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Abstract:  Cancer is a consequence of multi-cellularity and is a striking example of multilevel selection. The 

theory of cancer initiation and progression has its root deep within the evolutionary and ecological concepts. 

Cancer develops through somatic evolution, with genetic and epigenetic precariousness, generating fitness 

variation among the cells in the body. Epidemiological, genetic, and molecular biological research have 

cumulatively provided us with a brimming source of data that affirms our current understanding of the etiology 

and molecular pathogenesis of cancer. But this aspect only focuses on immediate mechanisms and does not 

competently explain the pervasiveness of tumors and cancer in animal species or what seems to be the 

exceptional vulnerability of Homo sapiens. At a practical level, analyses suggest that, for evolutionary 

reasons, as a species, we are inherently more likely to develop cancer (than we might like to admit). Though 

we cannot reverse our genetic legacies and predilection to cancer, emphasizing inherent vulnerability in an 

‘evolutionary’ way strongly ratifies our current attempts to combat cancer. In actuality, neoplasms are 

microcosms of evolution. Within a neoplasm, a mosaic of mutant cells competes for space and resources, 

evades immune system predation, and can cooperate to disperse and colonize new organs (metastasis). The 

evolution of neoplastic cells can explain both why we get cancer and why it has been so difficult to find a 

cure. Although the idea of cancer as an evolutionary problem is not new at least historically little attention 

has been delivered to applications of evolutionary biological principles in understanding and controlling 

neoplastic progression. Already, we have reached the high time when this should be changed. Ernst Mayr 

aptly said that “No biological problem is solved until both the proximate and the evolutionary causation has 

been elucidated” 
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Cancer is a disease that affects us all, a global health problem that kills millions of people around the world 

every year. Recently, scientists have focussed to investigate cancer as a microcosm of evolution, a disorder 

of clonal evolution within the body itself, with cells picking up new mutations and spreading, analogous to 

Darwin’s great tree of life. Cancer is a leading element of death worldwide and, regardless of an incredible 

amount of effort and monitory funding, the elimination or control of the disease especially during the 

advanced stage has not been realized. It is the very processes that have impelled the evolution of life on this 

planet that are inexorably at work within our bodies curating cancer development. We (both scientists and 

clinicians alike) crucially need a new way of thinking about how cancer originates, proceeds, advances, and 

how we might thwart and of course treat it based on evolutionary substantiality, and that too pretty soon [1-

3]. 

 

 

Past half a century of scientific research has provided us with a much greater understanding of cancer biology 

and genetics. Still, the translation of our knowledge into clinical practice needs to allow for the cellular 

convolutions of the disease and its dynamic, evolutionary characteristics. These countenances provide both 

impediments to, and opportunities for, successful treatment of the disease. The ‘disease-ecosystem and 

adaptive landscape need to be focussed on. [4,5]. The scenario is now changing and showing promise toward 

further developments. Recent scientific evidence is pointing towards the intricate and indisputable 
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involvement of ‘Darwinian Evolution through Natural Selection’ in the development and progress of cancer. 

On a microscopic scale, neoplastic cells meet the conditions for evolution by Darwinian selection: cell 

reproduction with heritable variability that affects cell survival and replication. This advocates that, like other 

areas of biological and biomedical research, Darwinian theory can produce a generic fabric for a logical 

Current and raw molecular data provide a promising opportunity that, this theory may guide in translating 

data into understanding and progress of the disease. Considerable conceptual and analytical tools from 

evolutionary biology can be applied successfully in interpreting cancer biology. At present two clinical 

problems may gain considerable betterment from the application of Darwinian theory: neoplastic progression 

and acquired therapeutic resistance. The Darwinian theory of cancer has especially (also) extensive 

significance in drug development, both in terms of interpreting past difficulties, and pointing the way toward 

new assuring and rational approaches. Since cancer engages complicated evolutionary processes, research 

should integrate both manageable experimental systems and also protensive observational studies of the 

evolutionary fluctuations of cancer in laboratory animals and human patients. Cancer biology demands 

contemporary and methodical tools to control the evolution of neoplastic cells. For ecologists and evolutionary 

biologists, natural selection and evolutionary theories are usually realized as the realm of peppered moths and 

finches, demonstrating adaptations in response to predation and competition owing to environmental changes. 

Indeed, few students of Darwin and Mayr would perceive that their role is far greater in the comprehensive 

understanding of the current paradigm of a so-called ‘molecular disease’.  Although molecular biologists, by 

disquisitive contrariety, have long perceived carcinogenesis as an evolutionary process involving natural 

selection among ‘rebel’ cells, the evolutionary forces that result in the development and progress of cancer 

have come under the intended investigation of evolutionary biologists (and ecologists) and this 

interdisciplinary interlacing is providing encouraging outcomes, in recent times [6-13]. We are indeed 

learning from the ‘master’. The elemental principle of a Darwinian evolutionary system is the ‘purposeless’ 

and unbiased genetic variation of reproductive individuals of common descent, where natural selection favors 

the fittest variants. Cancer is an unmistakable illustration of such a system. It will not be ‘over-saying’ that, 

we humans are born with cancerous traits. Most mutational processes have a preference at the DNA sequence 

level. A particular mutational spectrum in a cancer cell is a rumination of error-prone repair processes or 

associated with various genotoxic stresses (for example, cigarette carcinogens/ mutagens, ultraviolet light, 

chemotherapeutic drugs, and other lifestyle pollutants) [14, 15]. The dynamics of somatic evolution depend 

on the interaction of mutation rate and clonal expansion. The synergistic and complementary interactions 

among selectively advantageous ‘driver’ lesions, selectively neutral ‘passenger’ lesions and deleterious 

‘hitchhiker’ lesions makes the cancer clones evolve just as life has evolved following the inevitable path of 

evolution. Supplementarily, ‘mutator’ lesions boost the rate of other genetic and microenvironmental changes 

that alter the fitness effects of those (previously mentioned) lesions [16-20]. The conventional model of clonal 

evolution advocates that a series of clonal expansions flourishes to overshadow the neoplasm (‘selective 

sweeps’) [21, 22]. The altercation of gradualism versus punctuated equilibrium (an enduring debate in species 

evolution) has emerged in the scrutinizing and contemplation of the clonal evolution of neoplasms in recent 

times. It is to be scientifically discerned, whether malignant clones, with their considerably altered genomes, 

evolve gradually through a sequence of genetic alterations and clonal expansions accumulating many lesions 

over time in subtle and uncommon situations, resulting in undetected subclones that finally appear and 

progress through clonal expansion; or have a few, considerable punctuated modifications, possibly prompted 

by contemporary but severe insults or a single, calamitous mitotic event that generates multiple lesions pan-

genome (or on a single chromosome, known as chromothripsis) [23-26]. Cancer-cell habitats are not closed 

systems. The site and elements for fitness selection (the adaptive landscape) for the cancer cells are provided 

by the tissue ecosystems. The interaction between cancer cells and their tissue habitats is complementary. 

Reconditioning of the tissue microenvironment and establishing ‘tailored’/ specific niches where they can 

thrive well with a greater competitive advantage by the cancer cells has been well established. In addition to 

regulation by several intrinsic and fundamental factors (such as nutrients and hormones) or invasion by 

inflammatory or endothelial cells, the tissue ecosystem is altered by various external factors too such as radical 

chemotherapy or radiotherapy. On many occasions, the stroma or ‘specialized habitat niches’ may protect 

cancer cells against therapies, however, these therapies successfully exterminate most of the growing tumor 

cells, but the reconstructed landscape generates new selective pressures, resources, and opportunities that may 

allow pre-existing variant cancer cells that survived treatment to emerge; mostly the ‘cancer stem-cells’ which 

lie hidden and dormant deep within a tumor mass with a plethora of adaptive characteristics. [27-32]. Natural 

Selection is driven by several ecological interactions, such as competition, predation, and cooperation. These 

same selective forces and other factors encourage the somatic evolution of cancer systems in living tissue. 

[33–36]. Predators successfully regulate the population sizes of prey and select for antipredator adaptations, 

in ecological interactions, limiting their foraging abilities too. The cellular cognate of predation is an immune 
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system attack on cells recognized as unfamiliar, abnormal, or ‘rogue’, which has recently been established as 

imperative in suppressing and eliminating cancer in the early stages/ premalignant stages. [33, 34, 37, 38].  

Alike individual animals living in an ecosystem, cells exist in a complex interactive environment too, and the 

cellular niche or habitat is defined by intercommunication with the extracellular matrix as well as with other 

cells, and such contacts are indeed essential in controlling the cell growth. Thus, stem cell proliferation can 

be disciplined by the cellular microenvironment, and an insult to this environment can institute carcinogenesis. 

A fresh clone of cancer cells competes with nearby cells for food and other vital services, such as waste 

removal, initially within its indigenous environment. Scientists have incorporated tumor heterogeneity and 

have developed an evolutionary ecological model that demonstrated that interactions in such cellular 

associations could lead to competitive exclusion of cell lineages, on a few occasions giving rise to 

‘hypertumors’ that capitalize on/ abuse the developed vasculature to grow more rapidly than do other cancer 

cell clones, but eventually disappear because unable to support further angiogenesis. Ancillary histological 

evidence supports the existence of hypertumors in some cancers and the evolution of the balance between 

cooperation and competition in tumor cells has crucial clinical implications for the successful development 

and delivery of various cancer therapies.  The preservation of diversity and cellular heterogeneity in tumors 

might also be influenced by competition between genetically different cancer cell populations, just as 

competition cultivates diversity in ecological communities at the population and species levels creating 

dimensions of adaptive fitness and circumstances of evolution. [35, 39-42]. In recent times, genomic 

instability has been viewed as a process that greatly increases levels of genetic variations and accelerates the 

rate of somatic evolution in carcinogenesis and these genetic variations provide the fundamental raw material 

for somatic and population-level evolution of cancers. Genomic instability is essentially important to the 

development and thriving of malignancy for many types of cancer. Selection for increased mutation rate in 

cancers has decisive significance for various cancer therapy because many chemotherapeutic agents are 

themselves selective mutagens that might encourage cellular variations through positive selection resulting in 

adaptive fitness and rendering such therapeutic interventions seemingly ineffective in the long run[43-45].  

An accelerated evolution is expected to engender evolutionary disequilibrium that gets revised over time, but 

antagonistic coevolution might drive continuing changes that generate some degree of maladaptation in 

patients, which becomes supposedly difficult to treat using conventional practices[46]. Phenomenon aptly 

described as ‘tugs-of-war’ over resources as observed during gestation mediated by the invasiveness of 

placentation and other physiological processes of pregnancy, translates into evolutionary facets such as 

‘Parent-offspring conflict’ which also promote the evolution of increased cancer risk [47-49]. Recently, 

several epigenetic factors (in addition to accepted genetic and environmental components) have been 

established to play key roles in promoting carcinogenesis through ‘genomic imprinting. Even effective 

therapeutic interventions are notably dependent upon such epigenetic aspects (such as protein modifications, 

gene-switching, etc.). These epigenetic factors greatly influence the adaptive landscape of tumors and their 

eventual evolution [50,51]. Considerable contemporary studies have provided evidence that natural selection 

brings about diverse macroevolutionary constraints on morphology and development while reducing cancer 

risks. Anticancer selection actively selects against morphogenetic variants and induces evolutionary 

conservatism in morphology and physiology those in turn somehow are ‘pre-cancerous’ [52-55].  

 

 

Although undoubtedly genes and mutations are essential –at the same time, it has been well established that’s 

the fuel by which cancer evolves. So maybe one can gain improved acumen in understanding, preventing, and 

treating cancer if one relocates into the mindset of ecologists and evolutionary biologists, thinking about 

tumors as populations of genetically diverse individuals roving around in the habitats of the body, subject to 

the rules and impulse of natural selection. And to successfully appreciate the evolutionary expedition that 

each of them took to get there and enumerate where they might be heading in the future, not only do we need 

to know about their genes, but we also need to map the adaptive landscapes in which they thrive and progress. 

An evolutionary and ecological understanding of cancer development will allow scientists, clinicians, and 

policymakers to better associate cancer incidence with its causes. Carcinogenesis, a form of ‘somatic 

evolution’ follows similar evolutionary principles known from organismal biology. Its impact on our lives 

makes our understanding of this process direly pivotal. Beyond simply therapeutically targeting cancer 

phenotypes, one has to learn how to exploit and influence the fitness value of oncogenic genotypes by 

regulating the tissue microenvironment. An evolutionary understanding of cancer, superintended by adaptive 

oncogenesis and other contemporary theories, should determine how we prevent, diagnose, and treat cancers. 

To maneuver tissue fitness landscapes, one needs to better contemplate how the conditions of tissue 

landscapes can either preclude or promote oncogenesis. Recognition, realization, and clinical acceptance that 

the fitness effects of oncogenic mutations are highly dependent on the tissue microenvironment can allow us 
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to devise procedures that not only cripple cancer cells but also diminish precancerous scenarios. It is high 

time we admit that cancer risk has been shaped by evolution at the organismal level and cancers evolve within 

us, molded by many of the same evolutionary forces throughout the evolution of life itself. A deep 

understanding of both of these frameworks will allow us to better control this dreaded disease. 

 

More than forty years ago, Philadelphia-born scientist Peter Nowell wrote a short article in the prestigious 

journal ‘Science’, with unnerving prescience, the last two lines of the paper’s summary read: “Hence, each 

patient’s cancer may require individual specific therapy, and even this may be thwarted by emergence of a 

genetically variant subline resistant treatment. More research should be directed toward understanding and 

controlling the evolutionary process in tumors before it reaches the late stage usually seen in clinical cancer” 

[4] 
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