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Abstract

Precision medicine through liquid biopsy rep-
resents an emerging approach in the manage-
ment of cancer. The CTC count in blood
samples from patients with advanced breast
cancer is a powerful prognostic factor for both
progression free and overall survival.
Moreover, high levels of CTCs at any time
during the treatment can reliably predict pro-
gression before imaging studies and/or tumor
markers. Furthermore, there are works on the
molecular characterization of the CTCs and
their potential ability to guide the treatment in
a dynamic way. However, their role remains
controversial. Detection and enumeration of
CTCs is variable among different tumors and
is subjected to biases related mainly to their
methodology, which is not completely stan-
dardized. In addition, they must demonstrate
their clinical value to guide the treatment and
a translation on patient’s survival.
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10.1 Introduction

Advanced or metastatic breast cancer (MBC) is
still an incurable disease, although the introduc-
tion of modern systemic therapies has improved
prognosis. The current median overall survival
time is approximately 2 years, varying from a few
months to several years, depending on the molec-
ular subtype and treatments received. As more
knowledge is gathered regarding the specific
molecular alterations of MBC, it becomes essen-
tial to define both prognostic (provide information
on the evolution of the disease) and predictive fac-
tors (report on efficacy to a specific treatment).
Likewise, techniques with the capacity to guide
the treatment are needed, thus contributing to a
better selection of specific therapies.

Detecting and isolating circulating tumor cells
(CTCs) in the blood of patients with MBC is pos-
sible due to the development of very sensitive
techniques. Although several commercially avail-
able methods exist for this detection, CellSearch®
(Menarini Silicon Biosystems, Inc) is the only
one approved in the United States for clinical use.
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Currently there are two main research lines
related to CTCs in MBC. Firstly it was demon-
strated that the CTC count before and during sys-
temic treatment is a prognostic factor. This
reflects the progression or response of disease to
the treatment, so CTCs monitoring could help to
identify earlier patients who do not benefit from
therapy; however, an early change in treatment
based on CTC count has not shown any survival
benefit so far. Secondly, on-going clinical trials
are looking into patient benefit from receiving
targeted therapies based on the molecular profile
of isolated CTCs. In this chapter we will revise
these questions.

10.2 Prognostic Value of CTCs
10.2.1 Pivotal Study

The first study that confirmed the clinical appli-
cability of CTCs in patients with MBC were
published in 2004 [1]. Number of CTCs with a
cut-off of 5 per 7.5 ml of blood (CellSearch®)
was prognostic factor for progression-free sur-
vival (PFS) and overall survival (OS), regardless
of other clinical factors. This was a prospective
study that included 177 MBC patients with het-
erogeneous characteristics: all molecular sub-
types, different metastatic locations, and
pre-treated or not. Minimal follow-up was
38.5 weeks. In the group of 87 patients with
basal >5 CTCs/7.5 ml (49%), the median PFS
and OS were 2.7 (95% CI 2.1-44) and
10.1 months (95% CI 6.3-14.6), respectively. In
the 90 patients with <5 CTCs (51%), median
PES and OS were 7 (95% CI 5.8-8.9) and more
than 18 months, respectively. They also observed
that with <5 CTCs at baseline but >5 CTCs at
the first follow-up visit (n = 5), the results were
similar to the poor prognosis group. In contrast,
patients with high baseline scores in whom
counts decreased below 5 at first follow-up visit
(n = 33), had comparable results to the good
prognosis group. Finally, in those patients with
high baseline CTCs that decreased but not <5
(n = 25), results did not correspond with the
good prognosis group.

10.2.2 Other Studies

Although some studies have been published with
inconclusive results, the vast majority of subse-
quent trials (detection ranges 31-61%), and at
least two meta-analyses have validated the pres-
ence of >5 CTCs/7.5 ml as a negative indepen-
dent prognostic factor in patients with MBC, as
well as its value as a dynamic biomarker in dif-
ferent moments of the disease [2—-17]. Some of
these studies will be reviewed in a later section.
A meta-analysis published in 2012 confirmed
this prognostic value of CTCs, both in early and
advanced disease, at different times of treatment,
and using different techniques: immunocyto-
chemistry (CellSearch®) or RT-PCR (“real time
polymerase chain reaction”), also suggesting the
need to standardize the methodology. In this
meta-analysis, both the HR for PFS (12 studies,
HR 1.78) and OS (19 studies, HR 2.33) were sta-
tistically ~ significant in MBC population
(n = 3065) [18]. In a subsequent meta-analysis
with 24 studies in MBC patients (n =3701), it was
noted that CTCs are more frequently detected in
primary HER?2 + tumors with respect to other sub-
types (RR = 0.73); and that high counts indicated
worse responses to therapy (RR = 0.56), and
poorer PES (RR =0.64) and OS (RR =0.69) [19].

10.2.3 Clinical Value of the CTCs

Some studies have been published demonstrating
CTC counts have more value than other clinical
prognostic markers, such as plasma tumor mark-
ers [20]. Correlation between CTC count, radio-
logical evaluation and patient survival has also
been studied [21].

In 2014 a retrospective joint analysis from
1944 MBC patients who had participated in 20
studies in several European centers (EPAC
Consortium) was published [22]. All patients had
a baseline CTC count, prior to starting treatment.
In addition, other clinical-pathological variables
were collected, as well as new CTC counts.
Based on these data, investigators developed a
clinical prognostic model for PFS and OS and
then assessed the added value of including CTC
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and serum marker levels to that model. At base-
line 47% of patients had >5 CTCs/ 7.5 ml. This
group presented worse PFS (HR 1.92, 95% CI
1.73-2.14) and OS (HR 2.78, 95% CI 2.42-3.19)
than <5 CTC/7.5 ml group (Fig. 10.1). Increase
in CTC count reflected tumor burden, but it did
not correlate with tumor subtype [22]. The
increase in the CTC count 3-5 weeks after start-
ing treatment was also associated with worse PFS
(HR 1.85, 95% CI 1.48-2.32) and OS (HR 2.26,
95% CI 1.68-3.03) (Fig. 10.2). Finally, survival
prediction improved when adding CTC count to
the clinical-pathological models. Furthermore,
prediction was even more accurate by adding
changes in CTC count at 3-5 and at 6-8 weeks.
On the other hand, adding CEA and CA 15-3
changes did not provide significant information.
The conclusion is that initial CTC count, as well
as early changes after treatment initiation, results
in a strong and independent prognostic marker
which adds value to the classic clinical variables.
So, the authors propose to use prognostic infor-
mation based on CTC counts to stratify patients
within clinical trials, and to check prospectively
if efficacy objectives (such as OS and PFS) are
improved by CTCs monitorization [22].
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Furthermore it has been suggested that the
prognostic value of CTCs could vary according
to MBC subtype. In a retrospective study with
517 patients, baseline CTC count showed prog-
nostic value in all subtypes, more significant in
hormone receptor positive (luminal) and triple
negative, and less significant in HER2+ tumors,
suggesting interaction between CTCs and treat-
ments [23]. These results were reproduced in
another retrospective study with 235 patients,
confirming the prognostic value of CTC count in
the global population and in patients treated with
chemotherapy and endocrine therapy. In those
treated with bevacizumab or anti-HER2 thera-
pies, the negative prognostic value of baseline
elevated CTC levels was lost, suggesting the ther-
apeutic benefit of these drugs [12].

A recent combined analysis of individual data
from patients with MBC from the 17 centers of
the EPAC Consortium [22] plus a series from
MD Anderson Cancer Center in Houston
(n =2436), was done. The authors propose evalu-
ating the aggressiveness (prognosis) of the dis-
ease according to CTC count and classifying
stage IV into two subgroups: IV-indolent and
IV-aggressive. They consider the need to stratify
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patients based on this classification, and then
assessing the molecular and clinical factors to
finally evaluate the true impact of treatments
[24]. After CTC collection, 44% of patients were
treated with chemotherapy; 37% with chemo-
therapy plus a biologic or targeted therapy; 13%
with endocrine monotherapy; and the remaining
6% was classified as others. With a median fol-
low-up of 15 months, there was a statistically sig-
nificant difference in OS (36.3 vs 16.0 months,
p < 0.0001) in patients with I'V-indolent versus
IV-aggressive stages (Fig. 10.3a). CTC count was
also able to stratify patients with de novo disease
(OS 41.4 vs 18.7 months, p < 0.0001). Likewise,
OS was significantly better in IV-indolent regard-
less of prior treatments and disease location.
According to the molecular subtypes, median OS
was also significantly larger in IV-indolent versus
IV-aggressive, both in hormone receptor (ER)
positive (40.7 vs. 17.3 months) and in triple nega-
tive (23.8 vs 9.1 months), as well as in HER2+
(33.2 vs 19.4 months) (Fig. 10.3b—d). CTC count
was the most significant predictor of all covari-
ates (HR 2.71, 95% CI 2.35-3.12). Fig. 10.3e

shows the forest plot for OS according to the dif-
ferent subgroups. To summarize, CTC count is
useful to stratify patients with MBC, indepen-
dently of tumor subtype, line of therapy and dis-
ease location.

Finally, the eighth edition of the “AJCC
Cancer Staging Manual” recognizes a CTC count
>5/7.5 mL of plasma in patients with MBC as an
unfavorable prognostic factor with a level of evi-
dence II. This type of cancer is a pioneer in the
incorporation of liquid biopsy findings to define
patient risk groups [25]. However, CTC counts,
as well as other molecular factors, have not been
systematically included in TNM staging because
their analysis is not implemented in most
centers.

10.3 Characterization and CTCs
Heterogeneity

The molecular characterization of CTCs could
contribute to a better understanding of tumor
biology and their mechanisms of metastatization
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and resistance. It could potentially contribute to
the development of biomarkers and selection of
targeted therapies [26]. The genomic profile of
CTCs and primary tumors confirm a shared lin-
eage, with some genetic divergence [27] consis-
tent with the formation of metastasis as a result of
a single clonal expansion [28]. It is known that
the phenotypes and genotypes of the primary
tumor, metastasis and CTCs often differ [29].
Ideally, therapeutic decisions should be based on
the characteristics of the predominant disease at
the time of relapse and at each progression. The
characterization of CTCs in peripheral blood can
be an alternative to tissue biopsy, as a less inva-
sive and more dynamic test (repeatable, in real
time). Hypothetically, CTCs represent the popu-
lation of dominant tumor cells of a metastatic dis-
ease, so their expression profile could theoretically
help us to predict the therapeutic response more
accurately [30]. However, the identification and
characterization of CTCs is not simple and
requires extremely sensitive and specific tech-
niques. CTCs represent a dynamic population
that can originate in the primary tumor as well as
in the metastasis or in both, and its characteriza-
tion provides us with information, whose clinical
utility is yet to be determined [31].

There are studies that show the possibility of
molecularly characterizing CTCs and their prog-
nostic correlation, but it has not yet been proved
that this can render a prediction to the corre-
sponding targeted therapy response. Research
with cell lines derived from CTCs of MBC ER+
patients made it possible to determine sensitivity
to new drugs directed against potentially treat-
able targets [32]. Gene expression studies with a
so-called metastasis-initiating cells phenotype
have also been published, reporting the induction
of metastasis in xenograft assays [33]. But the
greatest development on this field is aimed at
characterizing biomarkers in CTCs with clinical
implications, or gene expression profiles associ-
ated with the proliferation and acquisition of
mesenchymal or stem cell phenotypes [34-36].
EMT shares some stem-cell properties, including
resistance to conventional therapies. More than
half of CTCs of patients with MBC show EMT
and stem markers, whose presence correlates

with a genotype more resistant to drugs [37] and
with few responses to conventional treatments
[38]. These markers may represent a potential
therapeutic goal.

HER2 positivity in CTCs ranges between
27-63%. So, CTCs/HER2+ are frequently
detected in tumors (tissue) HER2+; but it has also
been described primary (tissue) tumor HER2-
and CTCs +, and vice versa, in percentages
between 49 and 77% [39-44]. In a retrospective
study the correlation between CTCs and primary
was 69%, and with metastasis 74%. It was also
observed that the CTC/HER2 + patients pre-
sented a PFS significantly longer than the CTC/
HER?2-, although with no impact on OS [45].
Conversely, Hayashi et al. observed that patients
with CTC/HER2 + had a shorter PES and OS
[46]. Another study in which frequent discor-
dance was found, it did not observe a prognostic
impact [47]. We do not know if these discrepan-
cies could be due to the administration of differ-
ent therapies.

The expression of ER in CTC has been less
studied. Despite being by far the most frequent
phenotype, in early disease only approximately
25% of CTCs are ER+ [48, 49]. Unlike the
expression of HER2, which in CTCs seems to be
lost or gained with a similar frequency, ER
expression is more frequently lost in the evolu-
tion from primary to CTC [50]. However, the
lack of a unified methodology to determine ER+
in CTCs and the absence of extensive studies lim-
its the value of these findings. Recently, a group
has developed the so-called CTC-Endocrine ther-
apy index (CTC-ETI), a score based on CTCs
enumeration and characterization of ER, Bcl-2,
HER?2 and Ki67 using CellSearch®. A high CTC-
ETI index was attributed to patients with high
CTC counts and with low expression of ER and
Bcl-2 and high levels of HER2 and Ki67 [51].
The Phase II COMETI trial (NCT01701050) is
evaluating the value of the CTC-ETI score to
identify women with refractory endocrine MBC.

In another study, CTCs are characterized by
the presence of mutations in PIK3CA, in addition
to HER2 expression, as a biomarker for inhibi-
tory drugs already available for clinical use
(Alpelisib). Of 290 patients included, PIK3CA
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mutations were analyzed in 33 patients with >5
CTC/7.5 ml, with great heterogeneity in muta-
tions of PIK3CA and HER2 expression.
Therefore, clinically relevant genomic aberra-
tions such as those of PIK3CA are detectable in a
single CTC [52]. Other studies have been pub-
lished regarding the characterization of the
PIK3CA status in CTCs of MBC [53]. Another
interesting question is the determination of
PD-L1 in CTCs. Immunotherapy (Atezolizumab)
has already shown benefit in triple negative MBC
PD-L1+. One study shows expression of PD-L1
of CTCs in 11 of 16 cases (68.8%) MBC ER +/
HER2- patients [54].

Rossi et al. evaluated the usefulness of com-
bining CTCs and circulating tumor DNA
(ctDNA) as a prognostic prediction in
MBC. Retrospectively, in 91 patients, CTCs were
found in 85%, with mutations in 84% of the sam-
ples. The genes most frequently mutated were
TP53 (52%), PIK3CA (40%) and ERBB2 (20%).
A statistically significant difference was observed
in PFS and OS for patients with values < 5 CTCs
versus >5 or more; and in percent of ctDNA
<0.5% versus >0.5; and having a number of
genetic alterations <2 versus >2. They conclude
that liquid biopsy can be used as an effective
prognostic tool and that the characterization of
CTCs is viable [55]. It has also been pointed out
that epigenetic silencing in the promoter regions
of tumor suppressor genes can be confirmed in
CTCs of MBC [56].

10.4 CTCs and Monitoring
Treatment in Advanced
Breast Cancer

The isolation and quantification of CTCs in early
or locally advanced [40, 57-61] or MBC has
shown independent prognostic value in several
clinical trials and meta-analyses [1, 18, 19, 22].
In addition, changes in CTC counts can reflect
early the efficacy of treatment and allows the
monitoring of the disease [62]. As an example, in
a recent study in patients with stage III-IV breast
cancer, differences were observed in CTC
responses after treatment according to age

groups. The authors propose a combination of
baseline CTCs along with age as a new potential
criterion for treatment selection [63].

10.4.1 Can Changes
in the Quantification of CTCs
Be Useful as Early Predictor
of Treatment Efficacy?

A multicenter study with 177 MBC patients, in
addition to others with advanced colorectal and
prostate cancer, was done. The prognostic influ-
ence of changes in CTC counts during treatment
was studied. In all three tumors, persistence of
high CTC counts was related with worse OS,
suggesting that treatment was not being effective;
unlike those patients who showed a decrease
below the unfavorable chosen cut-off (>5
CTC/7.5 ml for MBC), in whom the prognosis
improved [64].

The first study in MBC showing the useful-
ness of monitoring CTCs as a predictor of
response is performed in 68 patients treated with
chemo- or hormone therapy. In addition to stan-
dard radiological evaluations every 3 months,
CTCs were quantified at the beginning of treat-
ment and with each cycle for the first 6 months,
and then with each radiological evaluation. A
strong correlation was demonstrated between
CTC monitoring and radiological progression of
the disease. Moreover, changes in CTC counts
suggested progression weeks before radiologic
evaluation. The authors conclude that serial
determination of CTCs can identify treatment
efficacy earlier than the standard evaluation [15].
In addition, we have previously mentioned results
by Bidard et al., which also demonstrated the
clinical value of CTC monitoring in MBC, as
well as the limited validity of serum tumor mark-
ers [22]. Likewise, in another study in 117
patients with MBC, CTC counts were taken at
baseline, before the first cycle of chemotherapy
and before the second. Patients with <5 CTC on
day 21 had significantly better clinical benefit
rate (77 vs 44%), PES (9.4 vs 3 months) and OS
(38.5 vs 8.7 months) versus those with >5 CTCs
[16]. Other authors report similar results [13, 21].
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Finally, a recent meta-analysis including 50
studies with 6712 patients with early and
advanced breast cancer confirms CTC levels as
predictors of response to treatment [65].
Therefore, it can be concluded that changes in the
quantification of CTCs during treatment are pre-
dictors of efficacy earlier than standard radiologi-
cal assessment.

10.4.2 Do Decisions Guided by the
Use of CTCs Have an Impact
on Treatment Efficacy
Outcomes?

Before generalizing its routine clinical use, it
must be demonstrated that patients with persis-
tently elevated CTCs during systemic treatment
benefit from early change of the therapeutic regi-
men, in efficacy parameters (PFS, OS), safety
(avoiding toxic therapies) and/or in cost reduc-
tion (avoiding inefficient and expensive treat-
ments and procedures). Phase III prospective
interventional clinical trials investigating these
issues in MBC have been designed [66].

In the SWOG 0500 study (NCT00382018),
patients in first line of chemotherapy with base-
line count >5 CTCs/7.5 ml, who maintained high
levels (>5) after the first cycle of treatment, were
randomized to continue the same regimen (until
radiological or clinical progression) or to change
early to a second line. Between 2006 and 2012,
624 patients were screened, of which 288 were
randomized. No differences were observed in OS
or PFS between the treatment arms: 10.7 vs 12.5
and 3.5 vs 4.6 months, respectively. Investigators
conclude that this situation indicates chemoresis-
tance, and the lack of an effective alternative
therapy could explain the absence of impact on
the outcomes [17].

The French trial CirCeOl (NCTO01349842)
includes 304 patients in the third line of chemo-
therapy with CTC levels >5/7.5 ml that are ran-
domized to standard management based on
clinical-radiological evaluation or based on CTC
dynamics. The primary endpoint is OS benefit,
with other secondary endpoints including eco-
nomic analysis. The results of this trial are not

available. Another French study, the STIC-CTC
METABREAST (NCTO01710605), planned a
recruitment of 994 patients with endocrine-
dependent MBC, where the choice of first-line
treatment is based on the levels of CTCs: endo-
crine therapy for a count of <5 CTCs/7.5 ml or
chemotherapy for >5. The results are also not
available.

These and other smaller similar studies
(COMETI/NCTO01701050, CTC-EMT/
NCT02025413, PRO OncAssay/NCT01048099,
Trastuzumab & Vinorelbine/NCT 01185509) try
to demonstrate that the persistence of elevated
CTC levels during treatment indicates early inef-
fectiveness and that patients would benefit from
an early change to another effective treatment (if
any). On the other hand, toxicities and unneces-
sary risks for patients and extra costs for the sys-
tem would be avoided.

10.5 Precision Oncology and CTCs
in Advanced Breast Cancer

Previously reviewed approaches would reach
their maximum clinical utility used as a dynamic
treatment guide, according to the molecular alter-
ations found in the CTCs, and showing a favor-
able clinical impact for the patient. This should
be the ideal expression of the precision oncology.
In this sense, a review and classification of
genomic alterations of breast cancer according to
their level of evidence for actionability has been
published, following a scale developed by the
European Society of Medical Oncology (ESMO),
the ESMO Scale for Clinical Actionability of
Molecular Targets (ESCAT). Large databases
analyzed suggested around 40 recurrent driver
alterations. Clinical trials were reviewed follow-
ing various sources to evaluate the efficacy of
drugs matched to these genomic alterations. The
targetability for most studied alterations was
graded according to the ESCAT scale, which
classifies the molecular target at different levels
(I-V and X) according to the available evidence.
An important limitation of this classification is
that it focuses on DNA alterations. In level I,
alteration-drug match is associated with benefit
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in clinical trials, so access to treatment should be
considered standard. In level II, it is considered
that there is evidence of activity with drugs asso-
ciated with the alteration, but without informa-
tion on the magnitude of the benefit due to a lack
of prospective data. In this way, amplification of
ERBB2, germline mutations of BRCA1/2 and
PIK3CA mutations were classified at level of evi-
dence IA. NTRK fusions and microsatellite insta-
bility (MSI) were classified as IC. Mutations in
ESR1 and loss of PTEN were classified in level
ITA; and mutations in ERBB2 and AKT1 in level
1IB [67].

10.5.1 Comparison of Primary Tumor
Molecular Profile Versus CTCs

The knowledge of the correlation between molec-
ular alterations of CTCs and the primary tumor is
essential to support precision oncology. In one
study with 62 MBC patients expression levels of
35 genes were studied; and in 48% the profile
was discrepant between CTCs and primary
tumor. In 24% ER was different, and patients
with primary ER- and CTCs/ER+ presented a
significant median time to treatment longer (8.5
versus 2.1 months). It is concluded that differ-
ences in the ER status could have therapeutic and
prognostic implications [68]. Another study
showed that some CTCs from patients with
tumors originally ER+/HER2- could acquire a
HER2+ phenotype and/or activation of different
signaling pathways under therapeutic pressure.
The coexistence or conversion between these
states could make it easier for tumor cells to over-
come stressors [69]. However, a phase II study
failed to prove benefit with Lapatinib as a single
agent in patients with HER2- initial tumors and
CTCs/HER2+ [70].

10.5.2 Circulating Stem Cells

It is considered that circulating stem cells repre-
sents a particularly aggressive, invasive and pro-
liferative subgroup of MBC, which makes them a
target of great value [71]. In vivo xenograft mod-

els anti-CD44 antibodies (stem-cell marker)
reduced tumor growth [72]. They are currently
being investigated inhibitor tirosine-kinase drugs
for PAR6A, Notchl, Hedgehog, Wnt, integrins,
claudins, and Rho GTPases, all of them signaling
pathways activated in stem cells or involved in
the regulation of EMT [73].

10.5.3 CTCs, ESR1 and TK1:
Importance in the Endocrine
Treatment

One of the most studied mechanisms of endo-
crine acquired resistance is the appearance of
specific mutations in the ESR1 gene. It has been
related to lower response and resistance to aro-
matase inhibitors. One study evaluated ESR1
mutations in CellSearch®-enriched CTCs of
patients with MBC on endocrine treatment. In
cohort 1 were included patients in first line endo-
crine treatment (n = 43), and in cohort 2 patients
progressing in any line of endocrine therapy
(n =40). In a subgroup of them, the mutation sta-
tus of ESR1 in CTCs and paired cfDNA of each
patient was compared. They observed that the
mutation of ESR1 in the CTCs was not enriched
in cohort 2 (8%) compared to the reference cohort
(5%). Instead, in the cfDNA the ESR1 mutation
was enriched in cohort 2 (42%) compared to the
reference cohort (11%). Therefore, the sensitivity
to detect mutations in cfDNA was higher than in
the fractions enriched with CTCs. In addition,
they concluded that ESR1 mutations are essential
in the endocrine treatment resistance [74].
Another work studied the ESR1 methylation in
tissue, CTCs and ctDNA of paired plasma in
patients with MBC ER+ treated with Everolimus
and Exemestane, combination usually used in
second or third line. Methylation was detected in
38.5%, 23.3% and 7.4% of tissue samples, CTCs
and ctDNA, respectively. Also, correlation was
observed between methylated ESR1 and lack of
treatment response [75].

Finally, one study analyzed the role of thymi-
dine kinase-1 (TKI1, proliferation marker) in
blood, CTC counts and mutations of ESR1 and
PIK3CA in ctDNA of patients with MBC ER+/
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HER2-, and the correlation with the benefit of
endocrine therapy. A high level of baseline TK1
activity and a high CTC count were observed in
the cases with worse PFS rates, as well as a lower
response to endocrine treatment. The study con-
cluded that the analysis of TK1 activity together
with the CTC count can be considered as a pos-
sible prognostic, predictive and monitoring
marker for endocrine therapy [76].

10.5.4 Choice of Treatment
According to CTCs
in Advanced Breast Cancer

Beyond the studies that evaluate the clinical util-
ity of enumeration and characterization of a lim-
ited number of markers, CTCs could be a source
of tissue for molecular screening. Several groups
have demonstrated the feasibility of analyzing
enriched fractions or pure CTCs and study the
expression of a series of preselected transcripts,
what has revealed a wide heterogeneity of CTCs
at the transcriptional level [77, 78]. In addition,
efforts are directed to identify mutational profiles
of CTCs in various types of cancer. We also have
evidence that they can be used as a tissue source
for drug sensitivity testing. In fact, the ex vivo
culture of CTCs allowed the identification of
mutations in ESR1 in three of six cell lines
derived from CTCs from patients with MBC ER+
pre-treated with aromatase inhibitors [32]. These
mutations are very rarely observed in primary
tumors or without previous treatment. Using
these cell lines derived from CTCs, these muta-
tions were confirmed as conferring resistance to
Tamoxifen, Raloxifene and Fulvestrant, and sen-
sitiveness to Raloxifene or Fulvestrant combina-
tion with an HSP90 inhibitor [32].

Whether we can choose and/or guide the sys-
temic treatment in patients with MBC according
to CTCs and its phenotype is the objective of sev-
eral interventional on-going trials, whose results
are pending. The DETECT trials investigate the
therapeutic selection according to levels of CTCs
and/or their phenotype. The accompanying trans-
lational research of all of them attempt to gener-
ate additional knowledge [79]. There are three

studies depending on the MBC subtype: DETECT
III, DETECT 1V and DETECT V. In the first two
trials, presence of CTCs is mandatory for inclu-
sion and changes in their levels during treatment
are evaluated by several blood samples. DETECT
III (NCTO1619111) includes patients with
HER2- tumors and at least one positive CTC for
HER2, randomized to receive standard systemic
treatment at the physician’s choice versus +/—
Lapatinib. Patients with MBC HER2- and CTCs
HER2- were included in DETECT IV trial
(NCT02035813), receiving endocrine therapy
plus Everolimus in ER+ tumors, or Eribulin
(cytotoxic) if ER+ with clinical indication of che-
motherapy or triple negatives tumors. In DETECT
V study (NCT02344472), HER2+ tumors are
included and treated with dual targeted therapy
(Pertuzumab/Trastuzumab) in combination with
chemotherapy or endocrine therapy (based on
their expression of hormone receptors).

10.6 Discussion and Comments

Precision medicine through liquid biopsy repre-
sents an emerging and unstoppable approach in
the management of cancer, which considers the
intra- and inter-tumoral genetic variability, and
which is transforming biomedical research [80].
In Spain, a proposal for a national strategy has
been developed to regulate its implementation,
guaranteeing technical quality and equitable
access to its use, while also safeguarding the sus-
tainability of the national health system [81].
Beyond their enumeration, CTC technologies
advance towards the use of these cells as an
accessible and valid source for dynamic analysis
of the tumor. It is particularly interesting to know,
as soon as possible and for each progression, the
probability of response to treatment as well as the
identification of resistances. However, detection
and enumeration of CTCs is very variable among
different tumors and is subject to biases related
mainly to their detection methodology, which is
not completely standardized. In addition, they
must demonstrate their value to guide the treat-
ment with clinical translation on patient’s
survival.
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The CellSearch® platform is the only one
licensed by the FDA for the isolation of CTCs
and their prognostic enumeration in breast,
colorectal and prostate cancer [64]. We have not
yet reached the maximum benefit that CTCs can
offer, and more evidence from prospective stud-
ies is needed for its use in another settings. In this
way, they must prove to be a representative and
relevant sample of the tumor biology versus the
tissue samples or other liquid biopsy techniques
(ctDNA, ctRNA, exosomes...). Regarding tissue
biopsy, CTCs have the advantage of the accessi-
bility of blood or other fluids, which implies the
possibility of carrying out samples repeatedly in
a non-invasive manner, providing us with real-
time information on tumor variability [82].

The detection and measurement of free or
tumor DNA (cf/ctDNA) as a biomarker has been
widely developed. Dawson et al. evaluated their
value in monitoring treatment response in MBC,
comparing ctDNA with CA 15-3 and CTCs in 30
patients who received chemotherapy. Both
ctDNA and CTC count were associated with
worse prognosis, while CA 15-3 levels did not
[83]. In a retrospective study from 117 patients
with MBC also was reported that CTCs and
ctDNA presented a similar prognostic value [84].
The analysis of ctDNA is attractive because the
plasma can be easily extracted and analyzed
without the prior need to isolate and enrich a
small population of cells, and it is possible to
identify it in the absence of detectable CTCs. For
this reason it is likely that ctDNA analysis is the
preferred option for genotyping and monitoring
the response to treatment [85]. However, both
techniques can  provide complementary
information.

The analysis of CTCs provides the opportu-
nity to study the entire cell, with its morphologi-
cal assessment, also providing DNA, RNA,
proteins, and the opportunity to perform ex vivo
functional studies and cultures. An important
limitation of CTCs is that they may not fully
reflect the biology of the underlying tumor [86].
In addition, there are several phenotypes within
them, epithelial, epithelial-mesenchymal, mesen-
chymal, and stem-like [87]. However, the stan-
dard CellSearch® platform uses epithelial markers

expression and excludes those of epithelial-
mesenchyme transition [36] and stemness, so that
these phenotypes may not be detected. Finally, it
is possible that CTCs do not reflect exactly inter-
tumoral heterogeneity but they detect a specific
subpopulation [78]. For all of this, some panels
of experts have concluded that the CTCs should
not be used to influence treatment decisions in
MBC at this time [88, 89]. It is necessary to know
results of prospective and randomized clinical tri-
als that allow us to confirm the validity of CTCs
monitoring and especially the clinical impact of
an early change of molecularly and dynamically
guided treatment. In addition, according to the
hypothesis of the aforementioned study compiled
by Cristofanilli et al. despite the significant ben-
efit of the drugs, the joint inclusion in the studies
of indolent and aggressive disease can negatively
impact the final results. Their findings suggest
that clinical and molecular variables are insuffi-
cient to adequately stratify patients and that this
heterogeneity can be reduced by considering
their two subgroups of stage IV, as a step towards
a more individualized approach [24].

Recently the presence of clusters of CTCs has
been valued. In preclinical models, their oligo-
clonal nature increases up to fifty times the abil-
ity to develop distant metastases against isolated
CTCs [90, 91]. It is suggested that these clusters
with subclonal alteration profiles can initiate
mechanisms of oncogenic cooperation and that
their analysis can be highly informative of the
biology of the tumor. On the other hand, once
isolated CTCs ex vivo, it is possible to expand
them in cell lines or in immunocompromised
murine models and establish xenograft models
(CDX), with molecular profiles identical to those
of origin [33, 92].

It has been extensively confirmed that high
levels of CTCs at any time during MBC treat-
ment are associated with tumor progression and
can reliably predict it before imaging studies and/
or classic tumor markers, pointing out resistance
earlier. In addition, as we have also indicated,
there are works on the molecular characterization
of the CTCs and on their potential ability to direct
and individualize the treatment in a dynamic way.
However until now, the role of CTCs and liquid
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biopsy techniques in the follow-up of patients
with advanced disease is controversial, partly due
to the absence of powerful predictive biomarkers
and effective treatments.

Different studies suggest that use of molecu-
larly directed agents outside their indications
does not necessarily improve outcomes versus
standard care in patients with pre-treated
MBC. The SAFIRO1 trial aimed to define the
proportion of patients in whom targeted therapy
could be offered based on the results of the
genomic analyses. A total of 423 patients with
MBC were included; however, only 55 patients
(13%) received targeted therapy on a genomic
basis. Of these, only 4 had an objective response
and 9 showed no evidence of disease progression
for >16 weeks, assuming a clinical benefit in 13
of 55 patients (23.6%) [93]. Similarly, in the ran-
domized phase II trial SHIVA, of 741 patients
with solid tumors pre-treated and refractory to
standard therapies, 293 had a specific molecular
alteration and 195 (40 with MBC) were assigned
to receive an agent directed by molecular altera-
tion or to standard treatment. It was stratified
based on three signaling pathways: hormonal
receptor, PI3K/AKT/mTOR and RAF/
MEK. Among treated patients, median PFS was
2.3 months with targeted therapy versus 2 months
in control group [94]. By contrast, a large meta-
analysis of 570 phase II studies (32149 patients)
showed better results with a personalized versus
a non-personalized approach, with significant
higher responses ratio (31% vs 10.5%), median
PES and OS (5.9 vs 2.7 and 13.7 vs 8.9 months,
respectively) [95]. Together, these data suggest
that it is possible to identify genomic alterations
in MBC and in other tumors. However, a greater
evaluation is necessary on the predictive capacity
of these findings; and more important, to have
proven drugs against this molecular alterations,
before using them in daily clinical practice.

The new NGS and ddPCR technologies have a
good analytical validity, but more work is needed
to establish their usefulness and the added clini-
cal value of the expansion from individual genetic
tests to large genetic panels. Experts agree that
we need standardized bioinformatic methods for
the interpretation of genomic data and that trials

in precision medicine should be stratified accord-
ing to the level of evidence available for the
genomic alterations identified [96]. Thus, in
breast cancer five potent markers can currently be
used to indicate treatment: expression of the
estrogen receptor, progesterone receptor (PgR),
Her?2 proteins (ERBB2), BRCA mutations, muta-
tions in PIK3CA and expression of PD-LI.
According to some authors, an optimal panel for
breast cancer clinical trials could add mutations
of AKT1, PTEN, ESR1, KRAS, BRAF, NFl,
other HRD genes (RAD, ATM, ATR), and ampli-
fications of NOTCH3, CCNDI, CDK4, Rb,
IGFR1 or FGFR1 [97].
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