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Cancer stem cells in small cell lung cancer
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Abstract: Small cell lung cancer (SCLC) is one of the most aggressive lung tumors, with poor survival
rates. Although patients may initially respond to treatment, this is followed by rapid development of drug
resistance and disease progression. SCLC patients often present with metastasis at time of diagnosis, ruling
out surgery as a treatment option. Currently, treatment options for this disease remain limited and platinum-
based chemotherapy is the treatment of choice. A better understanding of the biology of SCLC could allow
us to identify new therapeutic targets. Cancer stem cell (CSC) theory is currently crucial in cancer research
and could provide a viable explanation for the heterogeneity, drug resistance, recurrence and metastasis
of several types of tumors. Some characteristics of SCLC, such as aggressiveness, suggest that this kind of
tumor could be enriched in CSCs, and drug resistance in SCLC could be attributable to the existence of a
CSC subpopulation in SCLC. Herein we summarize current understanding of CSC in SCLC, including the
evidence for CSC markers and signaling pathways involved in stemness. We also discuss potential ongoing
strategies and areas of active research in SCLC, such as immunotherapy, that focus on inhibition of signaling
pathways and targeting molecules driving stemness. Understanding of signaling pathways and the discovery
of new therapeutic markers specific to CSCs will lead to new advances in therapy and improvements in
prognosis of SCLC patients. Therefore, evaluation of these CSC-specific molecules and pathways may

become a routine part of SCLC diagnosis and therapy.
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Introduction

Lung cancer remains the most common cause of cancer-
related death in the world. Small cell lung cancer (SCLC)
occurs most frequently in smokers, accounting for 10-20%
of all lung cancers and is one of the most malignant and
aggressive lung tumors (1-3), killing around 20,000 people
per year in the USA alone (4,5). SCLC patients usually
present with metastasis to many organs, including the
brain, at the time of diagnosis. The standard treatment is
chemotherapy with cisplatin or carboplatin and etoposide
and radiotherapy. However, despite the fact that patients

© Translational lung cancer research. All rights reserved.

initially have a good response the vast majority relapse,
with a 1-year survival rate of 40%, and 5-year survival
under 5% (6). Treated patients can be divided in two
groups: those who progress after first line chemotherapy
or within 60 days of the same are refractory cases; those
who respond to first line therapy but relapse after 60 days
are considered sensitive. Sensitive patients are more likely
to respond to second-line chemotherapy than refractory
patients (7). A variety of drugs are used in second-line
chemotherapy including etoposide (8), irinotecan (9),
gemcitabine (10), pemetrexed (11), paclitaxel (12),
picoplatin (13), bendamustine (14) and topotecan or
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amrubicin (15). Although advances in molecular profiling
and development of targeted therapies for non-small cell
lung cancer (NSCLC) have progressed in recent years, in
SCLC treatment advances remain non satisfactory (16):
there have been no significant advances in the last 30 years
with the only exception being surgical resection which only
benefits a minority of carefully selected patients, but is not a
standard treatment (17). Therefore, there is a clear need to
find new therapeutic strategies to treat SCLC.

SCLC is a neuroendocrine cancer that secretes
and responds to a wide variety of mitogenic peptide
growth factors (18,19). It is composed of cells capable
of differentiation into neuronal and endocrine lineages
and with high proliferative capacity (20); SCLC has
many genomic aberrations. For example, there are very
frequent inactivating mutations in 7P53 and Rb1 genes,
but activating mutations in EGFR, KRAS, PIK3CA genes,
¢-Myc amplification, ¢-KIT overexpression and mutation/
loss of PTEN are rare (21-24). In a study analyzing 51 SCLC
samples, genetic alterations in PIK3CA pathway (36%)
and PIK3CA mutations (6%) were also described (25). In
another study in 60 SCLCs, PIK3CA was again identified
as one of the prevalent aberrant genes (26). In a third study
of 80 human SCLCs, including 40 SCLC cell lines, it was
found that TP53 and RbI genes were frequently mutated.
"This study also detected SOX2 amplification/overexpression
(27%) and RLF-MYCLI gene fusions (9%) (27). Finally,
in 99 SCLC samples analyzed it was found that in most
samples TP53, and RbI genes had inactivating mutations.
An addition, PTEN was mutated (10%) and there were
inactivating mutations in EP300 and CREBBP, and the MYC
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and FGFRI gene showed amplification (28).

The cancer stem cell (CSC) model was proposed over
30 years ago (29) and is a very important field of study in
cancer research. CSCs constitute a fraction of the total
cancer cell population with frequency varying from 27% to
100% in highly tumorigenic cancers like haematopoietic
and melanoma primary tumors, as well as in some cancer
cell lines (30). However, for most of solid tumors CSCs
account for less than 1% of the total cells (31). CSCs are
characterized by capacity of self-renewal, asymmetric
cell division, slow division kinetics, increased capacity of
invasion, metastasis, tumor formation and proliferation,
resistance to conventional chemotherapy and radiotherapy
and can be identified by a variety of cell markers (32,33).
Some characteristics of SCLC such as its aggressiveness,
ability to differentiate into multiple lineages and develop
of resistance to different treatments suggest that this tumor
could be enriched in CSCs. Drug resistance in SCLC
could be attributable to the existence of a resistant CSC
subpopulation (Figure ).

Evidence of CSC markers in SCLC

The ability to exclude Hoechst dye as defined by side
population (SP) fraction was first described in normal
haematopoietic cells (34), as well as in haematopoietic
malignances and solid tumors (35). Less than 0.1% of total
marrow cells are SP cells and these are enriched in drug-
resistant haematopoietic stem cells (33). Several CSC
characteristics are associated with SP fraction cells, such as
the aforementioned ability to exclude Hoescht dye which
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is associated with high expression of drug transporters like
ABC transporter family, including ABCB1 and ABCG2 that
are able to exclude Hoescht dye from the cell (34). Another
common characteristic is the association of drug transporter
expression with drug resistance. Finally, SP fraction is
enriched in cells capable of self-renewal and differentiation
with reconstitution of the original cell (35) population
similar to stem cells. These SP fractions with CSC features
have been isolated in several different tumors.

As a SCLC model, Salcido et a/. used the established
SCLC cell lines NCI-H82, H146 and H526 and performed
molecular characterization of SP cells with CSC features
among these cells, showing that cell lines in this group
had a low SP fraction (<1% of bulk cell population). This
cell fraction had high proliferative capacity, efficient self-
renewal and reduced cell surface expression of neuronal
differentiation markers, CD56 and CD90, as compared
with non-SP cells. They also formed more and faster
growing tumors than non-SP cells. SP cells over-express
many genes associated with CSCs and drug resistance, such
as ABCG2, FGFI, IGF1, MYC, SOX1, SOX2 and WNTI, as
well as genes involved in angiogenesis and the Notch and
Hedgehog pathways (31). The Hedgehog signaling pathway
is known to be active in SCLC tumors and its blockade
reduces growth of SCLC tumor xenografts in mice (36).
Also, Watkins er al. reported the importance of Hedgehog
signaling in a subset of SCLC (37).

Wang er al. established a panel of lung cancer cell
lines from primary tumors and characterized a small
subpopulation strongly positive for CD44 (CD44"¢"), with
the main population being weakly positive or negative for
CD44. Co-expression of CD90 (CD90") further narrowed
down the putative stem cell population. This CD44 and
CD90 positive subpopulation showed mesenchymal
morphology, increased expression of the mesenchymal
markers vimentin and N-cadherin, increased mRNA
levels of the embryonic stem cell-related genes Nanog and
Oct4, and resistance to irradiation compared with other
subpopulations. The CD44"¢" CD90* subpopulation is
therefore a good candidate for a CSC marker (32).

Zhang et al. studied the SCLC cell line NCI-H446 and
observed a high degree of stemness, tumorigenicity and
plasticity. Stem cell markers detected were CD133, Sall4,
Oct4, Nestin, neural cell adhesion molecule (NCAM),
S100B, vimentin, CD44 and CD105. These cells form
subcutaneous xenograft tumors and orthotopic lung
xenograft tumors in BALB/C-nude mice and expressed stem
cell markers and the cell nuclear antigen and proliferation
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marker Ki67 (38).

It has been commented that SOX2 has a role in
maintaining the pluripotent stem cell phenotype (39). There
are some clinically conflicting results regarding SOX2
expression, possibly either due to tumor-specific behavior
of SOX2 or technical reasons. In one study, SOX2 protein
expression was shown to be an independent marker for worse
outcome in early stage lung adenocarcinoma (ADC) (40).
In another, a relation between SOX2 expression and
advanced disease, as well as worse overall survival (OS) in
SCLC was found. However, it has been shown that SOX2
expression correlates with lower grade and with better
outcome in SCLC (41); SOX2 protein expression has been
related to more aggressive tumors (40,42-44). In addition,
upregulation of SOX2 enhances tumor cell proliferation and
SOX2 overexpression has been shown to be essential for
lung CSC function (45,46).

Sarvi et al. characterized CD133 expression in H345 and
H69 cell lines, in mouse models and human SCLCs. CD133
has been described as a CSC marker in other tumors and
its expression correlated with chemoresistance to etoposide
and increased tumorigenicity accompanied by increased
expression of CD133 in human SCLC lung biopsy samples
following chemotherapy. In addition, CD133 positive cells
express increased neuro peptide receptors for gastrin-
releasing peptide and arginine vasopressin (47). In another
study, Eramo et a/. showed that CD133 is also a useful
marker in SCLC (48).

Roudi et 4l. studied the stem cell marker and cell
adhesion molecule CD44 in different histological subtypes
of lung cancer, analyzing 195 lung tumor samples,
including 37 SCLC samples, by immunochemistry (IHC).
Univariate analysis demonstrated that CD44 expression
was higher in NSCLC compared to SCLC. In NSCLC,
a higher level of CD44 expression was found in squamous
cell carcinomas (SCC) compared to ADC. Higher CD44
expression correlated with higher grade tumors which in
turn correspond to poor prognosis in SCC, and the lower
level of CD44 expression was more often found in well
differentiated ADCs. Also, high CD44 expression was
associated with decreased levels of the proliferative marker
Ki67 (49).

Roudi et 4l. also investigated CD133 and ALDHI1 stem
cell marker expression in lung cancer patients and found
that ALDH1 and CD133 had higher expression in NSCLC
compared to SCLC. High expression of ALDH1 and
CD133 could be considered to be a CSC marker in some
lung cancer subtypes such as SCC and ADC (50). Jiang ez al.

www.tler.org Transl Lung Cancer Res 2016;5(1):16-25



Translational lung cancer research, Vol 5, No 1 February 2016

demonstrated that achaete-scute complex homolog 1
(ASCL1) regulates ALDH1 and CD133 and that CD133"¢"-
ALDH1""-ASCL1"¢" subpopulation had CSC features in
vitro and in vivo (51).

Wang et al. characterize a SP fraction in the H446 SCLC
cell line and found 6.3% of SP cells by flow cytometry.
They also found that SP cells were able to form tumor
spheres better than non-SP cells. mRNA expression of
the CSC markers ABCG2, CD133 and nucleostemin was
analyzed and found to be 21.6, 7.1 and 1.02 higher than in
non SP cells, respectively. SP cells have a greater ability to
form tumors when compared with non SP cells and showed
better proliferative ability and tougher viability when treated
with drugs. Also, SP cells were able to differentiate in non-
SP cells. The H446 cell line contains a CSC subpopulation,
suggesting CD133 as a CSC marker in SCLC (52).

Miao et al. also used the H446 SCLC cell line as a
model. However, they compared miRNA in stem-like cells
and differentiated SCLC cells and studied expression of
1212 miRNAs in sphere-forming cells and parental cells by
microRNA microarrays, in an enriched CSC subpopulation.
They found 86 differentially expressed miRNAs
(48 upregulated and 38 downregulated) and showed that
downregulation of miR-27 enhances stem-like properties
of SCLC cells and could be critical to maintaining stem cell
function in SCLC (53).

Qiu et al. have also worked with the H446 cell line. After
enrichment, the stem cell subpopulation showed an increase
of stem cell markers urokinase plasminogen activator
receptor (uPAR) and CD133 compared with parental
cells. uPAR positive cells efficiently formed transplantable
tumors, and could be differentiated into positive CDS56,
CK positive and uPAR negative cells. Therefore, uPAR
and CD133 could function as CSC markers in SCLC (54).
Gutova et al. reported that SCLC cells positive for uPAR
were resistant to conventional chemotherapy and speculated
that they contain a CSC subpopulation (55).

Kubo er al. also studied CD133 and CD87 like CSC
markers in a panel of six SCLC cell lines, of which the
SBC-7 cell line showed the highest expression levels of
both markers. They isolated the CD133*/CD87", CD1337/
CD87" subpopulations, and found that CD1337/CD87".
CD133"/CD877, CD1337/CD87" cells were more resistant
to etoposide and paclitaxel and had greater repopulating
ability than CD1337/CD87" cells. CD133*/CD87" cells
contained more GO quiescent cells than the CD1337/
CD87" cells but CD1337/CD87" cells showed the highest
tumorigenic potential. The researchers therefore concluded
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that CD133 and CD87 are inadequate CSC markers in
SCLC (56).

Coe et al. described how disruption of the E2F/Rb
pathway was deregulated in 96% of the SCLC samples
investigated and was strongly associated with increased
expression of EZH?2, an oncogene and core member
of the polycomb repressive complex (PRC2). EZH2
is epigenetically functionally active in SCLC, is pro-
tumorigenic and associated with aberrant methylation
profiles of PRC2 target genes, indicative of a stem-like
hypermethylation profile in SCLC (57).

Morise et al. retrospectively studied expression of CSC
makers such as Caveolin, Notch, CD44, CD166, SOX2,
ALDHI and Musashi 1 in patients who underwent surgical
resection of SCLC (n=60) and large cell neuroendocrine
carcinoma (LCNEC) (n=45). They found a difference
between SCLC and LCNEC, with regard to both SOX2
(55% wvs. 27%, P=0.003) and CD166 (27% vs. 47%,
P=0.034). ALDHI expression was similar in SCLC and
LCNEC (67% wvs. 73%, P=0.46) and ALDH positive
patients had significantly worse recurrence-free survival
(RFS) and OS rates compared with ALDH negative patients
(5-year RFS: 39% wvs. 67%, P=0.009; 5-year OS: 50%
vs. 79%, P=0.021). A multivariate analysis revealed that
positive ALDH expression was an independent unfavorable
prognostic factor with regard to both RFS and OS (58).

PODXL-1 and Bmil are markers in hematopoietic stem
cells. Koch ez 4l. studied their expression by IHC in 64
SCLC samples and demonstrated that 56 were positive for
PODXL-1 and Bmil. They hypothesized that both could
be CSC markers for SCLC (59).

Immunotherapy and other anti-CSC therapies in
SCLC

The objective of immunotherapy is to stimulate the
immune system and detect and destroy cancer cells. It can
be used alone or in combination with chemotherapy and
often produces a durable response in small subpopulations
of patients. Successful treatment with immunotherapy for
NSCLC indicates that similar results are also possible in
SCLC and this is an active ongoing area of research. In
contrast to what was previously believed, a body of evidence
now exists to suggest that lung cancer is an immunogenic
disease (60). In extended-SCLC patients show significant
clinical deterioration with rapid progressive disease and for
this reason there is no time to get an appropriate immune
response and then is necessary to get an adequate schedule
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of immunotherapy in relation to chemotherapy (61).

Several first-line therapies have been tested in SCLC,
such as inhibitors of angiogenesis and growth factor
receptors, promoters of apoptosis and p53 cancer vaccines.
However, most trials have failed to show improved PFS and
OS (15). New cancer vaccines, adoptive immunotherapy,
cytokines and checkpoint inhibitors have also now been
tested in clinical trials in SCLC.

A phase 1II study tested N'TX-010, a Seneca Valley virus
with specific tropism for neuroendocrine markers in SCLC.
SCLC patients who did not progress following four cycles
of induction platinum therapy were randomized to NTX-
010 or placebo. However, median PFS was identical in both
arms at 1.7 months (62).

Immune checkpoints are inhibitory pathways used
by tumors to escape to immune system control (63).
Inhibition of the immune checkpoints releases the brakes
on the immune system, resulting in antigen-specific T-cell
responses (64). In lung cancer, targeting CTLA4 (an
immunomodulatory molecule expressed in T cells), PD-1
and its ligand PD-L1 has shown promising and durable
responses (65). PD-L1 is not expressed in SCLC tumor cells
but is in tumor infiltrating macrophages (66). One strategy
is to target CSCs with monoclonal antibodies targeting
antigens differentially overexpressed in tumor cells.
Ipilimumab is a human monoclonal antibody that blocks
binding of CTL-4 to its ligand. A phase III study compares
etoposide versus etoposide plus ipilimumab to enhance T
cell responses and prolong OS (61). A phase II clinical assay
in SCLC patients (n=130) used the CTLA-4 antagonist
ipilimumab combined with carboplatin and paclitaxel and
showed improved immune-related PFS (HR 0.64, P=0.03)
and median OS (12.9 vs. 9.9 months) compared to control
patients (67). In A phase III study (68) is now ongoing as is
one testing the combination of ipilimumab plus nivolumab,
a human monoclonal antibody that binds to PD-1 (69).

PD-L1 expression has been correlated with longer
survival in SCLC patients (70). The anti-PD-L1 antibody
MEDI4736 has been evaluated in a phase I/II study (71)
and a phase I study of MEDI4736 in combination with the
anti-CTLA-4 antibody tremelimumab is also ongoing in
patients with advanced solid tumors (NCT02261220).

Specific gangliosides are highly expressed in SCLC
and are potential targets for immunologic therapies. A
phase I/II study with the monoclonal antibody FucGM1 is
ongoing (72).

GD3 is a glycosphingolipid antigen highly expressed in
SCLC (73) and BEC2 is a monoclonal antibody that mimics
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GD3. In a clinical trial, BEC2 showed promising results (74),
but another trial, where 515 patients were included, showed
no significant statistical difference in median OS (75).

Cellular immunotherapy (CIT) has been showed to be
effective for several tumors. Ding er 4/. demonstrated that
CIT as maintenance therapy prolongs the survival of SCLC
patients (76).

Epigenetic changes could be regulated by mutations
including chromatin modifiers and epigenetic readers.
Methylation regulates key SCLC genes like BCL2
overexpression and RBI silencing (77). In SCLC,
preclinical activity of vorinostat and belinostat histone
deacetylase inhibitors in combination with cisplatin and
etoposide (standard chemotherapy for SCLC) or topotecan
(approved as second-line therapy) is driving new clinical
trials with these drugs (77). LSD1 is a histone modifier
that maintains the pluripotency of embryonic stem cells
through demethylation of histone H3 lysine 4 (H3K4)
and subsequently repression of genes controlling cell
differentiation (78). LSD1 is overexpressed in many tumors
including SCLC (79). Due to the central role of LSD1 in
stem cell maintenance and cancer progression, there has
been a drive to identify LSD1 inhibitors. Mohammad et a/.
used the GSK2879552 LSD1 inhibitor in a panel of 165
cancer cell lines representing multiple cancer cell types
and found that a subset of SCLC cell lines were sensitive.
GSK2879552 was cytostatic, rather than cytotoxic, resulting
in delayed onset of growth inhibition. In addition, in SCLC
xenograft models, tumors did not significantly regress, but
growth was highly delayed when animals were treated with
GSK2879552. This drug causes a change in the expression
of genes involved in neuroendocrine differentiation, a
hallmark of SCLC. Researchers also found LSD1 and
H3K4 methylation enrichment surrounding transcriptional
start sites of genes involved in regulation of cell state. In
summary, these results demonstrated that LSD1 plays a role
in maintaining SCLC stemness, and that inhibition of this
molecule in preclinical models reduced cell proliferation
and CSCs while promoting cell differentiation and reducing
tumor growth. Since only a subgroup of SCLC models
were sensitive to LSD1 inhibition, the investigators tried
to find markers to select these sensitive subgroups. They
failed to identify RNA markers but found 45 methylation
probes with differences between sensitive and resistant
models which serve to separate SCLC tumor models into
two groups. They used this methylation signature to predict
the response of three patient-derived xenografts (PDX) to
treatment with GSK2877552. A phase I study of this drug
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in patients with relapsed/refractory SCLC is now ongoing
(NCT02034123) (77).

As previously commented, Sarvi et 4/. found that CD133
positive cells express increased neuropeptide receptors (47).
In a phase I clinical trial, a novel broad spectrum neuropeptide
antagonist [related substance P analogue (SP-G)]
was tested but shown to have a short half-life and poor
bioavailability (80,81). Sarvi et a/l. synthetized a panel of
modified analogues based on the structure of SP-G and tested
them in vitro and in vivo. One of the analogues, Peptide-1,
showed increased inhibition of cell growth, induced more
apoptosis in the SCLC cell lines H345 and H69 when
compared with SP-G and was is four times more stable than
SP-G. When Peptide-1 was tested in the H345 xenograft
model it produced a significant reduction in tumor volume
for the duration of the study and was as least as efficacious
as the chemotherapy drug etoposide. Tumors treated with
Peptide-1 showed very few CD133 positive cells compared
with tumors treated with etoposide. For this reason Sarvi
et al. proposed Peptide-1 as an anticancer agent with greater
efficacy in resistant and CD133 positive SCLC tumors (47).

V§-5584 is a selective inhibitor of mTORCI1/2 and class
I PI3K kinases. Kolev et al. described how VS-5584 is 30-
fold more potent in inhibiting proliferation and survival
of CSC compared with non-CSC in solid tumor cell
populations. They tested the drug in a NCI-H841 SCLC
xenograft model and found that VS-5584 caused significant
growth inhibition and decrease of SP cells, indicating a
reduced proportion of CSC in NCI-H841 tumors. In
addition, cells dissociated from NCI-H841 tumors in mice
treated with VS-5584 showed a 67-fold reduction in tumor-
initiating frequency when these cells were injected in limited
dilutions into immunodeficient mice, indicating a marked
depletion of CSC. Following these experiments, Kolev ez al.
studied the effects of VS-5584 after treatment with cisplatin
or etoposide (82). Prior experiments showed that neither
cisplatin nor etoposide were effective in depleting CSC
of SCLC cell lines; in fact these two drugs enriched the
CSC population. In a NCI-H69 SCLC xenograft model,
weekly intraperitoneal dosing of 5 mg/kg of cisplatin for 2
weeks induced initial tumor regression but tumors re-grew
quickly after treatment cessation (83). When VS-5584 was
given orally at 15 mg/kg in this xenograft model significant
inhibition of NCI-H69 tumor growth was observed.
When VS-5584 was tested following cessation of cisplatin
treatment, a delay in regrowth of NCI-H69 tumors was
observed. VS-5584 was tested in a PDX model, established
from an SCLC lymph node metastasis. When VS-5584
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was administered following cessation of cisplatin tumor
regrowth was delayed (84).

The Notch signaling pathway has also been shown to
regulate normal stem cells and neoplastic transformation
when deregulated (85). In the phase Ib/II “PINACLE? trial,
an anti-Notch 2/3 was tested in combination with etoposide
and cisplatin in first-line extensive-stage SCLC patients (86).

Conclusions

SCLC remains one the most aggressive tumors, with poor
prognosis. Nowadays, standard chemotherapy (cisplatin/
etoposide in first-line, topotecan in second-line) are the
standard treatments, however, new therapies are urgently
required. In order to validate new drugs in SCLC, it is
first necessary to elucidate the biological mechanisms that
cause cancer promotion and progression. CSC theory is
central to cancer cell biology and cancer therapy and is
well supported in lung cancer since CSCs are associated
with aggressive cancer behavior, metastatic progression,
resistance to therapy and relapse. The ambiguity in the
nature of heterogeneity among CSCs depends on the
SCLC subtype tumor population studied. This lack of
specificity in identifying CSC markers for the diverse CSCs
pool may represent a major problem to translate the CSC
model into clinical strategies. The discovery of specific
CSC markers is crucial, and it is also essential to clarify
the function of these molecules, as well as the signaling
pathways and gene transcriptions that control CSC activity
in order to design adequate drugs that attack CSCs. Several
potential targets have been identified in SCLC, and several
compounds are currently under investigation in vitro, in
vivo and in clinical trials. The ability to exclude Hoechst
dye defined as SP fraction is a criteria to describe CSCs
since this subpopulation possesses some characteristic CSC
features. Several possible CSC markers in SCLC have
been described, such as CD44, CD90, CD133, CD87,
OCT4, SOX2, ALDHI1 and uPAR. With regard to the
different treatments used to attack CSC subpopulations
in SCLC, immunotherapy has now a promising role in
NSCLC and is under investigation in SCLC. Ipilimumab,
a CTLA-4 antagonist, combined with chemotherapy, has
showed improved immune-related PFS and improved
OS. Ipilimumab can also be combined with nivolumab,
a PD-1 antagonist. In conclusion, new CSC-targeting
compounds may be a promising strategy to prevent cancer
recurrence and metastasis, however, more questions remain
unanswered. It is necessary to discover adequate CSC
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markers to identify and stratify patient subgroups and
then to accurately target these CSC subpopulations with
therapies. In addition, it is important to detect new markers
to predict better outcomes with the new therapeutic agents
tested.
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