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Disease prevention

Recent years have seen an increasing emphasis on prevention as a viable and necessary 

approach to management of all diseases, especially cancer. In the Affordable Care Act 

(ACA) of 2010, Title IV 1 is devoted to the wide spectrum of preventive services for which 

full insurance coverage is now required. The emphasis on prevention is no doubt related to 

the increased awareness of the enormous human, financial and societal costs associated with 

treatments for disease processes that can at times be pre-empted or delayed. Indeed, research 

findings from the last several decades have resulted in better understanding of disease 

initiation and a greater appreciation of the devastation of some treatments. The federal 

mandate and recent research advances provide a major boost to the utilization and 

investigation of preventive approaches to disease in general, and cancer in particular.

Cancer prevention

Thus, the field of cancer prevention has come to the forefront as the preferred approach to 

cancer management, with increasing attention being paid to research in this area 2. The 

scope of cancer prevention research is broad, as is evident in the review by Lippman and 

Hawk in 2010 3 and in the two 2010 issues of Seminars in Oncology 4-5 that are devoted to 

this research area. At one extreme, observational studies investigate associations between 

putative (endogenous and exogenous) carcinogenic exposures and cancer risk, while 

experimental laboratory work explores the underlying molecular mechanisms that imbue 

such factors with malignant properties. Studies of this nature lay the groundwork for applied 

research that directly tests effects due to the withdrawal of risk-conferring factors or the 

introduction of proposed preventive agents. Associations discovered in epidemiologic 

studies are thus hypothesis-generating, while laboratory findings can be confirmatory of 

such associations and reveal biomarkers and targets of chemopreventive agents. 

Experimental research allows manipulation of carcinogenesis by introduction of either pro- 
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or anti-carcinogenic molecules. Together these early-stage research approaches serve to 

generate hypotheses that underlie the translation of suggestive findings into preclinical and 

then clinical studies and eventually patient care.

Investigating the effects of potential preventive interventions is a central goal in cancer 

preventive research. Elimination of proven risk-inducing exposures, such as tobacco, offers a 

type of intervention that can be tested for risk-reducing efficacy in preclinical animal models 

and eventually in clinical trials. Conversely, active intervention with anti-carcinogenic 

agents, including drugs and natural products/nutrients, or even lifestyle modifications such 

as physical activity and diet, can be tested for cancer preventive efficacy in animals as well 

as in humans in clinical trials. Population-level screening for purposes of early diagnosis of 

existing cancer can unearth benign, although premalignant, lesions, thereby playing an 

important role in cancer prevention research. Such lesions identify individuals at increased 

risk of invasive cancer, placing them within a cohort that is considered appropriate for 

testing chemopreventive interventions.

The notion that prevention is possible is intricately intertwined with the very nature of 

carcinogenesis. The common adult epithelial tumors (such as cancers of the breast, prostate, 

colon, lung, cervix and ovary) develop over many years via a multistep process involving the 

accumulation of mutations in the cancer cell genomes together with contributory changes in 

the microenvironment, including the surrounding elements of the immune system 3. This 

long latent period, with a generally slow evolution from normal through increasingly 

aggressive neoplastic stages to frank, invasive cancer presents an opportunity to intervene 

with preventive modalities 6. The challenge is to identify individuals who will benefit most 

from preventive interventions, that is, those who are harboring or at risk of developing such 

precancerous neoplastic changes in vulnerable tissues.

Chemoprevention: history

Chemoprevention, the topic of this volume, is best understood within the broad context of 

cancer prevention. The concept of administering agents with the intent of inhibiting 

progression to cancer was referred to as “chemoprophylaxis” by Lee Wattenberg in a 1966 

review of experimental chemical inhibition of chemically induced carcinogenesis in 

animals 7. The actual term “chemoprevention” was coined in 1976 by Sporn et al. 8 to 

describe “a new pharmacologic approach to the prevention of cancer…”. The 

chemopreventive intervention prevents, suppresses, or reverses the initiation of 

carcinogenesis or the progression of already initiated, neoplastic cells to invasive cancer 9-11. 

In one interpretation of this approach, noncytotoxic nutrients, or synthetic chemical or 

biological compounds are introduced to protect against the development and progression of 

mutant clones of malignant cells 11-12. A narrower definition of chemoprevention 

specifically excludes compounds in food consumed in a normal diet 13. Although specific 

constituents of some dietary components, such as beta-carotene, calcium, vitamin D, 

sulforaphane, and resveratrol, may constitute chemopreventive agents, the foods containing 

these elements fall instead within the purview of “diet and cancer”, not “chemoprevention”.
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Chemoprevention: this volume

Outside of the cancer prevention research community, the most visible examples of clinical 

chemoprevention research are the large phase 3 clinical trials testing agents for their ability 

to reduce the risks of breast and prostate cancer 14-18. Demonstration that the 

chemopreventive agents, tamoxifen and raloxifene, significantly reduced the incidence of 

breast cancer led to the approval of these agents for this indication by the Food and Drug 

Administration (FDA) in 1998 19 and 2007 20, respectively. Although showing efficacy in 

reducing the risk of prostate cancer, finasteride and dutasteride also exhibited toxicity (most 

notably, an apparent increase in high-grade cancers) that was concerning enough to deter the 

FDA from granting them similar preventive approval 21. This exemplifies a central theme 

that runs through the development of agents for chemoprevention: intolerance of toxicity. 

Prevention research, because it is directed ultimately toward otherwise healthy individuals 

who, although at increased risk, may remain cancer-free with no preventive intervention, 

entails even greater vigilance regarding adverse events than is required in the treatment 

research setting where trial participants already have cancer. These important examples of 

chemoprevention have been extensively discussed in earlier reviews 22. In the present 

volume, rather than reviewing research for each of the major cancer sites or presenting a 

comprehensive discussion of agents that are in ongoing prevention studies, we have chosen 

to select conceptual themes that reflect current, often novel, approaches to chemoprevention 

research. To a certain extent, this approach reflects the current understanding that molecular 

processes that drive cancer are not necessarily unique to one organ site. 23. Given concerns 

about adverse outcomes, trials using alternative, hopefully less toxic, approaches to 

administering drugs with documented preventive efficacy are discussed in this volume. One 

such approach that involves reducing dosage and/or administering agents at lower 

frequencies, using intermittent dosing, is being applied to tamoxifen for breast cancer 

prevention. Another effort to ameliorate systemic toxicity involves local application to the 

organ at risk, as seen with topical gels containing drugs known to decrease risk of breast 

cancer. Toxicity concerns have also been addressed by recruiting agents with an extensive 

history of use for non-cancer diseases to cancer prevention applications, commonly referred 

to as “drug repurposing”. Signals of lower cancer incidence can emerge from post-marketing 

data on widely used agents such as metformin for diabetes. Because their toxicity is well 

established and is usually acceptable for healthy individuals, repurposing of such approved 

agents to cancer prevention is becoming increasingly attractive, as presented in this volume.

Whereas the previous Seminars in Oncology: Cancer Prevention I volume contained 

comprehensive reviews of bioactive food components and their cancer preventive 

activities 24-25, the current volume pays tribute to this category of chemopreventive agents 

by highlighting a single promising and well-studied preventive nutrient, sulforaphane, a 

component of cruciferous vegetables. The relevance of nutrients is also seen, however, in the 

comprehensive discussion of retinoids, a class of chemical compounds related to vitamin A 

that is well known for chemopreventive activity. The importance of nutritional interventions 

also appears in the paper addressing inflammation and its association with obesity and 

metabolic syndrome, an area that has emerged as a major focus of cancer research. 

Omega-3-fatty acids, a group of polyunsaturated fats found in certain plant and fish oils, are 
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also under investigation as a chemopreventive strategy that may work through its anti-

inflammatory activity.

Molecular pathways involved in misdirected metabolism and inflammatory cytokines 

resulting from immune dysregulation are incorporated into prevention research as markers of 

cancer predisposition, modulatable markers of chemopreventive efficacy and targets of 

chemopreventive interventions. An extensive body of literature has documented the cancer 

preventive properties of nonsteroidal anti-inflammatory drugs (NSAIDs), especially aspirin, 

as discussed in this issue. The repurposing of metformin from diabetes treatment to cancer 

preventive intervention, based on epidemiologic signals, gains additional justification on 

molecular mechanistic grounds. This biguanide targets the cell proliferation-inducing mTOR 

pathway which is upregulated in tissues exhibiting metabolic abnormalities. Another class of 

chemopreventive agents that may work through anti-inflammatory mechanisms are the 

omega-3-fatty acids, mentioned above in the context of nutritional interventions.

Recruitment of the immune system to prevent cancer has a much broader application than 

merely in relation to inflammation, as discussed in the paper on immunoprevention. 

Vaccines to prevent cancer, particularly those associated with infectious agents (hepatitis B 

virus/HBV and human papillomavirus/HPV) are now familiar, HBV vaccines having been in 

widespread use since the 1980s. More recently vaccine research is targeting tumor-

associated antigens, the altered-self antigens found primarily on cancer cells, bringing 

cancers with no known association with infection into the domain of targeted 

immunotherapy. In contrast to the adaptive immune responses elicited by vaccines, agents 

that stimulate the innate component of the immune system modulate immunity in a 

nonspecific manner to antagonize proliferation of cancer cells. These nonspecific agents are 

being applied increasingly to the treatment and prevention of cancer.

Also discussed in two entries in this volume is an area of intense interest that is related to 

modulation of the immune system: the microbiota with their collective genomes, the 

microbiome. Association studies have documented particular constellations of microbiota in 

healthy versus compromised tissue at various organ sites. Beyond associations, physiologic 

investigations suggest that appropriate manipulation of microbiota can lead to reduced risk 

of cancer.

This volume begins with a foundational piece discussing the molecular and physiologic 

activities that have been deemed the “hallmarks of cancer” 26-27 and the way in which 

aberrations in these domains contribute to carcinogenesis. The genetic complexity that 

underlies these “hallmark” physiologic changes is apparent in all cancers. Adenocarcinoma 

of the esophagus, and its premalignant precursor, Barrett's esophagus, has been singled out 

as one example where the clonal evolution of the genetic aberrations that contribute to 

carcinogenesis has been extensively studied. The genetic heterogeneity observed in lesions 

of this esophageal cancer subtype is typical of the cell populations in other solid tumors, 

pointing to a complexity that is now accepted as the norm for cancer 28-30.

Investigations into the genetic/genomic manifestations of cancer have thus assumed a 

forefront position in cancer research. Revelation of the genetic landscape of cancers and 
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tissue fields at risk of cancer provide the groundwork for developing “targeted” therapies 

and identifying at-risk individuals. We offer a discussion of modern laboratory technologies 

used for analysis of large, genomic data. Critical to the interpretation of data generated from 

these high throughput experimental platforms is the development of companion software 

platforms to decipher valid associations generated as a result of massive multiple testing. 

The application of these genetic/genomic/epigenetic/epigenomic discoveries to cancer 

prevention is addressed. Another paper devoted to the practical application of genetics 

introduces the notion that rare inherited cancer syndromes, often viewed as esoteric and not 

immediately relevant to a public health orientation, have a useful role in cancer prevention 

research. These genetic syndromes offer model systems in which agents can be tested for 

their ability to prevent cancers for which the affected individuals are at extremely high risk.

In a digression from the usual domain of cancer prevention, we have included a paper on 

preventing cancers in the context of infection with HIV. HIV-infected individuals have long 

been known to be at elevated risk of a number of specific cancers and cancer-like 

syndromes, notably Kaposi's sarcoma, multicentric Castleman disease, primary central 

nervous system lymphomas, and primary effusion lymphomas. Treatment of cancer in these 

patients has posed a challenge, given their already immunocompromised state. Now that 

highly active combined antiretroviral therapy (cART) with multiple agents has enabled the 

long-term survival of individuals infected with this virus, efforts to prevent such cancers are 

timely and important.

In this volume of Seminars in Oncology we have selected topics that cover the diverse 

approaches to chemoprevention research. This area of research has expanded well beyond 

the administration of conventional pharmaceutical agents and bioactive food components. A 

discussion of the PREVENT chemopreventive agent development program in the National 

Cancer Institute's Division of Cancer Prevention illustrates the breadth of pharmaceutical 

approaches that are being tested in the preclinical setting. In addition to agent development, 

remaining challenges include identifying appropriate candidates for these interventions, i.e. 

individuals at high risk of developing cancer and at low risk of agent-induced toxicity. 

Keeping these stipulations in mind, chemoprevention research is ongoing at all stages, from 

preclinical testing to clinical trials of potential preventive interventions.

Aims of Seminars in Oncology: Chemoprevention

Among the aims of this volume is to discuss data from new studies that test specific novel 

hypotheses that underlie emerging strategies for preventing cancer. Importantly, these 

discussions are intended to stimulate interest in the field of chemoprevention. In addition, 

the compilation of prevention topics in a single volume should foster synthesis of the various 

approaches and the generation of new hypotheses and methods for preventing cancer.

Advancing the field of chemoprevention will require careful communication, adhering to a 

common standard of terminology. For example, pre-invasive stages of carcinogenesis differ 

from both normal tissue and from cancer, a distinction that is not always adequately 

acknowledged. Furthermore, even within the pre-invasive continuum, the range of lesions 

varies with respect to malignant potential, necessitating adherence to an accepted descriptive 
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language. Rigor in applying prevention-specific terminology is critical to the development 

and exploration of new hypotheses regarding promising chemopreventive interventions.

Throughout the discussions of the diverse research areas covered by the contributing 

authors, the criticality of understanding carcinogenesis at the genetic and molecular levels is 

evident. The new technologies allow us to unravel the nuances of carcinogenesis and 

interfere with its progression in order to reduce the incidence of clinically meaningful 

cancer.
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