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ABSTRACT
INTRODUCTION In many countries cancer is or threatens to 
become the leading cause of death, although incidence and mortality 
rates differ between high-income and low- and middle-income 
countries. Developments in evolutionary biology have revealed 
that carcinogenesis is even more complex than previously thought. 
Several theories attempt to integrate the various existing points of 
view about what is known to date.

OBJECTIVES Analyze and explain the main current theories of 
carcinogenesis and explore their possible application to understanding 
the demographic and epidemiologic transitions’ effects on cancer 
population dynamics in low- and middle-income countries.

EVIDENCE ACQUISITION A systematic literature review was carried 
out in MEDLINE (via PubMed), SCOPUS (via ScienceDirect) and 
SciELO. Consistency and quality of evidence in articles reviewed 
were taken into account; we excluded studies with consistency levels 
of IV and V, and those with limited or insuffi cient quality of evidence.

DEVELOPMENT Human evolution has led to a type of life history 
characterized by numerous tradeoffs with oncogenic implications. 

Cultural coevolution and socioeconomic development have affected 
cancer population dynamics. Several theories explain carcinogenesis 
from an ecological and evolutionary perspective, among them 
somatic mutation, adaptive oncogenesis, life history theories, and 
the Noble and Hochberg model. The human environmental effect 
on cancer risk is manifested in the infl uence of demographic and 
epidemiologic transitions in low- and middle-income countries, where 
cancer represents a high disease burden due to the effects of recently 
introduced environmental factors in native environments, accentuation 
of adaptive decoupling, and diversifi cation of genetic polymorphisms  
for cancer susceptibility.

CONCLUSIONS The Noble and Hochberg model best explains the 
population dynamics of cancer in low- and middle-income countries, 
especially regarding the effects of recently introduced environmental 
factors on native environments, adaptive decoupling and genetic 
diversity (manifest in differences in clinical and biological tumor 
expression by level of economic development), in response to 
demographic and epidemiologic transitions.

KEYWORDS Carcinogenesis, oncogenesis, tumorigenesis, popula-
tion dynamics, health transition, biological evolution, cultural evolu-
tion, life history theory, Cuba

INTRODUCTION
Cancer incidence and prevalence are increasing, and in many 
countries cancer threatens to become the leading cause of 
death. In 2008, 12 million new cases of cancer and 7.6 million 
deaths were recorded worldwide; 56% of cases and 64% of 
deaths occurred in low- and middle-income countries (LMIC).
[1,2] Currently, about 14 million new cases are reported each 
year.[1,2] Cuba’s pattern is that of a high-income country, 
with high rates of cancer incidence, and between 20,000 
and 25,000 new cases diagnosed every year. Cancer is the 
leading cause of death in the population aged 15–64 years.
[3] Another important indicator of cancer’s negative impact at 
the population level in Cuba is disability-adjusted life years in 
the reproductive age group. For example, in the group aged 
15–44 years, disability-adjusted life years for breast cancer 
went from 146.9 per 100,000 population in 1990 to 227.8 per 
100,000 in 2006.[4] 

Two phenomena are major contributors to the global oncological 
epidemic: population increase and population aging (known 
as the demographic transition), which translates to greater 
numbers of people in the age groups at highest cancer risk; 
and greater environmental and behavioral exposure to known 
cancer risk factors. The combined effects of the demographic 
transition and increased risk factor exposure are observed 
in increased cancer incidence, prevalence and burden, 
and in chronic non-communicable diseases surpassing 
infectious diseases as leading causes of death (known as the 
epidemiologic transition).[5–11]

Beginning in the 1950s, a new vision of cancer began to develop, 
an ecological and evolutionary vision. The idea of cancer as a 
result of the accumulation of “harmful humors” within the body or 
a “hormonal imbalance” was left behind.[12] Years of laborious 
research have led to the defi nition of cancer as an evolutionary 
process, called somatic evolution (evolution within the body) 
governed by Darwinian laws (variation, differential natural selection, 
degree of fi tness for adaptive success, etc.), the paradigm of what 
is now known as evolutionary cancer biology.[12] 

This conceptual revolution about the mechanisms underlying 
carcinogenesis has, however, brought new theoretical 
and practical challenges, mainly regarding a defi nition of 
carcinogenesis (whether due to an intrinsic propensity of cells 
or a consequence of an environmental effect) and differences 
between high-income countries and LMICs in epidemiologic 
patterns of cancer. The objectives of this systematic review 
focus on critically discussing the following questions: What 
are the main theories that explain carcinogenesis from an 
ecological and evolutionary perspective? Could some of them 
shed light on the effects of the demographic and epidemiologic 
transitions on population dynamics of cancer in LMICs?

ACQUISITION OF INFORMATION
The literature databases consulted and search engines used 
were MEDLINE (via PubMed), SCOPUS (via ScienceDirect) 
and SciELO. In addition, a search was made using the Tree 
of Science software (http://www.treeofscience.com/), which 
combines classic structural papers (trunks) and recent articles 
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(leaves) related to search terms, and identifi es important papers 
retrieved with the MeSH terms used. Keywords used were 
carcinogenesis, evolution and cancer, and cancer population 
dynamics. By reviewing references of the publications selected, 
new keywords were identifi ed and incorporated: mutation–
selection balance, Peto’s paradox, tradeoff, life history theory, 
adaptive oncogenesis.

Exclusion and inclusion criteria Articles published during 
2005–2017 were included; articles considered classics were 
selected regardless of publication date. Study type, authorship, 
results and limitations were also considered. Studies  with 
consistency levels IV and V (level IV: descriptive studies 
that include analysis of results; level V: case reports, expert 
opinions, consensus statements) were excluded; as well as 
those with limited evidence (few studies available to support 
results, inconsistencies in results) and insuffi cient evidence 
(study number and quality too limited to clearly classify 
information).[13] 

Articles that met inclusion criteria were entered in a table of 
evidence and distributed by author and year; level of evidence, 
study design, participants and inclusion criteria; list of measures 
related to review objectives; and results.[13] From 122 articles 
reviewed, 50 were selected, in consultation with 5 experts (1 
from the Scientifi c Council of the Military Hospital of Santiago 
de Cuba, 2 from the Council of Scientifi c Societies of Santiago 
de Cuba, 1 from the Biology Department of the University of 
Oriente, and 1 from the Biology Department of the Cuban 
Ministry of Science and Technology delegation in the province 
of Santiago de Cuba).

DEVELOPMENT
Carcinogenesis: from chance to causality In 2015, two 
eminent cancer researchers, Tomassetti and Vogelstein, 
published an article that stirred considerable controversy. The 
title itself had a strong impact: Variation in cancer risk among 
tissues can be explained by the number of stem cell divisions.
[14] From the correlation between cancer risk and the number 
of cell divisions calculated in the group of tissues studied, the 
authors concluded that human tumors may be classifi ed into 
two causal categories:
• Deterministic tumors (or D tumors): those closely related to 

environmental factors—such as exposure to solar radiation, 
tobacco and oncogenic viruses—and those due to a genetic 
predisposition (hereditary cancers). 

• Replicative tumors (or R tumors): tumors without an obvious 
link to environmental or hereditary factors, but explained by 
the accumulation of mutations during replication of stem cell 
DNA throughout life. These cancers were also called “bad 
luck” tumors.[14]

According to their calculations, two thirds of all human neoplasms 
would be R, or “bad luck” tumors, so they concluded that the 
number of stem cell divisions throughout life suffi ced to explain 
most human cancers. Over ti me, tissues with greater numbers 
of stem cell divisions accumulated the mutations necessary for 
cancer development. According to the authors, in D tumors, the 
environmental or hereditary effect would contribute by adding 
to the risk already implicit in genetic errors that accumulated in 
stem cells during their divisions.[14]

In March 2017, Tomassetti and Vogelstein published a study 
of tumor samples from patients in 69 countries, to reduce 
environmental uniformity (their fi rst study used a US population) 
and to explore environmental variation and infl uence on the 
etiology of the various cancers reviewed (in addition to climate, 
exposure to carcinogens, economic development, health 
system, etc.).[14] The results confi rmed the fi ndings of their 
2015 study.[15] 

Their conclusions triggered numerous objections based on 
countervailing evidence and on mathematical and statistical 
analyses that demonstrated methodological defi ciencies in both 
works.[16–22] Most criticisms were directed at their excessively 
stochastic view of carcinogenesis, which downplayed the 
importance of environmental infl uences and hence, the value 
of preventive measures. However, Tomassetti and Vogelstein’s 
conclusions have to be looked at in light of an ecological and 
evolutionary perspective on carcinogenesis. Its historical 
antecedents lie in the pioneering work of Armitage and Doll, 
who observed a relationship between age and risk of certain 
types of tumors and, based on their observations, developed 
the multistage carcinogenesis model,[23] which later gave way 
to somatic mutation theory.[12]

Somatic mutation theory regards tumor development as a 
cumulative sequence of mutational or epigenetic events 
(acquired changes at the genomic level that do not modify 
genetic structure, but do modify its expression, and which—
like mutations—are inherited). Such changes are called driver 
mutations, since they increase the adaptive advantages of cells 
carrying them.[24] The appearance of each driver mutation 
marks the passage from one phase of tumor development to 
another, because, when it becomes fi xed at the population level, 
it confers a new quality to the tumor (higher proliferation rate, 
immunological resistance, tolerance to hypoxic environments, 
etc.). In turn, a driver mutation, by triggering clonal expansion 
of malignant cells carrying it, increases the probabilities that 
the clones will acquire new driver mutations.[25] 

For a tumor to progress through its development, it would have 
to acquire one or more driver genetic changes, which confer 
greater degree of fi tness, allowing it to surmount each phase 
of progression.[24–26] Degree of fi tness refers to the ability of 
an individual, at any taxonomic level (eukaryotic cells, bacteria, 
multicellular organisms), to achieve adaptive success; that 
is, to reproduce and transmit their genes to successive 
generations.[12] The essence of somatic mutation theory can be 
summarized as the sequential and progressive accumulation of 
driver genetic changes over time, until mutated cell populations 
acquire all the phenotypic traits of cancer. These genetic events 
take place over decades, and their probabilistic nature explains 
why organisms with greater longevity are more susceptible to 
emergence and complete development of malignant tumors. In 
sum, the longer the life, the greater the chance of successful 
carcinogenesis.[24]

Another approach based on the hypothesis of adaptive 
oncogenesis, holds that oncogenic mutations and the degree 
of adaptive advantage or disadvantage conferred on affected 
cells depend on the ecological context in which they occur.
[27–30] It is not enough that the cell undergo driver mutations; 
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these mutations must have repercussions on the cellular 
microenvironment. The cellular microenvironment is formed by 
other cells that share the tissue compartment, the extracellular 
matrix, and soluble factors that enable interaction between cells 
forming the compartment.[27,28] In healthy tissues—as young 
tissues usually are—any oncogenic mutation is eliminated from 
the cellular compartment or is restricted by the greater degree 
of fi tness of the other cells. However, deterioration of the cellular 
microenvironment, as happens during aging or exposure to 
environmental carcinogens, exerts strong selective pressure. 
Only then, are oncogenic mutations that provide adaptive 
advantages fi xed at the population level and transmitted to 
descendant cells, giving rise to tumor initiation.[29,30]

Unlike multistage carcinogenesis, adaptive oncogenesis 
does not consider tumor development a progressive and 
sequential accumulation of genetic changes, but as infl uenced 
by ecological modifi cations of the cellular microenvironment. 
Its p ostulates emerged in light of new discoveries, such as: 
mutation accumulation rates highest during early stages of 
development (about 50% of oncogenic mutations occur during 
childhood and adolescence); oncogenic mutations often 
detected in otherwise healthy tissues; and evidence of clonal 
selection and expansion in normal cells that do not become 
neoplasms. These and other facts cannot be explained by 
multistage carcinogenesis. The theory of adaptive oncogenesis 
postulates the strong dependence of tumor progression on 
environmental infl uences and the ecological context of the 
cellular compartment.[29]

In our opinion, Tomassetti and Vogelstein commit a logical fallacy 
derived from the traditional conception of somatic mutation 
theory, which is based on the progressive and deterministic 
accumulation of driver mutations. They also ignore the 
infl uence of individual differences on the ultimate expression of 
population adaptations to environmental challenges (ecological 
fallacy), as Sornette and Favre demonstrated.[21]
 
Peto’s paradox and human evolutionary carcinogenesis 
The larger a multicellular organism is and the longer it lives, 
the greater should be the likelihood of developing a malignant 
tumor.[31] But Peto demonstrated that there is no correlation 
between body size, life span, and cancer risk along the 
phylogenetic continuum of mammalian species. Exhibit A: the 
blue whale has a much lower incidence rate of malignant tumors 
than humans. Why does the blue whale, with many more cells 
than a human, not have greater risk of cancer?[31] Among the 
theories that try to explain Peto’s paradox, life history theory is 
the most widely accepted.[32]

Cancer and analogous forms of cellular homeostasis disruption 
(alterations of cellular cooperation resulting in uncontrolled 
proliferation and altered differentiation that disharmonize 
multicellular architecture) are phenomena that affect several 
biological categories, from sponges to chordates, and 
even plants.[33] Such extensive incidence has suggested 
to evolutionary biologists the importance of cancer as an 
ecological and evolutionary phenomenon.[33] 

The meaning of carcinogenesis as an ecological and 
evolutionary process affecting organisms in natural habitats is 

not straightforward; nor is its application to the understanding 
of human carcinogenesis. Several theories have emerged.
[32–36] Modifi able environmental conditions give particular 
characteristics to different ecological systems or niches and, 
in turn, require that organisms dwelling in them adapt.[32,34] 
During the process of adaptation, organisms evolve, and that 
evolution determines patterns of life history, with their specifi c 
strategies in distribution and utilization of energy produced by 
the organism. Use of energy, in principle intended for somatic 
maintenance, can vary depending on type of life history, as 
determined by evolution. 

There are organisms forced to invest their energy in growing rapidly, 
reproducing, and almost immediately dying. These are organisms 
with “short” life histories.[32] At the other extreme, there are species 
with “long” life histories, that go through a long maturation period 
before reaching their reproductive stage, so that progeny require 
prolonged parental care before achieving biological independence. 
Such organisms need to continually renew and monitor their state 
of cellular homeostasis. Their energy use is under constant strain, 
because they need to both conserve it and to use it for maintaining 
cellular homeostasis and basic functions (growth, sexual maturation 
and reproduction).[35,36] 

It is somatic maintenance that ensures conservation of cellular 
homeostasis, and thus reduced risk of developing cancer. It 
involves supervision of the cellular state; balanced regulation of 
division, aging and cell death processes; tissue damage repair; 
genomic damage repair; and immunological surveillance.[32] 
There is a plausible explanation for Peto’s paradox: evolution 
selects large organisms and long life histories, provided they 
have suffi ciently effective anticancer mechanisms to allow 
them to reach healthy reproductive age (having survived 
noncancerous causes of mortality). It has even favored genes 
that increase reproductive potential although they may be 
oncogenic.[34–36] This is known as tradeoff: optimization of a 
trait that confers adaptive fi tness to the detriment of another or 
others.[37] Theories based on life history consider the human 
being a “big organism with a long life history.”[32]

Human evolution has been characterized by a high number 
of tradeoffs with oncogenic implications: bipedalism, which 
resulted in skin more vulnerable to the mutagenic effect of 
ultraviolet radiation and requiring better heat dissipation; 
switching from a vegetarian to an omnivorous diet, and then 
cooking food, which resulted in ingestion of nitrosamines 
and polycyclic aromatic hydrocarbons; promiscuous sexual 
behavior to ensure a greater number of offspring, causing 
spread of oncogenic viral infections; need for greater parental 
care to safeguard the long prereproductive maturation period 
of offspring accompanied by delayed aging and accumulation 
of harmful mutations throughout life; need to ensure greater 
female fertility, given the relatively small number of offspring 
capable of reproducing, which resulted in population-wide 
prevalence of carriage of BRCA1 and BRCA2 genes (These 
increase fertility, but also increase breast cancer risk).[36] 
Added to these biological factors are cultural factors associated 
with industrialization, demographic expansion and toxic habits, 
with negative health consequences.[37] The various life history 
theories emphasize that patterns of human carcinogenesis are 
determined by evolution.
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 And the environmental effect? Hochberg and Noble’s integrated 
model analyzing how the environment infl uences carcinogenesis 
starts from the principle that in natural habitats baseline cancer 
risk does not exceed 5%, and that any increase above this 
reference value is due to an environmental effect.[38] Recently 
introduced environmental factors characteristically impact on 
the cancer risk of individuals who have adapted to their native 
habitats. Importantly, this model argues that newly introduced 
environmental factors (including behavior) determine cancer 
risk at three basic levels: body (altering body size and longevity); 
within the organism (disrupting metabolic and physiological 
processes), and at the genomic level (determining population 
perpetuation of tumor susceptibility genes), that is, disrupting 
life histories.[38]

The Hochberg and Noble model posits that human evolution 
has resulted in substantial deviation from baseline cancer risk 
in native habitats (environments experienced over evolutionary 
time), both for the human species and for animals that have 
participated in or been affected by our historical development.
[38] This deviation from individual fi tness, expressed as an 
increased risk of cancer, is mainly due to establishment of 
protected environments (environments with few or no natural 
selective pressures), which in turn led to larger body size 
(current humans exceed our premodern ancestors by 19 cm) 
and life expectancy (by about 40 years).[38] Consequently, 
human bodies have both more cells and more time available 
for carcinogenesis to develop.

The term “protected environment” should be considered 
cautiously, and probably the authors do not use it in a literal 
sense. While for captive or domesticated animals it means 
a change of habitat in which natural predators and parasites 
no longer determine risk of death, for homo sapiens it 
has brought oncogenic influences (harmful lifestyles, 
atmospheric pollution, industrial carcinogens, etc.) along with 
its undeniable benefits. One evolutionary biologist, Greaves, 
argues that the high prevalence of lymphoid neoplasms in 
children and adolescents in high-income countries responds 
to a protected-environment effect; that is, it occurs where 
hygienic and sanitary conditions have improved enough to 
almost eradicate childhood infections. Paradoxically, the 
immune systems of these children and adolescents suffer 
maturation disturbances that cause malignant proliferative 
disorders.[39] 

The model provides an integrative theoretical framework for 
understanding how environments contribute to cancer at three 
levels: the organism itself, processes within the organism and 
the genome. Taken as a whole, it suggests that human evolution 
has markedly diverted the species from its baseline cancer risk, 
which has increased to about 40% lifetime risk, compared to the 
estimated 5% for organisms in natural habitats. Nevertheless, 
the model seems to suggest that the process has reached 
stability. However, regarding the human environment itself, the 
population level and in its sociodemographic and economic 
variations, are there still no recently introduced environmental 
factors that infl uence baseline cancer risk? 

The main features of the theories discussed are summarized 
in Table 1.

Cancer incidence and mortality in LMICs: recently 
introduced environments versus native environments 
Demographic and epidemiologic transitions in LMICs take place 
in a complex socioeconomic context and at variable rates. In 
some countries, infectious and chronic non-communicable 
diseases have similar incidence, prevalence, and mortality; in 
others, cardiovascular diseases and cancer compete for fi rst 
place in these indicators.[5,11] At the same time, globalization 
of the so-called western lifestyle introduces risk factors such as 
smoking, obesity, physical inactivity and unhealthy nutritional 
habits.[11]

It could be said that there is an “oncological transition” in 
LMICs, produced by the combined effect of the demographic 
and epidemiologic transitions. In Africa, for example, cervical 
cancer is the leading cause of cancer death in women. Liver 
carcinoma is the second most diagnosed cancer and the 
leading cause of cancer death in African men in the continent, 
and the third most frequent cancer and third leading cause of 
cancer death in African women. Kaposi’s sarcoma is the most 
frequent cancer in men and third in women in East Africa. 
Esophageal cancer, the leading cause of cancer death for both 
sexes in the continent, predominates in eastern and southern 
African countries. These tumors share common features of 
being associated with infectious agents, poor dietary habits, 
and unfavorable economic conditions that have characterized 
the continent throughout recent history.[7] These circumstances 
make it possible to classify them as representatives of baseline 
human cancer risk at a regional level.

The epidemiologic transition is beginning to modify Africa’s 
cancer landscape. During 2008, 715,000 new cases of cancer 
and 542,000 deaths were recorded in Africa, and the numbers 
are expected to double by 2020 because of population growth 
and aging.[7] Breast, lung and prostate cancer incidence has 
increased in the African countries with highest development 
indices, where the epidemiologic transition is under way. 
Thus, lung cancer is the leading cause of cancer death in 
northeastern African men, and the 4th in southeastern women, 
areas with high smoking prevalence; and 65% of lung cancer 
cases in these areas are related to smoking, a proportion not 
very different from that of Western countries.[7] 

Female obesity in Africa is highest in countries with better 
economic conditions (Egypt, for example, where 29% of 
women are obese) and breast cancer incidence is increasing 
proportionately.[7] With respect to breast cancer, Brinton 
adds to the list of previously identifi ed native breast cancer 
risk factors in sub-Saharan Africa (multiparity—contrary to 
other parts of the world—greater height, and increased waist 
circumference), recently introduced risk factors, such as hair 
relaxers and skin-lightening creams rich in estrogenic hormone 
compounds (hydroquinones), and, in areas of intense malaria 
infection, exposure to the insecticide DDT.[40]

Hochberg and Noble assert that baseline cancer risk refl ects 
long-term development of adaptations to environmental 
conditions, likewise prevailing over long periods, which means 
that risk from a new environmental factor varies considerably 
in the absence of a substantial evolutionary response (a 
phenomenon called “adaptive decoupling”).[38] Socioeconomic 
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and demographic changes are occurring in many countries 
amidst native habitats characterized by traditional  cultural 
traits (some of which are unhealthy), social inequity and low 
medical coverage; such changes further accentuate adaptive 
decoupling, which would explain this contrasting epidemiologic 
mosaic of cancer in Africa.

We believe, as do other authors, that statistics from LMICs, 
although still fragmented and incomplete (many are based 
on regional models for making general estimates), allow us 
to trace useful cancer incidence and mortality patterns.[7,8] 
They are suffi cient to allow us to conclude that advent of the 
epidemiologic and demographic transitions in LMICs acts as a 
new factor that continues to modify cancer risk. The Hochberg 
and Noble model could and should incorporate this aspect of 
human carcinogenesis.

Hispanic paradox or natural selection effect? Some 
studies indicate a degree of protection against some types of 
cancer in Hispanic Americans (immigrants or descendants of 
individuals from Latin America and the Caribbean). In a large, 
prospective, lung cancer screening study (sample size 53,000), 
Tammemägi found a relative risk of 0.48 for Hispanic vs. 
Caucasian Americans, after adjusting for age, smoking history 
and education (relative risks for African and Asian Americans 
were 1.48 and 0.63, respectively).[41] This is known as the 
Hispanic paradox.[42]

Several theories are proposed to explain this apparent 
protection (which extends to cardiovascular diseases, 
and is even demonstrated in higher life expectancy for 
Hispanic residents in the USA), from genetic, nutritional and 
sociocultural factors, to the hypothesis of immigration of the 
fittest.[42] However, there are contradictory results, such as 
the fact that Latinos who return to their countries of origin are 
three times more likely to get sick than their compatriots who 
never emigrated, and that the advantageous life expectancy of 
Hispanic immigrants in the USA decreases rapidly—whether 
because the second generation adopts lifestyles typical 
of the USA, or due to a balancing selective pressure that 
keeps population genetic stock stable by opposing natural 
selection–—and they begin to show the same mortality rates 
for chronic non-communicable diseases (including cancer) as 
the native US population.[6,42]

However, in our opinion, this mention of differences in risk, 
incidence, and prevalence of cancer among people of diverse 
ethnicities and sociocultural backgrounds serves as starting 
point for other evolutionary considerations about cancer. We 
should not forget that individual variations (at all biological 
levels) are essential for interacting with the environment and 
the ensuing evolutionary process. Humans are no exception. 
That is why varying degrees of vulnerability to cancer are 
expressed in different socioeconomic environments, and tumor 
biological patterns are diverse even within the same organ. For 

Table 1: Comparative summary of four theories 

Theory Rationale
Weighting of 

environmental 
effects

Level 
of explanation

Adhesion to evolution-
ary principles Considerations

Somatic 
mutation[12,24–26]

Accumulation over time 
of mutations that increase 
cellular fi tness (driver 
mutations)

Minimum Genomic
Interprets evolutionary 
principles in mechanistic 
and deterministic way.

Proposes intrinsic predispo-
sition of cells to spontane-
ously accumulate oncogenic 
mutations independent of 
environment.
Does not recognize empirical 
evidence demonstrating 
carcinogenic effects of 
environmental agents.

Adaptive 
oncogenesis[27–30]

Oncogenic mutations 
depend on tissue ecologi-
cal context

Important

Genomic
Cellular
Tissue 
microenvironment

Adequately considers 
concepts of evolutionary 
dynamics (effect of varia-
tions on degree of fi tness, 
natural selection, genetic 
drift, migration, etc.).

Does not establish relation-
ship with phenomena on 
larger scale (human socio-
economic environment as 
ecological environment that 
impacts cancer risk and its 
effects on degree of fi tness).

Life history[32–36]

Use of energy for vital 
needs according to devel-
opment pattern defi ned 
by evolution (life history) 
determines baseline cancer 
risk 

Important
Cellular 
Organism

Emphasizes outcome of 
evolution and adaptive 
mechanisms.

Still no reliable data on can-
cer incidence, prevalence, 
and effect on degree of 
fi tness of life forms in natural 
habitats.

Integrated model[38]

Effect of novel environmen-
tal factors that alter devel-
opment pattern defi ned by 
evolution (life history) and 
exert infl uence on baseline 
cancer risk

Important

Genomic
Cellular
Organism
Population

Integrates evolutionary 
principles at various 
biological levels. Recon-
cilable with constantly 
changing global evolution-
ary population phenom-
ena.

Establishes that recently 
introduced factors, although 
determined by human 
evolution, have established 
a “new normal” for baseline 
cancer risk. Demographic 
and epidemiologic transitions 
in LMIC demonstrate that the 
process is continual and at 
variable rates. 
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example, the increased incidence of prostate cancer in the male 
Chinese population is closely related to a parallel increase in 
per capita consumption of animal fat, up by 128.6% from the 
1960s to the year 2000.[43] Moreover, it is remarkable that of 
76 identifi ed genetic polymorphisms (variations in specifi c DNA 
sequences that produce multiple gene alleles in a population) 
of susceptibility to prostate cancer, 10 have been found in 
Chinese men.[43] 

Genetic polymorphisms are also described in breast cancers in 
Asian women, distinguishing them genetically, biologically and 
clinically from breast cancers in Western countries.[44] In some 
regions of Africa, there are case series of breast tumors that 
occur earlier in life, are negative for hormone receptors, have 
poor HER 2 oncogene expression, are detected in advanced 
stages and have worse prognosis than other types.[45] This 
tumor variant is also characteristic of African-American women 
in the USA and the United Kingdom; and may represent a 
founder effect (the formation of a new population of individuals 
from a very small number of ancestors). Noble and Hochberg 
suggest it is a genetic consequence of the impact of recently 
introduced environmental factors that perpetuate oncogenic 
genes at a population level. However, this view is not universally 
supported.[45]

The foregoing highlights that the epidemiologic and demographic 
transitions in LMICs exert strong selective pressure, which in turn 
displays variations in population response to its infl uence.

Cancer incidence and mortality in LMICs and their effects on 
adaptive fi tness: contextualizing Darwin Another essential 
idea put forward by the hypothesis of adaptive oncogenesis is 
that many mutations reduce, rather than increase, the degree of 
individual fi tness. Only ecological disruption of the environment 
(cellular microenvironment in the case of carcinogenesis) would 
confer fi tness.[30] Is it possible to speak of a human population 
macroenvironment (biological, regional and socioeconomic) in 
which cancer infl uences degree of fi tness?

In evolutionary terms, fi tness is defi ned by the ability to 
procreate and genetically transmit information to subsequent 
generations. At the population level, the degree of fi tness is 
also expressed by competitiveness within the population (that 
is, higher probability of reproducing, independent of resource 
availability, number of individuals, geographic space, etc.). 
In this regard, Rozhot and DeGregori suggest that within 
the tissue compartment, stem cells must have the ability to 
maintain, reduce, or expand their numbers in accordance 
with environmental requirements, including those of other cell 
populations.[30] If we generalize these principles, most human 
tumors emerge in the advanced postreproductive stage, and 
protected environments have led to an extension of this stage, 
through reduced risk of death from other causes (cardiovascular 
and cerebrovascular diseases). In other words, many humans 
exceed the ecological limits established for their age group and 
survive noncancer causes of death, due to human intervention 
that has increased control of previously lethal diseases. 
Therefore, tumor development would be an intrinsic component 
of aging that does not have repercussions on degree of fi tness.
However, two elements must be considered. The fi rst has to do 

with observations that some tumors detected in very old age are 
less malignant (including lower metastatic capacity); something 
like “very old tumors in very old people.”[46] We might speculate 
whether these types of cancers are characteristic of a life 
expectancy carried beyond what is “natural.” In evolutionary 
terms, we think the answer is yes, in the long term: in the elderly 
these low-malignancy tumors could be the fi nal result of current 
trends in industrialized countries to reduce both incidence 
and mortality, at least for some of the most frequent tumors 
and for other chronic non-communicable diseases.[1,5,6] The 
second element comes precisely from observations that limit 
generalization of the above. By modifying lifestyles, even in 
the elderly, many of these late-onset tumors (breast, lung, 
prostate) can be prevented; perhaps, leaving certain varieties 
of leukemias and lymphomas as tumors inherent to advanced 
age (and not, by the way, benign ones).[46]

Acknowledging the risks of extrapolating principles from one 
biological taxonomy scale to another, let us consider the following 
aspects of cancer’s impact on human fi tness: age-specifi c incidence, 
relationship between incidence and mortality and socioeconomic 
implications of these parameters in LMICs. Let’s take the example 
of breast cancer in Latin America and the Caribbean.

Amadou and Villareal-Garza, among others, agree on several 
epidemiologic aspects of breast cancer in Latin American 
and Caribbean women: presentation at younger ages (up to 
a decade earlier than in women from high-income countries); 
high malignancy; detection in advanced stages; higher 
prevalence of BRCA1 and BRCA2 mutations (up to 25% 
of cases, in contrast to the 10% reported in high-income 
countries), and even the existence of a founder effect in 
Mexican women.[47,48] Incidence rates increased throughout 
Latin American in the period 1980–2010.[49] There have been 
attempts to explain breast cancer’s higher burden at earlier 
ages by differences in regional age distribution compared to 
industrialized countries, but Franco-Marina points out that, 
although age-specifi c incidence rates are higher in Canada and 
the US, incidence in young Latin American women is increasing 
faster.[50] Villareal-Garza found proportions of  incident breast 
cancers and breast cancer deaths in women aged ≤44 years 
higher in Latin America than in high income countries (20% vs. 
12% for incident cases and 14% vs. 7% for deaths).[48] Rocha-
Brischiliari reported a signifi cant increase in breast cancer 
mortality in Brazilian women aged 20–49 years in 1999–2013, 
although with marked regional differences, and higher in rural 
areas.[51] Although there is debate on whether these numbers 
reported in registries are due to ethnic variations, there is no 
doubt that they represent a greater cancer disease burden, with 
the attendant social and economic consequences.

Beyond biology, most studies suggest that late breast cancer 
detection (i.e., detection in advanced stages) in Latin American 
women is due to precarious access by the most disadvantaged 
social sectors to screening tests, low perception of risk due to 
poor health information, and, fi nally, to underlying socioeconomic 
inequities. It is widely agreed that prevention is the most plausible 
approach to reducing this disproportionate burden.[47–50] 
However, many countries in the area confront a vicious circle 
of poverty and lack of education, insuffi cient capacity to capture 
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and analyze information about cancer as a health problem, 
and limited possibilities for effective preventive measures. To 
these are added higher incidence, and limited access to health 
services and disease detection in advanced stages, which 
together increase mortality and decrease survival times.[11] 

The abovementioned statistics and considerations show the 
effect of demographic and epidemiologic transitions in the midst 
of a deteriorated macroenvironment, favorable to oncogenic 
factors infl uencing individual fi tness. Adaptive oncogenesis 
can range from effects associated with carcinogenesis at the 
tissue microenvironmental level to contextual effects of the 
socioeconomic macroenvironment at the population level.

It is not necessary to arrive at Tomasseti and Vogelstein’s 
carcinogen-free “Planet B”[15] to demonstrate the environmental 
effect of human activity on human evolution, past and present. 
Demographic and epidemiologic transitions, rather than “bad” 

or “good” phenomena, are inescapable facts. In brief, on our 
planet, and especially in LMICs, cancer is, in Cavalli’s words, 
“a great challenge.”[52]

CONCLUSIONS
Of  the four theories reviewed, Noble and Hochberg’s integrated 
model is the most robust and best explains observed cancer 
patterns in LMICs, especially regarding the effects of recently 
introduced environmental factors on native environments, 
adaptive decoupling and genetic diversity (manifest in 
differences in clinical and biological tumor expression by level 
of economic development), in response to demographic and 
epidemiologic transitions.
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