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Abstract. Despite remarkable progress in basic oncology, practical results remain unsatisfactory.
This discrepancy is partly due to the exclusive focus on processes within the cancer cell, which
results in a lack of recognition of cancer as a systemic disease. It is evident that a wise balance is
needed between two alternative methodological approaches: reductionism, which would break
down complex phenomena into smaller units to be studied separately, and holism, which
emphasizes the study of complex systems as integrated wholes. A consistent holistic approach
has so far led to the notion of cancer as a special organ, stimulating debate about its function and
evolutionary significance. This article discusses the role of cancer as a mechanism of purifying
selection of the gene pool, the correlation between hereditary and sporadic cancer, the cancer
interactome, and the role of metastasis in a lethal outcome. It is also proposed that neutralizing

the cancer interactome may be a novel treatment strategy.
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INTRODUCTION

The recent publication of "Why do cancer patients die?" [1] opens a new section
"Roadmap Articles", in which the editors of Nature Reviews Cancer plan to publish articles that
discover new approaches in cancer research and treatment [2]. The authors of the paper state that
the immediate causes of death of a cancer patient remain poorly understood, and this hinders the
development of new methods of treatment. It is assumed that the relevant experiments will
contribute to the progress of fundamental oncology and improve clinical practice.

The same question ("What causes a cancer patient to die?") was posed 10 years earlier as
an invitation to discuss the problems of tumor-organism relationships not only from the utilitarian-
medical but also from the biological point of view [3]. Indeed, understanding the mechanism of
death can open many opportunities for cancer treatment by blocking the various stages of this
process, whereas ignorance of this mechanism condemns the physician to the only possible
treatment strategy - physical destruction of the cancer cell. It is this approach that is implemented
today, however complex, difficult and painful it may be. The focus of the oncological "mainstream"
on intracellular processes [4], driven by the hope to find deeply hidden vulnerabilities of the cancer
cell, constantly multiplies the number of its hallmarks [5-8], but there are no attempts to link them
to clinical manifestations of the disease, such as weakness and weight loss, chronic inflammation,
anorexia, cachexia, anemia, coagulopathy, nontosis, and multiple organ failure [9-18]. Today, as
20 years ago, "cancer research tends to focus on individual cellular mechanisms, virtually ignoring
everything that happens in the body as a whole" [19]. As a result, despite many remarkable
advances in basic oncology, there is a growing perception that cancer research is on the cusp of a
paradigm shift [20]: practical advances remain limited, the cost of individualized therapy is
unacceptably high, and the main hope remains in the art of the surgeon.

The discrepancy between the advances in basic and practical oncology appears to be, at
least in part, a consequence of the triumph of a reductionist approach at the expense of holism [21].
(This conflict, as in the ancient Indian parable of the blind sages groping the elephant, is that a
deep dive into details can lead the researcher away from understanding the object as a whole.) The
holistic approach uses an evolutionary perspective when studying tumor-organism relationships
[22]. According to the conventional viewpoint, cancer is a consequence of imperfect evolution and
the result of random mutations that lead to the disruption of intercellular cooperation; cancer cells
are "cheaters" that have returned to their original single-cell lifestyle [23, 24]. According to the

mechanism of Darwinian evolution, they selfishly replicate, compete for survival, spread throughout



the organism, and achieve reproductive success at its expense [25-27].

Contrary to conventional wisdom, two articles have revealed to the oncological
community an "elephant" - cancer as a special organ [28, 29]. Indeed, a tumor meets the formal
definition of an organ as "an anatomically discrete set of tissues designed to perform specific
functions" [28], and has the appropriate attributes - a complex and hierarchical structure [28], and
has the appropriate attributes - a complex hierarchical structure, often mimicking the structure of
normal tissue [30], the presence of stem and differentiated cells, certain stages of development and
integration with body systems. Cancer is evolutionarily conservative: having appeared, apparently,
simultaneously with multicellular organisms about a billion years ago, it affects most animal species
[24, 27, 31].

The concept of "cancer as an organ" means aradical departure from conventional wisdom.
However, although this term has entered the scientific community (the recognition that the
complexity of a cancerous tumor may exceed the complexity of normal tissues is indicative [6]),
the paradigm shift that has occurred has remained virtually unnoticed. The reason, apparently, is that
the first decisive step (recognition of the fundamentally different nature of this phenomenon than
previously thought) was not followed by the second, necessary and obvious one - discussion of the
function that gave rise to this organ (it is impossible to study an organ in isolation from its function
and outside the evolutionary perspective). This paper attempts to fill this gap: hereditary cancer is
considered as a mechanism of purifying selection of the gene pool, sporadic cancer as a by-product
of hereditary cancer, and the malignancy of the cancer cell as its main distinguishing property. It is

suggested that neutralization of the cancer interactome may be an alternative treatment strategy.

EVOLUTIONARY ORIGIN OF CANCER

Early suggestions that cancer serves a purifying selection function [22, 32-35] failed to
gain traction because most individuals that cancer kills are in postreproductive age [36]. However,
the concept of "cancer as an organ" revives the debate because every organ has an evolutionary
basis for its existence.

There are two types of cancer (hereditary and sporadic), and only the former is capable of
negative selection. Hereditary cancer results from a germinal mutation in one of several dozen
critical genes [34, 37] involved in DNA repair, cell cycle regulation, and apoptosis [38]. A germinal
driver mutation, present in every cell of an organism (including its germ cells), creates a high risk
of cancer development in its carrier for two reasons: firstly, the path of cellular transformation is

shortened and, secondly, the future cancer cell is initially located in a genetically unfavorable



microenvironment (the situation of a "criminal 'seed' in a criminogenic 'soil" [39]). Thus, the
germinal driver mutation creates a double danger: for the organism (high risk of highly penetrant
cancer at an early age) and for the species (high probability of transmission to offspring). However,
the realization of the first possibility prevents the second (as Steve Sommer puts it, "cancer kills
the individual and saves the species" [33]). Hereditary cancer syndromes with Mendelian dominant
inheritance sharply reduce the reproductive success of offspring [40] and purify the gene pool from
mutant alleles (frequency of predisposing alleles in the population< 1%) [41, 42].

Hereditary cancer is relatively rare [43-51], accounting for only ~1% of cancer incidence.
The question arises how to explain the huge quantitative predominance of sporadic cancer, which
is caused by somatic (not inherited) mutations, evolves over decades, and affects mainly people of
postreproductive age. Indeed, why kill old people who do not participate in evolution? Perhaps the
answer lies in the question itself: cancer kills old people precisely because they do not participate
in evolution. In the spirit of the concept of antagonistic pleiotropy [40, 52, 53], we can assume that
cancer is present in old ages "by inertia," i.e., not out of necessity, but because of the impossibility
of getting rid of it (an old age that does not produce offspring is unable to evolve). Thus, sporadic
cancer is probably a by-product of hereditary cancer, and its huge quantitative prevalence in Homo
sapiens is a payment for artificially created comfortable life (with all its excesses and bad habits),
for constantly increasing (~2.5 years per decade) life expectancy due to changes in hygiene, health
care, and nutrition [40], as well as for the aging-induced decrease in transformational resistance of
stem cells [54]. In countries with an average life expectancy of 75-80 years, the risk of getting
cancer is now ~50%, and at a life expectancy of 120 years, it is projected to be almost 90% in men
and more than 70% in women [55]. The high incidence of cancer is probably a peculiarity of H.
sapiens - this far from typical representative of the animal world. Most other mammalian species
have much lower incidence rates [27, 56].

To illustrate the difference between hereditary and sporadic forms, consider the analogy
of cancer to the self-destruct mechanism built into a rocket; hidden under normal conditions, it
only reveals itself in the event of an accident. This mechanism may work properly, preventing
catastrophic consequences in the rare event of a missile failure (hereditary cancer), but it can fail
as a result of aging and deterioration of parts during storage. The longer the storage, the more
frequent the failures (sporadic cancer). While in the first case the process is initiated by one of a
small number of defined deviations from the standard procedure (and thus realized by a few well-
defined scenarios), in the second case it is initiated by a combination of many random defects
accumulated over a long period of time (and thus realization is possible in many variants). This
analogy can explain the differences in the mutational landscapes of hereditary and sporadic forms

of cancer [57-59], as well as their clinical, morphological, and molecular differences.



The widespread use of next-generation sequencing (NGS) for hereditary testing has made
it possible to experimentally investigate genotype-phenotype correlations in cancer patients [60].
Although the phenomenon of purifying selection in hereditary cancer seems unquestionable, recent
studies have questioned its efficacy. It turned out that germline pathogenic variants (GPV)
predisposing to highly penetrant cancers are more common than expected [51, 61, 62]. More than
a quarter of cancers in carriers of such GPVs did not have specific features associated with the
germline allele [58]. This suggested that the tumors developed independently of it and, therefore,
GPVs are less penetrant than previously thought [63].

Several considerations can be made in connection with these data. First, the determination
of the status of inherited mutations is complicated by the unexpectedly wide spread of such
phenomena as postzygotic mosaicism, aberrant clonal expansion, and clonal hematopoiesis [47,
64-76], which sometimes leads to misclassification. Second, when studying cancer as a biological
phenomenon, H. sapiens can hardly be considered as a representative experimental model. In the
animal world, cancer has a significant impact on the competitive abilities of individuals, their
susceptibility to pathogens, vulnerability to predators, and ability to disperse [31]. Habitat
conditions, in turn, influence the pathogenesis of the disease. Thousands of years of civilization
have brought about such drastic changes in human lifestyle (hygiene, health care, nutrition) and
environment that they may have significantly reduced the selective pressure of hereditary cancer.
Third, a recent study of the evolutionary impact of childhood cancer on the human gene pool found
that pediatric cancer predisposition syndrome genes (pediatric cancer predisposition syndrome
genes) are under strong selective pressure. The authors summarize that hereditary childhood cancer
is a natural selection process that significantly affects the modern gene pool [77].

The hypothesis that "cancer kills the individual and saves the species" [33] leads to a
counterintuitive view of cancer as an altruistic phenomenon [33], leads to a counterintuitive view
of cancer as an altruistic phenomenon. The basis of biological evolution, according to Darwin, is
individual selection (i.e., selfishness is its driving force). However, "perhaps the most remarkable
property of evolution is its ability to engender cooperation in a competitive world" [78]. The
contradiction between the tenets of Darwin's theory and the abundance of examples of cooperation
and altruism in the wild was resolved a century later in the theories of inclusive adaptation, kin
selection [79, 80], and the "selfish gene" [81]. Although theoretical debates continue to this day
(see Nowak et al. [82], Abbot et al. [83], Kay et al. [84] and Efferson et al. [85]), the existence of
cooperation and altruism in biological communities is beyond doubt.

Altruism is most actively discussed in connection with the phenomenon of aging, starting
with Weisman's early ideas about programmed aging and ending with the concept of programmed

and altruistic aging put forward in the work of Skulachev et al [86]. Within the framework of the



latter, the idea of phenoptosis (programmed death of an organism) is developed. By analogy with
the cells of multicellular organisms possessing a mechanism of self-destruction (apoptosis) [87], it
is assumed that "complex biological systems are equipped with programs that eliminate those
elements of the system that have become dangerous or unnecessary for the system as a whole"
[88]. [88]. It can be assumed that cancer is a special case of phenoptosis. At the level of a
multicellular organism the spread of dangerous defects is counteracted by apoptosis, while at the
level of a population this work is performed by cancer. It seems likely that apoptosis and cancer -
are the first and second lines of defense of the biological hierarchy against harmful genetic

damages.

DRIVER MUTATIONS TRIGGER A PRE-EXISTING EPIGENETIC PROGRAM

It is widely believed that cancer results from the accumulation of driver mutations in the
cell and that cancer is as irreversible as the mutations themselves. While mutations do indeed
precede cancer in the vast majority of cases, they are not absolutely required for carcinogenesis.
Tumors with few or no mutations are known [89], and cancer reversion can occur despite their
presence [90, 91]. Epigenetic reprogramming itself can stimulate tumor growth [92], in particular,
inhibition of Polycomb group proteins synthesis causes irreversible tumor growth in fruit flies [93].
These facts are consistent with the idea of cancer as an alteration of normal cell differentiation
[94]. In light of Waddington's concept of epigenetic landscapes, driver mutations induce epigenetic
reprogramming leading to a critical transition from the fixed state of a normal cell to the fixed state
of a cancer cell [91]. This point of view is supported by genetic analysis of several types of cancer
(breast, colon, pancreas, glioblastoma), which showed that driver mutations, which differ
significantly in these species, nevertheless damage the same signaling pathways [95].

These data make us reconsider the role of driver mutations in carcinogenesis. They may
not be the driving force of the stochastic process of carcinogenesis, but rather the triggers of a pre-
existing evolutionarily conserved epigenetic program. The apparent similarities between
embryogenesis and tumorogenesis suggest oncofetal reprogramming that allows cancer cells to
evade the immune response and facilitates their proliferation and metastasis [96]. The concept of
driver mutations as a trigger of epigenetic transdifferentiation can reconcile conflicting theories:
SMT (Somatic Mutation Theory) [97], which considers cancer as a cellular pathology, and TOFT
(Tissue Organization Field Theory) [98, 99], which considers cancer a tissue pathology caused by

developmental defects.



CANCER AS PROGRAMMED DEATH

Cancer as an organ must have a function, and it is obvious - it is a killer function,
realized in stages and having the features of programmed death of the organism [35, 100]. The
term "cancer transformation" denotes a more profound change than just the acquisition by a cell
of a number of phenotypic features, such as unregulated division, namely a radical change in its
social behavior: a "creator cell" becomes a "destroyer cell". While a normal cell maintains the
homeostasis of the organism, a cancer cell, like a "zombie", subordinates the host's metabolism to
its needs [101], builds a "niche" [102, 103], provides itself with blood supply [104], energy [105]
and innervation [8, 106, 107], forms a microenvironment and premetastatic niches [108-112],
colonizes the organism 113] and, finally, kills it and itself.

The death of a cancer patient is perceived as something so obvious, self-evident and
intrinsic to cancer that its killer function is not explicitly articulated, not given the attention it
deserves, and not on the list of its distinguishing features. The traditional view that cancer
mortality is a consequence of metastasis identifies metastasis with malignancy, that is, the ability
of a cancer cell to kill the organism (the term "malignancy" is used here to distinguish it from
"malignancy,"” which refers to cancer pathology in general). It is obvious, however, that metastasis
(spreading through the body) and malignancy are properties of a cancer cell that, although closely
related, are essentially different. In this respect, the fact that the NALCN gene regulates both
metastasis of cancer cells and dissemination of normal cells without metastasis is significant
[114]. There is much evidence that systemic effects rather than metastasis per se are the cause of
most cancer deaths [1, 29, 115].

Malignancy seems to be the property of the cancer cell that "is still waiting to be
recognized" [116]: it is the property that forms the functional relationship between the tumor and the
organism, while all other properties play only a supporting role. [116]: it is the property that forms
the functional relationship between the tumor and the organism, while all other properties seem to
play only an auxiliary role. Malignancy is realized through a diverse toolbox including secreted
factors, extracellular vesicles, circulating nucleic acids and neurogenic factors [8, 101, 117-133].
This arsenal, which can be labeled as the cancer interactome, is capable of affecting distant
tissues, causing various paraneoplastic syndromes [9-13, 101, 134-136]. The interactomes of
normal and cancer cells possessing the same genome should be essentially the same. Apparently,
the differences are only in "targeting": those means, which a normal cell uses to maintain the
homeostasis of the organism, a cancer cell directs to its destruction, using inadequately in time

and/or place, in unacceptable concentrations and/or combinations. One such "dual purpose" agent



is the senescence-associated secretory phenotype (senescence-associated secretory phenotype,
SASP), which serves as an antitumor defense mechanism in normal aging but a pro-tumorigenic
factor in cells induced by genotoxic stress [121, 137, 138]. Perhaps the most significant
manifestation of cancer cell malignancy is chronic inflammation, which often precedes and
always accompanies malignant growth [96, 139-145]. As a fundamental defense mechanism
designed to fight infections and promote wound healing, "it is antagonistic to the body's
homeostatic mechanisms, which explains the inevitable impairment of many functions" [146].
Recently, the fusion of extracellular vesicles with target cells has been shown to be a trigger of
systemic inflammation [147]. One consequence of inflammation is also neutrophil extracellular
traps (NETs), a defense mechanism designed to capture and neutralize microbes but capable of
causing multi-organ failure when pathologically activated chronically [17, 148-152]. Cachexia is
also associated with the inflammatory process [153-155]. Recently, the involvement of the

peripheral and central nervous system in the cancer process has been revealed [8, 156-158].

NEUTRALIZATION OF THE CANCEROUS INTERACTOME AS A TREATMENT
STRATEGY

If we consider cancer as a special organ, its development as a series of predetermined
events, and its lethal outcome as a result of its inherent specific function, then understanding the
mechanism of the latter is a prerequisite for successful fight against this evil. The generally
accepted statement "cancer is not one, but many different diseases", stating the diversity of its
manifestations, reflects the clinical point of view. However, the experimenter sees in this
diversity a single, albeit multivariant, pathogenetic mechanism.

Progress in the war against cancer is unsatisfactory for two main reasons. First, cancer
cells quickly learn to avoid the means of defeat and, after the first, often very significant losses,
regain their former positions and go on the offensive [159]. Second, the profound affinity
between cancer and normal cells makes chemotherapy a form of "friendly fire" with concomitant,
sometimes severe, losses. This situation makes it necessary to consider alternatives to the current
treatment strategy aimed at killing cancer cells, such as adaptive therapy [160, 161], the "tolerant
defense" strategy [162, 163], cancer reversion strategy [91], neutralization strategy based on
"antidotes" instead of "poisons" [164]. In the latter case, it is supposed to reorient the means of
fighting an organ to its function, i.e. to the cancerous interactome. This is precisely the strategy of
"neutralization" applied by man in the fight against his external enemies (poisonous animals):

effective and relatively harmless specific antidotes are used instead of hopeless and ruinous



attempts to completely destroy the animals themselves. Such a treatment strategy may have
several advantages over the current one: (1) being less toxic; (2) having lower cost (provided that
different cancers have similar harmful interactome); and (3) being suitable for chemoprevention,
which uses drugs to block the early stages of carcinogenesis [165]. Known examples of
neutralizing strategies today are the use of non-steroidal anti-inflammatory drugs (NSAIDs) to
relieve symptoms and improve the well-being of cancer patients [166] and the injection of
DNAase I into experimental animals to inhibit nontumor associated metastasis [148].

To obtain an effective antidote, it is necessary to know the mechanism of the deleterious
effect. In the case of cancer, this means a thorough study of the tumor impact on distant tissues
mediated by the interactome. It is necessary to find out the degree of variability and specificity of
both the cancer interactome itself and its tissue and metabolic targets. In this context, studies of
the aging process, the object of which is the whole organism, are indicative. At the same time, the
whole range of high-throughput "omics" technologies was used to study molecular processes in
various tissues at the genomic, epigenomic, transcriptomic, proteomic, and metabolomic levels
[167-169]. It can be assumed that, as in the case of aging, where the obtained knowledge has led
to significant practical results [170], a holistic approach to the malignant tumor-affected organism

will make it possible to find ways to avoid its devastating effects.
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