Cohn SL, et al. Revisions to the 
International Neuroblastoma Response Criteria: 
A Consensus Statement from the National Cancer 
Institute Clinical Trials Planning Meeting. J Clin Oncol. 
2017;35(22):2580-2587.

139. Pavana RK, Choudhary S, Bastian A, et al. Discovery 
and preclinical evaluation of 7-benzyl-N-(substitut-
ed)-pyrrolo[3,2-d]pyrimidin-4-amines as single agents 
with microtubule targeting effects along with triple-act-
ing angiokinase inhibition as antitumor agents. Bioorg 
Med Chem. 2017;25(2):545-556.



DCTD PROGRAMS AND INITIATIVES (2013-2017)222

140. Pili R, Liu G, Chintala S, et al. Combination of the his-
tone deacetylase inhibitor vorinostat with bevacizumab 
in patients with clear-cell renal cell carcinoma: a multi-
centre, single-arm phase I/II clinical trial. Br J Cancer. 
2017;116(7):874-883.

141. Pili R, Quinn DI, Hammers HJ, et al. 
Immunomodulation by Entinostat in Renal Cell 
Carcinoma Patients Receiving High-Dose Interleukin 
2: A Multicenter, Single-Arm, Phase I/II Trial (NCI-
CTEP#7870). Clin Cancer Res. 2017;23(23):7199-7208.

142. Pongas G, Kim MK, Min DJ, et al. BRD4 facili-
tates DNA damage response and represses CBX5/
Heterochromatin protein 1 (HP1). Oncotarget. 
2017;8(31):51402-51415.

143. Romagnoli R, Baraldi PG, Prencipe F, et al. 
Synthesis and Biological Evaluation of 2-Methyl-4,5-
Disubstituted Oxazoles as a Novel Class of Highly 
Potent Antitubulin Agents. Sci Rep. 2017;7:46356.

144. Rosen M, Kinahan PE, Gimpel JF, et al. Performance 
Observations of Scanner Qualification of NCI-
Designated Cancer Centers: Results from the Centers 
of Quantitative Imaging Excellence (CQIE) Program. 
Acad Radiol. 2017;24(2):232-245.

145. Rosenberg SM, Gelber S, Gelber RD, et al. Oncology 
Physicians’ Perspectives on Practices and Barriers 
to Fertility Preservation and the Feasibility of a 
Prospective Study of Pregnancy After Breast Cancer. J 
Adolesc Young Adult Oncol. 2017;6(3):429-434.

146. Rubinstein PG, Moore PC, Rudek MA, et al. 
Brentuximab vedotin with AVD shows safety, in  
the absence of strong CYP3A4 inhibitors, in newly 
diagnosed HIV-associated Hodgkin lymphoma.  
AIDS. 2018 Mar 13;32(5):605-611. Epub 2017.

147. Salgado R, Moore H, Martens JWM, et al. Societal chal-
lenges of precision medicine: Bringing order to chaos. 
Eur J Cancer. 2017;84:325-334.

148. Salgado R, Moore H, Martens JWM, et al. Steps for-
ward for cancer precision medicine. Nat Rev Drug 
Discov. 2017.

149. Scheuermann JS, Reddin JS, Opanowski A, et al. 
Qualification of National Cancer Institute-Designated 
Cancer Centers for Quantitative PET/CT Imaging in 
Clinical Trials. J Nucl Med. 2017;58(7):1065-1071.

150. Scott DW, Abrisqueta P, Wright GW, et al. New 
Molecular Assay for the Proliferation Signature in 
Mantle Cell Lymphoma Applicable to Formalin-
Fixed Paraffin-Embedded Biopsies. J Clin Oncol. 
2017;35(15):1668-1677.

151. Seibel NL, Janeway K, Allen CE, et al. Pediatric 
oncology enters an era of precision medicine. 
Curr Probl Cancer. 2017;41(3):194-200.

152. Seibel NL, Shad AT, Bekersky I, et al. Safety, 
Tolerability, and Pharmacokinetics of Liposomal 
Amphotericin B in Immunocompromised Pediatric 
Patients. Antimicrob Agents Chemother. 2017;61(2).

153. Selby M, Delosh R, Laudeman J, et al. 3D Models of the 
NCI60 Cell Lines for Screening Oncology Compounds. 
SLAS Discov. 2017;22(5):473-483.

154. Seymour L, Bogaerts J, Perrone A, et al. iRE-
CIST: guidelines for response criteria for use in 
trials testing immunotherapeutics. Lancet Oncol. 
2017;18(3):e143-e152.

155. Shapiro CL, Moriarty JP, Dusetzina S, et al. Cost-
Effectiveness Analysis of Monthly Zoledronic Acid, 
Zoledronic Acid Every 3 Months, and Monthly 
Denosumab in Women with Breast Cancer and Skeletal 
Metastases: CALGB 70604 (Alliance). J Clin Oncol. 
2017;35(35):3949-3955.

156. Sharon E. Can an Immune Checkpoint Inhibitor 
(Sometimes) Make Things Worse? Clin Cancer Res. 
2017;23(8):1879-1881.

157. Shields AF, Jacobs P, Sznol M, et al. Immune 
Modulation Therapy and Imaging: Workshop Report. 
J Nucl Med. 2018 Mar;59(3):410-417. Epub 2017.

158. Shih JH, Fay MP. Pearson’s chi-square test and rank 
correlation inferences for clustered data. Biometrics. 
2017;73(3):822-834.

159. Shustov A, Coiffier B, Horwitz S, et al. Romidepsin 
is effective and well tolerated in older patients with 
peripheral T-cell lymphoma: analysis of two phase II 
trials. Leuk Lymphoma. 2017;58(10):2335-2341.

160. Somlo G, Frankel PH, Arun BK, et al. Efficacy of the 
PARP Inhibitor Veliparib with Carboplatin or as a 
Single Agent in Patients with Germline BRCA1- or 
BRCA2-Associated Metastatic Breast Cancer: California 
Cancer Consortium Trial NCT01149083. Clin Cancer 
Res. 2017;23(15):4066-4076.

161. Soumerai JD, Zelenetz AD, Moskowitz CH, et al. The 
PARP Inhibitor Veliparib Can Be Safely Added to 
Bendamustine and Rituximab and Has Preliminary 
Evidence of Activity in B-Cell Lymphoma. Clin Cancer 
Res. 2017;23(15):4119-4126.

162. Speranza G, Anderson L, Chen AP, et al. First-in-
human study of the epichaperome inhibitor 
PU-H71: clinical results and metabolic profile. 
Invest New Drugs. 2018 Apr;36(2):230-239. Epub 2017.



DIVISION OF CANCER TREATMENT AND DIAGNOSIS 223

163. Spraggs CF, Parham LR, Briley LP, et al. 
Characterisation of the HLA-DRB1*07:01 biomarker 
for lapatinib-induced liver toxicity during treatment 
of early-stage breast cancer patients with lapatinib 
in combination with trastuzumab and/or taxanes. 
Pharmacogenomics J. 2017.

164. Spraker MB, Francis CE, Korde L, Kim J, Halasz L. 
Solitary Orbital Metastasis 35 Years after a Diagnosis of 
Lobular Carcinoma in Situ. Cureus. 2017;9(6):e1404.

165. Spurgeon SE, Till BG, Martin P, et al. 
Recommendations for Clinical Trial Development 
in Mantle Cell Lymphoma. J Natl Cancer Inst. 
2017;109(1):263.

166. Srivastava AK, Navas T, Herrick WG, et al. Effective 
implementation of novel MET pharmacodynam-
ic assays in translational studies. Ann Transl Med. 
2017;5(1):3.

167. Srivastava S, Sorg B, Memon S, et al. Predictive 
Markers and Driver Genes from Treatment Trials: 
Potential Utility for Early Diagnosis. In: Srivastava 
A, ed. Biomarkers in Cancer Screening and Early 
Detections. Chichester, UK: John Wiley & Sons, 
Ltd; 2017;231-244.

168. Suzuki A, Saito Y, Fukuyoshi S, et al. Corymbulosins 
D-H, 2-Hydroxy- and 2-Oxo-clerodane Diterpenes 
from the Bark of Laetia corymbulosa. J Nat Prod. 
2017;80(4):1065-1072.

169. Suzuki Y, Saito Y, Goto M, et al. (-)-Neocaryachine, 
an Antiproliferative Pavine Alkaloid from Cryptocarya 
laevigata, Induces DNA Double-Strand Breaks. J Nat 
Prod. 2017;80(1):220-224.

170. Teicher BA, Silvers T, Selby M, et al. Small cell lung 
carcinoma cell line screen of etoposide/carboplatin plus 
a third agent. Cancer Med. 2017;6(8):1952-1964.

171. Trans DJ, Bai R, Addison JB, et al. Synthesis of two 
fluorescent GTPgammaS molecules and their biolog-
ical relevance. Nucleosides Nucleotides Nucleic Acids. 
2017;36(6):379-391.

172. Tricoli JV. The Biology of AYA Cancers. In: Bleyer 
R, Barr R, Ries L, Whelan J, Ferrari A, eds. Cancer in 
Adolescents and Young Adults: Springer-Verlag; 2017.

173. Tricoli JV, Boardman LA, Patidar R, et al. A muta-
tional comparison of adult and adolescent and 
young adult (AYA) colon cancer. Cancer. 2018 Mar 
1;124(5):1070-1082.

174. Tummers WS, Warram JM, Tipirneni KE, et 
al. Regulatory Aspects of Optical Methods and 
Exogenous Targets for Cancer Detection. Cancer Res. 
2017;77(9):2197-2206.

175. Turkbey B, Mena E, Lindenberg L, et al. 18F-DCFBC 
Prostate-Specific Membrane Antigen-Targeted PET/CT 
Imaging in Localized Prostate Cancer: Correlation with 
Multiparametric MRI and Histopathology. Clin Nucl 
Med. 2017;42(10):735-740.

176. Uldrick TS, Goncalves PH, Wyvill KM, et al. A Phase 
Ib Study of Sorafenib (BAY 43-9006) in Patients with 
Kaposi Sarcoma. Oncologist. 2017;22(5):505-e549.

177. Uldrick TS, Ison G, Rudek MA, et al. Modernizing 
Clinical Trial Eligibility Criteria: Recommendations of 
the American Society of Clinical Oncology-Friends of 
Cancer Research HIV Working Group. J Clin Oncol. 
2017;35(33):3774-3780.

178. Vanpouille-Box C, Alard A, Aryankalayil MJ, et 
al. DNA exonuclease Trex1 regulates radiothera-
py-induced tumour immunogenicity. Nat Commun. 
2017;8:15618.

179. Vargas HA, Huang EP, Lakhman Y, et al. 
Radiogenomics of High-Grade Serous Ovarian Cancer: 
Multireader Multi-Institutional Study from the Cancer 
Genome Atlas Ovarian Cancer Imaging Research 
Group. Radiology. 2017;285(2):482-492.

180. White J, O’Keefe B, Sharma J, Javed G, Nukala 
V, Ganguly A. India-United States Dialogue on 
Traditional Medicine: Toward Collaborative 
Research and Generation of an Evidence Base. 
J Global Oncology. 2017.

181. Winn BA, Shi Z, Carlson GJ, et al. Bioreductively 
activatable prodrug conjugates of phenstatin designed 
to target tumor hypoxia. Bioorg Med Chem Lett. 
2017;27(3):636-641.

182. Wolsztynski E, O’Sullivan F, O’Sullivan J, Eary JF. 
Statistical assessment of treatment response in a cancer 
patient based on pre-therapy and post-therapy FDG-
PET scans. Stat Med. 2017;36(7):1172-1200.

183. Xi D, Bao T, Chen Q, et al. State of the Science: 
Cancer Complementary and Alternative Medicine 
Therapeutics Research-NCI Strategic Workshop 
Highlights of Discussion Report. J Natl Cancer Inst 
Monogr. 2017 Nov;2017(52):003.

184. Xie W, Regan MM, Buyse M, et al. Metastasis-
Free Survival Is a Strong Surrogate of Overall 
Survival in Localized Prostate Cancer. J Clin Oncol. 
2017;35(27):3097-3104.



DCTD PROGRAMS AND INITIATIVES (2013-2017)224

185. Yarana C, Carroll D, Chen J, et al. Extracellular vesicles 
released by cardiomyocytes in a doxorubicin-induced 
cardiac injury mouse model contain protein biomark-
ers of early cardiac injury. Clin Cancer Res. 2017.

186. Younes A, Hilden P, Coiffier B, et al. International 
Working Group consensus response evaluation 
criteria in lymphoma (RECIL 2017). Ann Oncol. 
2017;28(7):1436-1447.

187. Younossi ZM, Stepanova M, Rafiq N, et al. 
Nonalcoholic Steatofibrosis Independently Predicts 
Mortality in Nonalcoholic Fatty Liver Disease. 
Hepatology Communications. 2017;1:421-428.

188. Zhang Q, Freidlin B, Korn EL, Halabi S, Mandrekar S, 
Dignam JJ. Comparison of futility monitoring guide-
lines using completed phase III oncology trials. Clin 
Trials. 2017;14(1):48-58.

189. Zia FZ, Olaku O, Bao T, et al. The National Cancer 
Institute’s Conference on Acupuncture for Symptom 
Management in Oncology: State of the Science, 
Evidence, and Research Gaps. J Natl Cancer Inst 
Monogr. 2017 Nov;2017(52):005.

190. Zlotkowski K, Hewitt WM, Yan P, et al. 
Macrophilone A: Structure Elucidation, Total 
Synthesis, and Functional Evaluation of a 
Biologically Active Iminoquinone from the Marine 
Hydroid Macrorhynchia philippina. Org Lett. 
2017;19(7):1726-1729.

191. Zujewski JA, Rubinstein L. CREATE-X a role for 
capecitabine in early-stage breast cancer: an analysis of 
available data. NPJ Breast Cancer. 2017;3:27.

192. Valle LF, Greer MD, Shih JH, et al. Multiparametric 
MRI for the Detection of Local Recurrence of Prostate 
Cancer in the Setting of Biochemical Recurrence 
after Low Dose Rate Brachytherapy. Diagnostic and 
Interventional Radiology. 2017 - Accepted.

193. Palmisano A, Zhao Y, Simon R. D3Oncoprint: 
Standalone Software to Visualize and Dynamically 
Explore Annotated Genomic Mutation Files. J Clin 
Oncol Clin Cancer Informatics. 2017 - in press.

194. Bolouri H, Farrar JE, Triche T, Jr., et al. The molecular 
landscape of pediatric acute myeloid leukemia reveals 
recurrent structural alterations and age-specific muta-
tional interactions. Nat Med. 2018;24(1):103-112.

195. Kurmasheva RT, Kurmashev D, Reynolds CP, et al. 
Initial testing (stage 1) of M6620 (formerly VX-970), a 
novel ATR inhibitor, alone and combined with cispla-
tin and melphalan, by the Pediatric Preclinical Testing 
Program. Pediatr Blood Cancer. 2018 Feb;65(2):e26825. 
Epub 2017.

196. Mena E, Lindenberg ML, Shih JH, et al. Clinical impact 
of PSMA-based (18)F-DCFBC PET/CT imaging in 
patients with biochemically recurrent prostate can-
cer after primary local therapy. Eur J Nucl Med Mol 
Imaging. 2018;45(1):4-11.

197. Nordstrom RJ. Special Section Guest Editorial: 
Quantitative Imaging and the Pioneering Efforts of 
Laurence P. Clarke. J Med Imaging (Bellingham). 
2018;5(1):011001.

198. Salgado R, Moore H, Martens JWM, et al. Steps for-
ward for cancer precision medicine. Nat Rev Drug 
Discov. 2018;17(1):1-2.

199. Walter RB, Michaelis LC, Othus M, et al. Intergroup 
LEAP trial (S1612): A randomized phase 2/3 platform 
trial to test novel therapeutics in medically less fit older 
adults with acute myeloid leukemia. Am J Hematol. 
2018;93(2):E49-E52.

200. Gaur S, Harmon S, Rosenblum L, et al. Can ADC 
Values Assist PI-RADSv2 DWI Scoring? A Correlation 
Study Using the PI-RADSv2 and ISUP Systems. Am J 
Roentgenology. Accepted.

201. Coleman CN, Prasanna P, Capala J, et al. Smart 
Radiotherapy. Perez and Brady’s Principles and Practice 
of Radiation Oncology. 7th ed: Lippincott; In Press.



D
es

ig
n 

by
 N

IH
 M

ed
ic

al
 A

rt
s



NIH…Turning Discovery into Health ®

NIH PUBLICATION NO. 17-7911 
Printed October 2018


	Acronyms
	List of Tables
	List of Figures
	Preface
	Overview
	Major Initiatives Supporting the Cancer Community
	Current Research Emphasis
	Future Research Emphasis
	Mechanisms of Cancer Drug Resistance and Sensitivity
	Development of Improved Patient-Derived Models to Enhance Early Phase Clinical Trials
	Development of Cancer Immunotherapy Biomarkers
	New Cancer Immunotherapy Model Systems
	Understanding the Microenvironment of Pancreatic Cancer to Enhance Immunotherapeutic Options

	Current Programs and Initiatives
	NCI’s Precision Medicine Trials
	Precision Medicine Initiative (PMI) – Oncology Supplements
	NCI National Clinical Trials Network (NCTN)
	NCI Experimental Therapeutics Clinical Trials Network (ETCTN)
	Specialized Programs of Research Excellence (SPORE)
	NCI Experimental Therapeutics (NExT) Program
	NCI Patient-Derived Models Repository (PDMR) Program
	Pharmacodynamic Assay Development and Implementation Section (PADIS)
	The Cancer Imaging Archive (TCIA)
	Innovative Molecular Analysis Technologies (IMAT)
	The Cancer Immunotherapy Trials Network (CITN)
	Childhood Cancer Survivor Study (CCSS)
	NCI Developmental Therapeutics Clinic (DTC)
	NCI Program for Natural Products Discovery (NPNPD)
	NCI Formulary
	Exploring the Horizon
	NCI Exceptional Responders Initiative
	Provocative Question Initiative
	Recalcitrant Cancer Research Act of 2012
	NCI R21 Program: Translational and Clinical Exploratory Research


	Biometric Research Program
	Overview
	Structure and Function
	Biostatistics Branch
	Computational and Systems Biology Branch

	Future Directions

	Cancer Diagnosis Program 
	Overview
	Structure and Function
	Biorepositories and Biospecimen Research Branch
	Diagnostic Biomarkers and Technology Branch
	Diagnostics Evaluation Branch 
	The Pathology Investigation and Resources Branch

	CDP Grants Overview
	Assistance to the Cancer Community
	Molecular Characterization Laboratory (MoCha)
	Program for the Assessment of Clinical Cancer Tests (PACCT)
	Strategic Partnerships to Evaluate Cancer Signatures (SPECS)
	Biomarker Evaluation in NCI Cancer Therapy Trials
	REMARK and the EORTC-NCI Cancer Molecular Markers Collaborations
	Clinical Assay Standardization 
	Biospecimen Access for the Cancer Research Community
	NIH Genotype Tissue Expression (GTEx) Program
	Biospecimen Research Network (BRN)
	Tools and Guidance for Biobanking
	Pathology Evaluation of Tissue Specimens for Research

	Future Directions
	Biomarker Support for Immunotherapy
	Preclinical and Clinical Molecular Characterization for Developmental Therapeutics 
	Circulating Tumor Nucleic Acids
	Bioethics and Science in Biobanking


	Cancer Imaging Program
	Overview
	Structure and Function
	Molecular Imaging Branch
	Clinical Trials Branch
	Image-Guided Intervention Branch
	Imaging Technology Development Branch
	Nanodelivery Systems and Devices Branch

	CIP Grants Overview
	Assistance to the Cancer Community
	Specialized Initiatives 
	Imaging Informatics
	In Vivo Cellular and Molecular Imaging Centers
	Molecular Imaging Clinic 
	Synthesis of Agents
	Molecular Imaging Radiopharmaceutical Resources 
	Clinical Trials
	Quantitative Imaging Network (QIN) for the Measurement of Therapy Response
	Ongoing Strategies in Imaging – National Strategic Plans, Initiatives, & Roadmaps
	Specialized Workshops 

	Future Directions

	Cancer Therapy Evaluation Program
	Overview
	Structure and Function 
	Investigational Drug Branch
	Clinical Investigations Branch
	Clinical Grants and Contracts Branch
	Regulatory Affairs Branch
	Pharmaceutical Management Branch
	Clinical Trials Monitoring Branch
	Clinical Trials Operations and Informatics Branch

	CTEP Grants Overview
	Assistance to the Cancer Community
	CTEP-Sponsored Phase 2 Trials Leading to Pivotal Trials
	Fostering Career Development of Junior Clinical Investigators
	Clinical Trials Program

	Future Directions

	Developmental Therapeutics Program 
	Overview
	Structure and Function
	Office of the Associate Director
	Preclinical Therapeutics Grants Branch
	Molecular Pharmacology Branch
	Biological Testing Branch
	Drug Synthesis and Chemistry Branch 
	Natural Products Branch
	Biological Resources Branch
	Toxicology and Pharmacology Branch
	Pharmaceutical Resources Branch
	Information Technology Branch

	DTP Grants Overview
	Assistance to the Cancer Research Community
	NCI-60 Cell Line Screen 
	In vivo Model Development and Testing
	Tumors, Cells, Cell Lines, and Mice
	Collection and Distribution of Synthetic Compounds
	Acquisition of Small-Molecule Oncology Agents
	Laboratory of Synthetic Chemistry 
	Natural Products Repository 
	cGMP Manufacturing and Formulation
	Investigative Toxicology Laboratory 
	The Biopharmaceutical Development Program
	BRB Preclinical Repository
	IT Enhancements Facilitating Interactions with the Research Community

	Future Directions

	Radiation Research Program 
	Overview
	Structure and Function
	Radiotherapy Development Branch
	Clinical Radiation Oncology Branch
	Molecular Radiation Therapeutics

	RRP Grants Overview
	Assistance to the Cancer Research Community
	Imaging and Radiation Oncology Core (IROC)
	Radiobiology Bioterrorism Research and Training Group
	Workshop on Utilizing the Biological Consequences of Radiation Therapy in the Development of New Treatment Approaches

	Future Directions

	Translational Research Program 
	Overview
	TRP Mission

	TRP Grants Overview
	Organized SPORE Workshops 
	Brain SPORE Workshops (2013-2017)
	Gastrointestinal (GI) and Pancreas workshops (2013-2017)
	Skin SPORE Workshops (2013-2017)
	Lung Cancer SPORE Workshops (2013-2017)
	Prostate and Genitourinary (GU) SPORE Workshops (2103-2014)
	Leukemia Inter-SPORE Meeting (2014)
	Head and Neck Cancer SPORE Workshop (2014)
	Hematologic Malignancies SPORE Workshop (2015)
	Translational Research in Ovarian and Gynecologic Cancers Workshop (2016)

	Future Directions

	Office of Cancer Complementary and Alternative Medicine 
	Overview
	Mission

	OCCAM Grants Overview
	Assistance to the Scientific Community
	Herbal Mixture Program Project Grant
	NCI Best Case Series Program
	Patient Education Resource
	Conferences
	Training
	Research Resources
	Collaborations

	Future Directions

	2017 DCTD STAFF ROSTER
	Office of the Division Director
	Biometric Research Program
	Cancer Diagnosis Program
	Cancer Imaging Program
	Cancer Therapy Evaluation Program
	Developmental Therapeutics Program
	Radiation Research Program
	Translational Research Program
	Office of Cancer Complementary and Alternative Medicine

	DCTD Staff Publications
	2013
	2014
	2015
	2016
	2017




