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ABSTRACT
◥

Most definitions of cancer broadly conform to the current NCI
definition: “Cancer is a disease in which some of the body’s cells
grow uncontrollably and spread to other parts of the body.” These
definitions tend to describe what cancer “looks like” or “does” but
do not describe what cancer “is” or “has become.”While reflecting
past insights, current definitions have not kept pace with the
understanding that the cancer cell is itself transformed and evolv-
ing. We propose a revised definition of cancer: Cancer is a disease
of uncontrolled proliferation by transformed cells subject to evo-
lution by natural selection. We believe this definition captures the
essence of the majority of previous and current definitions. To the

simplest definition of cancer as a disease of uncontrolled prolif-
eration of cells, our definition adds in the adjective “transformed”
to capture the many tumorigenic processes that cancer cells adopt
to metastasize. To the concept of uncontrolled proliferation of
transformed cells, our proposed definition then adds “subject to
evolution by natural selection.” The subject to evolution by natural
selection modernizes the definition to include the genetic and
epigenetic changes that accumulate within a population of cancer
cells that lead to the lethal phenotype. Cancer is a disease of
uncontrolled proliferation by transformed cells subject to evolu-
tion by natural selection.

Introduction
Most definitions of cancer broadly conform to the current NCI

definition: “Cancer is a disease in which some of the body’s cells grow
uncontrollably and spread to other parts of the body” (see Table 1;
ref. 1). These definitions tend to describe what cancer “looks like” or
“does” but do not describe what cancer “is” or “has become.” While
reflecting growing and useful insights, current definitions have not
kept pace with the understanding that the cancer cell is itself trans-
formed and evolving.

Cancer was first recognized as a growing tissue mass, a tumor (2, 3).
They could observe what it looked like, how fast it grew, and how it
often appeared to take a “bite” out of the body. The tumors themselves
seemed, at times, to spread to other parts of the body and were
recognized as fatal. Two things are evident at this stage of under-
standing. First, it aligns with a disease of abnormal and uncontrolled
growth with the capacity to spread. Second, there was no distinction
made between the concepts of tumor and cancer. Even today, these
terms are often used interchangeably.

The “cellular theory” of disease formulated by Rudolf Virchow in
the mid-19th century postulates that all diseases, including cancer,
arose from changes in cells. This knowledge led to an understanding of
cancer as a disease of abnormal cell proliferation (4). Many writings of
the era reflect how cancer was recognized as the product of prolifer-
ating cells that form a tumor (5). It was also recognized that cancer cells

drive the growth of tumors and eventually their spread as metasta-
ses (6). Cancer cells seemed to create or at least reside in tumors. These
ideas formed the basis of our current general definitions that charac-
terize cancer as “an uncontrolled growth or proliferation of cells that
have the capacity to spread to other parts of the body” (7, 8).

That cancer cells originate from normal cells was an important
insight in the mid-20th century. With subsequent advances in molec-
ular biology, it was recognized that cancer cells had undergone a
sequence of driver mutations or “hits” leading to uncontrolled pro-
liferation, failure to differentiate, and successful invasion into normal
tissue (9–11). Cancer was conceptualized as “a disease of the genes.”
Within this framework,mutations are largely regarded as fixed triggers
and, to a lesser extent, as reflections of selective forces in a dynamically
changing population and environment.

Changes in gene frequency within a population are a defining
feature of evolution. Cancer, however, is more than just somatic
evolution or a population of cells exhibiting genetic heterogeneity.
The populations of cancer cells evolve adaptations. The tumor micro-
environment favors some phenotypic characteristics of cancer cells
over others, and the adaptations of the cancer cells feedback onto their
microenvironment. Cancer cells evolve to increase their uptake of
resources, co-opt normal cells such as fibroblasts, evade the immune
systemor recruit protumor components, produce public goods (angio-
genesis and aspects of the extra-cellular matrix), and create and
tolerate acidic conditions (12–14). Indeed, adaptations of cancer cells
that emerge from evolution by natural selection result in many, if not
all, of the hallmarks of cancer (15).

The role of natural selection in initiating and driving cancer is
alluded to in the definition of cancer hallmarks. Hanahan and Wein-
berg state that “Tumor development proceeds via a process formally
analogous to Darwinian evolution, in which a succession of genetic
changes, each conferring one or another type of growth advantage,
leads to the progressive conversion of normal human cells into cancer
cells.” (15, 16). It is now clear that cancer cells must also continue to
evolve within a cancer in response to selective pressures such as
changes in blood flow and host immune response (17). It is this
evolution by natural selection that eventually results in adapted cancer
cells that are resistant to drug and radiation therapies—ultimately, the
evolution of resistance by natural selection explains the near certainty
of death from late-stage cancers (18).
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An updated definition of cancer should include the force of natural
selection acting on the initiation and progression of the cancer cell
populations. We propose an updated definition: Cancer is a disease of
uncontrolled proliferation by transformed cells subject to evolution by
natural selection. In what follows, we will elaborate on the details
associated with the central words of this definition. We will conclude
by discussing why updating the definition matters for understanding,
conceptualizing, and treating cancer.

Terms contributing to the definition “cancer is a disease of
uncontrolled proliferation by transformed cells subject to
evolution by natural selection.”

Disease
Disease is a term used to describe a state of illness or abnormality

that represents a disruption of the normal physiologic functioning of
an organism. Diseases can arise from a wide range of factors, including
pathogens (e.g., bacteria, viruses, parasites), genetic mutations,

environmental factors, and lifestyle. Diseases not only negatively affect
an individual’s physical well-being but also have profound social,
psychologic, and economic implications.

Cancer is a disease because the cancer cells’ growth, spread, resource
use and metabolite production, tissue disruption, and co-option of
normal noncancerous cells disrupt normal bodily functions, ultimately
causing pain, organ failures, and cancer-related syndromes such as
cachexia. Cancer not only destroys a person’s body but also profoundly
affects a person’s mental health and negatively impacts the people
around them, disrupting families and friendships. Cancer as a disease
kills 10 million people per year globally, reflecting how common and
lethal it remains (19). The economic impact of cancer is immense,
including direct medical costs, lost productivity due to illness and
premature death, and the emotional and psychologic effects on
patients and their families. The cost of cancer to the world exceeds
1 trillion dollars per year (19).

Many of the current definitions of cancer refer to cancer as a
collection of diseases because cancer arises in many different organs
and is sometimes stratified by tissue-specific genetic hits (oncogenes,

Table 1. Select definitions of cancer.

Definition of cancer Source Date

In medicine, a roundish, hard, unequal, scirrhous tumor of the glands, which usually
ulcerates, is very painful, and generally fatal.

An American Dictionary of the English Language.
(Webster) (35)

1828

A tumor is a new growth of tissue which apparently originates and grows
spontaneously, possesses an atypical architecture, does not subserve the uses of
the organism, and reaches no definite termination of growth.

Textbook of General Pathological Anatomy and
Pathogenesis (Ziegler) (36)

1898

A malignant tumour eating the part it is in, spreading indefinitely, & recurring when
removed.

Oxford Dictionary (37) 1919

A tumor is an autonomous new growth of tissue. Neoplastic Disease – a treatise on tumors
(Ewing) (38)

1919

Cancer is a disease in which some of the body’s cells grow uncontrollably and spread
to other parts of the body.

National Cancer Institute (1) 2023

Cancer isn’t a single disease. Cancer is a group of diseases characterized by the
uncontrolled proliferationof cells. Ignoring thebody’s signal to stop,malignant cells
multiply to form tumors in organs and tissues or, in the case of blood cancers, crowd
out normal cells in the blood stream and bone marrow.

American Association for Cancer Research (7) 2023

Cancer is when abnormal cells divide in an uncontrolled way. Some cancers may
eventually spread into other tissues.

Cancer Research UK (39) 2023

A group of diseases in which cells in the body change and grow out of control. Most
types of cancer cells form a lump, or mass called a tumor.

American Cancer Society (8) 2023

Cancer is a generic term for a large group of diseases that can affect any part of the
body. Other terms used are malignant tumours and neoplasms. One defining
feature of cancer is the rapid creation of abnormal cells that grow beyond their
usual boundaries, andwhich can then invadeadjoining parts of thebody and spread
to other organs; the latter process is referred to as metastasis. Widespread
metastases are the primary cause of death from cancer.

World Health Organization (20) 2023

Cancer refers to diseases in which abnormal cells divide out of control and are able to
invade other tissues. Cancer cells can spread to other parts of the body through the
blood and lymph systems, which help the body get rid of toxins.

Centers for Disease Control and Prevention (40) 2023

A malignant tumor of potentially unlimited growth that expands locally by invasion
and systemically by metastasis

Merriam-Webster Medical Dictionary - online (41) 2023

Amalignant neoplasm (including both carcinoma and sarcoma)which arises from the
abnormal and uncontrolled division of cells and which invades and destroys the
surrounding tissues.

Oxford Reference - online (42) 2023

A group of diseases in which abnormal cells grow in an uncontrolled way, sometimes
forming tumors.

Harvard Medical Dictionary of Health Terms -
online (43)

2023

A cancer is an abnormal growth of cells (usually derived from a single abnormal cell).
The cells have lost normal control mechanisms and thus are able to multiply
continuously, invade nearby tissues, migrate to distant parts of the body, and
promote the growth of new blood vessels from which the cells derive nutrients.

Merck Manuals - online (44) 2023

Cancer is a group of diseases involving abnormal cell growth with the potential to
invade or spread to other parts of the body.

Wikipedia - online (45) 2023
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e.g., BRAF). For example, theWHOdescribes cancer as “a generic term
for a large group of diseases that can start in almost any organ or
tissue of the body” (20). Given the cellular origin of cancer and the
convergent nature of how cancer evolves and spreads through all
individuals, to refer to cancer as a group of diseases is unnecessary.
In contrast, we generally do not refer to malaria or influenza as a
group of diseases. These diseases are simply “malaria” and the “flu”
despite their diverse variants.

Uncontrolled Cell Proliferation
Uncontrolled cell proliferation has been at the core of the original

sense of cancer going back millennia. This is also consistent with pre-
evolution perspectives of cancer in the 18th, 19th, andmuch of the 20th
century that emerged after cells were initially identified. Cell prolif-
eration in multicellular organisms is tightly controlled. Most cells of a
mammal—and therefore a human patient—have limits on the possible
number of cell divisions (21). Differentiated somatic cells differentiate
into their fate, tissue, and organ and thereafter lose their ability for
continued cell division. For the most part, any deviation from this
trajectory results in programmed cell death (apoptosis). The body’s
stem cells or progenitor cells have a kind of replicative immortality.
They are subject to highly regulated tissue control mechanisms that
dictate when they divide and, to a certain extent, whether they divide
symmetrically (producing another stem cell) or, more often, asym-
metrically (producing a daughter cell while preserving themselves).
The daughter cell of a stem cell will undergo a relatively fixed number
of cell divisions while differentiating into a non-proliferative fate.
These cells serve the maintained structure and function (i.e., homeo-
stasis) of the organ and the whole organism. In this sense, proliferation
is a tightly controlled whole organism function. The hierarchical
organization of tissue maintenance and even the decreasing rate of
cell divisions of differentiating cells appear to have minimized somatic
evolution in a way that contributes to the success of animals (22).

Uncontrolled
A simple definition of cancer—that its growth or proliferation is

“uncontrolled”—requires a specification of what component or extent
is uncontrolled. Generally, the term uncontrolled refers to something
that lacks proper regulation, management, or restraint. Uncontrolled
implies that a process or situation is not being controlled in a way to
maintain stability, order, or predictability. At the tissue level, uncon-
trolled implies that the normal mechanisms or systems designed to
govern a process or maintain homeostasis are not functioning as is
typical, leading to undesirable or potentially harmful outcomes.
Although normal cells grow (or not), divide (or not), differentiate
(or not), and die in a regulated manner, cancer cells no longer require
contact with other cells or a defined function in the tissue to stay alive.
The many mechanisms by which cancer cells avoid apoptosis reflect
their avoidance of multiple pro-apoptotic cues. Therefore, the prolif-
eration of cancer cells is out of the control of the tissue and of its
neighbor cells.

Independence from the cues that induce cell death, however, does
notmean that cancer cell proliferation is free from limitations. Like any
growing population, there are limits to population growth imposed by
limitations of resources, space, habitat degradation, and accumulation
of hazards. In this way, the “uncontrolled” proliferation of cancer cells
is regulated not by tissue control mechanisms but by environmental
limits to growth. Typically, normal cells are homeostatically main-
tained at densities and numbers that leave them with sufficient access
to resources, reasonable crowding, or limited exposure to metabolites

that can be toxic. A growing population of cancer cells becomes limited
by famine, space, and toxicity balance. Thus, their proliferation and
mortality rates are not regulated by homeostatic controls but rather by
ecological parameters (including physical, chemical, and biological).
This control is similar to how populations of unicellular organisms on
the ocean floor are limited by space, nutrients, and competition. Rather
than normal tissues, cancer cell populations become packed at much
higher densities (lumps or tumors). As noted in the 1828 Webster’s
Dictionary definition of cancer: “In medicine, a roundish, hard,
unequal, scirrhous [hard and fibrous] tumor of the glands, which
usually ulcerates, is very painful, and generally fatal.” Uncontrolled
proliferation leads to densely packed cancer cells regulated by standard
ecologically-imposed limits to growth.

Proliferation
Proliferation refers to an increase, growth, or multiplication in the

number or quantity of something. Proliferation generally implies a fast
and sometimes uncontrollable expansion or growth of the subject in
question. In biology, proliferation describes the process of cell division,
leading to an increase in the number of cells or organisms in a
population. However, there are two sides to population growth: births
(proliferation) and deaths (cell mortality rate). Net proliferation rates
of single-cell organisms and cells of an animal, including cancer, can be
defined as proliferation rate minus mortality rate. In a growing tumor,
there generally are increases in both cell proliferation and cell death.
For cancer cells, uncontrolled proliferation means that under ideal
conditions, cancer cells have proliferation rates that far exceed their
death rates. In the absence of density-dependent feedback (limits to
growth), the population of cancer cells, like any organism, will grow
exponentially.

Transformed Cells
Every time a cell divides within a multicellular organism such as a

human, the whole organism plays with evolutionary fire (23–25). For
any animal, the individual cells contribute to the survival and prolif-
eration of the whole organism. In other words, the animal is the
organism, not the individual constituent cell. It is within this popu-
lation of constituent cells that cancer originates. For cancer initiation,
three things seemnecessary and perhaps sufficient: (1) long runs of cell
division, (2) accumulation of oncogenic genetic and epigenetic muta-
tions, and (3) a permissive tissue environment that does not block these
long runs of cell division or the persistence of increasingly aberrant
cells (25). Note that we have changed the common definition prep-
osition “’ of’ transformed cells” to “’ by’ transformed cells.” Although
“of” refers to a characteristic of something, “by” indicates the per-
former of an action. In this case, the transformed cells perform the
action of uncontrolled proliferation.

Transformed
Transformmeans to undergo a significant and often radical change

in appearance, form, or character. When something is transformed, it
has been altered or converted from its original state into a new one,
usually with different properties, appearance, or functions. Transfor-
mation is a process of change, of metamorphosis. Transformation is a
process central to the formation of cancer cells, allowing them to
become uncoupled from the regulatory mechanisms of their non-
transformed ancestor.

When applied to cancer cells, transformation refers to the process by
which normal cells acquire genetic and epigenetic alterations that lead
them to become malignant. These transformations by genetic and
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epigenetic alterations are best summarized by Hanahan and Wein-
berg’s “Hallmarks of Cancer” (15). Inclusion of the term “transformed”
in the definition implies the presence of all of the currently-defined
hallmarks of cancer plus those yet to be discovered. Many current
cancer definitions, including theNCI, for example, include “spreading”
as a key component (1). Rather than naming the single hallmark of
metastasis, the term “transformed” is inclusive of all of the hallmarks.

The cancer cells are also “transformed” by shifting between levels of
selection. The initiating cancer cells shift from being part of the whole
organism (i.e., a unit of selection among its population and environ-
ment) to become its own unit of selection (among its population and
environment; refs. 26, 27).

Cells
A cell is a structural and functional unit of life that carries out the

essential processes that define living organisms. Cells form the basis of
all living and independently replicating organisms on Earth, from
single-celled organisms like bacteria to multicellular organisms like
plants and animals. Cells in the body exist as part ofmulticellular units:
tissues, vasculature, and organs. It is worth noting that in unicellular
eukaryotes, a species is defined and recognized by genetic separation
from other cells and by phenotypic differences. Because cancer cells
have altered genomes as well as observable physical differences from
normal human cells, Julian Huxley in 1956 was the first to “deduce
that carcinogenesis may be a form of speciation” (28). Both cancer
initiation and the continued adaptations of cancer cells as the
disease progresses can be recognized as a speciation process. A
cancer cell gains autonomy and exists as a unicellular entity that
survives and can be selected for independently of the constraints of
its multicellular host tissue of origin (18, 28–30). The cancer cell
becomes the unit of selection.

Subject
When used as a verb, “subject” means to cause someone or

something to undergo or experience a particular treatment, situation,
or condition. The verb form is usually followed by the preposition “to,”
as in “subjecting a species to a stressful environment.”A cancer cell is a
unit that is “subject to” the laws of evolution.

Evolution
Evolution in biological systems is defined as the change in the

heritable characteristics of a population over generations. It pro-
vides a unifying theory of biology that connects the diversity of life
on Earth, as well as the shared ancestry of all organisms. Forces of
evolution include mutation, genetic drift, gene flow, and natural
selection. The recipe of inheritance means that the offspring
resembles the parent but with heritable variation. During the
Golden Age of population genetics and with the rediscovery of
Mendel’s Laws, there was faith in the hypothesis that particular
genes translated directly into phenotypes and that novel heritable
variation resulted from mutations of genes resulting in new alleles.
This simple picture changed rapidly with knowledge of how one
gene can influence unrelated phenotypic traits (pleiotropy) and how
the effect of one mutation can be dependent on another mutation
(epistasis). Since then and with molecular biology, new sources and
means of generating heritable variation have been appreciated. In
particular, cancer biology has expanded our understanding of the
generation of heritable variation to include anything from genetic
mutations, epigenetic alterations, chromosomal instabilities, aneu-

ploidies, to copy-number variations. Mutations occur frequently in
normal animal cells leading to “somatic evolution.” This somatic
evolution is generally manifested as mutations and genetic drift.
Many of these mutations lead to the death of the cell, but some,
subject to natural selection, can lead to cancer. Evolution, therefore,
can occur in any cell population of an organism, but this does not
necessarily lead to cancer. Cancer initiation and progression are
ultimately driven by the force of natural selection on accumulating
mutations and heritable changes. Natural selection acting on the
cells of an animal is a unique and universal characteristic of cancer.

Natural Selection
Natural selection is the force of evolution that promotes adaptations

or adaptedness. Adaptations are heritable traits that maximize fitness
given the particular circumstances, and adaptedness can be seen as
heritable traits that confer higherfitness than other possible traits given
the circumstances. Fitness is defined as the per capita growth rate (i.e.,
birth rate minus death rate). For cancer cells, therefore, fitness is
defined as net proliferation rate (i.e., proliferation rateminusmortality
rate). For natural selection to occur, there must be heritable variation
(whether genetic, epigenetic, chromosomal, copy-number variation,
etc.), a competition to survive, and the heritable variation must
influence the success of the struggle. Cancer exhibits all of these
properties (heritable variation, struggle, and that these are linked)
that are necessary and sufficient for natural selection. If cancer did
not exhibit these properties, cancer would not evolve resistance or
any number of other adaptations associated with its hallmarks.
Hence, evolution and, more specifically, evolution by natural selec-
tion is a defining characteristic of cancer. This characteristic of
cancer needs to be included (explicitly or implicitly) in any defi-
nition of cancer since natural selection is the process that influences
the success of the cancer itself.

Heritable variation
A range of genetic variation for different traits is present within

any population of organism. This variation arises from mutations,
genetic recombination during reproduction, drift, gene flow
between populations, and all the various mechanisms that generate
heritable variation. This variation means that the offspring is similar
to the parent but not entirely identical. Deviations in the consti-
tution of offspring are not so large as seeing a giraffe beget a sloth.
The deviations are also large and persistent enough to see the
emergence of, for example, varieties of domestic dogs, all owing
their ancestry to wolves. In cancer, it is clear that genetic, epigenetic,
and chromosomal heterogeneities exist. These deviations have been
described among cancer cells of a tumor, among tumors of the same
patient, among patients with the same cancer type, and among
different cancer types. This genetic variation lays a fundamental
“fuel” for natural selection in cancers.

Struggle for survival
The struggle for existence recognizes that organisms can produce

more offspring than can be supported by their circumstances, called a
Malthusian Principle (31–33). Ecologically, the struggle for survival
emerges from the fact that all populations of organisms have the
capacity to grow exponentially under ideal conditions. Yet, no pop-
ulation can grow exponentially forever. There are limits to growth.
Although the “uncontrolled” proliferation of cancer cells recognizes
how they have broken free of whole organism control, they must
compete with each other and struggle to survive growth constraints as
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they compete for resources and space and suffer toxic and immune
hazards.

Heritable variation influences the struggle
The environment exerts selection pressures on populations, favor-

ing the survival and reproduction of individuals with certain traits.
This pressure can be stabilizing, directional, or disruptive, depending
on the specific environmental conditions and the range of variation in
the population. In the context of cancer, the selection pressure comes
from the microenvironment and ecological parameters. For example,
ecological parameters (physical, chemical, or biological) can be the
availability of nutrients, oxidants, space, and interactions with other
cancer cells or with normal cells, including immune cells. The selection
pressure exerted by the environment can favor the survival and
proliferation of cells with certain characteristics, such as those that
can resist apoptosis or evade the immune system.

Some individuals in a population may be better adapted to their
environment than others due to their particular genetic traits. These
individuals are more likely to survive, reproduce, and pass on their
advantageous traits to their offspring (i.e., inheritance). These indivi-
duals also compete with each other and with normal cells for limited
resources, such as nutrients and space, especially as the number of
cancer cells increases. This competition drives further selection for
cells with more aggressive characteristics, for example, with increased
metabolism, promotion of angiogenesis, more rapid nutrient uptake,
or invasion and metastasis (15). Cells that have acquired genetic
changes conferring a growth or survival advantage are more likely to
proliferate and pass on these traits to their offspring (progeny). Over
time, this leads to the expansion of the population of cells carrying
these advantageous traits.

Therefore, populations become better adapted to their environment
as a result of natural selection. The adaptation can lead to changes in
the frequency of specific traits within the population and, in some
cases, the emergence of new phenotypes of cancer. This line of events is
similar to the emergence of Darwin’s finches but, in cancer, defined by
how they fill distinct ecological niches provided by the tumor (34).
Moreover, as the tumor grows and evolves, different subpopulations of
cancer cells may adapt to different niches within the tumor micro-
environment. This differential adaptation lead to the development of
intratumoral heterogeneity that can further contribute to cancer
progression and therapeutic resistance.

Why a Revised Definition Matters
We propose a revised definition of cancer: Cancer is a disease of

uncontrolled proliferation by transformed cells subject to evolution by
natural selection.

We believe this definition captures the essence of the majority of
previous and current definitions. To the simplest definition of cancer
as a disease of uncontrolled proliferation of cells, our definition adds in
the adjective “transformed” to capture the many processes that cancer
cells adopt to demonstrate its observedHallmarks of Cancer, including
the ability to invade host organs and metastasize. To the concept of
uncontrolled proliferation of transformed cells, our proposed defini-
tion then adds “subject to evolution by natural selection.” The subject
to evolution by natural selection modernizes the definition to include
the genetic and epigenetic changes that accumulate within a popula-
tion of cancer cells that lead to the lethal phenotype. Importantly, it
takes the mystery out of cumulative mutations and explains how the
cancer cell population evolves by predictable evolutionary principles to
a lethal phenotype. All of the necessary processes for evolution by
natural selection—heritable variation, a struggle for existence, and
variation influencing this struggle—are well-documented features in
cancer, even if not described in exactly these terms. Cancer, therefore,
can be viewed as a process of evolution by natural selection, where
the cancer cell is the unit of selection. The genetic changes and
selective pressures within the tumor microenvironment drive the
development of cancer cells with potentially increasingly aggressive
and malignant characteristics that ultimately result in the death of
the host patient. Understanding that cancer cells are actually
following the principles of natural selection codifies how cancer
changes over time and opens opportunities for developing optimal
diagnostic and interventional strategies.
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