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Cancer stem cells (CSCs) have been implicated as the
seeds of treatment resistance and metastasis, which are
the most deadly features of a neoplasm. However, an
unequivocal definition of the CSC phenotype is still
missing. A common feature of normal and aberrant stem
cells is their ability to enter a prolonged dormant state.
Cancer dormancy is a key mechanism for treatment
resistance and metastasis. Here we propose a unified
definition of dormancy-competent CSCs (DCCs) as the
neoplastic subpopulation that can plastically alternate
periods of dormancy and rapid growth. Irreversible DNA
mutations can hardly account for this versatile behavior,
and based on emerging evidence we propose that cancer
dormancy is a nongenetic disease driven by the flexible
nature of the epigenetic/noncoding interactome.

A unified model of cancer
The quest for a unified theory that explains diverse phe-
nomena is a universal endeavor of experimental sciences. In
a seminal paper, Weinberg and Hanahan summarized the
cardinal attributes of neoplastic cells, which are now known
as the ‘hallmarks of cancer’ [1]. Eleven years later, an update
to the original manuscript identified four additional hall-
marks [2]. As research progresses, new attributes are likely
to emerge, thereby challenging the initial effort to propose a
unified model. To counteract this tendency, we propose to
revisit the ‘hallmark paradigm’ by hypothesizing that some
neoplastic attributes are more fundamental than others.
Since lethality is the defining characteristic of malignant
tumors, we speculate that the most deadly attributes of
neoplastic cells must be the most fundamental ones. The
ability to survive in a challenging environment, thereby
resisting therapy-induced cell death, is essential for tumor
progression [3]. Similarly, the invasion of local and/or dis-
tant tissues is necessary and sufficient to define a malignant
neoplasm [4]. More importantly, metastatic potential and/or
therapy resistance (‘evading apoptosis’) account for the
totality of cancer-related deaths [5–7]. We therefore propose
that those attributes are the essential features of cancer

cells (Figure 1). For this reason, the terms ‘more advanced’
and ‘more progressive’ neoplasms here refer to higher stage
and/or therapy-resistant disease.

Two paradigms of tumor initiation and progression are
currently being debated: the ‘clonal evolution’ and CSC
models (see Glossary). The two theories are not mutually
exclusive since, in different neoplasms and at different
stages of the same disease, one mechanism can be more
explanatory than the other [7]. Briefly, the clonal evolution
model posits that all cancer cells have the capacity to turn
into a tumorigenic cell. According to this theory, cancer is
an evolutionary process arising from the stochastic accu-
mulation and selection of genetic alterations. The alterna-
tive, CSC model postulates that tumors are organized in a
hierarchy with CSCs at the apex. CSCs possess unique
features such as long-term self-renewal ability, multipo-
tency, and resistance to apoptosis. For this reason, CSCs
have been proposed as the seeds of metastatic spread and
treatment resistance [8,9]. It is conceivable that CSCs are
responsible for the two fundamental characteristics of
neoplasms (cell death resistance and invasion/metastasis).
Thus, the CSC paradigm has the potential to generate a
unified theory of cancer initiation and progression. How-
ever, this theory is still facing major challenges, including
an unambiguous definition and characterization of CSCs
as well as the identification of reliable CSC markers.

The broad definition of CSCs includes both the cells that
initiate a neoplasm [tumor-initiating cells (TICs)] and the
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Glossary

Cancer-repopulating cells (CRCs): CSCs responsible for post-therapy relapse

and metastatic colonization.

Cancer stem cells (CSCs): cancer cells with stem-like characteristics. CSCs are

capable of long-term self-renewal and are multipotent (i.e., they can generate

different cell types). This term includes both CRCs and TICs.

Disseminated tumor cells (DTCs): neoplastic cells that are located in distant

organs (i.e., not in the primary tumor site). DTCs are generally dormant and

undetectable by conventional diagnostic systems.

Dormancy-competent CSCs (DCCs): CSCs that are able to alternate periods of

slow growth and rapid proliferation.

Dormancy-incompetent CSCs (DICs): CSCs that are heavily mutated and have

therefore lost their ability to initiate a dormant phase.

Residual tumor cells (RTCs): cells that survive exposure to localized or

systemic treatment.

Tumor-initiating cells (TICs): CSCs responsible for starting primary tumors.

TICs are cells that acquired sufficient genetic/epigenetic alterations to

irreversibly initiate a neoplasm.
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cells that are responsible for post-therapy relapse and
metastasis [cancer-repopulating cells (CRCs)] [10]. TICs
and CRCs share the two cardinal attributes of CSCs:
unlimited self-renewal and multipotency. However, exper-
imental evidence indicates that the phenotypes of CRCs
[11] and TICs [12] can be substantially different. There-
fore, it is unclear whether CRCs originate from TICs or
whether they emerge ex novo as therapy-resistant CSCs.
Another issue related to this paradigm is the appropriate
designation of CSC markers. Early studies were able to
isolate the CSC fraction based on the expression of surface
markers (e.g., CD133, CD44), by measuring aldehyde de-
hydrogenase (ALDH) activity, or through cell cycle profil-
ing [10]. Unfortunately, those findings proved to be

particularly hard to generalize; for example, both
CD133+ and CD133� colorectal cancer cell fractions con-
tain CSCs [13]. Similarly, the translation of CSC markers
into the clinical setting led to questionable results [14].

Based on these drawbacks, some have proposed to
reformulate the hierarchical model and to adopt a func-
tional definition of CSCs [3,10]. Emerging evidence sug-
gests that the neoplastic hierarchy is at least in part
reversible, since CSCs can differentiate into non-tumori-
genic cells and vice versa [15,16]. Similarly, the emergence
of drug-resistant and metastatic populations has been
attributed to plastic and reversible alterations of the
CSC attributes [17]. The most fundamental property of
CSCs may therefore be their ability to dynamically modify
their phenotype.

Dormancy as the fundament of CSCs
CSC heterogeneity and biomarker inconsistencies seem to
diverge from a unified model of cancer initiation and
progression [14]. Nonetheless, we believe that the deadly
properties of CSCs might be defined by a key attribute
rather than by protein expression or enzymatic activity.
We hereby postulate that this fundamental attribute
resides in the ability to activate and deactivate a dormant
state.

In the clinical setting, cancer dormancy has been de-
fined as the period of time during which single tumor cells,
or populations of tumor cells, remain undetectable for a
variable number of years until the emergence of a clinically
evident disease [18]. It has been noted that, while certain
neoplasms exhibit long periods of clinical dormancy [e.g.,
prostate cancer, estrogen receptor (ER)-positive breast
cancer], others are characterized by considerably shorter
relapse times (e.g., triple-negative breast cancer) [19]. The
molecular mechanisms underpinning these alternative
growth patterns have not been completely elucidated.

Neoplastic dormancy can be achieved by distinct dy-
namics: either each cancer cell arrests its cell cycle (cellular
dormancy) or the whole neoplasm exhibits balanced
growth/apoptosis rates (tumor dormancy). There are sev-
eral proposed mechanisms for cancer dormancy, including
altered cellular signaling (extrinsic and/or intrinsic), cell
cycle arrest, modulation of angiogenesis, and immune
evasion [18]. The confluence of these leads to a highly
plastic state that is characterized by an ability to arrest
neoplastic proliferation for prolonged periods of time,
thereby resisting environmental stress and subsequently
triggering neoplastic relapse.

There are at least three circumstances in which cancer
cells utilize the dormancy phase to survive and adapt: (i)
primary cancer dormancy; (ii) metastatic dormancy; and
(iii) therapy-induced dormancy. In primary tumors, cancer
cells alternate phases of proliferation and quiescence to
gain the genetic and epigenetic alterations that are neces-
sary for neoplastic conversion and survival [20]. Metastatic
dormancy specifies disseminated tumor cells (DTCs) that
undergo a dormant phase while adapting to a new micro-
environment (e.g., the bloodstream, a target organ)
[18]. Therapy-induced dormancy describes cancer cells
that respond to repeated cycles of therapy by entering a
dormant phase and, in some cases, by relapsing as a more
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Figure 1. A unified paradigm of cancer initiation and progression. As many as ten

hallmarks of cancer have been identified so far but not all are equally important.

Metastasis and resistance to therapy-induced cell death are the main causes of

mortality in oncology. Cancer stem cells are considered the seeds of both

metastasis and treatment resistance. However, the definition of cancer stem cells

is not unequivocal, since it comprises both tumor-initiating and cancer-

repopulating cells. We propose that the ability to activate and deactivate a

dormant state is shared among tumor-initiating and cancer-repopulating cells, all

of which can therefore be classified as dormancy-competent cancer stem cells.

Adapted from [2].
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