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Metastasis development causes death in over 90% of cancer patients, and understanding the underlying biological
features has long been hindered by difficulties in studying the widespread cancerous lesions and the absence of reliable
methods of isolating and detecting viable metastatic cells during disease progression. These problems have an adverse
impact on developing new agents capable of blocking cancer spread. Circulating tumor cells (CTCs) have a crucial role in
carcinogenesis, and this review presents advanced understanding of the characteristics of CTCs and CTC cluster metastatic
properties. CTC analysis could well be more valuable for the biomarker profile than tissue biopsies, and herein we highlight
current research findings which have the potential to improve clinical management of lung cancer patients. We also discuss
problems in CTCs and CTC cluster biology, the limitations of detection methods and possible future diagnostic and therapeutic approaches for the study of circulating cells.
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Circulating tumor cells (CTCs) in the blood stream of
cancer patients are regarded as potential metastatic seeds
and their detailed characterization could lead to more
correct prognosis and better diagnosis and therapy of metastases. CTC clusters are a different type of CTCs, with specific
biological properties including higher metastatic potential
[1]. Metastasis is a multi-step process where cancer cells
detach from the primary tumor and penetrate the blood
stream. When CTCs stay in the circulation, they enter distant
organs which CTCs may colonise and then proliferate.
Until recently, many studies have focused on the end of this
process, macroscopic metastases. However, recent advances
in technology have enabled the isolation and molecular
analysis of the circulating cells, thus detecting the dissemination of cancer cells during tumorigenesis [1].
Epithelial-to-mesenchymal transition (EMT) has a crucial
role in the initial steps of dissemination and metastasis development. This is a complex process leading to increased cell
motility through degradation of cell-cell contact junctions,
loss of cell adhesion, changes in apical-basal polarity and

epithelial cell phenotype, thereby promoting cancer metastasis [2]. The reverse process of EMT, mesenchymal-toepithelial transition (MET), is expected to have a fundamental role after CTCs and CTC clusters settle in distant
tissues [3]. The de-differentiation processes mediated by
EMT/MET are now accepted as hallmarks of cancer [4].
Lung cancer is one of the leading causes of cancer-related
mortality worldwide, with more than 1.8 million estimated
new cases each year. Despite progression in biomedical
research and improvements in both therapeutic options
and the diagnostic tools, lung cancer has a five-year overall
survival rate of 18% for all stages [5]. One of the main
reasons for this poor outcome is late diagnosis, because a
lot of the patients are diagnosed at advanced stages when
curative surgery is no longer possible [6]. Therefore, better
understanding of the molecular mechanisms underlying
lung cancer can open new therapeutic possibilities in specific
diagnosis and disease treatment.
In our review, we present the current understanding
of metastatic potential of single CTCs together with CTC
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clusters and their mode of dissemination, and finally assess
the importance of CTCs as liquid biomarkers for lung cancer
management.
Biology of CTCs and CTC clusters
CTCs (Figure 1) are heterogeneous cancer cell populations
that circulate as single cells or as cell clusters in blood and/
or lymphatic vessels. CTCs contain a subpopulation of cells

with the metastatic potential and the ability to re-grow to the
tumor (termed “tumor self-seeding” or “cross-seeding”) [7].
While Thomas Ashworth observed circulating cells for the
first time in the blood of a man with metastatic cancer more
than 150 years ago, but CTC research was not possible for
more than a century because of the lack of appropriate analytic
methods. CTC characterization has recently improved with
advances in increased sensitivity for isolation and improved
detection methods. CTCs do not migrate alone in the circu-

Figure 1. The overview of EMT/MET process in tumor metastasis development. Genetic factors and cancer cell’s microenvironment may initiate the
malignant transformation through EMT process. Detached tumor cells can enter into the blood or lymphatic vessels (intravasation). When the circulating tumor cells (CTCs) and/or CTC clusters are in the circulation, only a small number of them may survive. The persisting circulating cells can
extravasate into the parenchyma at distant side. In this new stromal environment, cancer cells can form micro-metastasis with the ability to proliferate
into fully malignant, secondary tumors.
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lation, but with other non-tumor entities, and CTCs are
promptly coated by platelets in the circulation. Tumor cellinduced platelet aggregates result in tumor micro-emboli
with greater entrapment in small vessels, allowing more time
for extravasation to occur. Platelets also promote adhesion to
the luminal side of the endothelia through surface molecules,
such as selectins [8]. Despite all of this support, CTCs can
persist in circulation only for 1–2.4 hours, and most die due
to stress or anoikis [9].
CTC clusters (Figure 1) comprise a group of more than
two or three cancer cells (up to 100), with strong cell-cell
interactions and these are detected in the cancer patient’s
blood [1]. CTC clusters contain a number of cancer cells
with or without non-cancer cells, such as immune, epithelial,
and/ or mesenchymal cells, platelets, pericytes and cancerassociated fibroblasts [10]. These non-tumor components
help tumor cells survive and metastasize in various ways. For
example, the tumor-derived stromal cells, such as fibroblasts,
endothelial or tumor-infiltrated myeloid cells can increase
the viability of cancer cells in CTC clusters, and promote
metastases. It was shown that depletion of the cancer-associated fibroblasts in CTC clusters significantly decreases the
number of metastases [11].
Based on metastasis integrity, another type of tumor
cells is important in this process. Dormant tumor cells may
“sleep” for long time before regrowth and these can remain in
the distant tissue as a micro-metastasis. Dormant tumor cells
were also found in the bone marrow where they mobilize to
secondary sites before activation of cell proliferation [12].
Due to the lack of specific molecular markers for detection
of dormant cells at distant sites in mouse tumor models
and cancer patients, our current understanding of tumor
dormancy is largely based on metastases isolated from bone
marrow [13]. However, further studies are needed to better
understand the involvement of EMT process in the tumor
cell dormancy.
Analysis of CTCs and CTC clusters permits study of
human cancer cells that have obtained invasive and migratory activities. The presence of circulating cells in breast,
colorectal, lung, pancreatic, and prostate cancer patients has
been proven to be a bad prognostic factor which supports
tumor cell invasion and dissemination during metastatic
progression and leads to poor clinical outcome [14–16].
The EMT plasticity in metastases was studied in various
CTCs models, such as in vitro cell lines and in vivo animals
and human patients. Co-expression of both, epithelial and
mesenchymal genes in circulating clusters was proven in
several types of cancer. However, the corresponding primary
tumors very rarely co-express both types of genes [4, 17].
Metastatic activity of CTCs and CTC clusters
Before tumor cells start to metastasize, they must overcome
anoikis, a form of programmed cell death which is initiated
when anchorage-dependent cells start to detach from their
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surrounding extracellular matrix (ECM) [18]. Many cell
culture and animal tumor model studies have shown the
importance of EMT in metastasis initiation. However, the
EMT process is difficult to identify in some human cancer
types, since cancer cells undergoing transition share similar
molecular and morphological features with surrounding
stromal fibroblasts [13, Strnádel unpublished data].
How can tumor cells migrate from their primary tissue?
One of the most common theories is that cancer cells in solid
tumors must undergo the EMT process in order to invade.
This phenotypic transition is followed by several molecular
changes during which epithelial cells become more invasive,
motile and able to seed at distant sites [19]. It was shown
that cells undergoing EMT have down-regulated E-cadherin
expression which is one of the features for detachment from
neighboring epithelial cells. Due to the complexity of the
EMT process, special transcription factors and signaling
pathways are activated in epithelial cells to orchestrate all the
morphological and molecular changes [20]. Moreover, the
activity of matrix metallo-proteinases (MMPs) is increased
which helps the degradation of the local ECM and entry
into micro-vasculature (Figure 1) [19]. If the EMT process
is necessary for dissemination, then MET may be needed
for CTCs seeding and their growth in distant tissues. After
extravasation, autocrine signalling in a cluster may facilitate more rapid adaptation to a new environment in distant
organs. CTC clusters can contain normal cells from the
primary site, as in stromal cells; and this has major implications for the “seed and soil” hypothesis. It means that CTC
clusters bring their own ‘soil’ which increases the ability of
seeding at distant sites [21].
Inhibition of the EMT process should increase the
efficiency of traditional therapy in the experimental setting
of lung, hepatic and pancreatic cancer cells [22]. Interestingly, the EMT process in CTCs is unstable and can undergo
dramatic changes during therapeutic response. Moreover,
CTC clusters have been shown to express more mesenchymal markers in patients after anti-cancer therapy and the
dynamic changes during cancer progression [23]. It appears
that CTC cluster phenotype is a combination of epithelial
and mesenchymal features which reveal cluster plasticity.
The combination of mesenchymal motility with survival and
dissemination advantages brought by preserving cell-cell
junctions enables CTC clusters to gain increased metastatic
potential compared to single tumor cells [1].
It was recently shown that CTC clusters have 23–50 times
higher metastatic potential than single CTCs and are responsible for almost 97% of metastases in mouse breast cancer
models. Moreover, it was proven that CTC clusters begin as
cohesive groups of cells actively separated from the primary
tumor and able to collectively migrate into the circulation,
instead of passive shedding clumps which originate from
aggregating cancer cells in the blood stream [10, 24].
Interestingly, it was also discovered that CTC clusters with
less than twenty cells could re-organize into single chain-like
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geometries and reduced their hydrodynamic resistance which
allows cluster-pass via small vessels [25]. The shape of CTC
clusters is highly plastic and cells can be easily re-organize
back to a sphere-like shape after passing through capillaries.
These observations improve our knowledge of CTC cluster
flexibility during metastasis development [25].
Although highly aggressive tumors spread thousands of
tumor cells into the blood stream each day, the circulating
tumor cells (CTCs) are a fairly rare population in the blood
[21]; one circulating tumor cell per 105–107 mononuclear
cells was detected in peripheral blood. CTC clusters are even
rarer, with only about 3% of circulating cells [10]. To detect
the circulating cells in blood, their fraction could be enriched
prior to isolation. Recently, numerous studies have focused
on developing suitable methods to identify and enrich CTCs
in the circulation [1].
CTCs and CTC clusters in lung cancer
Non-small cell lung cancer (NSCLC) accounts for about
75–80% of all lung cancers [5]. Despite improved diagnostic
techniques, the great majority of NSCLC patients (70%)
present advanced stage tumors at diagnosis, and there is
a 5-year survival rate of less than 5% [26]. Small cell lung
cancer (SCLC) is an aggressive and rapidly growing type of
cancer and is a major cause of cancer mortality; with little
progress in therapy in the last decades [27]. Development
and progression of SCLC is associated with heavy tobacco
exposure and there is indirect evidence of the induction of
epithelial-to-mesenchymal transition phenotype (EMT) in
normal lung and transformed cells. Various groups of active
compounds were found in cigarette smoke, such as polycyclic aromatic hydrocarbons, nicotine-derived nitrosamine
ketone, and reactive oxygen species which can induce the
EMT process through different signaling pathways linked
to biological responses to cigarette smoke These include
hypoxia, inflammation and oxidative damage [28]. EMT
was increased in human bronchial epithelial cells of patient
with chronic obstructive pulmonary disease (COPD) [29].
The coexistence of COPD and lung cancer is commonly
detected in smokers, and the risk of developing lung cancer
in smoking patients is significantly increased in the presence
of COPD [30].
Recently, some studies also showed that the analysis of
lung CTCs can be used to monitor evolving tumor phenotype in some patients.
These circulating tumor cells (CTCs) have been studied
in NSCLC and results reveal that they occur individually
or in clusters, and most are negative for the Ki67 proliferation marker [31, 32]. Lindsay, et al. (2017) evaluated CTC
prognostic value based on their number, phenotype and
molecular profiling in patients with advanced NSCLC [33]
and found that more than five CTCs per 10ml of blood
was an independent factor associated with lower overall
survival.

The CTCs in SCLC were also detected singly or in
clusters which avoid anoikis and these have increased
resistance to cytotoxic drugs. Their number directly correlates with decreased overall survival. More specifically,
patients with more than fifty CTCs per 7.5 mL blood have
an overall survival of 5.4 months compared to 11.5 months
in patients with a lower blood concentration [34]. However,
some studies also revealed that CTCs were not detectable in
15–70% of lung cancer patients [7, 35]. Further, the detection
of CTCs in SCLS patients before and after treatment initiation and also at clinical relapse was associated with worse
overall survival [36–38]. Besides, Hou, et al. (2012) then
proved that the presence of CTC clusters was associated with
worse clinical outcome in these patients [39].
In contrast to the continuously increasing five-year
survival rates from breast, colon and rectal cancers, the
therapeutic options for SCLC have remained unchanged
for decades [40]. Eligibility for appropriate therapy relies
on tumor biopsy results, but this invasive procedure itself is
associated with relatively high risk of morbidity, and inoperable patients may be omitted from potentially more efficient
therapies. For most advanced cancer patients, testing is often
limited by insufficient tissue and therefore non-invasive and
alternative diagnostic evaluations are required [41]. Identification of novel prognostic and predictive factors remains
a top priority, and the application of non-invasive liquid
biopsy is a promising tool for identifying biomarkers such
as plasma circulating cell-free DNA, microRNA and CTCs.
Here, circulating cell-free microRNA and encapsulated
exosome microRNA are emerging biomarkers, but they are
still far from becoming clinically useful [42, 43]. Great effort
is now focused on isolating and quantifying the plasma circulating cell-free DNA and CTCs in order to improve cancer
diagnosis and prognosis and to monitor treatment efficacy [44].
The presence of cancer progenitor cells (less differentiated
type of cancer cells) in tumor and in CTC clusters as well
as the presence of progenitor CTCs in circulation might be
other possible reason for relapse [45, 46]. Some of clinical
studies showed that combination of traditional chemotherapy with epigenetic drugs could be a powerful treatment
model to reduce relapse in different types of cancer [47].
However, more clinical and research studies are needed to
better understand the mechanisms of epigenetic therapies.
It is known that hypermethylation of several genes is likely
linked with tumor development [48]. It has been revealed
that the combination of DNA methyltransferase inhibitors
and histone deacetylase inhibitors can be a promising direction in the treatment of myelodysplastic syndrome [47].
There are almost 400 studies registered on “ClinicalTrials.
gov” focused on CTCs in lung cancer, but despite the effort,
these circulating cells are still not used in routine clinical
practice. This can be explained by low sensitivity of methods
for CTCs detection, and also by the difficulty of selecting
the reliable lung CTC marker(s). Even though the research
is focused on the metastasis development trying to improve
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lung cancer treatment, the analytical specificity and clinical
outcome of diagnostic methods must be analyzed in prospective studies in order to obtain the data required for their
introduction and use in the daily management of lung cancer
patients [49, 50]. Liquid biopsy could have a great potential
for the treatment not only of lung cancer patients. Regardless
the numerous techniques and experimental approaches that
have been established in this field, the common objective of
all of them is to develop a specific, sensitive, and prognostic
system to minimize the use of invasive samples which can be
translated into the clinical practice [6].
Future perspectives
In the last twenty years, intense effort has focused on
research of the epithelial-to-mesenchymal transition process
(EMT) and its involvement in metastasis development via
CTCs and CTC clusters. Some of the studies performed on
cancer cell lines, animal tumor models and human tumor
samples strongly support the hypothesis that the EMT/MET
process is important in effective metastatic development. In
contrast, some studies failed to detect certain EMT factors
in disseminating tumor cells during the EMT process and
certain carcinoma cells can disseminate and metastasize
without undergoing this EMT process [51]. Although CTC
and CTC cluster detection failed in cancer patients, the
presence of EMT process during dissemination cannot be
excluded, especially due to the lack or limitation of current
detection methods. Future research should concentrate on
increasing the sensitivity of isolation processes, specificity in
the diagnosis of circulating cells with malignant features and
the suitability for downstream molecular analysis.
There are still some open questions on CTC and CTC
cluster biology; Examples include (1) understanding the
molecular mechanisms in CTC clusters formation and new
information in the biology of primary cancer cells from
which the CTCs were released, (2) investigation of biological pathways of CTC cluster penetration and migration into
blood stream, and also metastasis development at distant
tissues, (3) improvement in the standardized method for
CTCs or CTC clusters isolation which sustain their morphological and molecular characteristics, and (4) the generation of a panel of surface markers which could identify the
heterogeneous populations of CTCs to improve the detection
of cancer cells in circulation.
To find the solution of these problems would open new
fields in CTCs and CTC clusters study and possible future
diagnostic and therapeutic approaches [1]. CTCs could
present a non-invasive and accessible surrogate source
that allows access to biomarker assessment in vulnerable
cancer patients for whom tissue biopsies are inaccessible or
extremely difficult to perform and to repeat. Moreover, the
request for new biomarkers, such as transcriptomic EMT
signature from CTCs or CTC clusters compared to primary
tumor cells can help us understand the treatment response
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and might improve prognostication and new therapy. In
addition, study of the mechanisms responsible for induction of cell dormancy may open new possibilities of inhibiting regulators during dormancy status, and analysis of the
dormant niche using metabolomics and mass spectrometry
can identify metabolites and proteins involved in the induction and activation of cancer cell dormancy [52].
CTCs analysis has not been approved in routine clinical
practice; perhaps due to the absence of clinical utility.
Large-scale ongoing studies, especially in breast cancer, may
demonstrate if detection of CTCs and CTC clusters could
change clinical practice and lead to future development of
new anti-cancer strategy.
Liquid biopsy could also increase the sensitivity in
detecting circulating cells and improve monitoring of treatment response, cancer screening and CTC application [53].
Moreover, development of CTC-derived xenografts would
be another possibility for CTCs research that leads to drug
screening [41]. Concentration on lung metastases, CTCs
and plasma cell tumor DNA originating from the primary
tumor and different metastatic sites could also provide more
information on the source of various biomarkers than tissue
biopsies taken at a given time [54], and these could have roles
as predictive markers of chemotherapy efficacy.
This hypothesis may support the assumption that plasma
cell tumor DNA and CTCs can be used as independent
prognostic markers because of their different mechanisms of
release from the primary tumor into the circulation. Plasma
cell tumor DNA is mainly released by a passive mechanism
during cancer cell death, whereas CTCs and CTC clusters
can be spread through active processes, including metastases development. Finally, this could lead to improvement
in cancer patient quality of life, with the important accent on
development of personalized medicine.
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