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Abstract

Breast cancer is the most common malignancy
among women. Most of breast cancer patients
are diagnosed in early stages and will be
treated with curative intent. Despite this, some
patients will relapse. The identification of
patients at high risk remains an important chal-
lenge. CTCs can be useful to identify this
patients, to assess tumor dynamics and to mon-
itoring therapy. There is definitive evidence on
the prognostic role of CTCs in early breast
cancer (eBC) but its clinical utility in daily
practice is still lacking. We have to take into
consideration that the studies published to date
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mainly evaluated the presence of CTC based
on the expression of epithelial surface markers.
Future studies need to overcome this limitation
and important advances in technical methods
can assess CTCs and capture the heterogeneity
of the tumor landscape. It is also tempting to
speculate that CTCs may also provide comple-
mentary information on the interplay of tumor
cells with the immune system. The combina-
tion of different methods to detect tumoral dis-
ease by liquid biopsy may provide new ways to
personalize in an unprecedented manner the
management of patients with eBC.
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9.1 Introduction

Breast cancer is the most common malignancy
among women, accounting for 2,088,849 of new
cancer diagnoses (11.6% of total cancer burden)
worldwide [1]. Thanks to important advances in
screening and prevention strategies, most of breast
cancer patients are diagnosed early and can thus be
offered treatment with curative intent [2]. Despite
this, some patients will relapse with metastatic
spread of the disease months, years or decades
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after the treatment of the primary tumor [3]. The
identification of patients at high risk of relapse
remains an important challenge in the field. Here,
we review the rationale for studying Circulating
Tumor Cells (CTCs) in patients with early breast
cancer (eBC) and discuss their potential clinical
applications.

Potential clinical applications of CTCs in eBC
include: (1) identifying patients at risk of relapse;
(2) assessing tumor dynamics to characterize the
tumor evolution; (3) monitoring therapy efficacy;
(4) identifying potential biomarkers for personal-
ized therapy development [4].

9.2 CTCs Biology and Molecular
Characterization in Early

Breast Cancer

At the time of initial diagnosis, disseminated
tumor cells (DTC) can be detected in the bone
marrow in 30% of operable breast cancer patients
that lack any clinical or histopathological signs of
metastasis. Nevertheless DTCs require invasive
methods for their detection and its clinical poten-
tial is therefore very limited. According to several

studies the concordance between CTC and DTC
ranged 66-94% [5].

CTCs are tumor cells that depart, actively or
passively, from the primary tumor or from a met-
astatic site. Even during early stages of cancer,
tumor cells can disseminate into the circulation at
an estimated rate of 10° cells per gram of primary
tumor per day [6]. In blood circulation, CTCs can
travel as single cells, cell clusters or apoptotic
bodies [7], and have the ability to disseminate to
distant localizations, where they can adapt and
survive [8] (Fig. 9.1).

CTCs are a heterogeneous cell population,
constituted mainly by differentiated tumor cells
but also harboring sub-populations of cells with
resistance, self-renewal and/or tumor-initiating
capabilities, otherwise known as cancer stem-like
cells (CSCs), which may present important phe-
notypic differences with regard to the main CTC
population [9-11].

Furthermore, the functional capabilities of
CTCs may vary depending on the disease con-
text. In eBC, for example, mitotic CTCs are very
rare, while most of the CTCs of metastatic breast
cancer patients actively divide and can be identi-
fied at all stages of mitosis [12—14].
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EMT CTCs Characteristics

-Loss of epithelial markers and morphology
-Loss of cell polarity

-Increased motility

-Acquisition of self-renewal properties

Fig. 9.1 CTCs depart from primary tumor and enter in
blood circulation. CTCs may undergo phenotypic changes
to acquire a survival advantage. In the bloodstream, CTCs

can travel as single cells or as cell clusters together with
platelets, neutrophils, and/or other immune cells increas-
ing their metastatic potential
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It is estimated that only 0.1% of single CTCs
survive more than 24 h in the bloodstream (their
half time ranging from 1 to 3 h), and that less than
0.01% of these cells have the ability to produce
metastases [4, 15, 16]. These cells must acquire
phenotypic changes (e.g. epithelial mesenchymal
transition or EMT) that provide a survival advan-
tage in the bloodstream as well as in foreign tis-
sues [9, 17, 18].

Another important biological aspect to con-
sider with regard to the biological behavior of
CTCs is that in the bloodstream, they can be pres-
ent as single cells or form clusters with other
blood cells or endothelial cells, forming aggre-
gates with each other and with blood cells through
cytoskeletal protrusions supported by a-tubulin
(TUB), vimentin (VIM) and Detyrosinated
a-tubulin (GLU) [19]. Recently it has been
described the importance of Plakoglobin [20] as
adhesion molecule to maintain this aggregation
of cells that allow them to be protected from the
action of immune system, keeping the aggrega-
tion of cells and conferring important advantage
to survive in bloodstream and to arrive to the
metastatic niche [7]. Clustered cells have 23-50-
fold increased metastatic potential compared
with single cells. The study of the cluster circu-
lating tumor cells, is an important point of
research. In this scenario, an elegant study
recently published by Gkountela et al. reveal in
preclinical models a different pattern of methyla-
tion between CTCs and Clusters, identifying spe-
cifics hypomethylated binding sites for OCT4,
SOX2, NANOG, and SIN3A that promote stem-
ness and metastatic dissemination [21, 22].

EMT allows CTCs to survive in blood circula-
tion inducing the loss of both cell junctions and

cell polarity, enabling cell motility and assisting
CTCs during intravasation into the bloodstream
[23]. This process is extremely complex and
involves different molecular pathways, ultimately
yielding a survival advantage.

CTCs in blood circulation, can interact with
all the elements of immune system and platelets.
Interestingly, platelets had a main role in meta-
static spread in breast cancer [24]. In preclinical
models with cell lines, researchers have shown
the adhesion of platelets to CTCs surface. This
interaction prevents the recognition of CTCs by
the immune system. Other important interaction
between CTCs and platelets is related with trans-
forming growth factor beta (TGFf) pathway.
This signaling pathway, promoted by platelets,
assists a process of epithelial to mesenchymal
transition [25]. This cell to cell communication
confers a survival advantage and promotes the
metastatic spread.

The prevalence of detected CTCs in the blood-
stream, as expected, is higher in metastatic than
in localized breast cancer [26, 27]. An important
limitation to use CTCs in clinical practice is, at
least as yet, the difficulty to detect them. In eBC,
CTC prevalence increases with disease stage,
ranging between 10% and 30% in different stud-
ies across all stages [28] (Table 9.1).

There are some methods to isolate CTCs by
size or by identification of cell surface markers.
The FDA-approved CellSearch® system [36-39]
is a platform commonly used for the isolation and
enrichment of CTCs in breast cancer to identify
the presence of CTCs in bloodstream. This plat-
form is based on the positive selection of CTCs
by expression of the epithelial cell adhesion mol-
ecule (EpCAM) surface maker. However, as

Table 9.1 Prevalence CTCs in selected clinical trials involved eBC

Study N Stage Method of detection Year Prevalence
Muller et al. [29] 60 I-II OncoQuick 2005 8%

Pierga et al. [30] 118 I-11T CellSearch® 2008 20%
Bidard et al. [31] 115 I-111 CellSearch® 2010 10%
Molloy et al. [5] 733 -1 CellSearch® 2011 7,9%
Lucci et al. [32] 302 -1 CellSearch® 2012 24%

Rack et al. [33] 2026 1Ib-I11 CellSearch® 2014 21.4%
Janni et al. [34] 3176 I-111 CellSearch® 2016 20.2%
Bidard et al. [35] 2185 TI-111 CellSearch® 2018 25%
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mentioned previously a mechanism that could (at
least partially) explain the metastatic process and
CTC dissemination is the phenotypic change of
epithelial to mesenchymal and the loss of epithe-
lial surface proteins. Therefore, we have to be
aware that CellSearch® method excludes the
CTCs that lack EpCAM, resulting in the underes-
timation of mesenchymal-like CTCs that have
lost their epithelial features. Recently, a work in
primary breast cancer published by Mego et al.
revealed a different behavior of CTCs accordingly
to the expression of epithelial or mesenchymal
surface proteins [40]. This fact strongly suggests
the necessity to incorporate new methods to iden-
tify the various subpopulation of CTCs from clin-
ical samples. To overcome this limitation, some
researchers describe new methods to detect CTCs
independently of epithelial biomarkers, as using
nucleases as CTCs biomarkers. Previous studies
provided information about the elevated amplifi-
cation of these enzymes in cancer patients regard-
less its mesenchymal or epithelial phenotype.
Kruspe et al. described this novel method to detect
these more aggressive cells, concluding that this
approach was promising to examine CTC levels
in early diagnosis [12].

One of the characteristics of CTCs as men-
tioned above, is their important heterogeneity,
like the differences between epithelial versus
mesenchymal phenotypes; but we also have to
take into account the heterogeneity of the various
breast cancer subtypes (based on hormone recep-
tors and HER2 [41]). CTCs can be isolated and
molecularly profiled to evaluate important clini-
cal biomarkers to monitor disease and help guide
therapy. In this setting, Riethdorf et al. assessed
CTCs by CellSearch® in patients with non-
metastatic breast cancer enrolled into the
GeparQuattro phase III neoadjuvant trial [42].
Two hundred and thirteen patients were included
in the analysis, and 21% had CTCs before neoad-
juvant treatment and 10.6% after neoadjuvant
treatment. HER2-overexpressing CTCs were
observed in 24.1% of CTCs positive patients and

was restricted to ductal carcinoma and associated
with high tumor stage.

In the same line, Ignatiadis et al. conducted a
study with the aim to identify CTCs assessed by
CellSeach® method, and HER2-positive CTCs in
breast cancer patients [43]. According to experi-
ments performed in cell lines, HER2-positive
CTCs were defined by a population of CTCs with
HER?2 immunofluorescence intensity that was at
least 2.5 times higher than the background. The
study showed that 4.1% of patients with ductal/
lobular carcinoma in situ had at least 1| HER2-
positive CTC, 7.3% in eBC and 39.5% in meta-
static breast cancer. No CTCs HER2 positive
were detected in 42 women without breast can-
cer. In this line of research, Ligthart et al. in a
prospective study evaluating HER2 CTCs in
adjuvant and metastatic patients, defined CTCs
HER2 positivity as overexpression in 3.5 times
higher than the CD45 immunofluorescence inten-
sity in 75% of CTCs in patients with >5 CTCs.
Using this cut-off, 9% of M1 patients that were
HER2 negative had HER2-positive CTC status
and conversely 29% with HER?2 positive primary
had negative HER2 CTCs [44, 45], showing the
heterogeneity of tumor cells presents in blood
circulation.

Krishnamurthy et al. evaluated HER2-positive
CTCs by FISH from 88 patients with breast can-
cer stages I-IV [46]. Cells with a ratio of
HER2:CEP17 > 2 in any CK+/CD45 or CK-/
CD45 cell was regarded as positive for HER2
gene amplification. CTCs were detected in 27.3%
of patients and HER2-positive CTCs in 11.1%.
Among patients with a HER2-negative primary
tumor, 6.3% had CTCs-HER2. The overall rate of
discordance in HER2 status was 15% between
primary tumor and CTCs.

ER expression in CTCs has been less exten-
sively studied, however in eBC, only approxi-
mated 25% of CTCs are ER positive, despite
most primary tumors being ER positive. However,
the lack of a validated assay for determining
ER-positivity in CTCs and a lack of larger studies



9 Circulating Tumor Cells: Applications for Early Breast Cancer

139

examining ER CTC expression limits the clinical
utility of this finding [47].

Taken together, these findings suggest poten-
tial clinical implications for evaluating molecular
markers in CTCs in breast cancer patients.

9.3  Prognostic Studies

The main body of evidence published related to
CTCs is related to its capacity to provide prog-
nostic information. Here we review the most rel-
evant studies related to prognostic information in
eBC according to the use of systemic chemother-
apy or not. However, CTCs are not yet routinely
used in clinical practice as a prognostic marker
due to the lack of definitive studies showing clini-
cal utility in terms of helping to safely select
those patients who will benefit from adjuvant
therapy.

9.3.1 Prognostic Studies of CTCs
in Patients Who Did not
Receive Adjuvant

Chemotherapy

CTCs have been reported as an independent poor
prognostic factor in eBC. European groups firstly
showed the prognostic impact of disseminated
tumor cells (DTC) in the bone marrow of breast
cancer patients [48]; Molloy et al. evaluated
CTCs and DTCs at primary surgery in 733 stage
I or IT breast cancer patients. CTCs were detected
in 7.9% of patients, while DTCs were found in
11.7%. Both CTC and DTC positivity indepen-
dently predicted poor outcomes: metastasis-free
survival (MFS) and breast cancer-specific sur-
vival (BCSS) [5].

In 2012 Lucci et al. conducted a clinical trial
with the aim of identifying CTCs by CellSearch®
system and their association with prognosis in
eBC. They prospectively collected blood samples
in patients chemo-naive, with eBC. They found
>1 CTCs in 24% of patients. The detection of

one or more CTCs identified a subset of patients
with  worse prognostic, both decreased
progression-free survival and overall survival
[32]. As it will be mentioned below, the prognos-
tic significance of CTCs not only is qualitative
but quantitative, so that patients with rising num-
bers of CTCs had poor outcomes.

9.3.2 Prognostic Studies of CTCs
in Patients Who Received
Chemotherapy for Early
Breast Cancer

The study conducted by Rack et al. assayed CTCs
by CellSearch® system in 2026 patients with eBC
before adjuvant chemotherapy and in 1496
patients after adjuvant chemotherapy [33]. The
rates of detection of CTCs were similar in patients
receiving adjuvant or neoadjuvant chemotherapy
(in order to 21.5-22%). The presence of CTCs
was an independent poor prognostic factor and
was associated with poor disease-free survival,
poor distant disease-free survival (DFS), breast
cancer-specific survival (BCSS), and overall sur-
vival (OS). The group of patients with at least
five CTCs had significantly worse outcomes
(DFS: HR = 4.51, 95% CI = 2.59 to 7.86; OS:
HR = 3.60, 95% CI = 1.56 to 8.45). In this trial,
the authors found that the patients with persisting
CTCs before and after chemotherapy treatment
had worse outcomes compared with the other
subgroups in terms of DFS, and an important
negative prognostic effect in the presence of
CTCs previously systemic treatment [49].

In the neoadjuvant setting, Pierga et al. inves-
tigated the presence of CTC in pre and post neo-
adjuvant blood samples in 118 non-metastatic
breast cancer patients [30, 50]. They found a sig-
nificantly decreased DFS and OS in patients with
>1CTC. Similar findings in the neoadjuvant set-
ting were found by Riethdorf et al. in patients
enrolled in GeparQuattro trial [42]. The Beverly
study, included 137 patients with inflammatory
breast cancer (IBC) candidates to neoadjuvant
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treatment [51, 52]. The study analyzed the pos-
sible benefit of incorporated bevacizumab to
standard chemotherapy and trastuzumab in the
neoadjuvant scenario. Prior to neoadjuvant che-
motherapy, 39% of patients had detectable CTCs.
The detection of CTCs after four cycles of che-
motherapy decreased from 39% to 9%. The
authors found that the presence of CTCs at base-
line was associated with shorter 3-year DFS
(39% versus 70%, P < 0.01, HR 2.80) and shorter
3-year OS (P < 0.01) compared with the patients
with undetected CTCs [52]. The pooled analysis
including Beverly 1 and Beverly 2, suggests that
the combination of pathological complete
response (pCR) and CTCs detection could be a
potential tool to identify a subgroup with better
outcomes after neoadjuvant treatment: the sub-
group of patients that achieved a pCR and unde-
tected CTCs had an excellent OS (94% 3-year OS)
[50]. The authors suggested that the prognosis of
IBC relies on the achievement of pCR and high-
lighted the role of early hematogenous tumor dis-
semination as assessed by CTCs. Combining these
two prognostic factors they reported a subgroup of
IBC with excellent survival when treated with bev-
acizumab and trastuzumab-containing regimens.

9.3.3 Pooled Analysis
of the Prognostic Value
of CTCs in Early Breast Cancer

Janni et al. published a pooled analysis including
3173 patients with stage I-III breast cancer [34]. A
total of 58% of patients included had nodal
involvement and 42 had high-grade tumor. In this
series, only 8.2% patients received neoadjuvant
treatment and 79.9% received adjuvant treatment,
including hormonal therapy and radiotherapy
according to guidelines. The presence of CTCs
was assessed by CellSearch® at time of primary
diagnosis. The prevalence of CTCs was 20% and
the presence of >1 CTCs was an independent neg-
ative prognostic factor for DFS [HR, 1.82; 95%
confidence interval (CI), 1.47-2.26], distant DFS
(HR, 1.89; 95% CI, 1.49-2.40), BCSS (HR, 2.04;

95% CI, 1.52-2.75), and overall survival. The
presence of CTCs was correlated with large size,
high histological grade and nodal involvement. In
a subgroup analysis, CTCs were not able to pro-
vide prognostic information in very low risk
patients (T1 NO) and in hormone receptor nega-
tive, HER2 positive breast cancer subtype, proba-
bly by the small sample size in the last subgroup.

A Meta-analysis was published in 2018 by
Bidard et al. Data from 2185 patients from
EEUU, Japan and European countries were
included. Blood samples from patients were col-
lected before neoadjuvant treatment (n = 1574)
and before surgery (n = 1200) and presence of
CTCs was assessed by CellSearch® system. One
or more CTC were detected in 25.2% of patients
before neoadjuvant chemotherapy. The presence
of CTCs was associated with tumor size. In con-
cordance with previous studies mentioned above,
the number of CTCs detected had a detrimental
impact in OS, DFS and locorregional relapse-free
interval, although not correlated with pCR [35].
The higher number of CTCs detected before neo-
adjuvant chemotherapy was associated with the
HR of death.

9.4  Other Prognostic Studies

9.4.1 CTCs and Late Recurrences
in Early Breast Cancer

Recently, a trial published by Sparano et al.
provided evidence of an association of CTCs
and late recurrence in hormone receptor posi-
tive HER2 negative breast cancer [53]. Analysis
of CTCs were assessed by CellSearch® system
in 547 patients without clinical evidence of
recurrence between 4.5 and 7.5 years after pri-
mary treatment of stage II-III breast cancer.
Only 5% of patients had detectable CTCs in
blood circulation. They found a 12.5 risk-fold
increased risk of recurrence in patients with
CTCs compared to patients with undetected
CTCs detected. An interesting finding was that
the patients with CTCs were still receiving
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hormonal therapy and 4.4% had clinical recur-
rence, and these were predominantly in HR+
breast cancer. The detection of CTCs was
observed 2.8 years prior to clinical recurrence.
This provided for the first time evidence on the
potential value of CTC detection during patient
follow up and late clinical recurrence.

9.4.2 CTCs with EMT Phenotype
and Prognosis

As mentioned above, circulating tumors cells are
a heterogeneous population of cells including
CTCs with partial or complete EMT phenotype.
The prognostic value of CTCs has been demon-
strated for epithelial CTCs. However, a subset of
primary breast cancer patients shows EMT and
stem cell characteristics [54]. EMT phenotype in
breast cancer have been shown to be prognosti-
cally unfavorable, but the prognostic value of
CTCs with EMT is poorly known in eBC and the
currently used detection methods for CTC are not
efficient to identify a subtype of CTC which
underwent EMT. An interesting work published
recently by Mego et al. identify a subset of CTCs
with more aggressive behavior and patients with
an inferior outcome in this setting [40]. In this
work the authors evaluated the expression of
EMT transcription factors (TWIST1, SANAILI,
SLUG and ZEB1) by PCR in real time. The
patients with EMT-CTCs had inferior outcomes
compared with patients without detectable CTC
EMT. In this work the presence of CTC EMT
was associated with p53 status and after a median
of follow-up of 55 months, patients with CTC
EMT in the peripheral blood had significantly
poor DFS. This prognostic value was demon-
strated in all subgroups and was most pronounced
in the hormone receptor positive, HER2 negative
subgroup independently of the adjuvant treat-
ment administrated. Despite of the small sample
size of the study, it provides for the first time evi-
dence fo the prognostic value of CTCs with an
EMT phenotype in eBC. The poor prognostic
associated to EMT features of CTCs is in line

with observations reported in primary breast can-
cer tissue. Along this line, Creighton et al.
reported that the residual breast tumor tissue cell
populations surviving after letrozole or docetaxel
treatment were enriched for subpopulations of
cells with both tumor-initiating and mesenchy-
mal features, which may explain resistance to
antihormonal and conventional chemotherapeu-
tic drugs [55].

9.4.3 Dynamic Evolution of CTC
During (Neo)adjuvant
Treatment

Muller et al. analyzed patients with primary
breast cancer at stage M0. They found that 8.3%
of patients had CTCs after surgery and before ini-
tiation of adjuvant chemotherapy. During the
course of adjuvant chemotherapy, repeated anal-
ysis of 20 M(0) patients revealed the occurrence
of CTCs in 7 of 16 patients that were initially
negative [29].

Pachmann et al. analyzed the presence of
CTCs to monitor residual disease during adju-
vant treatment with the aim to detect patients
early who are at risk of relapse [56]. They ana-
lyzed serially the presence of CTC by epithelial
surface markers in 91 non-metastatic primary
breast cancer patients by an EpCAM-based laser
scanning cytometric approach. Patients with ini-
tial reduction in CTC number followed by a sig-
nificant increase (>10 fold compared with the
nadir (lowest value) were the subgroup with the
highest risk of subsequent relapse. Kwan et al.
have developed a novel breast cancer CTC-
specific assay, selecting 17 transcripts strongly
expressed in breast derived tissue but absent in
blood cells [57]. They tested its clinical utility
monitoring response in high-risk breast cancer
patients receiving neoadjuvant therapy. In 52
patients with localized breast cancer, the increase
in a CTC-score after three cycles of neoadjuvant
therapy was associated with residual disease at
surgery. This study suggests a novel CTC assay
to monitor response to neoadjuvant chemother-
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Table 9.2 Selected studies involving testing CTCs in eBC

Study

Status Reference

Type

Characterization of circulating tumor cells (CTCs) in
patients with locally advanced or metastatic stage IV breast
cancer

Observational | Recruiting | NCT01048918

Effect of Digoxin on Clusters of Circulating Tumor Cells
(CTCs) in Breast Cancer Patients

Phase 1 (M1) Active | NCT03928210

Predictive Value of Circulating Tumor Cells in
Neoadjuvant Chemotherapy Among Locally Advanced
Breast Cancer Patients: a Single-center, Prospective,
Exploratory Clinical Trial

Clinical Trial | Recruiting | NCT03732339

Circulating tumor cells (CTCs): a potential screening test
for clinically undetectable breast carcinoma

Observational | Recruiting | NCT01322750

A pilot surveillance study to monitor natural killer cells
and circulating tumor cells in women with previously
treated non-metastatic triple negative breast cancer and
women with previously treated non-metastatic breast
cancer with a confirmed BRCA mutation

Active not NCT02639832

recruiting

Observational

Analysis of Circulating Epithelial Tumor Cells in
Peripheral Blood in Patients With Primary Non-metastatic
Breast Cancer Under Adjuvant Radiotherapy

Observational | Recruiting | NCT03935802

apy. Further research is needed to further study
its potential clinical implications.

9.5 Clinical Trials Based on CTCs

The presence of CTCs in eBC has been the bases
for a few clinical trials (Table 9.2). Georgoulias
et al. conducted a randomized phase II trial in
patients with non-metastatic breast cancer with
detectable CTCs before and after adjuvant che-
motherapy based on an anthracycline regimen
[58]. CK19 mRNA-positive CTCs were detected
by RT-PCR and double stained CK(+)/HER2(+)
cells by immunofluorescence. A total of 378
patients (310 HER2-negative and 68 with HER2-
positive eBC) were treated with adjuvant chemo-
therapy and 148 (39%) patients had detectable
CK19 mRNA-positive CTCs before any adjuvant
systemic treatment. The patients with persistence
of CTCs (26%) at the end of adjuvant chemother-
apy were randomized to receive trastuzumab or
observation. Fifty-one (89%) of the 57 analyzed
patients had HER2-expressing CTCs. In HER2-
negative breast cancer patients, after trastuzumab
administration, 27 of 36 (75%) women became
CK19 mRNA-negative compared to seven of 39
(17.9%) in the observation arm. In that study, the

median DFS was significantly higher for the
trastuzumab-treated patients. This result sug-
gested that the administration of trastuzumab may
eliminate chemotherapy-resistant CK19 mRNA
positive CTCs and improve patient’s outcome.
However, these results were not confirmed by
a phase II trial conducted by Ignatiadis et al. that
included 95 HER2 negative eBC patients with
CTCs detected by CellSearch® after completing
neoadjuvant chemotherapy and surgery [59].
These patients were randomized to receive trastu-
zumab or no treatment. The aim of the study was
the eradication of CTCs at week 18 in the experi-
mental arm. In 23.8% of the patients there was at
least one HER2-positive CTC (6 patients in the
trastuzumab arm and 9 in the observational arm).
Fifty-eight patients were assessable for the pri-
mary end point, 29 in each arm. In 9 of the 58
patients, CTC(s) were still detected at week 18;
5 in the trastuzumab and 4 in the observation
arm. The study was stopped by Independent Data
Monitoring Committee recommendation for
futility for the primary end point, concluding that
the use of trastuzumab according to detection of
CTC was of no benefit in terms of DFS or
OS. Further research is needed in this area.
Related to radiotherapy, Goodman et al.
recently published a potential relation between
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CTC and benefit of radiotherapy in patients with
eBC that undergo conserving surgery [60]. The
study included patients enrolled in SUCCESS
trial, and patients from NCDB. CTCs detection
ranged from 19% to 24% and DFS and OS were
related with the presence of CTCs. The patients
that received radiotherapy after conservative sur-
gery had longer local recurrence-free survival
(LRFES), DFS and OS if at least 1 CTC was
detected compared to patients that did not receive
radiation therapy. In contrast, in patients with
undetected CTCs, the addition of radiation ther-
apy did not significantly improve patient out-
comes. This clinical trial was the first study that
incorporated CTCs as a predictive biomarker of
radiation therapy in non-metastatic breast cancer
and these results suggest CTCs as a potential tool
to identify patients that potentially benefit of
radiation. Based on these promising results, addi-
tional studies appear warranted.

There are additional registered ongoing stud-
ies of CTCs in eBC that will shed light on their
potential utility in the upcoming years. A selec-
tion of these studies is presented in Table 9.2.
Furthermore, CTCs may become a target per se
in eBC, particularly CTC clusters, albeit current
technology still does not allow their reliable
detection in a sufficient proportion of eBC
patients. This view is based on an interesting pre-
clinical study suggesting the use of drugs that
could segregate and prevent clusters formation in
blood in metastatic setting [21].

Conclusions and Future
Directions

9.6

There is definitive evidence on the prognostic
role of CTCs in eBC but its clinical utility in
daily practice is still lacking. However, the chal-
lenge is to develop biomarkers for prediction
rather than prognosis. Clinical trials based on
CTCs have provide promising, but not robust,
responses to the potential use of CTC-guided
therapy in eBC. Therefore further efforts should
be directed at deepening the molecular character-
ization of CTCs and, importantly, to the design of

clinical trials that could exploit the unique infor-
mation that CTCs may reveal. It is also tempting
to speculate that CTCs may also provide comple-
mentary information on the interplay of tumor
cells with the immune system.

We have to take into consideration that the
studies published to date mainly evaluated the
presence of CTC based on the expression of epi-
thelial surface markers. Future studies need to
overcome this limitation and, hence, be based on
methods that can detect CTCs with mesenchymal
phenotype or detect CTCs based on their physical
properties. There are also new methods to assess
CTCs that can capture the heterogeneity of the
tumor landscape and this may prove valuable in
the future. In addition, the information of CTC
enumeration and biological features should be
combined with the emerging data provided by
ctDNA. It is entirely reasonable to believe that
the combination of CTCs and ctDNA testing may
provide new ways to personalize in an unprece-
dented manner the management of patients with
eBC.
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