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Editorial

Cancer Dormancy: A New Hope

Surajit Sinha*

Center for Cancer Research, National Cancer Institute, USA

Metastasis is the major cause of cancer-related deaths. Many 
patients develop metastatic relapse in secondary organs years after 
resection of the primary tumor, and usually succumb to the disease. 
The most likely explanation for this clinical outcome is that the 
early dissemination of tumor cells in the systemic circulation and 
seeding of secondary organs had occurred prior to the primary tu-
mor resection and that disseminated tumor cells (DTCs) remained 
growth arrested in target organs for extended periods before the 
relapse. This asymptomatic phase of growth arrest before reac-
tivation and manifestation of metastatic disease is called ‘tumor 
dormancy’.

Although most driver genetic alterations, like the RAS muta-
tion (in pancreatic cancer), ERBB2 amplification (in breast can-
cer) and androgen receptor amplification (in prostate cancer), can 
initiate primary tumor growth and dissemination, they are insuf-
ficient to drive metastatic outgrowth by themselves. Thus, during 
the dormancy phase, DTCs evolve, undergo additional molecular 
changes at both the genetic and epigenetic levels, engage or hijack 
growth-permissive signaling mechanisms of the host organ, gain 
competence and become metastasis-initiating cells (MICs), there-
bypropelling metastatic outgrowth.1–3 Since metastatic tumors 
are highly recalcitrant to chemotherapeutic drugs and are usually 
untreatable (eventually compromising the function of the organ), 
adjuvant treatments targeting DTCs or MICs during the dormancy 
phase can provide better therapeutic response and patient survival.

The DTC- or MIC-targeted approach provides the best window 
of opportunity for elimination of residual disease. However, un-
derstanding the biology of residual disease has been a challenge, 
mainly because of the lack of mouse models that can recapitulate 
the complex metastatic cascade of the human disease process. 
Previous studies have shown that targeted therapies or adjuvant 
treatments are largely ineffective in eliminating residual DTCs 
from the system because the biology and molecular signatures of 
disseminated disease is different from that of primary tumor, hint-
ing at an indispensable need for development of mouse models of 
dormancy and metastasis.

A recent flurry of investigations using genetic screening in mice 
and dormant cell lines isolated from patients have provided some 
insights into the signaling mechanisms that govern metastatic dor-
mancy and reactivation.4,5 This has raised and fostered hope that 
dissecting the biology and mechanisms that regulate dormancy and 
reactivation of tumor cells will lead to development of biomarkers 

that can aid in determining the extent of metastatic spread and in 
rationalizing patient treatment; in addition, it may also ultimately 
lead to improvement of existing treatments and to design of novel 
therapeutic modalities for eradication and complete remission of 
the cancer.6

MICs arise from DTCs that detach from the primary tumor and 
enter the systemic circulation. Upon extravasation into a target or-
gan, such as liver or lung, the majority of DTCs undergo rapid 
apoptosis and clearance because of mechanical/metabolic stresses 
and immune surveillance by the host. Few DTCs survive this attri-
tion process and undergo extended growth arrest, and even fewer 
cells survive, gain competence and initiate metastatic outgrowth. 
As such, the entire metastatic cascade is a Darwinian selection pro-
cess, wherein the majority of DTCs in the circulation and during 
extravasation are eliminated as they are not deemed fit. Only a 
very few survive the entire attrition process to develop into life-
threatening lesions.

Emerging studies show that these few life-threatening lesions 
develop from cancer cells that have undergone reprogramming to 
become stem-like and exhibit high self-renewal properties that are 
just like normal somatic stem cells.7–9 Why DTCs become dormant 
and how they gain metastatic competence to re-initiate outgrowth 
at a distant organ is not known. The question arises then, can ef-
fective therapies be designed to eliminate disseminated residual 
cells? Such questions are only just beginning to be understood at 
the molecular level.

One hypothesis is that the absence of or reduced mitogenic 
signaling in the secondary organ can trigger tumor cells to undergo 
a G0/G1 arrest. In such scenarios, tumor cells are unable to engage 
growth factor signaling through integrin receptors and enter the 
state of dormancy or quiescence. Most organs in the human body 
have a growth-restrictive or rather dormancy-permissive microen-
vironment to any foreign tumor cell that has infiltrated the tissue. 
For example, in the bone marrow, growth arrest-specific protein 
6 (GAS6) and specific bone morphogenetic protein (BMP7) can 
growth-arrest tumor cells and induce dormancy in leukemia and 
prostate cancers.10–12 In the lungs, the abundance of BMP4, and 
similarly the anti-proliferative effect of transforming growth fac-
tor-beta 2 (TGF-β2), in the bone marrow can restrict the growth of 
DTCs and induce quiescence.13,14

The second hypothesis involves the inability of tumor cells to 
mount an angiogenic switch. Without a constant supply of nutri-
ents and in the absence of newly formed blood vessels, a balance is 
maintained between proliferation and apoptosis, leading to a state 
of dormancy.15 It has recently been theorized that dormancy is an 
active molecular program adopted by DTCs, just like quiescence 
of normal stem cells. This theory was supported by a study that 
demonstrated a significant overlap in the molecular programs that 
induce quiescence in hair and muscle stem cells with those of dor-
mant head and neck carcinoma cells.16

Recent investigations into the mechanisms of dormancy and 
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metastatic reactivation have demonstrated that dormant tumor cells 
activate intrinsic molecular programs that induce stem cell traits or 
self-renewal capacity to colonize a target organ. Moreover, genetic 
screening in mouse models and mechanistic work have identified 
tumor intrinsic factors and receptors that can cross-talk with the 
tumor microenvironment to initiate metastatic outgrowth.4,17,18

A main question that persists is how understanding dormancy 
will improve patient treatment. First, the dissection of molecular 
mechanisms that dictate dormancy will greatly accelerate devel-
opment of novel biomarkers that can distinguish early and late 
DTCs and generate dormancy gene signatures that can predict 
disease recurrence. Such markers can be used for monitoring 
metastatic progression. Adjuvant treatment of patients can then 
be stratified based on the risk of disease recurrence. Second, most 
conventional chemotherapeutic drugs are administered to induce 
cancer cell death but they also generate drug-resistant cells, which 
become untreatable. In contrast, however, adjuvant treatments of 
patients with a cocktail of mitogenic signaling inhibitors can re-
program a metastatic initiating cell to enter perpetual dormancy. 
Third, dormant DTCs, which are supposedly cancer stem cells, 
although growth arrested in nature, have functional metabolically 
active survival pathways, such as autophagy, which can be tar-
geted.

Understanding the metabolic and survival pathways at single-
cell level will allow rational intervention to induce metabolic dor-
mancy. It is, therefore,imperative to establish the genomic and pro-
teomic profiles of dormant versus MICs to strategically intervene 
these processes. Thus, characterization of dormant and DTCs may 
not only be the best and quickest method of determining the timing 
of disease recurrence or extent of dormancy but may also help in 
rationalizing adjuvant treatment to delay the onset of recurrence or 
to drive DTCs into perpetual dormancy (Fig. 1).

Our knowledge on cancer dormancy is expanding fast, and ap-
plication of this knowledge in the clinic is slowly budding. RNA 
sequencing technology at single-cell level has given a boom to 
this field and has helped in characterization of DTCs from bone 
marrow and circulating tumor cells from liquid biopsies. As most 
solid cancers are organotropic, it is the task of future scientists to 
develop organ-specific biomarkers for DTCs. It is also imperative 
to develop proteomic profiles of DTCs as proteins are the drivers 
of phenotype. Together, this knowledge will help in proper staging 
and stratification of cancer patients for adjuvant therapy. Although 
the field of cancer dormancy is currently in its infancy and many 

technological challenges remain, it holds great potential and prom-
ise for future cancer treatments and patient management, and if 
successful can establish a paradigm for next-generation treatment 
modalities.
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