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Abstract

The PREVENT Cancer Preclinical Drug Development Program (PREVENT) is a National Cancer
Institute, Division of Cancer Prevention (NCI, DCP)-supported program whose primary goal is to
bring new cancer preventive interventions (small molecules and vaccines) and biomarkers through
preclinical development towards clinical trials by creating partnerships between the public sector
(e.g., academia, industry) and DCP. PREVENT has a formalized structure for moving
interventions forward in the prevention pipeline using a stage-gate process with go/no go decision
points along the critical path for development. This review describes the structure of the program,
its focus areas, and provides examples of projects currently in the pipeline.

INTRODUCTION

The PREVENT Cancer Preclinical Drug Development Program (PREVENT) (http://
prevention.cancer.gov/programs-resources/programs/prevent) is a National Cancer Institute,
Division of Cancer Prevention (NCI, DCP)-supported program whose aim is to provide a
formalized pipeline to bring promising cancer preventive interventions (small molecules and
vaccines) and biomarkers through preclinical development towards clinical trials. The
Program is designed to support the best ideas in cancer prevention and facilitate their
advancement to human clinical trials. DCP is a leading sponsor of cancer prevention
research worldwide; as such, it provides critical resources needed by the scientific
community to develop drugs to prevent cancer. The success of the PREVENT program has
implications not only for the United States (US) and the developed world, where cancer has
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been a burden for decades, but also for developing countries, where cancer is increasingly
becoming a major health problem [1, 2].

THE NEED FOR DRUGS TO PREVENT CANCER

The number of people in the US age 65 or older is expected to nearly double by 2020, to
about 70 million people. Studies predict that 16% of these older Americans will have been
diagnosed with cancer. This translates to 11.4 million people with cancer. Another 6.6
million younger people (<65 years of age) will also be living with the disease [3]. Even if
treatment costs remain static, the NCI estimates that demographic changes alone will push
the national cost for cancer care up 27% by 2020 [3]. The number of patients surviving
cancers that would have killed them quickly decades ago is further driving up costs.
Moreover, the cost of cancer therapies is escalating faster than other medical costs, largely
due to the introduction of expensive targeted drugs. For example, the angiogenesis inhibitor
bevacizumab costs from $30,000 to $62,000 per patient per treatment course, depending on
the cancer [3]. More than 90% of the cancer drugs approved by the US Food and Drug
Administration (FDA) in the previous few years have cost more than $20,000 for 12 weeks
of treatment [3]. A dramatic illustration of this trend is the cost of Provenge®, a newer
treatment approved for advanced prostate cancer. This drug was the first individualized
vaccine to receive FDA approval; it comes with the enormous cost of $93,000 and extends
life, on average, only four months [4].

These predictions make it clear that we must increase our efforts to prevent cancer, not only
to prevent the suffering and death from this disease, but because the economic burden of not
doing so will be unsustainable for the US and impossible for the rest of the world.
Fortunately, the nature of the cancer process itself presents us with significant opportunities
to interfere with the progression of this disease. Most common cancers (breast, colorectal,
lung, prostate, pancreatic, ovarian), have a latent period of 10-20 years or more before they
are clinically manifested. This allows for a long time period in which to intervene with
cancer preventive drugs or vaccines with the goal of eliminating premalignant cells or
stopping or slowing their growth [5, 6].

A recent study demonstrates just how cost effective preventing cancer with drugs can be [7].
In this analysis, the benefits of using the selective estrogen receptor (ER) modulator
(SERM) tamoxifen to prevent breast cancer were modeled in postmenopausal women less
than age 55 at the start of treatment. The model assumed women took tamoxifen for five
years and were followed for a lifetime. The model also assumed that breast cancer risk
reduction (ER-positive cancer) continued for 10 years after treatment cessation, as has
recently been shown in long-term follow-up studies [8]. Compared to no treatment,
tamoxifen use was highly cost-saving when higher risk populations were targeted (five-year
risk >1.66%). Tamoxifen use in this population was forecast to save 85 quality-adjusted life
years per 1000 postmenopausal women and provide cost savings of $47,580 compared with
no treatment over a lifetime of follow-up [7]. However, the acceptance of tamoxifen to
prevent breast cancer is poor because of the fear of endometrial cancer, thromboembolism,
and other side effects; therefore, better agents are still needed in this niche (reviewed in [9]).
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HISTORY OF THE NCI/DCP PRECLINICAL CHEMOPREVENTIVE AGENT
DEVELOPMENT PROGRAM

The DCP’s chemoprevention program has been in place since the early 1980s. The
preclinical development components of the program have been managed by the
Chemopreventive Agent Development Research Group (CADRG). This program was
designed to take agents from preclinical in vitro cell assays to animal efficacy assays to
Phase 1 clinical development. To facilitate its mission, CADRG has developed an extensive
portfolio of prevention-specific research tools and strategies. These tools were designed to
address the demanding requirements for cancer preventive drugs to achieve regulatory
approval. The program’s portfolio has been continually reevaluated and updated based on
emerging scientific data. During the early years of the program, efficacy studies were carried
out in rodents treated with chemical carcinogens (a few spontaneous tumor models were also
employed). Genetically engineered or mutant models assumed increasing importance in the
preclinical portfolio, as research in cancer genetics burgeoned. Importantly, the preclinical
models used to test the efficacy of potential cancer preventives are immunocompetent
animals where tumors/precancerous lesions arise in situ. These models differ significantly
from chemotherapeutic models, where animals are routinely immunosuppressed in order to
accept xenografts. If an agent showed significant preventive efficacy to warrant toxicity
studies, a battery of standardized pharmacology/toxicology tests were conducted. Once the
necessary preclinical studies and strategic planning were carried out to qualify an agent for
an Investigational New Drug Application (IND), promising agents were turned over to the
DCP Consortia for Early Phase Prevention Trials (Phase 0/1/2 Cancer Prevention Clinical
Trials Program) for efficacy testing and biomarker validation in human intervention studies.

Numerous classes of agents have been tested in the preclinical program, including steroidal
and nonsteroidal anti-inflammatory drugs (NSAIDs), selective cyclooxygenase (COX)-2
inhibitors, antioxidants, SERMs, statins, histone deacetylase (HDAC) inhibitors, mammalian
target of rapamycin (mTOR) inhibitors, 5’-adenosine monophosphate AMP-activated
protein kinase (AMPK) activators, antagonists of the phosphatidylinositol-3-kinase
(PI3K)/AKT pathway, and a few vaccines (e.g., pUMVC3-IGFBP2-HER2-IGF1R vaccine).
From 2000 to 2011, DCP tested 220 new agents or combinations in various morphologic
assays, i.e. in vitro and colon aberrant crypt foci (ACF) screens; 60 agents or combinations
advanced to animal tumor efficacy testing, and 57 agents have been evaluated in preclinical
safety toxicity and pharmacology studies. CADRG has averaged over 40 publications
annually documenting agent development activity (http://prevention.cancer.gov/programs-
resources/pubs).

Over the years, various types of biomarkers have assumed a prominent place in DCP’s
strategic planning efforts. Appropriate risk biomarkers are continually being sought to
identify cohorts for clinical studies and to identify populations that would benefit from
preventive interventions. Since cancer takes many years to develop, clinical trials where
cancer is the outcome are generally not feasible for applied clinical Phase 2 prevention
research. Thus, identifying and validating surrogate intermediate endpoints that predict
cancer risk are critical for applied prevention research. Studies carried out by the preclinical
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testing programs were essential to development of intermediate endpoints (e.g., patterns of
proliferation and apoptosis, gene expression profiles, and use of imaging modalities), which
have been used in clinical trials.

TRANSLATION OF PRECLINICAL STUDIES TO CLINICAL TRIALS

The CADRG Program has been actively involved with the majority of DCP-sponsored
clinical trials. Approximately 120 agents/agent combinations have been or are being tested
in DCP-funded Phase 1/2 clinical trials. CADRG has carried out preclinical efficacy studies
required to qualify agents for Phase 1/2 studies (e.g., Erlotinib, myo-inositol, 9cisUAB30);
additionally, the PREVENT Cancer Program has conducted specialized preclinical
toxicology, pharmacology, and efficacy studies in compliance with FDA guidelines. Other
translational activities include partnering with industry to repurpose approved or pre-
approved drugs for cancer prevention trials (e.g., NSAIDs including COX-2 inhibitors,
aromatase inhibitors, and inhaled glucocorticoids). CADRG facilitates these partnerships by
collaborating to delineate scientific rationales and to define clinical development strategies.

Among the program’s early successes was the Phase 2 trial in familial adenomatous
polyposis (FAP) patients conducted under a DCP-sponsored IND [10]. This work was
supported by a decade of CADRG-sponsored preclinical studies showing NSAIDs and
COX-2 selective agents, such as celecoxib, are among the most consistently effective
preventive agents in rodent colon cancer models. Results from efficacy studies in two of
these models, the azoxymethane (AOM)-treated rat and the APCMIN mouse (a mouse model
for FAP) [11, 12], were cited in the FDA’s approval of celecoxib to treat FAP patients and
in the rationale for initiating Phase 3 studies of celecoxib. Based on these results, celecoxib
was approved by the FDA under the manufacturer’s supplemental New Drug Application
(sNDA) to reduce polyp burden in FAP patients as an adjunct to standard care. The follow-
on 100-site Phase 3 study under the same IND (Adenoma Prevention with Celecoxib [APC]
trial) demonstrated that celecoxib reduced sporadic colon adenoma incidence after three
years in subjects at high risk subsequent to polypectomy at baseline [13]. This study also
contributed to a meta-analysis of placebo-controlled trials with celecoxib which showed that
the concomitant increase in drug-related cardiovascular events linked with COX-2 inhibitors
and NSAIDs was seen only in subjects with a higher baseline risk for cardiovascular disease
[14], also reviewed in [10]. CADRG’s preclinical work with combinations of NSAIDs and
a-difluoromethyl-ornithine (DFMO) in colon cancer models was the basis for a DCP-
sponsored Phase 2/3 clinical study of low-dose DFMO plus sulindac. This randomized,
placebo-controlled double-blind study included 375 subjects with a history of resected
adenomas who were at increased risk for colon cancer. The risk ratio for recurrence in the
treated group relative to the placebo group was 0.30 (95% CI = 0.18-0.49; p <0.001) for one
or more adenomas and 0.085 (95% CI = 0.011-0.65; p <0.001) for one or more advanced
adenomas [15]. In addition, the data generated by CADRG on aromatase inhibitors predicted
the significant outcomes in two phase 3 randomized human prevention trials: the Mammary
Prevention 3 (MAP3) trial and the International Breast Cancer Intervention Study 2 (IBIS2).
In MAP3 exemestane reduced the annual incidence of invasive breast cancer by 65% and
produced a 73% reduction in ER-positive breast cancers relative to placebo in
postmenopausal women at moderately increased risk for breast cancer [16]. Similarly, IB1S2
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showed a 50% reduction in invasive breast cancer and a 58% reduction in ER-positive breast
cancers with anastrozole compared to placebo [17]

THE NEW PREVENT CANCER PROGRAM

The new PREVENT program was created in 2011 to better meet the emerging challenges of
cancer preventive drug development. It is redesigned to accelerate the cancer prevention
drug pipeline by creating partnerships between the public sector (e.g., academia, industry)
and DCP. Modeled on benchmarks used by the pharmaceutical industry, PREVENT cancer
program has a formalized structure for moving drugs and vaccines forward in the cancer
prevention pipeline using a stage-gate process with go/no go decision points along the
critical path for drug development. In the past, the preclinical program successfully
translated a number of preclinical studies into the clinic and allocated resources toward drug
discovery. The new PREVENT cancer program takes a more pragmatic approach,
optimizing available resources to translate only the most promising drugs into the clinic.
Other major priorities include developing and validating methods for identifying high-risk
cohorts, and evaluating response to cancer preventive drug regimens.

PREVENT can provide all the necessary support, documentation, and strategic planning to
move cancer preventive drugs, vaccines, and biomarkers (efficacy, toxicity) from preclinical
drug development up to (but not including) Phase 1 clinical studies. Examples of resources
PREVENT cancer program can provide are outlined in Figure 1. Projects can enter the
pipeline at any point along the drug development continuum, but must show a clear
translational potential to be considered for funding. NCI does not seek intellectual property
from projects developed through the PREVENT cancer program, which are implemented via
contracts outside of DCP (see http://prevention.cancer.gov/programs-resources/programs/
prevent).

Governance Structure

Three groups of experts are key components of PREVENT cancer program’s governance
structure (see Fig. 2). The External Steering Panel, comprised of leaders in drug
development from academia and the private sector; they advise on areas of scientific focus,
help set program priorities, and develop strategic plans to maximize available resources. The
Scientific Review Panel is comprised of external chemoprevention and drug development
experts who review and prioritize applications submitted to PREVENT cancer program. The
Management and Administration Committee consists of senior DCP and non-DCP NIH
scientists; they allocate available resources based on overall program needs such as
addressing underserved disease sites and expanding efforts to new mechanistic drug classes;
monitor the progress of projects in the pipeline; and make go/no-go decisions on projects at
each development stage.

Application Process and Evaluation

PREVENT cancer program solicits applications from academia, small businesses, and the
pharmaceutical industry twice per year (March and September) via a web-based application
process (see Fig. 3). Successful applications do not directly lead to a grant or contract award;
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rather, NCI allocates various contract resources and expertise towards implementation of
approved projects. To date, PREVENT cancer program has supported approximately 30% of
submitted applications through contract Task Orders. Applications undergo several rounds
of review. The first review by the Scientific Review Panel addresses scientific merit,
experimental design, etc. Top scoring applications undergo secondary review by the
Management and Administration Committee for relevance to the program’s mission,
resources and needs. Prioritized projects are then implemented as Task Orders resulting
from contract Requests for Proposals (RFPS) issued to the prime contract pools. These prime
contract pools have expertise in conducting animal experiments relevant to cancer
prevention, efficacy/intermediate endpoint biomarker studies, and toxicology/pharmacology
studies. Thus, applicants have access to laboratories with extensive experience in conducting
needed prevention experiments. Results, in the form of data or products, are returned to the
applicant and may also be used by NCI to make decisions regarding further clinical
development. Examples could include vialed products produced under cGMP conditions or
toxicology reports to support filing of INDAs with the Food and Drug Administration.

PREVENT CANCER PROGRAM FOCUS AREAS

Strategies that target inflammation continue to be a major focal point of the PREVENT
Cancer Program. Though inflammation is generally a normal host response to tissue
damage, if not curtailed, inadequate resolution leads to chronic low-grade inflammation that
predisposes to various maladies including cancer. As such, chronic inflammation is
considered a hallmark risk factor for the development of cancer, estimated to account for
approximately 20% of all cancers (Ryan and Faupel-Badger, this volume) [18]. Though
many of the underlying molecular mechanisms linking inflammation and cancer remain to
be fully delineated, evidence from literature indicates that excessive cytokines, growth
factors, and reactive oxygen and nitrogen species (ROS/NOS) released from inflammatory
cells could lead to genetic alterations and instability in the epithelium and subsequent cancer
initiation. Chronic inflammation in cells, mediated by ROS, also promotes tumor
development by enhancing apoptosis resistance in damaged tissue. Other signaling
molecules often dysregulated by inflammation include growth factor-stimulated protein
kinases and transcription factors implicated in tumor growth and progression. Among these
are the Janus-activated kinases (JAKSs), PI3K/AKT, mitogen-activated protein kinases
(MAPKSs), and transcription factors, including members of the signal transducer and
activator of transcription (STAT) family, nuclear-factor kappa B (NF-xB), activation
protein-1 (AP-1), and hypoxia inducible factor-1a (HIF-1a). Therefore, novel small
molecules and/or vaccines targeting these pathways to hinder inflammation-driven processes
continue to be actively sought by the program.

Prophylactic vaccines have had remarkable success in preventing cancers of viral origin,
such as hepatitis B and human papillomavirus (HPV). Development of immunoprevention
vaccines targeting cancers of non-viral origin is another core PREVENT cancer program’s
objective. This strategy holds great promise for halting cancer at its earliest stages in healthy
individuals who are at risk, but otherwise have an intact immune system, as opposed to
patients with late-stage cancers who have notoriously poor immune systems. One advantage
of cancer immunoprevention strategies is that they will require only a limited number of
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vaccinations to produce long-lasting efficacy, i.e. immunoprotection, hopefully resulting in
lowered toxicity and increased acceptance by the public. Such vaccines may be suited for
preventing the onset of multiple cancer types in high-risk groups, or as a means for delaying
onset or recurrence in patients suffering from the disease. The rationale for testing vaccines
at the very earliest stages of cancer progression is based on the limited effectiveness of many
cancer therapeutic vaccines, owing to the inception of tumor-associated immunosuppression
once frank tumors are formed [19]. One hypothesis being tested in ongoing vaccine projects
is whether prophylactic vaccination with tumor antigens, prior to cancer onset, can surmount
this limitation and generate immunologic memory leading to eradication of early lesions in
animal cancer prevention models. Combinations of drugs and vaccines are also being
explored as a tactic to further improve efficacy.

The use of agent combinations and intermittent dosing/scheduling regimens to decrease
systemic exposure and reduce toxicity for cancer preventive interventions continues to be a
top program priority. Agent combinations allow the use of lower doses of individual drugs,
and should minimize drug-associated toxicities. Similarly, intermittent dosing can decrease
systemic drug exposure and lower drug-related adverse events. Regional, including topical
delivery of chemopreventive agents, also represents a potential strategy to reduce systemic
toxicity. All of these methods should increase the benefit/risk ratio, something that is
exceptionally important for FDA approval of cancer chemopreventives and acceptance of
preventive interventions by both the medical community and patients [9].

Another high PREVENT cancer program priority includes projects that will elucidate the
genomics of early pre-cancerous lesions and facilitate the identification of high-risk
populations likely to benefit from cancer preventive interventions. The ability to detect
intraepithelial neoplasia and associated genomic changes at the earliest stages is critical for
improving cancer preventive interventions that reduce the onset of carcinogenesis and
ultimately cancer incidence. Additional studies to discover the underlying genetic alterations
of pre-cancerous lesions are imperative for identifying at-risk populations and specific
subgroups most likely to benefit from small molecule approaches and/or immunoprevention
vaccine strategies.

OVERVIEW OF PREVENT CANCER PROGRAM PROJECTS AND SPECIFIC
EXAMPLES

Since its inception in 2011, the PREVENT Cancer Program has reviewed 125 application
submissions spanning 10 distinct organ systems. Of these, approximately 40 projects have
been selected for funding, including 20 studies focused on evaluating the cancer preventive
efficacy of small molecules, 10 focused on immunoprevention, and 10 projects centered on
biomarker discovery (see Table 1). Among the group of agent-based projects are studies
aimed at development of new small molecules and proof-of-principle testing, studies
exploring the repurposing of approved drugs for cancer prevention indications, and projects
involving drug reformulation and toxicology support. Furthermore, some studies are focused
on the identification and validation of pathway-related molecular biomarkers to correlate
animal efficacy data with molecular target data in clinical samples. Other projects will
examine novel drug combinations and alternate dosing schedules to determine whether these
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approaches are capable of reducing toxicity while maintaining efficacy to ultimately
augment the benefit/risk ratio. Also new to the program are 10 cancer preventive vaccine
development projects focused on harnessing the immune system as a means of eradicating
and/or thwarting the progression of early premalignant lesions to invasive cancers. Many of
the immunoprevention vaccines under study are directed against tumor-specific antigens or
other regulatory proteins aberrantly expressed throughout the cancer progression continuum
(i.e., tumor-associated antigens). Goals of these vaccine projects are to assess immune
response and perform efficacy evaluations in cancer prevention models of breast, colon,
lung, ovary, and pancreas. Several vaccines will also be tested in combination with a drug.

Several of the awarded projects target molecular pathways associated with inflammation.
Examples include efficacy studies with nonsteroidal anti-inflammatories and dual
microsomal prostaglandin E; (PGE,) synthase-1 (mPGES-1)/5-lipoxygenase (5-LOX)
inhibitors that target both arachidonic acid-derived prostaglandin and leukotriene
inflammatory mediators. Unlike conventional COX-2 inhibitors, no cardiovascular toxicity
has been reported from concomitantly blocking the COX/LOX pathways. Other molecular
targets under investigation include STAT3 inhibitors, small molecule blockers of inducible
nitric-oxide synthase (iNOS), and agonists of ER, all of which are directly or indirectly
linked to inflammation-driven signaling conduits. Antagonists of the P2X7 receptor are also
being tested in a transgenic pancreatic cancer model (p48CTe/*-LSL-Kras®12D/+): these
receptors are upregulated in the inflammasome during pancreatic tumor development.
Efficacy and modulation of inflammasome signaling pathway biomarkers, applicable to
early-phase clinical studies, will also be determined utilizing transcriptome and miRNA
analysis. Finally, a biomarker study to identify a blood-based metabolomic signature
indicative of obesity-induced inflammatory lesions found in human breast tissue is in
progress. The next sections provide a more detailed description of awarded projects by
organ type.

Breast Cancer

Over 200,000 new cases of breast cancer are diagnosed in the US each year [20],
underscoring the need to develop novel, safe and effective drugs to prevent malignant
transformation of breast tissue and early onset of the disease. One project is evaluating the
potential of GLG-302, a small-molecule antagonist of the JAK2/STAT3 signaling pathway,
to prevent breast cancer. GLG-302 was identified by structure-based virtual screening of the
National Cancer Institute’s chemical libraries. Strong evidence suggests that aberrant
constitutive activation of STAT3 promotes the initiation and progression of human breast
and other cancers (reviewed in [21]). Moreover, in preliminary work, GLG-302 was shown
to block STATS3 signaling and inhibit growth of ER-negative MDA-MB-231 breast tumors.
GLG-302 also effectively inhibited mammary cancer growth in MMTV-Neu transgenic
mice by blocking Stat3:Stat3 dimer formation, DNA-binding, transcriptional activation, and
inducing apoptosis [22]. The goal of this project is to determine whether long-term oral
exposure to GLG-302 can prevent malignant transformation of breast epithelium and
formation of ER-positive mammary tumors in methylnitrosourea (MNU)-treated female rats
and ER-negative mammary tumors in MMTV-Neu mice. Initial safety studies indicate
GLG-302 is well tolerated in mice, rats, and dogs.
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Lung Cancer

An urgent unmet need exists for effective preventive interventions to block or thwart the
development of lung cancer. The discovery of novel, effective lung cancer therapies has
been a major focus area of the pharmaceutical industry. Unfortunately, since 1998 only 10
drugs have been approved by the FDA to treat lung cancer, whereas 167 other drugs failed
in clinical trials. These novel treatments are applicable to only a subset of lung cancer
patients. Lung cancer is an insidious and incurable malady, especially once it metastasizes to
other organs; hence, development of preventive strategies for this cancer continues to be a
priority for public health.

One PREVENT cancer program’s repurposing project is evaluating the FDA-approved
glucocorticoid and anti-asthmatic drug ciclesonide for the prevention of lung cancer in
which chronic inflammation is known to play a prominent role [23]. As potent anti-
inflammatories, inhaled glucocorticoids, widely used to treat asthma and chronic obstructive
pulmonary disease (COPD), have been shown in retrospective cohort studies to lower lung
cancer incidence in smokers with COPD [24, 25]. Similarly, inhaled corticosteroids have
demonstrated excellent lung cancer preventive activity in rodent models [26-28]. However,
in trials of high-risk individuals with computed tomography (CT)-detected peripheral solid
lung nodules, neither budesonide or fluticasone has proven effective [29-31]. The low
penetration of budesonide to the peripheral lung was suggested as a possible factor [30].
Nevertheless, a subgroup analysis from this study revealed that nonsolid and partially solid
ground-glass nodules with areas of opacity tended to regress in subjects treated with
budesonide for one year [30].

Ciclesonide is a pro-drug with an improved therapeutic index, minimal systemic
bioavailability, and higher deposition rate to the peripheral lung in humans compared with
budesonide, fluticasone, and other inhaled corticosteroids [32, 33]. Ciclesonide is inactive
until converted to its active metabolite desisobutyryl-ciclesonide by endogenous esterases in
lung airways where it exerts a wide range of antiinflammatory actions in lung. For example,
it inhibited tumor necrosis factor (TNFa), and interleukin-2 (IL-2), IL-4, IL-5, IL-8, and
IL-12, and reduced expression of intracellular adhesion molecule-1, granulocyte-
macrophage colony stimulating factor, and monocyte chemoattractant protein 1 in clinical
and nonclinical studies [34, 35]. Aims of this project are to evaluate the toxicity and efficacy
of ciclesonide delivered intratracheally against benzo[a]pyrene (B[a]P)-induced lung
adenomas in A/J mice. Since cell proliferation inhibition is a mechanism of glucocorticoids,
modulation of inflammatory biomarker expression in the lung will be monitored to confirm
inhibitory activity. Results from this study could lead to a Phase 2 trial.

Another study is testing the peptide-based vaccine known as GV1001 for the prevention of
both non-small cell lung cancer (NSCLC) and squamous cell carcinomas (SCCs) of the

lung. This vaccine targets human telomerase (hTERT), which is widely expressed across all
histological subtypes of lung cancer, and is considered a key molecular driver of lung
carcinogenesis [36]. Enhanced TERT expression occurs early in premalignant lung lesions
and increases as lesions progress in both humans and mouse tumor models [37], thus it
appears to be a suitable target for lung cancer prevention. This project will determine if early
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vaccination with a TERT-directed vaccine produces an immunological response and
prevents lung tumor formation in two well-characterized preclinical lung tumor models—the
B[a]P-induced A/J x p53*/~ mouse model of NSCLC, which gauges both adenoma and
adenocarcinoma development, and the N-nitroso-tris-chloroethylurea (NTCU) Swiss mouse
model of lung SCC. The immunological response induced by TERT peptide vaccination will
be monitored and compared with tumor multiplicity and tumor load. GV1001 has been
extensively tested in Phase 1 and 2 trials in NSCLC patients and has a positive safety
profile, with no serious adverse effects [38]. A Phase 3 trial of GV1001 in combination with
chemotherapy against pancreatic cancer failed to demonstrate a therapeutic effect [39]. As
noted above, this may be partially explained by the immunocompromised status of the
patients. Therefore, vaccinating at early precancerous stages, when patients are not
immunocompromised, may prove to be more effective.

Another approach being explored is the use of intermittent dosing to reduce toxicity of
molecularly targeted drugs for lung cancer prevention. Knowledge about molecular drivers
underlying lung tumor formation and progression has increased in recent years and has led
to targeted agents which are partially to strongly effective in cancer therapeutic settings.
However, the toxicity of many newly developed targeted drugs precludes their use for
cancer prevention purposes. Among the most promising agents are epidermal growth factor
receptor (EGFR) inhibitory agents (e.g., gefitinib), the MEK1/2 inhibitors (e.g., AZD6244),
which block downstream of the K-ras oncogene in NSCLCs, and the PI3K pathway
inhibitors (e.g., XL147), which may have utility against SCCs. All of these classes of agents
have toxic side effects. Emerging preclinical and clinical data demonstrate that lowering the
dosing schedule from daily to weekly dosing may be one promising strategy to reduce
toxicity of erlotinib, and possibly other agents, without compromising efficacy [40-42]. The
hypothesis to be tested is whether weekly dosing of these three agents will retain their
preventive efficacy and produce less toxicity in mouse models of NSCLC and SCC. If
positive, this approach may be clinically applicable for prevention of lung cancer (secondary
or primary) or lung cancer recurrence in high-risk groups.

The utilization of predictive biomarkers of cancer preventive efficacy for Phase 2 clinical
trials is an important goal of the program. One such project will determine genes modulated
by myo-inositol, budesonide, and pioglitazone during progression of NSCLC and small-cell
lung cancer (SCLC) in mice; animal gene expression signature data will then be compared
with corresponding human genetic data from prevention trials to identify biomarkers that
predict efficacy. Biomarker data will be generated from chemoprevention studies conducted
with myo-inositol, budesonide, and pioglitazone in mouse lung models of NSCLC and SCC.
These agents were chosen because they have chemopreventive activity in at least one of the
test mouse models and either human biomarker data are available from prevention studies
(myo-inositol) or data should become available in the near future (budesonide and
pioglitazone). Microarray and RNA sequencing assays will be used to determine genes
significantly over- or under-expressed in high-risk lung mouse tissue (histologically normal
from carcinogen-treated mice) and in early lung lesions. Based on the results of gene
expression patterns, molecular pathways that are dysregulated during the early stages of lung
tumor development will be identified. These studies could yield promising genetic
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biomarkers with strong predictive values for specific interventions in human lung cancer
prevention trials.

Colon Cancer

Colon cancer is the second leading cause of cancer-related mortality in the US [20]. The
estimated timeline for malignant transformation and progression of normal colorectal
mucosa to pre-invasive adenomas and colon adenocarcinoma is estimated to take 5-15
years. Thus, this timeframe provides an ample window of opportunity for preventive
interventions that target high-risk patient populations.

One project is evaluating a multi-antigen vaccine approach in combination with the colon
cancer preventive agent celecoxib to deter colon cancer development. The vaccine being
tested is a multi-antigen vaccine comprised of epitopes derived from three proteins
(CDC25B, COX-2, and PRL-3) overexpressed in human colorectal adenomas and
carcinomas, and in colon tumors in ApcMin mice. Importantly, all three proteins have been
shown to elicit an immunological response in individuals exposed to the antigens during
colon cancer development. Aims are to determine the effects of immunization with the
multiantigen vaccine singly and in combination with celecoxib on colon tumor formation in
Apc Min mice and in AkrMin (AKR/J x B6-Min F1) mice. As discussed further below, AkrMin
mice develop both adenomas and adenocarcinomas throughout the small intestine and colon
and live substantially longer than ApcMin mice, thus better recapitulating colon cancer
progression in humans [43]. In both models, immunization will be initiated relatively late, at
8 weeks of age in ApcMin mice and 16 weeks of age in AkrMi" mice. In preliminary work by
the investigator, immunizing these mice with the PRL-3, CDC25B, or COX-2 peptide was
found to decrease adenoma formation by 33-55%. This study will determine whether a
vaccine targeting all three antigens is more efficacious, and if combining the vaccine with
celecoxib further augments efficacy in reducing adenoma progression. Whether vaccination
with the multiantigen vaccine has superior T-cell and immunological activity compared with
single-targeted protein vaccines in both mouse models will also be examined. If effective,
this strategy could have important implications for colon cancer prevention.

Another approach to preventing colon cancer is examining the combined effects of aspirin
and omeprazole on colon cancer development. Ample epidemiological and clinical trial data
support the use of NSAIDs for reducing colorectal cancer risk. Among the NSAIDs, the
cancer chemopreventive effects of aspirin are the most well-established against colorectal
and other cancers [44]; however, gastrointestinal toxicity associated with long-term use may
limit its utility for cancer prevention purposes. Additionally, omeprazole has been shown to
reduce carcinogen-induced colon cancer in mice and rats via potential antiinflammatory,
antioxidative, and antimutagenic effects [45-47]. This drug combination is already used
worldwide to reduce cardiovascular risk. The hypothesis being tested is whether the
combination of aspirin and omeprazole provides a safer approach and can improve the
efficacy of aspirin.

Another colorectal cancer prevention project aims to repurpose eldecalcitol (ED-71), a novel
vitamin D3 analog used for the treatment of post-menopausal osteoporosis in Japan since
2011. The approval of this new analog was based on results of a three-year randomized,
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double-blind Phase 3 active comparator study of oral eldecalcitol (0.75 pg/day) versus
alfacalcidol (1.0 pg/day) in vitamin D3 sufficient osteoporotic patients. Eldecalcitol showed
superior effects in increasing bone mineral density, reducing bone resorption markers, and
lowering vertebral fraction incidence compared with alfacalcidol [48]. Furthermore, the
overall safety profile of eldecalcitol was favorable, with no sustained hypercalcemia or
unexpected drug accumulation after multiple dosing. Several characteristics of eldecalcitol
differentiate it from other vitamin D analogs. For example, eldecalcitol is rapidly absorbed
and has high affinity for serum vitamin D binding protein, which contribute to its unique
pharmacokinetics and long plasma half-life of 53 hours in healthy male volunteers.
Therefore, eldecalcitol achieves a sustainable exposure level that enhances its biological
activity. Unlike other vitamin D analogs, eldecalcitol is not a substrate for CYP3A4, and its
systemic clearance is via liver enzymes and not CYP24A1 produced from the kidney.
Additionally, the unique 3-hydroxypropoxy group of eldecalcitol stabilizes the eldecalcitol—
vitamin D receptor complex, prolonging residence time, thus providing superior efficacy.
Finally, eldecalcitol possesses minimal suppression of parathyroid hormone. Because of
these distinct characteristics, one could presume eldecalcitol may possess additional
pharmacodynamic effects in extra-skeletal tissues. The PREVENT Cancer Program is
currently assessing the efficacy of eldecalcitol in colorectal cancer prevention in the ApcMin
mouse model, prior to testing in individuals at high-risk for colorectal cancer.

Ovarian Cancer

The development of immunoprevention strategies to impede the progression of ovarian
cancer is an important unmet clinical need. An estimated 21,980 new cases of ovarian
cancer were expected in the US in 2014; moreover, most women are diagnosed with stage
I11 or IV disease, when survival rate is extremely low (<30%) [49]. BRCA1/2 mutations
confer a 20-40% increased risk for developing ovarian cancer [49]. Likewise, women with
hereditary non-polyposis colorectal cancer have a 10% enhanced risk of developing the
disease; hence, both groups would be prime candidates for an ovarian immunoprevention
vaccine. One study is testing a vaccine directed against the tumor-associated protein
mesothelin. As a highly immunogenic protein overexpressed in ovarian and other cancers,
but not normal tissues, mesothelin is a prime candidate for cancer therapeutic and
immunoprevention interventions [50, 51]. Goals of this project are to develop a protein-
based immunoprevention vaccine containing mesothelin and cyclic di-nucleotide (CDN) and
evaluate efficacy against ovarian cancer in a double knock-out (DKOQ) genetically
engineered mouse model (see below). The addition of CDN to the vaccine is expected to
enhance production of antigen-specific cytotoxic CD8+ T cells capable of infiltrating and
destroying tumor cells, thus potentiating cell-mediated immune responses. As in other
vaccine projects, tumor growth, histology, and immune response will be monitored.

NEW ANIMAL MODELS

Table 2 lists some of the new genetically engineered animal models undergoing efficacy

evaluations in either agent- or vaccine-based investigations for the prevention of cancers of
the colon, lung, mammary gland, pancreas, and ovary. Examples include the AkrMin mouse,
a hybrid produced by cross breeding ApcMi" mice with Akr/J mice (see above) [43]. Unlike
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standard ApcMin that develop adenomas only in the small intestine, AKR/MiN mice develop
adenomas and invasive adenocarcinomas in both the small intestine and the colon.
Therefore, this model will allow the testing of preventive interventions throughout the
course of adenoma progression to overt colon cancer.

Other new transgenic models include mutant A/J mice containing genetic alterations and
activating mutations in KRAS, p53, and p16, commonly found in human lung tumors. These
models will be used to assess intermittent dosing of targeted drugs for lung cancer
prevention. Transgenic mice bearing the EGFRL858R mutation, also found in human lung
adenocarcinomas, will also be evaluated.

New transgenic pancreatic cancer models (e.g., p48C®/*+-LSL-Kras®12D/*) incorporating
genetic mutations in the KRAS and MUC1 genes, also found in human pancreatic cancers,
are being explored for vaccine and small molecule strategies to block the progression and
possible onset of pancreatic tumorigenesis. MUCL1 is overexpressed in early pancreatic
intraepithelial neoplasia (PanIN) and pancreatic ductal adenocarcinoma (PDAC) in
transgenic KRAS PDAC models [57]. Strategies to prevent or blunt ovarian cancer have
been hindered by the lack of suitable experimental models. This is especially true for high-
grade serous carcinoma, which is the most common and deadly histological ovarian cancer
subtype due to its ability to spread to the peritoneum and reproductive tract [58, 59]. Though
multiple transgenic approaches have been attempted, none recapitulates all aspects of human
disease. Defining the cell of origin and pathogenesis of serous ovarian cancer has been the
greatest challenge, with most efforts focused on the ovary epithelium as the site of tumor
initiation. However, emerging clinical data suggest that ovarian high-grade serous
carcinomas arise from precursor lesions that originate in the secretory cells of the fallopian
tube epithelium and not the ovary [59, 60]. These early precursor lesions, denoted serous
tubal intraepithelial carcinomas (STIC), have been detected in BRCA1/2 mutation carriers
who are at high risk for developing serous carcinomas and in women with disseminated
disease [61, 62]. Recently, a genetically engineered mouse model has been developed that
mirrors precursor STIC lesions and genetic mutations originating in fallopian tube secretory
cells characteristic of human high-grade serous carcinoma [54]. The model specifically
targets fallopian tube secretory cells by driving expression of the Cre recombinase from a
Pax8 promoter essential for development of the fallopian tube but not the ovaries. The
model entails the generation of Pax8-Cre mice harboring mutated BRCA1/BRCA2, TP53,
and Pten genes known to be altered in human secretory epithelium within the fallopian
tubes. These mice will be employed to investigate whether immunization with a vaccine
directed against mesothelin can prevent ovarian cancer progression when administered at an
early age, prior to ovarian cancer development.

FUTURE DIRECTIONS

The PREVENT Cancer Program will continue to optimize its resources to accelerate the
cancer prevention drug pipeline. The program will actively maintain focus on developing
drugs that target novel signaling pathways including the inflammatory process, repurposing
approved drugs for cancer preventive indications, and developing alternative dosing
strategies to reduce adverse events and drug combinations targeting different molecular
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pathways to augment efficacy and reduce toxicity. PREVENT will also vigorously pursue
immunopreventive vaccines and will actively seek out investigators to submit proposals in
this important research area, as immunoprevention appears to hold particular promise as a
long-lasting prevention tool.

The PREVENT Cancer Program will also actively continue to seek out projects exploring
genomic, molecular imaging, proteomic, metabolomic, glycomic, biogenomic, and
epigenomic studies to identify and validate surrogate intermediate endpoints for use in Phase
2 trials. These efforts will require a multi-disciplinary approach, encompassing molecular
and cellular biology, molecular epidemiology, genomics, bioinformatics, and other scientific
disciplines. These studies will undoubtedly gain increasing importance as personalized
medicine takes a more prominent place in treating and preventing cancer.
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= Animal efficacy and pharmacology studies

= |[dentify and evaluate pharmacological and
surrogate endpoint biomarkers

= Scale-up cGMP/non-cGMP production of
investigational agents

» PK and PK-PD modeling to optimize dosing
regimens

and clinical utility

» Develop analytical methods to analyze
investigational agents in bulk and in biological
fluids/tissues

» Test stability of bulk and formulated material

» Regulatory support
\

= Preclinical IND-directed GLP toxicology studies

= Optimize formulations to enhance bioavailability

\

J

cGMP=Current Good Manufacturing Practices;
GLP=Good Laboratory Practices; IND=Investigational
New Drug Application; PD=Pharmacodynamics;
PK=Pharmacokinetics

Figure 1.
Examples of Resources PREVENT Can Provide
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Figure 2.
Governance Structure of the New PREVENT Program
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Figure 3.

Applications accepted twice per year:
Deadlines: 1st Monday in March and September

The concept application should not exceed 5 pages
and include:

= Background

= Hypothesis

= Research Strategy and Specific Request

= Justification

= Uniqueness

Appendices should include the following information:
= Intellectual Property Information
= Current Support
= Principal Investigator Biosketch
= Additional Documentation as Appropriate

PREVENT: http://prevention.cancer.gov/programs-
resources/programs/prevent

\. J

Schematic of the Current PREVENT Application Process
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Table 2

Examples of Genetically Engineered Animal Models

Organ Site | Species | Genetic Modification Endpoint Measured Reference
Colon Mouse | Min (AKR mutant) Adenoma, adenocarcinoma [43]
Mouse | EGFR(L858R) Adenocarcinoma [52]
Ling Mouse | p53(Alal35Val), p16*/-, Kras*~ Adenocarcinoma Unpublished Data
Mammary Mouse | BRCAL and TP53 mutant Tumor [53]
Ovary Mouse | Pax8-Cre Brca, Tp53, Pten mutated | Serous carcinoma [54]
Mouse | hMucl(insertion) and Kras®120/+ Adenocarcinoma [55]
Pancreas
Mouse | Kras®12b/+ Adenocarcinoma [56]
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