Supplementary Section 1
Species-specific mechanisms of tumor suppression are fundamental drivers of
vertebrate speciation: Critical implication for the war on cancer
S1.1 The discovery of species-specific mechanisms of tumor suppression
encourages a reductionist contemporary view of speciation
Speciation is the process by which the resources of a closed system, such as the earth,
are assimilated into DNA. Species have been selected as the basic machines of evolution
because they are efficient mechanisms for the assimilation of environmental resources
into DNA. However, it is the entropy inherent in the mutability of the collective mass of DNA
on this planet (Σ

DNA),

in the presence of a constant energy source (Ec), that drives the

movement and expansion of species through spacetime, with environmental resources
capable of being assimilated into DNA (and DNA accessory molecules) acting as attractors
for such movement. The mutability of the code it carries thus enables DNA to respond to
its environment, because the mutations that turn out to be “adaptive” are those that enable
DNA to assimilate attractors into more of itself, expanding its range. More DNA equates to a
greater number of spontaneous mutations due to the metastable nature of DNA, increasing
disorder within the system; i.e., entropy constantly increases as the amount of DNA
increases. Because DNA is a code-carrying molecule, speciation can be alternatively
described as the process by which the resources of a closed system,
such as the earth, are assimilated into information ( i

DNA).

The disorder introduced into

the system by random mutations in DNA is always larger than the amount of
information produced; the movement and expansion of species through spacetime therefore
always proceeds from a condition of less entropy toward one of increased entropy:

Ec

DNA

i DNA , Σ DNA >> i DNA
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Neoplastic transformation directly opposes successful speciation in vertebrate
animals. In the same manner that speciation is the conversion of environmental resources
into information, cancer is the conversion of environmental resources into disinformation-disinformation that destroys the fitness of the soma and thereby acts as a counterforce to
successful speciation. Because of such direct opposition, vertebrate speciation is
characterized by species-specific mechanisms of tumor suppression that are required to
advance body size and lifespan beyond those of species basal to a lineage. Thus, unique
mechanisms of tumor suppression distinguish vertebrate species, and in-so-far as
malignant neoplastic transformation is concerned, the existence of such species-specific
mechanisms of tumor suppression prevent one vertebrate species from serving as a valid
model system for another. This largely unrecognized element of vertebrate speciation
undermines decades of cancer research data, using murine species, that presumed
universal mechanisms of tumor suppression, independent of species.

S1.2 Closed circulatory systems ushered in the dawn of neoplastic transformation as
a counterforce opposing successful speciation
Early forms of life were not endowed with the means to perform significant work. That is,
they were sessile or nearly so, depending primarily upon environmental forces such as
currents of water or air for significant displacement of their mass over a distance. Their
range of habitat exploitation was consequently limited to their local environment, or to
areas made accessible by water or air currents. With the evolution of chloroplasts, plant
life expanded its realm dramatically, particularly in terrestrial environments where
absorption of sunlight was unimpeded by the water column. This flourishing growth of
terrestrial flora created an attractor of unrivaled dimensions, but one that remained
unavailable to aquatic species, the then dominant life forms. While certain species of
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invertebrates evolved significant mass and were capable of displacing such mass over
asignificant distance in aqueous environments (e.g., Anomalocaris, Mesonychoteuthis), it
was the evolution of closed circulatory systems in vertebrate animals that enabled the
exploitation of terrestrial flora. Thus, by dramatically increasing the ability of vertebrate
animals to perform work, closed circulatory systems enabled some originally obligatorily
water-borne species to access the attractor of terrestrial plant life. With subsequent
refinement of such closed circulatory systems, particularly with respect to the evolution of
hearts with improved pumping efficiency, vertebrates that adapted to the land expanded
their ability to conduct locomotion over significant terrestrial distances, making virtually all
terrestrial plant resources available for assimilation into DNA. Closed circulatory systems
also enabled vertebrate animals to resist the force of gravity and extend their spectrum of
possible body sizes across an incredible range. Without closed circulatory systems
capable of highly oxygenating tissues, the evolution of bones, muscle, body mass and
stature observed in vertebrate animals would not have been possible, leaving enormous
concentrations of resources unavailable for assimilation.
The improvements in capacity to perform work and the potential to increase body
size that were brought about by closed circulatory systems clearly increased the extent to
which, and the rate at which, environmental resources could be assimilated into DNA.
However, they also brought into prominence a counterforce to resource assimilation—
neoplastic transformation— that had previously not had much impact on such resource
assimilation. First, the dramatic increase in body size enabled by closed circulatory
systems increased the risk of neoplastic transformation in large vertebrate animals due to
an equivalently dramatic increase in the number of stem cells at risk for such neoplastic
transformation. All things being equal, an organism with 10,000 times the mass of
another would be expected to have 10,000 times the risk of neoplastic transformation.
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However, risk of neoplastic transformation does not scale with body size (Peto’s paradox),
which can now be explained by the fact that species-specific mechanisms of tumor
suppression are a necessary prerequisite for any significant increase in vertebrate body
size above that of species basal to a lineage (see below). Without simultaneously evolving
such species-specific mechanisms of tumor suppression, animals such as humans,
elephants and whales could not attain size and lifespan so dramatically in excess of that
of species basal to their respective lineages.
Second, the evolution of closed circulatory systems enabled neoplastic growths, for
the first time, to achieve widespread dispersion throughout the soma of an organism,
reducing fitness by negatively impacting the function of tissues and organs which they
have invaded. In animals with open circulatory systems, such as arthropods, in which
blood is pumped into spaces bathing tissues and organs rather than into the tissues and
organs themselves, a direct conduit into tissues and organs is absent. Only in animals with
closed circulatory systems does the vasculature provide a pressurized conduit to virtually
every compartment of the soma. Spontaneous explants from primary neoplastic growths
that enter such a closed circulation thus have access to all compartments of the soma—
the process of metastasis. It is well known that in our own species it is generally not the
primary neoplasm that diminishes fitness and kills the organism, but rather organ failure
caused by invasion and metastases (Fidler and Kripke, 2015). Cancer is in fact defined as
the ability of a neoplastic growth to invade and metastasize; neoplasms with this capacity
are termed malignant, while neoplasms without this capacity are termed benign for their
general failure to significantly reduce fitness of the organism. Furthermore, whereas
tissues and organs develop as a result of the organized expression of genetic and
epigenetic programs that specify appropriate blood supply, neither primary nor metastatic
tumors, which operate with disregard for such programs, have natural blood supplies.
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Rather, as they grow in the absence of proper oxygenation, they become hypoxic and
activate angiogenesis, the attraction of new blood vessel growth into their mass (Folkman,
2006), drawing away from the soma the resources required to maintain the fitness of the
organism. The ability of neoplastic growths to metastasize to distant sites and thereby
destroy fitness of the organism is thus a direct result of the evolution of closed circulatory
systems. Malignant neoplastic transformation is thus a fundamental force opposing
successful speciation that must be countered by species-specific mechanisms of tumor
suppression in vertebrate species, particularly in those whose exploitation of environmental
niche is improved by increased body size and lifespan.
S1.3 The min-max equation of speciation in vertebrate animals
The process of speciation in vertebrate animals appears to be optimized when a certain
background level of somatic cell genome instability, i.e., malignant neoplastic
transformation, is permitted to occur. Thus, in a sort of min-max equation designed to
create species capable of assimilating resources into DNA at the maximum possible rate,
lifetime risk of neoplastic transformation is maintained at a low, but generally non-zero
level. That is, a certain minimized but nonzero amount of neoplastic transformation occurs
when the rate of assimilation of resources into DNA by a species is maximized. A recent
large, multi-center effort studying cancer risk across a wide array of placental mammals put
the background level of neoplastic transformation at about 4% (Abegglen et al., 2015). Part
of this background level of somatic genome instability may be a consequence of the
sensitivity of nucleophilic centers in DNA to substitution reactions initiated by ubiquitous
electrophiles, and part may be due to the evolution of DNA methylation as a means to
selectively silence the transcription of specific genes during the development of complex
vertebrate bodies (Nyce et al., 1983; Baylin and Jones, 2016), and also to control the
activity of transposable elements in chromosomes (Ohtani et al., 2018). Enzymatic DNA
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methylation produces 5-methylcytosine (5mC), and such 5mC moieties are well-known to
be hyper-mutable via spontaneous deamination, producing thymine (Ehrlich et al., 1986;
Poulos et al., 2017). Since successful vertebrate species appear to be characterized by a
low but non-zero level of neoplastic transformation in their soma, it is possible that this
represents an irreducible value inherent in the metastability of DNA and the hypermutability of 5mC. However, some vertebrates appear to have lifetime risks of cancer that
approach zero in their natural, species-specific habitat (Azpurua and Selanov, 2012;
Delaney et al., 2013), despite the fact that they use the same metastable DNA and hypermutable 5mC as other vertebrate species. It would thus appear that the maintenance of
virtually pristine somatic genomes is possible and could be accomplished if that was the
ultimate goal of speciation. However, it is apparently not the ultimate goal; rather,
maximizing the assimilation of environmental resources into DNA appears to be the
ultimate goal of speciation, and assimilation of environmental resources into DNA appears
to be maximized when a certain minimum, but non-zero level of neoplastic transformation
is permitted to occur in the soma of vertebrate animals.
S1.4 The apparent lex naturalis of vertebrate speciation: Body size, lifespan,
species-specific mechanisms of tumor suppression, and lifetime cancer risk are
tightly connected elements of vertebrate speciation, such that alteration in one will
necessarily produce an equilibrating change in one or more of the others
If an equation describing a vertebrate species could be written, and if variables in that
equation associated with the suppression of malignant neoplastic transformation could be
manipulated, then either increasing or decreasing such a variable would be counteracted
by an equilibrating change in another of the above-cited variables, preventing a decrease
in the rate of resource assimilation into DNA. An experiment along these lines has already
occurred by the manipulation of the size of various dog breeds by humans. In large dog
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breeds, such as the Great Dane, and the Bernese Mountain Dog, the artificially induced
increase in the variable of body size (above that naturally attained by the wolf) has
resulted in an equilibrating decrease in the variable of lifespan. Similarly, by artificially
decreasing body size in other breeds of dogs, such as the Chihuahua and the
Pomeranian, the variable of lifespan has been correspondingly increased. If Great Danes,
Bernese Mountain Dogs, Chihuahuas and Pomeranians had evolved naturally, without
human intervention, they would have become discrete species, with different application of
canine lineage-specific tumor suppression mechanisms, similar to the manner in which
different anthropoid primate species deployed the kill switch tumor suppression system to
differing extents depending upon their needs (Supplementary Section 2). However,
humans effected the increase in size in Great Danes and Bernese Mountain dogs without
providing them with an improved tumor suppression strategy the way nature would have
done to offset the increased risk of neoplastic transformation associated with such
increased size. This action of artificial selection for large body size thus resulted in an
opposite and equal reaction, producing a decrease in lifespan in these large breed dogs.
Small dogs, on the other hand, released from some of the more stringent pressures of
natural selection because they were under the protection of humans, enjoyed the benefits
of small size, in which the canonical p53 repertoire is better able to protect them than it is
in larger dogs (Nyce, 2018; and section S1.5 below). Although intensive in-breeding has
obscured comparisons of lifetime cancer risk in dogs, the consistent fact emerges that the
smallest canine breeds (e.g., Chihuahuas, Pomeranians, Miniature Pinschers) have
significantly longer lifespans (Patronek et al., 1997; Michell, 1999), in accordance with the
apparent lex naturalis of vertebrate speciation: Body size, lifespan, species-specific
mechanism of tumor suppression, and lifetime cancer risk are tightly connected elements
of speciation, such that alteration in one will necessarily produce an equilibrating change
in one or more of the others.
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In modern humans, lifespan and body size have both been increased by means
(modern medicine, the modern economy) that divorce our species from its speciation
history, with increased longevity disabling our species-specific tumor suppression
mechanism which evolved for the 25 year lifespans of primitive humans (Nyce, 2018).
Still, the lex naturalis holds: Since the modern human lifestyle disables equilibration
between the variables of lifespan, body size, and tumor suppression mechanism,
equilibrium is unfortunately restored by an increase in lifetime cancer risk. However, with
the discovery of the kill switch tumor suppression system, and the apparent capacity to
reconstitute it pharmacologically, it may now be possible to balance the equation for our
species such that lifetime cancer risk is restored to the normal level of 4% for vertebrate
animals. We might also learn from our manipulation of canine stature that short stature
should replace tall as the ideal human form. Our continued preference for tall stature is a
relic of its value in a primitive landscape in which the ability to hunt with primitive weapons
and perform other strength-intensive tasks, and in which predation by large carnivores,
and inter-tribal warfare, applied strong selective pressures that are no longer relevant in
the modern world. In as much as height has been conclusively demonstrated to be directly
related to cancer risk in humans (Green et al., 2011; Kabat et al., 2013; Ong et al., 2018), a
significant reduction in average stature would accrue many advantages to future human
societies, not least of which would be a decrease in lifetime cancer risk as we experience
further increases in lifespan.
S1.5 Speciation is a process occurring in spacetime, without a specific "now"
Speciation strategies are executed in spacetime; that is, the accounting period for
optimization of resource assimilation into DNA, as well as the debiting of the negative
impact of neoplastic transformation, is not limited to the present, or even to the lifespan of
the vertebrate animal under consideration. In fact, as noted above, lifespan is a variable
that species can manipulate to optimize their ability to assimilate environmental resources
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into DNA. Thus, the accounting period for net assimilation of resources into DNA can
include many generations, particularly for small, short-lived vertebrate animals. Species
are thus collections of animals dispersed not only over space, but also over time, such that
the representation of a species on a spacetime curve would show a roughly spherical
mass extended not only into the past, but also into the future. The time dimension of such
spherical masses can be thought of as species-specific quanta which incorporate the
timescale used by different species in their strategies to maximize assimilation of
environmental resources into DNA, while simultaneously minimizing opposing forces such
as malignant neoplastic transformation. For smaller, short-lived animals, their quanta
appear to encompass a span of multiple generations. For example, mice and elephants
execute very different strategies of resource assimilation and mitigation of neoplastic
transformation, but over the long term, for example the lifetime of an elephant (which
encompasses many generations of mice), one female animal of each species can initiate
the production of roughly equivalent amounts of DNA assimilated from environmental
resources (after accounting for significant predation of the mouse population, mice
representing an environmental resource for many other species). The flexibility of the
quantum of time over which speciation may operate appears to bear particularly upon the
execution of strategies to mitigate malignant transformation in vertebrate animals. Thus,
small body size and short lifespan are frequently employed evolutionary strategies of basal
species. This strategy has been so successful that it continues in extant species. For
example, small body size in mice enables both their commensal existence with humans
and limits the number of stem cells at risk for neoplastic transformation. Utilizing the time
dimension of their spacetime environment to further minimize cancer risk, the short
lifespan of mice resets accumulated mutations in somatic cells to near zero at frequent
intervals in successive generations, spreading risk of neoplastic transformation across
time. Small body size coupled with short lifespan can thus be considered an extremely
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effective means of tumor suppression, requiring only the canonical repertoire of p53 to
maintain a low cancer risk and achieve an optimized rate of resource assimilation into
DNA. A recent study of inbred mice (which likely have a substantially higher incidence of
spontaneous cancer than outbred mice in the wild) demonstrated that the incidence of
tumors was approximately 11 per 5,000 animals per year, representing a lifetime risk of
0.22-0.44% (Marx et al., 2013). These data support the concept that if small, short-lived
animals such as mice hold true to the 4% cancer risk as observed in other vertebrate
species (Abegglen et al., 2015), then this risk in small, short-lived animals is not based
upon the body mass of a single individual, but rather on the body mass represented by a
collection of individuals; that is, a “collective body mass” spread across generations,
across time.
S1.6 Evolution of body size and lifespan beyond that of basal species
Enlargement of body size and lifespan beyond that of species basal to a lineage in order to
expand the range of assimilable resources may have been an early driver of speciesspecific mechanisms of tumor suppression. For example, the environmental resources that
acted as attractors for elephant evolution, and for whale evolution, were best exploited by
creatures with large body mass, which only becomes efficient with increased lifespan. To
enable such increase in body mass and lifespan, elephants evolved expansion of their p53
compartment from the two alleles present in all animal species, adding to their genomes
nineteen p53 retropseudogenes that retain tumor suppressor activity (Abegglen et al., ibid.;
Sulak et al., ibid.). Thus, the canonical p53 repertoire so well studied utilizing the p53
knockout mouse is sufficient for mice with their small body size and short lifespan, but had
to be augmented by the species-specific addition of p53 retropseudogenes in elephants
which evolved large body mass and long lifespan to maximally exploit their environmental
niche. Similarly, anthropoid primates, particularly humans with their species-specific
hydrocarbon exposure (Supplementary Section 1 in Nyce 2018; and Supplementary
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Section 2 in the present Commentary), also found it necessary to augment the canonical
p53 repertoire with a lineage-specific tumor suppression system, at least during their
adult phase. As noted above, height has been demonstrated to be directly related to
cancer risk in humans (Green et al., 2011; Kabat et al., 2013; Ong et al., 2018). If this
finding extrapolates across the entire range of human body sizes, the small bodies of
human children, in combination with the canonical p53 repertoire, may be sufficient to
maintain neoplastic transformation at the required low level at this stage of human
development. However, with the transition to the much larger body size of adult humans,
activation at adrenarche of the adrenal androgen-mediated kill switch tumor suppression
system is required (Nyce, 2018). This human-specific kill switch tumor suppression
system may have permitted primitive adult humans to retain the low cancer risk of their
juvenile phase after transitioning to the increased stature of their adult phase.
The concept of species-specific mechanisms of tumor suppression economically
employing the same mechanisms that enabled exploitation of a species' specific niche
(Nyce, 2018) encourages interesting predictions. For example, deep diving cetaceans
such as the sperm whale may utilize the elevated ROS caused by re-oxygenation after
diving-induced hypoxia to selectively extinguish pre-malignant cells, doing so by
withholding from such cells the enhanced anti-oxidant system that evolved to protect
against re-perfusion injury in this species. Species-specific mechanisms of tumor
suppression have already been reported in the bowhead whale, which is not only one of
the most massive creatures currently alive, but also the longest-lived mammalian species
(Keane et al., 2015). We further predict that the p53 retropseudogenes that appear to
maintain lifetime cancer risk in the elephant to the requisite 4-5% will be found to
participate also in the enablement of niche exploitation in this species.
The critical point to be made here is that, while the canonical repertoire of p53 may
be sufficient to maintain risk of neoplastic transformation to the required low level in small,
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short-lived animals (and in the juvenile phase of larger species), it is insufficient for this
task in larger, longer-lived adult vertebrate animals. Such larger, longer-lived animals
had to evolve additional species-specific mechanisms of tumor suppression that
enabled their increased body mass and longevity (Figure 1). In direct opposition to the
established p53 cancer paradigm, species-specific mechanisms of tumor suppression
disqualify animals such as mice from acting as models for use in the study of human
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cancer. The evolutionary spacetime trajectories of these species have been driven by
completely different species-specific tumor suppression mechanisms. The virtually
exclusive use of murine model systems may thus account for the disappointing 7% increase
in two-year cancer survival that has been achieved over the past 27 years (U.S. NCI SEER
Statistics, May 2018; Figure 5 in Nyce, 2018).
S1.7 The epigenome in vertebrate speciation and malignancy
The epigenome is a dynamic pattern of covalent and noncovalent imprints laid down upon
DNA to control temporal and spatial aspects of gene regulation, enabling the development
of complex body plans and even behaviors (McGowan and Roth, 2015). The epigenome
has recently been demonstrated to act as a sensor of changing environmental conditions,
able to prepare offspring to withstand such changes via adjustment of gene regulation-- on
a time scale dramatically shorter than that which could occur by genetic mechanisms of
natural selection (Rechavi et al., 2014). We have suggested that, in species with minimal
genetic differences, the epigenome may direct divergence in body plan and method of niche
exploitation; that changes in the epigenome may precede changes at the level of the
genome during speciation; and that species-specific levels of DNA methylation and
demethylation (covalent imprints) may also regulate Σ DNA in a species-specific manner. With
regard to malignant somatic cells, the ability of their epigenomes to respond to treatment
challenge demonstrates the plasticity that has made cancer incurable up until now. As an
example, DNA hypermethylation induced by exposure to certain cancer drugs can
transcriptionally inactivate genes the products of which are required for drug activation,
creating drug-resistant "epimutants" within tumor cell populations; under continued selection
pressure, such "epimutants" can undergo mutation to permanently silence the epi-targeted
gene (Nyce, 1997;1989; Nyce et al.,1993).
S1.8 A contemporary description of species and the process of speciation must
include the contribution of species-specific mechanisms of tumor suppression
The absence of adequate descriptions of species and the process of speciation was clearly
permissive for the establishment and longevity of the p53 tumor suppressor paradigm, and
for the delusive animal models that this paradigm continues to support to the present day.
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Without the recent insight gained from comparative studies, particularly that all
vertebrate animal species evolved species-specific tumor suppression strategies that
enable each species to traverse a unique vector through spacetime, adequate
descriptions may have here-to-fore been impossible. A contemporary description of
species and the process of speciation is now possible, and critically important if the
established p53 paradigm is to be unseated and replaced with a more productive one.
Using insights gained from species-specific mechanisms of tumor suppression
cited above, we here present a contemporary, inclusive description of species and
the process of speciation.
1. Speciation is the process by which the resources of a closed system, such as the
earth, are assimilated into DNA.
2. Species have been selected as the basic machines of evolution because they are
efficient mechanisms for the assimilation of environmental resources into DNA;
however, it is the entropy inherent in the mutability of the collective mass of DNA on
this planet (Σ DNA), in the presence of Ec, that drives speciation forward.
3. Environmental resources capable of being assimilated into DNA (and DNA accessory
molecules) act as attractors for such forward movement.
4. DNA is an informational molecule. Therefore, speciation is the process by which the
resources of a closed system, such as the earth, are assimilated into information
(i DNA). Expansion of the collective mass of DNA always proceeds from a condition of
lesser to one of greater entropy because the disorder introduced into the system by
random mutations is always greater than the amount of information assimilated, i.e.,
Σ DNA >> i DNA
5. Malignant neoplastic transformation can also be understood in these terms, as
disinformation that obstructs the process of speciation, hence requiring its
maintenance within controlled limits. Malignant neoplasia/tumor progression is also
driven forward through spacetime by the entropy inherent in DNA mutation, but since
disinformation is the product, Σ malignant DNA >>> i DNA
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6. All enabling elements of a species' forward movement through spacetime, including
countermeasures taken against opposing forces such as neoplastic transformation,
represent variables that are under combined selection to maximize assimilation of
environmental resources into DNA.
7. In vertebrates, increase in body size and lifespan over that of species basal to a lineage
is a common mechanism to expand niche exploitation beyond that of the basal species.
8. The evolution of closed circulatory systems enabled increased capacity for work
(locomotion) and increased body size, factors capable of significantly enhancing
the ability to assimilate attractors into DNA. However, closed circulatory systems
also promoted neoplastic transformation to a process capable of reducing fitness in
vertebrate animals by enabling metastatic spread. To counteract malignant neoplastic
transformation as an opposing force to successful speciation, species-specific
mechanisms of tumor suppression became necessary prerequisites to any increase in
vertebrate body size and lifespan beyond that of basal species.
9. Based on data from extant mammalian species, maximum rate of assimilation of
environmental resources into DNA by such species is achieved when lifetime risk of
neoplastic transformation is maintained within limits approximating 4%.
10. Selection for biochemical economy frequently results in the same mechanism being used
to both advance niche exploitation and maintain lifetime cancer risk at the requisite 4%.
11. Body size, lifespan, species-specific mechanisms of tumor suppression, and lifetime
cancer risk are tightly connected elements of vertebrate speciation, such that alteration
in one will necessarily produce an equilibrating change in one or more of the others.
12. Speciation is a process occurring within spacetime, such that the accounting period for
optimization of resource assimilation into DNA, as well as the debiting of the negative
impact of neoplastic transformation, can be spread over generations. Thus, in small,
short-lived species such as mice, short lifespan resets accumulated mutations to near
zero at very short intervals in successive generations, spreading risk of neoplastic
transformation across time.
15

13. The original shape of a species as it moves along its trajectory through spacetime
is roughly spherical, with a genetic center of mass; however, its shape can become
amorphous as it comes into contact with new attractors, and regions of its shape
(neomorphs) are driven toward such attractors by the entropy of DNA mutation. If a
solution is found enabling assimilation of the new attractor, the budding off of a new
species returns the progenitor species to a roughly spherical shape until contact with
the next new attractor occurs.
14.The evolution of unique epigenomes also contributes to speciation. Unfortunately, at
the level of somatic cells, it also contributes significantly to the plasticity of tumor
cell response to all known treatment modalities.
15. A species is thus defined as a collection of similar genomes/epigenomes
moving along the same spacetime trajectory toward the same attractor(s).
16. Biodiversity is the natural result of such entropy-driven movement through spacetime
toward such attractors.

S 1.9 Conclusion
Since the War on Cancer was declared in the United States by President Nixon in 1971,
more than 300 million Americans have been diagnosed with cancer-- which is roughly
equivalent to the entire U.S. population today. The majority of these 300 million people
died of their disease. Similar statistics exist throughout Europe and many parts of Asia.
Both the National Cancer Institute and the World Health Organization have forecast that
the number of patients with new diagnoses of cancer worldwide will reach 24 million
annually by 2030. Clearly, our efforts up to now have not been successful at significantly
stemming the impact that cancer has had and will continue to have on our species.
The p53 tumor suppressor paradigm as delineated in murine model systems
represents the foundation upon which the discovery and development of all drugs for
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human cancer, from the cytotoxic small molecule drugs to the newer, antibody-based
immune checkpoint inhibitors, have so far been based. The discovery that malignant
neoplasia is a fundamental force opposing speciation in vertebrate animals, and that
species-specific mechanisms of tumor suppression have evolved as a counterforce
enabling expansion of body size and lifespan beyond that of species basal to a
lineage, provides clear evidence that murine species cannot be used to construct valid
models of human cancer. Use of such models for the study of human cancer must end.
It may be impossible to “cure” developed tumors because of the incredible
depth of their genetic heterogeneity and epigenetic plasticity. While the anthropoid
primate-specific kill switch tumor suppression system evolved to protect during the 25year lifespan of primitive humans, it shows the potential to be pharmacologically
reconstituted to maintain kill switch function throughout the protracted lifespan of
modern humans. This presents the realistic near term goal of "normalizing" human
lifetime cancer risk from its current, abnormal 40%, to the 4% of virtually all other
larger, long-lived species. In the face of the human suffering caused by cancer, the
surety of its continuing advance in our species, and the unsustainable costs of new
cancer medicines that only minimally extend life in cancer patients, such normalization
may be preferable to a cure.
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