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Abstract

Cancer is traditionally considered a genetic disease. It starts with a gene mutation, often caused by
environmental carcinogens that are enzymatically activated to metabolites that covalently bind to
DNA. If these now-damaged carcinogen-DNA adducts are not repaired before the cell replicates,
they result in a mutation, which is inherited by daughter cells and their subsequent progeny. Still
more mutations are added that are thought to advance cellular independence, metastasis, and drug
resistance, among other characteristics typically observed for advanced cancer. The stages of
initiation, promotion and progression of cancer by mutations infer irreversibility because back
mutations are exceedingly rare. Thus, treatment protocols typically are designed to remove or kill
cancer cells by surgery, chemotherapy, immunotherapy and/or radiotherapy. However, empirical
evidence has existed to show a fundamentally different treatment option. For example, the
promotion of cancer growth and development in laboratory animals initiated by a powerful
mutagen/carcinogen can be repetitively turned on and off by hon-mutagenic mechanisms, even
completely, by modifying the consumption of protein at relevant levels of intake. Similar but less
substantiated evidence also exists for other nutrients and other cancer types. This suggests that
ultimate cancer development is primarily a nutrition-responsive disease rather than a genetic
disease, with the understanding that nutrition is a comprehensive, wholistic biological effect that
reflects the natural contents of nutrients and related substances in whole, intact food. This
perspective sharply contrasts with the contemporary inference that nutrition is the summation of
individual nutrients acting independently. The spelling of ‘holism’ with the ‘w’ is meant to
emphasize the empirical basis for this function. The proposition that wholistic nutrition controls
and even reverses disease development suggests that cancer may be treated by nutritional
intervention.
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Introduction

A new perspective is needed on the failed War on Cancer begun 46 years ago by President
Nixon because there is little or no convincing evidence that this project has specifically
decreased the all-important rates of cancer. There certainly has been progress, however, in
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understanding this exceptionally complex disease. Newer methods for research and possible
treatment protocols have been developed. For example, much has been learned about the
fascinating but especially complex genetic basis for cancer and clever proposals have been
made to re-engineer components of the immune system to treat cancer(1). But these
advances have not yet changed overall cancer rates or have identified a “cure’ for cancer.

Cytotoxic chemotherapy, radiotherapy and surgery are still the traditional treatments of
cancer, hopefully leading to the selective killing of cancer cells while minimizing damage to
the neighboring normal cells. Except for the promises offered by novel versions of
immunotherapy and a better understanding of the underlying genetics, cancer is still on the
public’s mind as the same costly, dreaded disease that it has always been. Consider, for
example, an ominous 2004 report showing that cytotoxic chemotherapy (for 22 types of
cancer) increases 5-year survival only by 2.1%(2) while the cost of developing a new cancer
drug approximates $2 billion. This cannot sustain public support, especially when a placebo
effect might be as high or higher than the 2.1%.

Having been in the cancer research community for more than 60 years, | am well aware that
progress in controlling this extraordinarily complex disease has been difficult. | contend that
it will stay difficult, however, because of an inadequate understanding of its basic
biochemistry as well as the basic biochemistry of nutrition, which is a major effector of
cancer development. | suggest that this concept of complexity for both disciplines is
seriously underestimated or, at best, is seriously oversimplified, thus the association of diet
with cancer cannot be fully understood. For example, consider the landmark 1981 report on
diet and cancer submitted to the Office of Technology Assessment of the U.S. Congress
which concluded that 35% of total cancer was attributed to diet(3), with estimates by some
authorities surveyed for that report being as high as 70%. The 35% estimate of diet-
attributable cancer has been widely cited by many authorities and institutions ever since
1981, often as the dietary causation of one-third of all cancers. But this evidence mostly
referred to associations of specific nutrients with specific cancers. Is it possible that this is an
over-simplification of this obviously complex diet-cancer relationship? Also, does the well-
established belief that cancer is a genetic disease moot the nutritional contribution to cancer?
The objective of this paper therefore is to encourage discussion of the fundamental
relationship of nutrition with cancer, mainly centered on the unusual complexity of the
underlying biology of each process.

Most conventional wisdom holds that research interest in the effect of diet on cancer began
in earnest during the 1940s to 1960s (summarized by the National Academy of Sciences in
1982)(4). Laboratory animal studies were showing that experimental tumor formation,
initiated by chemical carcinogens, was increased by consumption of nutrients like fat,
animal protein and/or calories,(4) which generally represented the effects of diets rich in
animal-based foods.(4, 5) The emphasis was on the cancer modifying (not initiating) effects
of nutrients, which were mostly investigated as single agents in laboratory animal
experiments.

Later, in the 1960s and 1970s, diet and cancer research turned toward human population
studies that correlated cancer rates with foods, generally explained by their nutrient
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contents(6—-8) The most cited correlations were those of dietary fat with breast(7, 9-14) and
colon cancers(15, 16) and dietary fiber with large bowel cancer(17, 18) The consumption of
nutrients of animal-based foods were associated with increased cancer risk while nutrients of
plant-based food were associated with decreasing risk.

However, instead of nutrients explaining the association of food with cancer, another school
of thought suggested that certain non-nutrient (environmental) chemicals in food were more
responsible, especially those that caused genetic mutations. This concern with environmental
chemicals was highlighted with the so-called cranberry scare during the late 1950s when
evidence suggested that a herbicide sprayed on cranberries, aminotriazole, caused thyroid
cancer in laboratory animals, a highly publicized report that almost wiped out the cranberry
season that year.(19) The cancer properties of environmental chemicals became highly
publicized and politicized, resulting in a 1958 amendment to the Food and Drug Act,
famously called the Delaney Clause, which demanded zero tolerance of chemical
carcinogens in food (reviewed elsewhere(20, 21)). Also, at about this same time, the
publication of the popular book “Silent Spring” by Rachel Carson generated widespread
public attention on the possible health hazards of environmental chemicals for human health
and, in the views of many, led to the founding in the early 1970s of the U.S. Environmental
Protection Agency.(22)

Somewhat before this time (1950s), in a related development, the Watson and Crick model
for DNA structure and function was elucidated, cementing the idea that all biological events
arise from genes and, for cancer, probably from genes that were mutated. This convergence
of events (mutation of cancer by environmental chemicals and associations of diet with
cancer), therefore, required a technology to search for and test environmental chemicals
(mostly in food) that might cause cancer in humans. Because no simple lab-based method
was available for this purpose, an animal bioassay program(23-25) was developed, the
results of which were used to estimate human cancer risk contributed by these environmental
chemicals.(25)

This bioassay program gradually evolved over 2-3 decades, involving the participation of
three government agencies (two US, one WHO). Experimentally, this bioassay program
required 1) the testing of candidate chemicals in both sexes of two species of animals
(mostly rats and mice but sometimes dogs and/or monkeys in earlier years), 2) four
experimental groups (dietary control group, a group fed 100 times the amount of suspect
chemical anticipated for human food, a group fed the maximum tolerated dose of this
chemical, and an intermediate dose group), 3) two-year lifetime studies, and 4) a histological
search for tumors at the end of the study.(26) Although the cost of testing one candidate
chemical in 1961 was $10,000 to $15,000, it eventually rose to $2—4 million in 2009, based
on the testing for carcinogenicity in two species.(26)

As time passed, this bioassay program also became more comprehensive in order to include
other toxicological responses. Certain pharmaceutical products, like oral contraceptives,

require longer test periods up to ten years and the use of species (dogs, monkeys) that were
deemed more appropriate for human comparison. In recent years, efforts have been made to
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refine dose selection, number of dose groups, control group characteristics, choice of animal
species/strain and duration of study, among other experimental parameters.(26, 27)

Estimates of human risk from the results of this bioassay program requires both high dose to
low dose interpolation and species to species extrapolation, which have been highly
debatable exercises.(28, 29) For much of the earlier history of this program, it also was
assumed that candidate chemicals for testing were those that cause mutations to initiate
cancer. This program continues until the present day(27) although more recently, chemicals
capable of promoting cancer without being mutagenic also may be called carcinogens.(30,
31) This program is now more than a half-century old but it is still beset with concerns about
its purpose and its relevance, as was first questioned more than three decades ago.(20, 32,
33) A decade later, in 1995, it was refered to as “archaic cancer research” but it still
survives, having created a profound belief in the idea that it is our exposure to environmental
chemicals that chiefly cause human cancer}.(33)

Explaining how food associates with cancer during the past half-century, therefore,
fundamentally depended on two hypotheses, one focused on environmental chemicals that
are mutagenic and carcinogenic, the other on nutrients that are not mutagenic. There is no
doubt that most public interest in the food and cancer connection was and still is focused on
carcinogens that cause mutations. Aside for the testing of single chemicals in the animal
bioassay program, this led many years ago to the development of non-animal, short-term,
lab-based assays, the most popular being the Ames assay.(34, 35) It tested the in vitro ability
of suspect chemicals to cause mutations in bacterial and other cell cultures, perhaps as a
surrogate or as a replacement for the animal bioassay.

Because nutrients are not mutagenic and are not investigated by this bioassay program, other
mechanisms for their cancer enhancing effects were sought during the 1970s and 1980s. A
private research organization, the American Health Foundation, became particularly active in
seeking mechanistic explanations, investigating, for example, how circulating estrogens(36,
37) might explain dietary fat and fiber effects on breast cancer,(38, 39) and how bile acid
activities(40) might explain large bowel cancer. Findings from other researchers concerned
the effect of calorie consumption and energy metabolism on various cancers(41, 42)and the
antioxidant activity of vitamin A,(43) especially p-carotene,(44) on lung cancer. In
laboratory rodent studies, animal-based protein increased mammary cancer, perhaps related
to its effect on estrogenic hormone activities,(45-47) while its effect on neoplastic(48) and
pre-neoplastic liver cancer development(49-51) was unusually impressive. Dietary animal-
based protein at a level of 20% (of total calories) dramatically increased while 5% dietary
protein decreased cancer development through the participation of multiple mechanisms
acting simultaneously.(21, 52-55) None of these nutrient-based effects was attributed to
mutations because increased activities were readily reversible, both ways.

In 1975, a seminal conference sponsored by the American Health Foundation(8) featured
migration patterns (56, 57) and time-dependent trends(58, 59) on cancer risk, both
implicating dietary and environmental causation. A few years later, the U.S. National
Academy of Sciences provided funding through the U.S. National Cancer Institute (of NIH),
for a committee to undertake a three-year project to review these emerging findings,
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resulting in a seminal 1982 report,(4) Diet, Nutrition and Cancer along with a 1983
report(60) on suggestions for research. This coincided with the previously cited report on
diet and cancer(3) which concluded that diet was responsible for a higher proportion of
avoidable cancer deaths than even smoking, with estimates that a dietary contribution could
be as high as 70%. This same report concluded that genetic predisposition accounted for
only 2-4% of avoidable cancer deaths. Thereafter, several institutionally funded summaries
of studies on diet and cancer were published over the next quarter century mostly referring
to the same conclusion that diet was responsible for about one-third of all cancers.(5, 61-64)
This meant diets high in animal-based meat, dairy and eggs and low in plant-based
vegetables, fruits, whole grains and legumes. Coupled with the laboratory animal-based
evidence on the effects of dietary fat and animal based protein on experimental cancer, the
human-based evidence suggested that nutrition contributes far more to the cause of cancer
than genetics, whether these were genes acquired from previous generations or were created
by environmental mutagens.

But, still today, considerable debate and uncertainty exists as to how food affects cancer
prevention and treatment, leaving many unanswered questions. Is it the nutrients or is it the
‘environmental’ chemical carcinogens in food that mostly contribute to human cancer? Are
the effects of nutrients consumed in isolation (i.e., supplements) the same as when consumed
in food? Because chemical carcinogens mutate genes and nutrients don’t, is there any
evidence in human studies that genes are more important causes of cancer than nutrition? Is
the oft-cited dietary fat association with cancer mortality rates the same for all cancers and is
it linear throughout the full range of dietary fat? Does this association depend on type of fat?
How does the cancer modifying effect of anti-inflammatory omega-3 fat compare with pro-
inflammatory omega-6 fat and are these effects of fat type dependent on total dietary fat?
Should nutritional modification of cancer be considered causal? These are only a small
sample of such questions that often have a tendency to add more confusion than clarity.

There is reason to believe that there may be more awareness and understanding of the
association of diet with heart disease and diabetes during the past couple of centuries than
there has been for cancer. But when people transition from simple diets of rural cultures to
complex diets of urban cultures, that is, from diets low in fat and protein to diets high in fat
and protein, rates of heart disease, diabetes and cancer, as a group, generally increase.(64,
65) Is there something to be learned from the causation of these other diseases that might be
helpful to an understanding of the causation of cancer, especially something concerning
common biochemical mechanisms?

Although nothing much can be specifically attributed to the War on Cancer, it should be
noted that, according to the American Cancer Society, recent trends in cancer mortality rates
do show some favorable trends since the onset of that program, although it is unclear what
role, if any, diet or other aspects of that program has affected these trends.(66) Lung cancer
is declining in women since about 2000 and in men since about 1990, probably attributed to
smoking cessation begun with the Surgeon General’s report on smoking in 1964(67). Breast
cancer has been steadily declining about 2-3% per year in whites and 1-2% per year in
blacks, depending on menopausal status. Uterine cancer death rates have been steadily
decreasing since about 1930. Stomach cancer started receding several years before 1930,
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probably in response to the decreasing use of salt preservation of meats in favor of
increasing use of food refrigeration. Colorectal cancers began declining in women about
1945 and in men about 1985. Yet, total cancer mortality still is the second leading cause of
death in the U.S. Almost one-half of men and somewhat more than one-third of women will
be diagnosed with cancer during their lifetimes.(66)

Although it is often said that the association of nutrition with cancer is not yet understood,
thus diminishing its possible significance, | suggest that existing evidence is more promising
than generally known. Consider, for example, the highly variable cancer rates for different
countries as a function of diet and other lifestyle practices. If we assume that the lowest
observable cancer rate is that which is theoretically achievable and if we were to know the
factors causing the higher rates, then all rates above the lowest rate are avoidable. This was
suggested by the former director of the UN Agency for Research on Cancer about four
decades ago, who stated that 80-90% of total cancer was caused by dietary and
environmental factors.(6) Based on a similar analysis, a survey of total cancer rates for 65
counties in China showed that 88.5% of male cancers and 80.3% of female cancers are
avoidable.(68) These estimates of avoidable cancers may be even greater because countries/
counties with the lowest rates are likely experiencing the same causal factors observed in the
high rate region but at much lower levels of exposure.

Although it is not possible to know what proportion of these avoidable cancers is due to
improper nutrition and what proportion is due to environmental chemicals, the evidence
strongly suggests that improper nutrition predominates. Among Western type diseases
(cancer, heart disease, etc.) in a 65-county, 130 village cohort in rural China, county average
serum cholesterol (range of 90-162 mg/dL and mean of 127.6 mg/dL) was the most highly
correlated lifestyle factor (r=0.48, p<0.001) for these diseases (including most cancers(69,
70)

Serum cholesterol, substantially influenced by nutritional practices, is correlated with diets
having more animal based foods and less plant based foods,(68)}an observation that is
consistent with experimental animal studies over a century ago.(71-73) The popular
impression that environmental chemicals are the main dietary cause of cancer—for which
there is almost no reliable evidence, diverts attention away from a role for nutrition in
cancer.

Diet, Nutrition and Cancer Initiation

Convention among experimental researchers holds that there are three somewhat arbitrary
stages of cancer development, initiation, promotion and progression although these stages
blend from one stage into the next. The following is presented as initiation but it leads into
what also can be considered the beginning of promotion. The effect of nutrition on initiation
generally concerns its effect on the formation of mutations from chemical carcinogens,
which starts with the enzymatic activation of the carcinogen and concludes with the
formation of a mutated cell that is inherited by the cell progeny thereafter. It has long been
known that nutrient intakes may substantially alter the amount and the activity of the
principle enzyme that activates these carcinogens, the mixed function oxidase that is
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primarily located in the liver.(74, 75) The animal bioassay program(27) cited above mostly
concerns this step. It attempts to identify environmental chemicals in food (and other
environmental settings) that initiate cancer, presumably by mutating normal cells to cancer
cells. Mutations mostly occur within regions of the genome that code for the formation of
proteins (like enzymes), although there is a growing interest in mutations also acting in non-
coding regions.(76)

However, some factors participate in cancer development not by mutating genes(26) but by
acting upon a very complex cellular environment of reactions controlling the expression of
these genes. This process is called epigenetics, (77) which modifies gene expression in a
way that is believed to be heritable, although the responsible mechanisms for this heritable
event are not yet fully established. Several participating mechanisms include DNA
methylation, histone modification and noncoding RNA participation, as summarized by
Ravegnini et al.(78) Although there is consensus that epigenetics departs from a rigid
association with gene mutations(77) that involve changes in DNA base sequence, it still
maintains the genetic heritability property. Recently, it has even been suggested,(77) that
modification of certain epigenetic mechanisms may indicate disease reversal, an observation
that suggests something other than heritable change.

One especially informative characteristic of epigenetics is the property of pleiotropy which
has been explained by geneticists as “when one gene has an effect on multiple phenotypes”
or perhaps, “as multiple consequences of a single molecular functions.” This important
concept of multiple functions arising from one event also should be applicable to the effects
of nutrition on cancer development, involving the effect of one nutrient on one gene that
creates, in turn, multiple phenotypes. For nutrition, however, a broader version of the
concept is needed. Foods are composed of a very large number of nutrients and nutrient-like
substances, with each nutrient and/or its metabolites affecting multiple genes, and each gene
affecting multiple phenotypes. Also, the many foods that we consume create an infinite
number of ever changing nutrient-nutrient interactions during digestion, absorption and
metabolism, a dynamism of the highest order. A new word, which is more expansive than
pleiotropy, is therefore needed that captures this much more expansive breadth of effect. |
suggest the word, epitropy. But, unlike the assumption that epigenetics and its pleiotropic
characteristic retains the property of heritability, | suggest that nutritional epitropy makes no
such claim.

Creating this concept of epitropy without the heritability property is an important departure
from the traditional understanding of cancer development, especially when considering the
effect of nutrition on development of this disease. That is, there has long been an almost
unchallenged enthusiasm that cancer is initiated by a mutation which is subsequently
inherited by the cell progeny and which thereafter accumulates a very large number of
additional mutations(79, 80), especially involving genes that encourage uncontrolled and
autonomous cell growth.(79, 81) The U.S. National Cancer Institute (of NIH) expresses the
dominance of the genetic viewpoint on their website that “cancer is a genetic disease— that
is, it is caused by changes to genes that control the way our cells function, especially how
they grow and devide.” (82) This assertion then infers that genes are ‘the’ main cause of
cancer.
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However, emphasizing a gene-centric view of cancer has gone too far by excluding other
characteristics of cancer development. Focusing on carcinogen-initiated mutations as the
primary, perhaps only causal event(s) ignores non-mutagenic causes of human cancer, like
the effects of nutrients consumed at inappropriate levels. Dietary protein, for example, when
fed at a relatively low level that is adequate for body growth of laboratory rats completely
prevented development of pre-cancerous lesions(83, 84) and of lifetime tumors(85) initiated
by one of the most potent of all mutation-inducing carcinogens, aflatoxin. The nutrient effect
completely overwhelmed the genetic effect. Similarly, numerous experimental animal
studies have shown tumor modifying effects of varied types and amounts of dietary fat
(omega-6, omega-3 monounsaturated) and “calories’ on chemical carcinogen-initiated
mammary, liver, pancreatic and colon cancers, as reviewed elsewhere.(4, 64) If the multiple
nutrients known to associate with cancer occurrence, (statically and during migration) are
considered, this suggests that nutrition controls gene expression, likely upregulating ‘good’
genes and downregulating ‘bad’ genes, as was recently described for the nutritional control
of prostate cancer.(86) This interpretation is also supported by human population studies
which have demonstrated virtually linear, highly significant and biologically plausible
correlations of dietary fat(10) and animal-based protein(52) with certain cancers, regardless
of their mutagenic origin. Similarly, diets rich in beta carotene, and other food-based
antioxidants and complex carbohydrates, associate with decreasing cancer risk, both in
cross-sectional and time-trend studies.(44) These nutrient dependent associations and effects
question the gene-centric view that mutagenic carcinogens are the primary determinants of
human cancer. This is in accord with the previously discussed carcinogen bioassay response
where ‘proven’ mutagenic carcinogens are not sufficiently supported by human
observational studies.(24)

The uncertainties of interpreting carcinogen response in the bioassay program, the lack of
evidence showing significant associations of chemical carcinogens with human cancer in
human population studies and the evidence showing nutritional control of gene mutations
leading to cancer, renders the animal bioassay as having been very misleading. Focusing on
the consumption of foreign mutagenic environmental chemicals as the main cause of human
cancer, at the expense of ignoring nutrition that controls post-initiation events, has been
unusually costly for more than a half century.

Diet, Nutrition and Cancer Promotion

This second stage of cancer, promotion, traditionally begins with an already mutated cell
which clones itself into a multicellular tissue mass that eventually becomes billions, even
trillions of cancer cells. The mutated gene acquired during initiation is subsequently
inherited by its clone then passed on to its subsequent cell progeny. Cancer ‘promotion’ in
humans may extend over many years (20-307?)(80), during which time a large number of
mutations are added, possibly giving these cells a selective growth advantage over
neighboring normal cells. It has been estimated that there may be 108 cells in a human tumor
at diagnosis and thousands of mutations per cell, thus billions to trillions of mutations per
tumor.(80)
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Chemicals which promote the growth of these genetically initiated cells are called
promoters. But, unlike initiating carcinogens, promoters (at least those first described)(87-
89) do not covalently bind to and chemically damage DNA thus do not directly cause
classical base pair or base substitution mutations. During much of the early history of the
animal bioassay program, for example, there was considerable reluctance to accept
promoters as ‘real’ carcinogens, because they did not cause cancer by initiating mutations.
That is, cancer was to be known as a genetic disease, without question.

It is unclear—at least to this writer—at what stage during cancer development does the
previously discussed epigenetics begin. Is it at the end of initiation or the beginning of
promotion? Or, perhaps, is epigenetics a newer and more detailed description of what was
once called promotion? The question of wherein during these three stages epigenetics best
fits probably is moot. But it is worth asking because of the proposition that epigenetics is a
heritable event, thus tethering it to the initial mutation event and supporting the belief that
cancer primarily is a genetic disease.(90)

It would seem reasonable to assume that epigenetics is a transition stage between initiation
and promaotion, thus providing a continuum that connects these stages. More importantly,
epigenetics simply describes an exceptionally complex network of events and mechanisms
that participate both in gene expression and in cancer promotion. These include a broad
spectrum of activities, like the up-regulation of growth promoting genes and the down-
regulation of tumor suppressor genes (like p53).(91) It may also include a master (driver)
gene that controls the killing of unwanted cancer cells, as in apoptosis, itself being another
incredibly complex system that discards cells no longer needed. Epigenetics, perceived as
genomic instability, may include increased mutation rates(90, 92, 93) and the production of
mutants with increasing survivability(90, 94) Epigenetics may include the constant
production and regulation of reactive oxygen species that cause endogenous mutations. It’s
been estimated that there are 10,000 mutations per cell per day caused by these highly
reactive molecules, (95, 96) possibly also including mutations occurring in the non-coding
regions of the genome.(76) Whatever are the mechanisms and domain of epigenetics events,
it assumes the addition of many more mutations, from initiation to the development of a
diagnosable cancer, thus maintaining intact the heritability characteristic.

This assumption of heritability is highly consequential because it infers that cancer
development is irreversible because back mutations are extremely rare. However, | am
skeptical of the irreversibility of cancer, an idea which initially arose from a series of studies
in our research laboratory begun almost five decades ago. A research report on experimental
animals in India(48) had shown that dietary protein had a powerful effect on promoting
carcinogen(aflatoxin)-initiated liver cancer. This report coincided with my anecdotal
observations in the Philippines suggesting that children of families consuming the most
protein (upper socioeconomic class) also were consuming peanuts that were heavily
contaminated with the highly mutagenic hepatocarcinogen, aflatoxin (commercial peanut
butter(97)), suggesting an unusually high susceptibility to primary liver cancer.
Subsequently, after more than two dozen in-depth experiments in rats and mice conducted
over the next 27-years,(49-51, 55, 98) hepatic cancer (hepatocellular carcinoma) initiated by
aflatoxin(99) grew well with 20% dietary protein (as a percent of calories). But, tumor
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growth was completely repressed by 5% dietary protein (the requirement for dietary protein
by laboratory rats is about 5-6%, recommendation is about 8-10%)(100). In retrospect, as |
was later to learn, early mutation by the carcinogen aflatoxin did not, singularly, lead to
cancer; it had to be promoted by a nutritional stimulus.

Following aflatoxin initiation, dietary protein (at 20% of calories) successively turned on,
turned off (5% of calories), turned on (20%) and turned off (5%) tumor development during
the first 12 weeks of pre-neoplastic cell growth.(50, 51) The same on-off switch also existed
during mature tumor development at 40 and 58 weeks of a two-year lifetime study.(98, 101)
In the lifetime stualy,(85, 101) all 60 of the aflatoxin-treated animals fed the 20% protein diet
succumbed to liver cancer before the end of the study but all 58 animals initiated with the
same dose of affatoxin but fed the 5% protein diet, were alive and well with no liver cancer.
In short, cancer development was unusually responsive to nutritional exposure, forwards and
backwards, at early and late stages of cancer development, presumably by non-mutagenic
mutation events.

This dramatic effect of dietary protein (an all-or-none tumor response) occurred within a
traditional range of protein consumption (5% to 20% of diet calories), and in the presence of
a high dose of mutagen.(83, 84) From another vantage point, early cancer initiation by
aflatoxin, followed by 5% dietary protein feeding for 9 weeks showed no evidence of early
cancer, but these early—Dbut latent—mutations could still be recalled for growth with 20%
dietary protein 9-weeks later.(102) These and related findings showed that cancer
development was completely controlled by dietary protein, even at the highest carcinogen/
mutagen exposure and even after a relatively long latency period.

The mechanism for this protein effect was presumably explained by not one but multiple
mechanisms occurring both before and after establishment of the initial mutation. High
(20%) dietary protein(103) increased the mixed function oxidase (MFO) enzyme
activity(104-106), which activated the initiating carcinogen. As an aside, there seemed to be
many foci of initiating mutations observed soon after carcinogen administration because,
histologically, isolated clusters of pre-neoplastic clones appeared, each theoretically arising
from a mutagenic event.(49-51) High dietary protein increased MFO enzyme activity both
by increasing enzyme synthesis and by modifying the conformation of this complex enzyme
system(107, 108) and it did so quickly, even within one day of consumption of protein.(109)
High dietary protein also increased formation of the covalently bonded adducts of the
activated electrophilic carcinogen with the nucleophilic DNA, RNA and nucleoprotein.(110,
111)

Beyond the initiation period, low dietary protein also shifted energy (calories) away from its
otherwise being used to support cancer growth.(41, 42) This shift in calorie utilization
results from increased caloric expenditure, both by voluntary exercise (112, 113) and by
greater caloric expenditure (thermogenesis), as demonstrated by increased oxygen
consumption and greater brown adipose tissue activity.(114, 115) Low dietary protein also
decreases oxygen free radical production,(116) which is known to support cancer promotion,
(117, 118) and depressed natural Killer cell activity.(119) In parallel animal (mouse) studies,
in which hepatitis B virus transfection was the mutagenic agent, the low protein diet
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decreased circulating levels of growth hormone and insulin like growth factor (IGF-2),(120)
which otherwise increases cell proliferation and clonal expansion of mutated cells.

Collectively, these multiple mechanisms demonstrated that high dietary protein
simultaneously up-regulated mechanisms that increase cancer development and down-
regulated the cell’s normal ability to reverse such development. This is an excellent
demonstration of biological pleiotropy wherein intervention with one nutrient, i.e., animal
based protein, simultaneously activates many mechanisms—some up-regulated, some down-
regulated—to cause a common effect.

The overall effect of animal-based protein consumption on tumor formation could hardly
have been more convincing (0% tumor incidence for the low protein diet up to 100%
incidence for the high protein diet). And further, this effect caused by one of the most
common proteins consumed, casein, well within traditional ranges of consumption, from just
below the recommended intake required for normal function (~8-10% of diet calories as
protein) to a level that humans may readily consume (~20% of diet calories as protein).

These experimental animal studies were conducted 20-40 years before the human genome
project was undertaken and at a time when methods were not yet available to investigate
these events in greater genetic and molecular detail. Modern day methodologies should be
expected to elucidate additional mechanisms, all supporting the same response, that is,
control of cancer growth by nutrition.

Diet, Nutrition and Cancer Progression

During the third, progression stage of cancer development, cancer cells become more
aggressive, advance from their primary site of origin and wander around the body in search
of a new home. It has been suggested that only a small number of these circulating cells
(<0.02%7?)(121-123) is able to establish residence in foreign tissue, acquire metabolic
independence and wreak havoc in their new surroundings. It is this activity, metastasis,
which is responsible for almost all cancer deaths.(124) It is also this activity and its corollary
development of drug resistance during the progression stage that has generated intense
research into finding new ways to target cancer treatment.

Celia-Terrassa and Kang,(124) when reviewing the cellular properties of metastasis, pointed
out that only a very small fraction of cancer cells circulating in the lymphovascular system
are able to successfully adapt to relatively foreign tissue environments. These cells do so by
using a network of interrelated mechanisms to create a functional property called cellular
plasticity, i.e., adaptability. These mechanisms may include clonal cooperation, epithelial to
mesenchymal cell transitions (EMT or its reversal, MET),(125) metabolic adaptation, cell
proliferation, resistance to apoptosis (controlled cell death), evasion of immune system
attack and resistance to drug therapy, among other mechanisms. A particularly fascinating
question concerns how the circulating cancer cell uses its repertoire of aggressive
mechanisms to successively counter the multitude of defensive mechanisms that allows
residence to take place in foreign tissue. Metastasis is an exceptionally complex system,
with countless moving parts. These authors raise the same question that | do as to how will it
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be possible to target the use of drugs against specific elements of a rapidly changing and
complex environment—at least this is my interpretation of their hypothesis.

Nonetheless, these authors seem to remain optimistic. They state that “metastasis initiation
may be the culmination of a highly fluid process involving multiple iterations of transitional
cellular states, dynamic interactions between clonal populations, and both short-distance and
long-range interactions between tumor cells and the host organs,” then suggests that simply
being aware of this reality still may afford an opportunity that can be “exploited in
developing new treatment.” Being aware of this realty may be helpful when seeking a drug
solution, but negotiating a pathway to that target through an ever-changing complexity (or
constellation of targets!), while avoiding unintended side effects and creating imbalance,
will be a Herculean challenge that I believe cannot be achieved.

The mechanisms of metastasis represent an extraordinarily complex array of genes, gene
mutations and gene expression mechanisms. Methodologies of ever increasing sensitivity
and precision are being developed and used to identify mutations and combinations of
mutations most critical for developing metastasis—as well as for cancer formation events
that precede metastasis.

Very large databases of somatic mutations, including, for example, a catalog of 21,000
genomes or exoms from cancer patients,(126) are now available for more discriminating
study of an almost infinitely complex system.(76) The overarching objective is to define
those mutations that best describe the mechanisms of cancer development and, eventually, its
deadly metastatic activity in order to develop evidence-based cancer treatment protocols.

Although there are many challenging issues to be resolved when investigating such an
enormously complex system, many believe that progress is being made and, by some
accounts, it is substantial. For example, studies have identified subgroups of mutations
having distinct functions,(124) times when mutations occur during the cancer development
process, causes of mutations by extrinsic or intrinsic factors,(127) mutation derived protein
products that may or may not lead to altered amino acid sequences, and mutation outcomes
arising from inside or outside of the coding region of the genome, (substantially summarized
by Piraino and Furney(76)). We also know of driver mutations that are “causally implicated”
in the cancer process by conferring “growth advantages” (128) to certain cancer cells as they
evolve toward metastasis. The number of driver mutations, hence the number of driver genes
per cell, seems to be growing(129) as the discovery of each new mutation means discovery
of yet another function that favors metastatic aggression. This does not necessarily mean the
accumulation of new driver mutations among cells on the pathway to metastasis. It may also
mean “a greater enrichment of clonal populations” (124) of cells already endowed with the
needed driver mutations appearing at the primary tumor site. Then, there are the passenger
genes with no known function (as of yet) that may be arising by the play of chance during
normal cell proliferation.(124, 128)

The goals of investigating mutations—their tissue origin, their causes and their effects—are
certainly noteworthy and progressive. Such information, according to many researchers, may
be crucial to the development of treatment protocols that enable potential drugs to be
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targeted to the offending events and cell components.(128) However—and to repeat—the
difficulty of successfully undertaking this task cannot be overemphasized. Perhaps a few
quantitative estimates can illustrate the complexity and size of this task [the following
citations refer both to the original finding and to the review that cited these observations]. Of
the approximately 22,000 protein-encoding genes in the human genome, 350 “show
recurrent somatic mutations in cancer with strong evidence that these contribute to cancer
development.”(128, 130) Mouse studies suggest that “2,000 genes, when appropriately
altered, may have potential to contribute to cancer development.”(128, 131) Then there is the
imposing number of mutations per cancer cell, as with the reported 150,000 mutations per
cell in adenocarcinoma of the colon.(80, 90)

Somatic mutations are highly variable between and within cancer classes, ranging from one
to 400,000 mutations per trillion base pairs.(128, 132). In 2009, “approximately 100,000
somatic mutations from cancer genomes have been reported in the quarter century since the
first somatic mutation was found”, with several hundred million more likely to be identified
as of this writing.(128) Does this exceptionally wide range suggest increased opportunities
for discovering unique factors and events for cancer treatment in a way that can be refined
and individualized for different tumors and different patients? Is it possible that these
powerful genome sequencing and computational methodologies are revealing ever more
complex patterns of somatic mutations, some of which may help identify tumor origin,
tumor progression, and custom-made, targeted treatment options? Or are these alleged
opportunities offset by somatic mutation combinations that work for one type of cancer but
not another, making almost insurmountable the development of broad-scope treatment
protocols, especially if cancer is considered to be more than 100 distinct diseases, as
believed by some?(128) Recent research continues to discover yet more complexity, as with
the discovery of genetic diversity not only for different tumor types but even for multiple
clones of the same tumor.(133) Some observers suggest that the future of cancer treatment
must be and will be individualized for each patient, possibly relying on the use of multiple
pharmaceuticals or polypills, one pill for each dysfunctional event in disease formation.(134,
135)

Comprehensive Effects

Ignoring nutrition as a means of cancer control, first proposed around 1800,(136, 137) has
left a trail of undesirable consequences since that time.(52, 118, 138, 139)This difficulty, in
my opinion, is largely attributable to two parallel histories, 1) a failure to understand the
fundamental science of nutrition and 2) an almost unquestioned acceptance of the mutation
theory of cancer. Contemporary understanding of nutrition has traditionally relied on
investigations of individual nutrient activities, as when they are investigated in isolation in
laboratory experiments, in clinical trials in humans and when adjusted for confounding in
human observation studies. These are classic examples of reductionism.(21) Reductionist
investigation of individual nutrient effects certainly produces critically important
information but when this information excludes food-based and tissue-based contexts, it can
become a source of great confusion. When reductionist information on individual nutrients
is aligned with reductionist cancer research on individual gene mutations, both being
infinitely complex processes, | believe that a fundamental understanding of the association
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of nutrition with cancer will never be possible, even when assuming the increasing power of
sophisticated methodologies and computational procedures to sort out complex systems. It is
vitally important to acknowledge that these complex systems are not static; they are
infinitely dynamic.

It is widely believed that, in addition to our understanding that mutations initiate cancer,
there are the uncertain functions of mutations which accumulate in parallel with the rising
rates of cancer with age.(80) The focus on genes and their mutations throughout the cancer
process has intensified even more since completion of the Human Genome Project.
Although this project has provided a treasure trove of data for investigating the endless
combinations of mutations related to cancer causation and progression, it has been running a
very serious risk of overlooking other factors and events that may be even more important
than genes and their mutated derivatives. The emphasis given to the mutation theory of
cancer continues to rise to new heights, with a recent and highly publicized report showing
that cancer incidence for different tissues in our body is highly correlated with the lifetime
number of stem cell divisions (r=0.81) when mutations become fixed.(140) The greater is
the number of cell divisions, the greater is the opportunity for mutations to occur and to be
inherited by the cell progeny. These authors claimed that two-thirds of these mutations and
their cancer outcomes are random, a play of chance, with no known cause.

This provocative finding(141) generated a number of rebuttals(141-146) that mostly
challenged the idea that cancer is a play of chance that infers a hopeless inability to prevent
this disease. These rebuttals also are limited because they, too, assume that mutations are the
core events that initiate and sustain cancer development.

The mutation theory of cancer is so firmly established that virtually any new discoveries in
cancer research almost reflexively adds new support for this belief. To restate, the U.S.
National Cancer Institute of NIH highlights on their website that “cancer is a genetic disease
—that is, it is caused by changes to genes that control the way our cells function, especially
how they growth and divide.”(82) In 2013, a prominent international group of cancer
researchers whose findings are funded by the highly regarded Wellcome Trust,(132) leads
with the statement that “all cancers are caused by somatic mutation” and in an earlier 2009
paper by a few of the these same authors,(128) the abstract begins by stating that “all
cancers arise as a result of changes that have occurred in the DNA sequence of the genomes
of cancer cells.”

Accepting the prominence of the mutation theory of cancer very likely will continue into the
future because of its widespread, mostly unchallenged support. Because of the need to
clarify the functions of the several hundred million somatic mutations, the International
Cancer Control Consortium (ICGC) is comprehensively characterizing these “genetic events
in at least 50 classes of cancer ...... requiring high-coverage sequencing of 20,000 cancer
genomes or more.”(128), It is said that “more than 100,000,000,000 base pairs of DNA
sequence will probably be required to identify the catalogue of somatic mutations in a single
cancer genome.”(128) These numbers are staggering.

J Nat Sci. Author manuscript; available in PMC 2017 October 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Campbell

Page 15

But in spite of this enthusiasm for the future of genetic mutation research as the principle
means to understand and control cancer, there are disquieting opinions—voiced from within
the genetic mutation research community. It has been recently said that “understanding of
the mutational processes that cause somatic mutations in most cancer cases is remarkably
limited.”(132) Also “the predictive ability and resulting clinical utility of risk evaluation
from common genetic variation ..... has to date been found to generally be modest for most
multifactorial conditions.”(147) although these researchers still believe that refining risk
assessment through the use of known genetic mutations will, in the future, warrant clinical
application. As this paper was being written, a new paper was published(148) with the
refreshingly bold title, “Somatic Mutation Therapy—Why It’s Wrong For Most Cancers”,
that strongly supports the main message here, namely, that “somatic mutations are
epiphenomena or later events occurring after carcinogenesis is already underway” and,
further, that a new paradigm for cancer causation is needed. | believe that the hypothesis of
this paper focused on a nutrition theory of cancer is this new paradigm.

To be fair to the mutation theory inferences, many authorities believe that establishing
mutation locations and functionality in the genome may lead to 1) the clinical application of
better, more targeted pharmaceuticals for disease treatment,(80, 124, 128, 132, 149) 2) more
refined screening of otherwise healthy individuals for future disease(148, 150-153) and 3)
discovery and control of mutagens in our environment.(27, 28, 127, 154) Hope springs
eternal for research proposals and clinical applications of this rapidly expanding
information. It is said that “...molecular profiling of metastatic tissue [for mutation events]
provides invaluable mechanistic insight into the biology underlying metastatic progression
and has the potential to identify novel, potentially druggable [sic], drivers of progression.”
(151) Even though there may be “discordance of actionable molecular targets, [it still has]
great clinical implication for optimal patient care and the avoidance of unnecessary side
effects.”(151) In other words, cancer will be mainly controlled (treated?) by novel drugs that
are targeted to specific genetic events, in spite of divergent observations and an unforgiving
complexity of events. When more than one molecular target participates in the final disease
outcome and needs to be treated, unique drugs can be combined, as in the proposal for the
polypill.(135, 155)

Also, the decades old emphasis on environmental mutagens as the main causes of cancer
also labors under this reductionist philosophy.(27) Newer, more sophisticated methods are
making possible the search for genomic imprints (mutation signatures) that reflect past
mutagen/carcinogen exposures. This methodology can be useful in assessing the relative
contribution of environmental chemicals to overall cancer risk, especially those chemicals
that may explain random or ‘bad luck’ cancer beyond our control,(140) thus helping to
resolve my criticism of their contribution of total cancer risk. Insight into this question was
recently provided by Wu et al(127) who, using a data-driven and model-driven statistical
strategy to investigate this claimed relationship of mutations with stem cell divisions,(140)
concluded that 70-90% of human cancer is derived from extrinsic (environmental) factors
that presumably can be controlled. They referred to a few relatively recent epidemiological
studies (1988-2012) to support their finding, but they missed a much earlier report by the
director of the International Agency for Research on Cancer of the director of the
International Agency for Research on estimated that approximately 90% of all human
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tumors are influenced by exogenous factors, thus are “theoretically preventable”.(6) Most of
the followup epidemiological studies over the next several years, however, focused on
nutritional factors and not on adventitious environmental chemicals as the primary causes of
cancer. We need to know how much of the hypothesized “random” cancer can be explained,
either by nutritional or by mutagenic factors.

The role of nutrition as a non-mutagenic agent in cancer etiology is, however, mostly
ignored if mentioned at all. Alexandrov and 49 co-authors were quick to point out that
“cigerate smoke contains over 60 carcinogens.”(156) and suggested that “it is possible that
this complex mixture may initiate other mutational processes.”(132) But these authors failed
to mention the impressive evidence published in 1981 showing that B-carotene, an indicator
of a simple dietary change, is inversely related to lung cancer risk among heavy smokers.
(44) The incidence of lung cancer, among 2107 male smokers, 40-55 years of age, observed
over a 19-year period, was about 85% lower among those with the highest level of B-
carotene consumption (comparing highest to lowest quartile), an indication of a remarkable
nutritional influence on a disease that is widely thought to result primarily from the
onslaught of(157) powerful mutagens inhaled in tobacco smoke.(157) Many epidemiological
studies of the past 40-50 years have shown impressive associations of various cancers with
diet and nutrition practices.(4, 8, 10, 158) But when and if molecular geneticists cite these
studies (very seldom), they mostly assume that mutagens are responsible for these
associations.(159, 160) Accordingly, nutritional experience, for these authors, is only a
‘modifying factor’, not a ‘cause’ that can be manipulated in a way to control cancer.

I believe that the assumption that human cancer is mainly caused by mutations is
substantially over-emphasized. | agree that cancer begins with a mutation and, further, that
there is convincing evidence that mutations accumulate as cancer advances toward
metastasis but this does not mean that cancer is primarily or even solely caused by a series of
subsequent mutations. Is it possible that the accumulation of mutations in cancerous tissue
represents “epiphenomena or later events occurring after carcinogenesis is already
underway?”(148) It is very important that the relative contributions of nutrition versus
environmental (mutagenic) chemicals to human cancer risk be sorted out. Contemporary
research practices, policy development, clinical practice and public knowledge await an
answer to this question.

It has long been accepted that a mutation is an extremely rare event, perhaps one mutation
occurring every 107 cell divisions.(148) It also has long been recognized that a back
mutation is also a rare event, thus making a forward, then a backward mutation in the same
cell an extremely rare event, perhaps 10714, This suggests that, except for extremely rare
occasions, cancer development cannot be reversed. As a consequence, the only way to treat
this disease is to kill cancer cells according to Robert Gatenby, as quoted cited by Kaiser,
(161) especially when these cells, now endowed with thousands of mutations, may have
metastasized. This is traditionally accomplished by cytotoxic chemotherapy or radiotherapy,
targeted, if possible, to the cancer cells so as to avoid damage to neighboring tissue. More
recently, efforts have focused on energizing our immune system to use its innate ability to
kill cancer cells, a strategy that may prove to be especially useful for older people whose
immune system is in decline.(162)
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Given this abundant acceptance of the mutation theory of cancer development, | therefore
pose a highly provocative question: is it reasonable to hypothesize that cancer, upon
diagnosis, can be reversed by nutritional means? If cancer development is dependent on an
accumulation of irreversible mutations, the answer to this question must be “No”. Research
designed to test this nutrition-reversal-of-cancer hypothesis (undertaken in my laboratory in
the early 1980s) showed an opposite answer. It was prompted, in part, by the observations on
the effect of smoking on lung cancer risk cited above. It was well established at that time
that smoking increases lung cancer risk, presumably due to mutagenic chemicals, and
further, that lung cancer risk decreases to baseline within 5-10 years upon cessation of
several years of smoking.(163) This hinted at the possibility that ongoing disease
progression resulting from sustained smoking had been reversed. Additionally, it was also
known that lung cancer incidence among heavy smokers decreases almost to that of non-
smokers, in a dose response manner, with increased p-carotene consumption (in food).(44,
157) Together, these findings suggested that lung cancer risk may be reversed either by
quitting smoking and/or (hypothetically) by using a high antioxidant, low animal protein-
based diet (i.e., rich in p-carotene). This was the evidence, however valid it was, that led to
the laboratory rodent studies on dietary protein and liver cancer mentioned earlier.

The results were striking. Decreasing animal-based protein consumption completely
prevented the development of a type of cancer (hepatocellular carcinoma) initiated by the
most potent mutagen known at that time (aflatoxin). Also, tumor development could be
turned on and off, quite rapidly, simply by increasing then decreasing the consumption of
animal-based protein. Although not studied in the same depth, the same on-off switch
existed when adjusting dietary fat during the development of experimental pancreatic cancer
initiated by azaserine (164) and for mammary cancer initiated by dimethylbenzanthracene
(DMBA).(10) It seems impossible that these nutrition-induced activities could have occurred
if cancer development depended on an accumulation of irreversible mutations.

This non-mutagenic nutritional effect (of animal protein) became even more convincing
when searching for its explanatory mechanism(s). Not one but several innate, normal
mechanisms seem to work simultaneously to control cancer development, some of which
enhances and some of which prevents cancer development. In each case, increased
consumption of animal protein altered these mechanisms to favor cancer development,
elevating mechanisms that promote cancer development and corrupting innate mechanisms
that prevent cancer development. The activity of each of nine mechanisms, which was
investigated at that time (some evidence being more robust than others), changed in a
direction that promotes cancer development, a likelihood of <0.001 (279 or one chance in
1,024). Now, thirty years later, with much more sophisticated methodology many more
mechanisms can be envisioned.

On the likelihood that these animal protein-specific effects on cancer development apply to
humans, it is necessary to add the cancer enhancing effects of simultaneously consuming
less whole plant-based foods. Total calorie consumption is mostly a zero-sum game, thus
consuming more calorie-containing animal-based protein (as food) means less consumption
of whole plant-based foods, which are lower in protein and fat and richer in antioxidants,
complex carbohydrates and vitamins. Like the cancer enhancing mechanisms of animal-

J Nat Sci. Author manuscript; available in PMC 2017 October 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Campbell

Page 18

based protein, similar arrays of cancer repressing mechanisms exist for countless nutrients of
plant-based foods. In order to appreciate the full significance of these networks of
mechanisms, whether caused by nutrients of animal or plant-based foods, it should be noted
that nutrient function, in its totality, is not a simple summation of individual nutrient
activities studied in isolation, but the highly dynamic contribution of countless nutrients of
whole foods, as described elsewhere.(54, 139) The routine and intensely personal desire for
animal-based protein has uniquely affected dietary choice ever since its discovery in 1839,
(165, 166) thus affecting the proportional amounts of animal and plant-based foods in our
diets.(54, 139) In addition to the pleiotropic effect described here for animal-based protein,
the same will be true, albeit in the opposite direction, for multiple plant-based nutrients,
especially the phytonutrients of plants that associate with lower cancer risk.

There are many plant substances that exhibit this pleiotropic effect. As summarized
elsewhere, (54, 139) genistein, which is an anti-cancer estrogen-like isoflavone of soy
products,(167, 168) engages a large number of mechanisms to produce its effect.(169) It
modulates genes that regulate cell cycling and programmed cell death (apoptosis), inhibits
the nuclear protein complex (nuclear factor-kappa-B) that activates DNA transcription
responsible for stress factor-induced cancer, inhibits transcription and expression of prostate
specific antigen that promotes prostate cancer, protects cells against reactive oxygen species
(ROS) that encourage cancer growth and blocks estrogen receptors thus minimizing the
promotion of breast cancer by endogenous estrogen. Genistein also appears to lower
cardiovascular disease risk(170) and prevents osteoporosis,(171) very likely joining other
isoflavones and related components in soy and other legume products that very likely play
similar roles with genistein. This is but one of many plant-based substances that employs
pleiotropy to lower breast cancer risk while engaging related soy phytochemicals to
minimize risks for cardiovascular disease and osteoporosis, as in epitropy.

Another example of a potential cancer preventive agent for prostate cancer is lycopene, a red
carotenoid pigment in tomatoes, which has strong antioxidant activity and which is
hypothesized to prevent prostate cancer and its predecessor, benign prostatic hyperplasia,
(172) although this evidence is not convincing when lycopene is consumed as a supplement.
(173) As an antioxidant, lycopene induces several mechanisms that favor cancer inhibition,
including anti-proliferative, anti-oxidative, and anti-inflammatory responses, while down-
regulating genes contributing to the androgen receptor signaling pathway,(174) all of which
illustrate pleiotropy.

Many plant nutrients and related phytochemicals are well known antioxidants that
counterbalance the oxidative stress largely created by reactive oxygen species (ROS). As
brilliantly summarized by Reuter et al,(175) reactive oxygen species are endogenously
produced in the body, mostly during mitochondrial respiration, and they play a vital
physiological role, as in their attack and destruction of invasive disease producing
organisms. However, it is also important that ROS activities be kept in check, that is, the
dynamic production and removal of ROS represents a pro-oxidant/anti-oxidant system that
requires exquisite homeostatic control. Prolonged tissue excess of these highly reactive
molecules leads to chronic inflammation that encourages aging and associated chronic
diseases like cancer, cardiovascular disease and diabetes, among others. The breadth of
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effect of this infinitely complex system cannot be overemphasized and food choice plays a
vital role in keeping this oxidant-antioxidant system in balance. This pro-oxidant/anti-
oxidant system distinguishes the relative contributions of whole plant based foods (rich in
antioxidants) from their counterparts, foods that are highly processed and/or of animal origin
(often rich in promoting the production of ROS).

Within the context discussed here, the ROS system illustrates both the pleiotropy and
epitropy concepts of nutrient function. “Oxidative stress can activate a variety of
transcription factors that lead to the expression of over 500 different genes, including those
for growth factors, inflammatory cytokines, chemokines, cell cycle regulatory molecules and
anti-inflammatory molecules.”(175) Antioxidants, which represent a very large and growing
number of phytochemicals from plants (e.g., lycopene, p-carotene, cryptoxanthin,
canthaxanthin and a few hundred other carotenoids, tocopherols like the vitamin E analogs,
genistein and other isoflavones), combine their activities upon consumption to upregulate
families of genes to produce even larger families of protein products (enzymes) that prevent
and/or reverse families of diseases (e.g., cancer, aging, cardiovascular, diabetes,
neurological, autoimmune). In this case, there are pro- and antioxidant members of these
contrasting families that illustrate the relative nutritional properties of whole plant-based
foods from animal based foods (and highly processed food fragments). Both groups involve
an exceptionally large number of substances, reactions and activities and it is this complexity
and this contrast which must be acknowledged in any cause-and-effect hypothesis.

The relative proportions of disease risk specifically attributable to the direct effects of
animal-based protein (as food) compared to the effects of declining consumption of whole
plant-based foods, however, is difficult to assess. Almost no human studies—except for a
very few studies on heart disease(176—178) and prostate cancer(86)—have included
individuals using a whole food plant-based (WFPB) diet with little or no added fat and
refined carbohydrates. Findings of occasional studies on self-proclaimed vegetarians and
vegans as experimental subjects certainly are indicative of these effects but they are not
especially relevant for fully assessing the effects of a WFPB diet. Most vegetarians consume
generous amounts of dairy and some eggs and fish. Vegans, although consuming no animal-
based protein, still consume substantial amounts of fat(179) and refined carbohydrates. The
largest survey of these “V” diets (803 adults vegans, average total dietary fat of 30.4% for
males and 30.5% for females; 6673 adult vegetarians, average total dietary fat of 30.0% for
males and 29.9% for females) showed a remarkable similarity with 18,244 adult meat eaters
(30.9% for males and 31.4% for females).(179, 180) Similarly, consumption of total sugars
was within the narrow range of 22.6% to 24.6% for both sexes and all three diets. Thus, it is
important to emphasize that findings on vegan and vegetarian diets are not the same as that
desired for the WFPD diet (about 9-12% total dietary fat and little or no sugar).(55, 176,
177, 181, 182)

These findings on the apparent effects of animal-based protein on cancer development, as
observed in correlation studies on humans, become much more significant when nutritional
function is viewed as the comprehensive, epitropic effects of virtually countless nutrients,
nutrient-like substances and their interactions during their consumption, digestion,
absorption and metabolic disposition. Additional evidence for a comprehensive nutrition-
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based effect on reversal of chronic, degenerative disease (not obviously mutagenic) is the
evidence showing the ability of a whole food plant based diet in intervention studies to
dramatically reverse heart disease.(176, 177, 183) Esselstyn et al, in a recent report(178,
184) of 198 patients with confirmed heart disease, found that 89% were compliant with his
initial advice given in a 5-hour session to consume a whole food plant based diet. After 2—7
years of follow-up, compliant patients suffered a recurrence rate of cardiac events of <1%
while non-compliant patients suffered a recurrence rate of 62%. Similar results were earlier
reported by Ornish et al at one(176) and five years(185, 186) after onset of treatment. That
study, which also included stress management and exercise(176), was one of the first(183) to
publish peer-reviewed findings on the effect of the whole food plant-based on cardiovascular
disease. The etiology of heart disease is not like that for cancer because it has not yet been
shown to be the result of mutations but, like cancer, it is a degenerative multifactorial disease
forming over many years, also involving a similarly comprehensive effect of nutrition.

On the future of cancer research and its dependency on public support, the previously cited
exorbitant costs of developing and marketing new cancer drugs,(187) the widely known side
effects of chemotherapy,(188) the marketplace conditions that “inadvertently incentivize the
pursuit of marginal outcomes” and the average $171,000 per year per patient cost for cancer
drug treatment(189) are factors that compromise public support. | am very much aware of
the recent promise and promotion of immunotherapy as a “new way” to think about cancer
treatment along with a few welcome reports of individual patient successes. | am also aware
of the fascinating discoveries tethered to genetic function and the many ways that it might
complement newer treatment modalities. But these ‘modern medicines’ highlights still rely
on searching for treatments which selectively target cancer cells enmeshed within an
incomprehensibly complex maze of reactions established and controlled for eons of time by
a natural order of things.

I submit that what has been done and what is still being planned for future cancer treatment
protocols is over-simplistic, relatively ineffective, extremely costly and likely to be
encumbered with unintended and counterproductive side effects. Such a strategy is over-
simplistic because it ignores the infinitely complex biology that underlies, respectively,
cancer development and nutritional function. Cancer cannot primarily be the consequence of
a series of mutations. Back-mutation of mutated cells to normalcy is too improbable. Yet,
experimental animal evidence shows that cancer development can be reversed by nutritional
means. Nutrition, in turn, cannot be ascribed to the effects of individual nutrients operating
independently and in isolation because single nutrient supplements do not faithfully mimic
their biological activities in food. That is, these combined observations, each representing
infinitely complex but still highly integrated phenomena, support the hypothesis that cancer
is primarily a nutrition-responsive disease. These phenomena, considered independently or
together, represent what might be called Nature.

There is only one way to affirm or deny this hypothesis and this is to conduct an intervention
trial in human cancer patients. Evidence is already available showing that a whole food
plant-based diet reverses heart disease remarkably effectively while similar but less robust
evidence supports the same effect on other chronic illnesses. Given the evidence showing
that cancer could be considered primarily a nutrition-based disease, instead of a genetic
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disease, it is therefore reasonable to assume that the same nutritional effect on cancer may
also exist. It should be noted, however, that an association of diet and nutrition with cancer
(or other disease outcomes) is far more than a single nutrient functioning through a single
mechanism that produces a single outcome. It is time that we recognize the complexity of
these systems, then use this information to chart a more efficacious pathway to future cancer
care practices which, not so incidentally, are similar to those for other illnesses as well.
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