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Dichotomies in cancer research: some suggestions for a new synthesis Michael B Sporn



S U M M A RY Continuing high cancer incidence and mortality raise concern about the prevailing overall approach to the control of this disease. The purpose of this article is to elaborate on fundamental dichotomies between traditional and revisionist viewpoints and then to attempt a synthesis of these contrasting perspectives. Topics considered include the importance of controlling carcinogenesis in its earliest stages; consideration of epigenetic, as well as genetic, factors in cancer; development of appropriate genetic animal models of carcinogenesis; the need for multifunctional agents to prevent and treat cancer; and the limits of reductionism. The need for development of new preventive and therapeutic measures that will maintain quality of life, not merely extend life, is stressed. Finally, the importance of context in cancer biology is emphasized, as epitomized in Walt Whitman’s famous quotation that “Nothing out of its place is good and nothing in its place is bad.” KEYWORDS carcinogenesis, chemoprevention, epigenetics, oncogenes, reductionism
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INTRODUCTION



Rather than being a cause for unfounded optimism that “we are poised to make dramatic gains against cancer in the near future”, the latest Cancer Trends Progress Report—2005 Update from the US National Cancer Institute (NCI)1 should raise grave concerns that our entire perspective and approach to the overall problem of controlling cancer is inadequate. It is self-evident that cancer incidence drives cancer mortality (as well as total cancer-related costs to society), and the latest figures, which indicate that the overall rate of occurrence of new cases of cancer has not diminished,1,2 are not cause for optimism. The NCI Report touts a minuscule drop (only a little over 1%) in the overall cancer death rate, and while the four most common cancers (lung, prostate, breast, colorectal) show slightly better results (but no more than a 3% reduction), such incrementalism hardly generates optimism that we will “eliminate the suffering and death caused by cancer, and…do so by the year 2015”.1 On the contrary, devastating killers such as pancreatic cancer, melanoma, and lung cancer in women who do not smoke, show no signs of being eliminated.2 Most of all, these sobering facts indicate that we need to address the basic assumptions that underlie current cancer research and practice, and develop alternative approaches. This review is not intended to unleash a polemic, since there have indeed been spectacular recent advances in basic cancer research and clinical practice.1 Rather, it will elaborate on fundamental dichotomies in our outlook between traditional and revisionist viewpoints; these dichotomies can hopefully be bridged to create a new synthesis that builds on old strengths, while encouraging a fresh approach to the entire cancer problem. Seven such dichotomies are discussed, and an attempt at a synthesis for planning future action is made. DICHOTOMY 1



‘The disease is cancer’ versus ‘the disease is really carcinogenesis’ There is a widespread reluctance to recognize that cancer is fundamentally a chronic process JULY 2006 VOL 3 NO 7
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(carcinogenesis) that begins long before patients become symptomatic and seek medical advice. This reluctance is shared by the entire community that deals with cancer, including physicians, the pharmaceutical industry, the insurance industry, many of the philanthropies that fund cancer research, the US NCI (as reflected in its budgetary priorities), and finally the FDA, which regulates the introduction of new drugs into the clinic. Until cancer is recognized as a chronic disease process, the practical, economically feasible control of cancer will be elusive. This problem has been discussed in many reviews.3–6 DICHOTOMY 2



‘Emphasis on cure of end-stage disease’ versus ‘prevention of early disease progression’ Our failure to conceptualize cancer properly leads, inevitably, to our failure to combat it. In contrast to current practice in cardiovascular medicine, in which so much emphasis is now placed on prevention of progression of early atherosclerosis with the use of statins, antiplatelet agents, and antihypertensives, the oncology community has not embraced the concept of chemoprevention (Box 1) of carcinogenesis.3,5 It is difficult to obtain accurate figures relating to budgetary allowances, either private or public, for prevention of progression of early disease, compared with treatment of end-stage disease. The NCI’s past practice of combining all basic research in cancer into the ‘prevention’ category has complicated this analysis, but it is readily apparent that vastly greater resources are devoted to treatment of end-stage disease. A quick tour of the exhibit floor of any major national cancer meeting in the US illustrates how much effort Big Pharma devotes to treatment of end-stage disease, while almost dismissing the development and use of drugs for chemoprevention. Even when prevention is considered, this approach is often limited to efforts to alter lifestyle or the environment, as shown by the neglect of chemoprevention in the recent NCI Progress Report,1 which devotes over 50 pages to various efforts to evaluate or alter lifestyle or the environment, without ever mentioning the word ‘chemoprevention’. This omission occurs in spite of the fact that chemoprevention is now a proven modality for preventing breast cancer in women.7–9 Simply modifying lifestyles will not eliminate cancer. We must find new ways to deal with the alarming number of lung cancer deaths in women who do not smoke—what are JULY 2006 VOL 3 NO 7 SPORN



Box 1 Definitions for common oncological terms. Chemoprevention The use of pharmacologic agents to arrest or reverse the process of carcinogenesis at its earliest stages, to prevent the development of invasive cancer Epigenetics Alterations in gene expression and function that occur without changing the nucleotide sequence of DNA. Examples include chemical modifications in DNA (e.g. DNA methylation) or histones, and alterations in chromatin structure (e.g. chromatin remodeling) Histone language or histone code Covalent modifications of histone molecules that are read by other proteins to bring about distinct downstream transcriptional events SERM (selective estrogen receptor modulator) A single SERM can have either pro-estrogenic or anti-estrogenic action in different organs, depending on context. Thus, raloxifene has desired antiestrogenic activity in the breast, but it does not have undesired pro-estrogenic activity in the uterus, as tamoxifen does. Therefore, unlike tamoxifen, raloxifene does not cause uterine carcinoma



the lifestyle changes that will stop these deaths? We need new, cost-effective technologies to identify early bronchial dysplasia, and safe drugs to control its progression.6 Similarly, in pancreatic cancer, we need new methods to identify the earliest lesions.10,11 It should be realized that “the very notion of early detection requires reassessment for pancreatic cancer...[and that] the only hope for cures lies in the detection and eradication of the preinvasive state”.12 In response to problems such as these, a new synthesis is required that will encourage not only the important Susan Komen Foundation ‘Race for the Cure’, but also a new ‘Race for Prevention’. We must define prevention as a joint approach that will emphasize both the use of pharmacologic agents for chemoprevention and a healthy, non-smoking, non-obese lifestyle. The entire American health-care system needs to revise its priorities regarding prevention, since dismissal of preventive measures is not a problem limited to cancer alone. For example, a recent report on type 2 diabetes (which is now of epidemic proportions) emphasizes that insurance providers pay for extremely expensive treatments of end-stage disease (such as diabetes-related amputations), but refuse to pay for preventive efforts that would eliminate the need for such drastic measures in the first place.13 Similarly, in oncology practice, NATURE CLINICAL PRACTICE ONCOLOGY 365
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most prevention activities devoted to stopping progression of disease in its earliest stages are not reimbursed by insurance providers. DICHOTOMY 3



‘Cancer is a genetic disease’ versus ‘cancer is also an epigenetic disease’ Cancer is genetic. Everything in biology is genetic! If cancer is merely a genetic disease, why is it that there are so many more heavy smokers, most of whom incur DNA damage, than there are cases of lung cancer? Why are there so many more cases of advanced dysplasia of the uterine cervix than cases of carcinoma of the cervix? Epigenetics in its broadest sense is now recognized as a discipline essential for understanding the process of carcinogenesis (Box 1).14–18 Recent emphasis on the critical role of inflammation in carcinogenesis is a reflection of the importance of epigenetics, since inflammation is an epigenetic process driven by context.19–22 As Wallace Clark has noted, carcinoma is the result of a prolonged series of failures in the reciprocal communication between epithelium and stroma.23 Carcinoma is the result of dysfunctional interaction between genetic and epigenetic factors. Epigenetics leads to the study of mesenchymal elements (the stroma) associated with all epithelia, because mesenchyme provides the context for epithelium. The original embryonic differentiation of most epithelial tissues is determined by signals from the underlying mesenchyme.24–27 It is now apparent from studies that build on Bissell’s original concept of ‘dynamic reciprocity’28,29 that stromal elements exert a powerful influence over the progression of carcinogenesis in their associated epithelia, and that mutational events in adjacent stromal cells may be a critical determinant of the potentially invasive properties of overlying epithelium.30,31 Perhaps ‘carcinomas’ (defined as tumors originating in epithelium) are truly ‘carcinosarcomas’ (tumors originating both in epithelium and stroma). Genetics, reductionistically, defines the material world at a specific locus or loci (sequence of bases in DNA), but carcinoma is a transactional disease. Cancer does not arise because something is wrong with one specific molecule; the problem is that the functional relationships between a set of critical molecules have been disrupted so that they no longer control cell differentiation, proliferation, and motility. To use a musical metaphor, the instruments in the orchestra are not playing 366 NATURE CLINICAL PRACTICE ONCOLOGY



together to make harmonious music, although the instruments themselves might not be defective. It is much more difficult to restore order to such a disorganized system than to fix an individual instrument. In cells and tissues, there is no master conductor; the system is self-assembling, starting from conception. It makes much more sense not to let the system become disorganized in the first place. Thus, carcinoma is a network disease, and the network is not stable—in other words, the entire regulatory network in a given tissue, comprised of both the epithelium and its numerous associated stromal elements (fibroblasts, endothelial cells, macrophages, lymphocytes, neutrophils, all derived from mesenchyme) is dysfunctional. Physiologically, tissue needs to respond to injury (e.g. infection or mechanical damage) by remodeling itself, but this must be done in a networked, transactional manner that is functional and stable. The overemphasis on genetics is dangerous; genetic mutation alone will not cause carcinoma. For example, why does the genetically homozygous Rb–/– mutation result only in cancer in the eye, and not in cancer in other tissues of the body, in spite of the fact that all cells in the body can carry this mutation? Carcinogenesis by plastic film is another classic example of cancer starting with an epigenetic change; tumors are induced in rodents by the mere disruption of intercellular communication in connective tissue by insertion of inert plastic films.32 Thus, we need to develop a whole new biology to understand local tissue networks. We already have a fairly thorough understanding of regulation at a distance by endocrine mediators (the so-called endocrine language), but the paracrine language of tissue networks is still being deciphered. The overall topic of networks is considered later in this review. DICHOTOMY 4



‘New emphasis on transgenic mouse models with single gene disruption’ versus ‘classical carcinogenesis models that damage multiple genes’ The importance of the realization that human cancer is not simply a genetic disease, involving malfunction of only a few genes, cannot be overemphasized. Although there have been great advances in developing transgenic mouse models for specific organ sites, the use of chemical carcinogens to study the process of carcinogenesis remains an important tool. Why did chemicalinduced or radiation-induced models fall out of SPORN JULY 2006 VOL 3 NO 7
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fashion? This shift occurred concomitantly with the new emphasis on genetics. Chemical carcinogens or promoting agents, however, can mimic epigenetic damage in human carcinogenesis. The carcinogen aflatoxin causes both protein and DNA damage, both of which are important for carcinogenesis.33,34 Promoting agents (such as phorbol esters) are mechanistically linked to the epigenetic inflammatory process. Promotion and progression factors are of great importance in human carcinogenesis, and studies using animal model systems must take this into account. Because human carcinogenesis in most cases involves multigene damage, it is preferable to utilize animal models with multigene damage. Perhaps studies can begin with genetic models that target key genes, but then superimpose further random genetic and epigenetic damage caused by chemical carcinogens or radiation; this process would mimic the oxidative damage to DNA that is known to occur during human carcinogenesis.35 New approaches that employ both transgenic mice and the use of either chemical carcinogens or promoting agents are needed. We should develop animal models in which individual genetic susceptibility factors are modeled transgenically, while chemical carcinogens or radiation are used to add further multi-gene damage. The use of nonmutagenic promoting agents—whether they be hormonal or inflammatory— allows the study of epigenetic changes to be introduced into the experimental design. Such multifactorial designs provide a more representative model of human carcinogenesis. DICHOTOMY 5



‘New emphasis on monofunctional agents’ versus ‘need for multifunctional agents’ Monofunctional ‘magic bullets’ are the latest fashion, as Big Pharma spends more and more money on research in this area. Unquestionably, there have been great advances made in the development of new agents that target specific signal transduction pathways.36,37 Carcinomas are usually characterized by a multiplicity of genetic defects, however,35,38,39 and it is therefore unlikely that monofunctional agents will be curative for most advanced carcinomas. Because leukemias are genetically simpler than carcinomas,40 leukemogenesis is a poor model for the genetic complexity of carcinogenesis,3 and successes in the treatment of leukemias have not translated into equivalent treatment JULY 2006 VOL 3 NO 7 SPORN



successes for common carcinomas. In the treatment of leukemia the problem of resistance to new targeted agents has already been observed;41 unless monofunctional agents are used in combinations, especially for the treatment of carcinoma, they are unlikely to have major impact on the totality of cancer deaths. By contrast, the use of multifunctional agents for chemoprevention and as adjuncts to chemotherapy has been shown to be of major importance. The SERMs (selective estrogen receptor modulators) are probably the best example,7–9,42,43 (Box 1) but other agents such as retinoids and rexinoids that target nuclear receptors, are also of major significance.44–46 Likewise, there is increasing interest in using agents that target the STATs, Nrf2, NFκB, β-catenin, or c-Jun transcription factors, all of which are clearly multifunctional, for both prevention and therapy.47–54 Ligands that control the function of transcription factors are ideal multifunctional agents. Chromatin modifiers, such as histone deacetylase inhibitors55 and DNA-demethylating agents,56 are other examples of important new multifunctional agents that act epigenetically. With respect to the use of combinations of agents, major obstacles still remain, particularly with the US FDA and with Big Pharma. Why should the FDA forbid the evaluation of combinations of two or more new experimental drugs? Scientific wisdom flies in the face of such an intellectually indefensible position. If you were a nutritional biochemist 200 years ago and had discovered a new essential amino acid, such as leucine, it would not be possible to show that leucine was essential for life unless this new substance was assayed in the presence of all the other essential amino acids. Hence, the ideal design for evaluating both preventive and therapeutic agents could be one in which both monofunctional and multifunctional agents are used. DICHOTOMY 6



‘Reductionism’ versus ‘the whole can be greater than the sum of its parts’ Because reductionism has no context, it creates animate personae of its own. We have created our own homunculi, such as ‘oncogenes’ or ‘suppressor genes’. As Mintz and Fleischman noted many years ago,57 such genes are not intrinsically ‘onco’ or ‘suppressor’. Almost all of these genes have opposite actions in different contexts—they are just molecules that do what they do. The NATURE CLINICAL PRACTICE ONCOLOGY 367
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recent elucidation of the oncogenic activity of the so-called suppressor, p53, is an excellent example.58,59 Similar paradoxes are known for many other critical regulatory molecules, such as Myc,60 NFκB,61 and TGF-β.62,63 As emphasized in a recent review, many regulatory genes, including p21 (CDKN1A), RUNX1, NOTCH1, E2F1, RAS, VHL, and KLF4, behave as ‘Jekyll and Hydes’, as both tumor suppressors and oncogenes.64 The multiple actions of all of these regulators are all dependent on context. Perhaps our current terminology is a consequence of the limitations of the outlook at the time when these genes were being identified (i.e. in the context of the discovery of these genes, they were designated as ‘oncogenes’ or ‘tumor suppressor genes’, as a convenient way to describe their function and to form a consistency in terms of ‘scientific’ language). At that time, such simplicity might have been appropriate. Perhaps the time is now ripe to consider a more flexible and accurate nomenclature and language to define the multifunctional nature of many genes. Reductionist thinking is at the very core of the current approach to cancer and dominates present research efforts, most notably in the present emphasis on cancer as a genetic disease, and in the efforts to define specific genes as causes of cancer or as targets for cancer therapy. Although this approach has produced a huge amount of important new knowledge and even important new drugs, such as trastuzumab, it has failed to control the present epidemic of cancer deaths. There was great optimism 10 years ago that the discovery of ‘the breast cancer gene’ would have important implications for the control of this disease, but the therapeutic impact of the discovery of BRCA1 and BRCA2 mutations has been limited, other than to identify women who might be protected by prophylactic mastectomy. Why has reductionism been such a failure for control of cancer? Perhaps reductionism, as a way of thinking, cannot encompass the dynamic nature of the biology of cells. Cells represent an ever-changing, fluid interaction of regulatory networks, mechanistically coupled to changes in their immediate environment. Reductionism is an ideal way to analyze static states, or even simple linear events, but the reductionist approach is inadequate for conceptualization of networks that are highly interactive and that change markedly and rapidly in response to environmental perturbation. In short, reductionism cannot deal with context, especially with rapid changes in context; 368 NATURE CLINICAL PRACTICE ONCOLOGY



reductionism doesn’t address the ‘big picture’. Moreover, as we learn more about the anatomy and physiology of the transcriptional apparatus, it becomes increasingly apparent that the activity of the ‘transcriptome’ is determined not just by DNA, but by an exceptionally complex set of repressors, co-repressors, activators, and co-activators,65 as well as by the complex epigenetic ‘histone language’ or ‘histone code’,66,67 (Box 1) all of which are in dynamic interaction with what happens metabolically in the cell. The whole is indeed much greater than its component parts. We need to abandon concepts that describe regulatory molecules as either ‘oncogenes’ or ‘suppressor genes’ and realize that they are bifunctional switches in regulatory networks. We need to consider that the same molecule, such as IκB kinase (a key regulator of the activity of the transcription factor, NFκB), can convey either proaptotic or anti-apoptotic messages, depending on the timing and mechanism of activation,68 and that NFκB is part of an oscillatory network.69 This network approach to studying cell regulation is now a powerful new tool for the study of carcinogenesis and its prevention. Significant technical and conceptual advances have already been made, not only for study of NFκB, but also in the elucidation of the complexities of many other regulatory networks, such as TGF-β/Smad signaling,70,71 or Wnt signaling.72 The numbers of interacting molecules in these networks are far beyond any simplistic reductionism; for example, 221 molecular associations were identified in the TNF-α/NFκB signal transduction pathway,73 755 interactions in a TGF-β/Smad study,71 and 3,186 mostly novel interactions among 1,705 proteins (including the Wnt pathway) in a study using yeast two-hybrid interaction mating.72 The new term, ‘interactome’, has been coined to conceptualize this extremely interactive nature of the proteome.74 Studies such as these will have important implications for understanding the cause and prevention of many other chronic degenerative diseases beyond cancer.19 The ‘histone code’ that regulates metabolic modulation of the transcriptional activity of specific genes is yet another manifestation of this interactive, epigenetic nature of the gene–environment relationships.66,67 For therapy of cancer, beyond this interactive nature of the proteome, we now have the knowledge that carcinoma in humans is rarely the result of single gene damage; indeed, there SPORN JULY 2006 VOL 3 NO 7
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may be billions of mutations in the totality of the cells that comprise a tumor.39 In a reductionistic analysis, which gene should we single out as a unique molecular target? A recent study of protein kinase genes in a set of 26 primary human lung cancers has identified 188 distinct somatic mutations in 141 genes, and suggests that more than 40 of these mutations (in genes that encode protein kinases alone) may have contributed to oncogenesis.75 The authors stress the need for developing multiple kinase inhibitors, if practical therapy is to be achieved. For the ‘blockbuster’ mentality in Big Pharma, this suggestion has disastrous implications. DICHOTOMY 7



‘Hypothesis-driven research’ versus ‘the need for observational research’ Why is this topic even considered in this article? One answer is the way we look at things, and the way in which we conceptualize our general ideas, ultimately, determine what we do in the laboratory, or in clinical research. At the present time, the necessity of doing hypothesis-based research is almost a sacred canon in biomedical research, both basic and clinical. Although hypothesisbased research has produced many useful results, there are also many examples of extremely important developments in biology and medicine that have not resulted from such an approach. For example, what was Darwin’s hypothesis when he started his voyage on the HMS Beagle? Indeed, the captain of the HMS Beagle, Robert Fitzroy, reputedly recruited Darwin as the ship’s biologist to collect enough exotic data to prove the existence of a Creator.76 Instead, Darwin collected thousands of specimens, eventually to formulate a new hypothesis of the Origin of Species. Darwin was a very astute observer of natural phenomena, and we still need to train young scientists to have respect for this approach to research. In the US, grant applications that are not hypothesis-based are generally dismissed without further review, even if they might have significant potential to make important new observations. Observational research is held in very low repute. Until we have totally solved the cancer problem, we should encourage both approaches. AN ATTEMPT AT A SYNTHESIS OF THE PRECEDING DICHOTOMIES



The magnitude of human suffering from cancer and the immense cost of this disease to society as a whole compel us to try to formulate a new JULY 2006 VOL 3 NO 7 SPORN



synthesis that will build on important discoveries and approaches from the past, but will also allow novel and unorthodox viewpoints to be added. It is clear that more of the same will not do. Cancer will never be controlled by an exclusively genomic outlook, no matter how important and essential this outlook may be. We should view cancer from the perspective of carcinogenesis,77 and emphasize the importance of understanding the genesis of cancer from its very onset. This approach does not focus on the single cell as the fundamental unit of ‘transformation’ and the inception of cancer. Instead, it focuses on a defective transactional relationship between the various cells that comprise the tissues in which carcinoma arises. A set of unifying themes then arise from the answers to the following questions: How do cells and tissues respond to injury? What are common processes involved in injury of cells and tissues? What are the intracellular and extracellular networks that mediate these responses? What are common responses to tissue injury? When are these responses maladaptive? What can we do to control these maladaptive responses? Carcinogenesis as a maladaptive response to tissue injury is an old idea, particularly the idea that carcinogenesis is an aberration of the wound healing response.78,79 With modern genomic and proteomic techniques, we can begin to specify the multiple defects in DNA and proteins that are involved in aberrant responses to tissue injury. Moreover, we now have a better understanding of the complex repair networks, whether they are DNA or protein repair mechanisms that respond to injury. The ultimate way to deal with carcinogenesis, however, is to suppress this disease in its earliest stages, before extensive DNA and protein damage occur. The activation of the transcription factor Nrf2 and its induction of ‘phase 2’ enzymes, which are responsible for ‘electrophile counterattack’ (a concept first proposed by Talalay and co-workers80), protects cells from oxidative or other mutagenic or epigenetic damage. This pathway provides a powerful focus for devising new chemopreventive strategies.47,54,81,82 It has taken millions of years of evolution to organize the components of cells into adaptive units in functional networks. Indeed, it has been estimated that it took more evolutionary time for prokaryotic, non-nucleated life to evolve into eukaryotic, nucleated life than it took for the development of life itself. There is tremendous NATURE CLINICAL PRACTICE ONCOLOGY 369
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adaptive redundancy in the manner in which normal or premalignant cells respond to environmental stress. Metastatic, invasive carcinoma, on the other hand, is a ‘maladaptive box’, and it would appear to be much more difficult to exit from this box than never to have allowed entry in the first place. Our present priorities in cancer research are distorted, with not enough effort devoted to prevention, rather than treatment, although a strong emphasis on treatment is still essential for those cancers that are not preventable. When prevention of early disease fails, we must adopt new approaches to prevent metastasis, which is usually the ultimate killer. A constructive synthesis of all the viewpoints discussed here is needed, with particular emphasis on strategies presently considered unorthodox. We need new emphasis on epigenetics.18 We need further development of important new multifunctional drugs, such as the rexinoids, the deltanoids, and chromatin modifiers such as histone deacetylase inhibitors and DNA-demethylating agents.83 Development of newer agents that have unique mechanisms of action are required, such as synthetic triterpenoids that can target entire regulatory networks, including the thiol networks that control the oxidation/reduction potential of premalignant or malignant cells.84–86 We need the addition of not-for-profit pharmaceutical efforts to provide the new drugs that Big Pharma might not wish to make.87,88 We need a more enlightened effort on the part of regulatory agencies to allow clinical trials of combinations of new drugs. In particular, we need to stop the regulatory and legalistic nonsense that prohibits simultaneous testing of two new experimental drugs in combination. A less rigid approach in our outlook as to how creativity gets translated into important practical new preventive or therapeutic interventions should be used. We need to accept the limits of reductionism, which can be intensely useful and practical for analysis of short-term changes in linear systems that are not subject to rapid environmental perturbation, and realize the need to develop new circular, systemsoriented approaches to more complex problems. Importantly, prevention activities should be encouraged by providers of health insurance. Society can no longer afford the terrible costs of treating only end-stage disease. The ultimate question we need to ask is: When will we become truly serious about preventing cancer, and when will we allocate the resources necessary 370 NATURE CLINICAL PRACTICE ONCOLOGY



to prevent cancer in a practical manner? Finally, we must assure that we create a more nurturing and financially supportive scientific environment for young investigators who are the future of cancer research. At present we are strangling our young; the median age for a first NIH R01 grant has risen to above 40 years. Most of all, we must foster a new outlook that will nurture the creativity necessary for the needed new synthesis in cancer research. Perhaps we can obtain some clues by examining the genesis of the careers of creative thinkers outside of science. One example is Walt Whitman, who had a formative experience early in his career as a poet, when he served during the American Civil War as a hospital volunteer, caring for the hundreds, even thousands, of mortally wounded soldiers who were taken to Washington, DC, for their terminal care. Writing about Whitman’s experiences, the critic Paul Zweig notes, “As a poet, [Whitman] had the ability to lose himself in what he saw, to see it from his own perspective. Now as a hospital nurse, he seemed to feel the boys’ needs as if they were his own.”89 Whitman had earlier expressed such thoughts in Leaves of Grass, as follows: “I do not ask the wounded person how he feels, I myself become the wounded person.” Ultimately, our current problem may be our flawed perspective. The cancer problem should be viewed from the perspective of the needs and feelings of the prospective or actual cancer patient. There is an overriding need for scientists, physicians, the hospital industry, the pharmaceutical industry, and the regulatory agencies all to connect with the needs of actual or prospective patients as if they were their own personal needs. This is a challenge, but if it can be accomplished, it will focus not just on cold statistics such as 5-year survival rates, but on the quality of life of the actual or prospective patient. In such an analysis, a preventive approach provides an ideal synthesis of all the divergent dichotomies discussed here. But how long must we wait, how much will our patience continue to be taxed, how much suffering must patients and their families endure, before a true spirit of cooperativity between all interested parties provides the new synthesis that is so desperately needed? A special change in cooperativity among the companies in Big Pharma, and between Big Pharma and Big University Research, is drastically needed. As noted recently by Clifton Leaf, “[As] universities SPORN JULY 2006 VOL 3 NO 7
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Safety Utility Economy Esthetics



Figure 1 Target illustrating the goals of the eminent Swiss engineer, Christian Menn, in his design of a new bridge. Esthetic considerations for Menn are nonscientific and largely subjective. “Economy and elegance are achieved through nonscientific means. They depend almost entirely on the creativity of the engineer.” In biomedical terms, we may equate esthetics with Quality of Life. Adapted from Reference 94, which provides citations to the original writings and drawings of Christian Menn.



have evolved from public trusts into something closer to venture capital firms, what used to be a scientific community of free and open debate now often seems like a litigious scrum of datahoarding and suspicion.”90 Intellectual property issues are strangling cooperation that would allow testing of important combinations of new experimental drugs. CONCLUSION



We clearly are not winning the war on cancer, as the incidence figures have shown no significant decrease.2 It is time to stop focusing on ‘The War on Cancer’ and start focusing on the Quality of Life. Too many people still must endure the ordeal of cytotoxic chemotherapy (admittedly often lifesaving) for their end-stage disease. Although we have achieved spectacular cures in certain situations, incidence ultimately drives mortality. We must take a hard look at the “byzantine world of American health care, in which the real profit is made not by controlling chronic diseases... but by treating their many complications”.13 Although this quote comes from a recent article on diabetes, the current practice of oncology is a perfect example of this tragic situation, which leads to so much misery and ultimately to a poor



quality of life for those who suffer. We need a new, holistic approach to prevention that will include both chemoprevention and a better lifestyle, with cooperative efforts from people in both areas, directed toward a better quality of life for the patient. The exceptionally high costs of heroic end-stage care cannot be sustained forever by our health-care systems.91–93 Bevacizumab at $100,000 per patient per year is both unconscionable and economically unsustainable.92 The old paradigms no longer suffice. We must do something new and imaginative. Ultimately, we need a fusion of Art and Science for the benefit of both the prospective patient and the real, suffering, cancer victim. The necessity of fusing an esthetic and artistic orientation with our most materialistic scientific activities, to provide these activities with ultimate meaning and human connectivity, is a recurrent theme in the works of even the most applied practitioners of technology (see Figure 1).94,95 We need a new synthesis. KEY POINTS ■



Prevention of early-stage disease should be emphasized rather than directing efforts only at treating end-stage disease



■



Epigenetics is equally important as genetics, and a greater appreciation of epigenetics is pivotal to our understanding the process of carcinogenesis



■



Multifactorial animal model experiments that utilize not only transgenic mouse models, but also classical carcinogenesis models that disrupt multiple genes, are more representative models of human carcinogenesis



■



The combination of monofunctional and multifunctional agents is needed for developing both preventive and therapeutic strategies



■



A reductionist approach does not encompass the complexity of carcinogenesis or its context; instead it should be recognized that cellular networks are highly interactive systems that respond rapidly to environmental perturbation



■



Observational and hypothesis-driven research are both required to encompass a holistic approach to our understanding of cancer
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