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Summary

Subclinical tumor cell spread, as the putative precursor
stage of subsequent solid metastases, can be assessed
in breast patients via the detection of disseminated
tumor cells (DTC) in bone marrow aspirates or circulat-
ing tumor cells (CTC) in the peripheral blood with immu-
nocytochemical and molecular techniques. In the context
of a growing number of treatment strategies for cancer
patients in the adjuvant setting as well as in the meta-
static situation, markers predicting therapy efficacy are
urgently needed. The detection of DTC or CTC may be-
come one of the most interesting parameters not just for
the prediction of survival or therapy monitoring but also
for the characterization and specific targeting of residual
tumor cells. Progress in this field now permits clinical
studies that should lead to improvements in the treat-
ment of breast cancer patients.

* All authors have contributed equally to this manuscript

Schliisselworter
Mammakarzinom - Knochenmark -
Disseminierte Tumorzellen - Zirkulierende Tumorzellen

Zusammenfassung

Die subklinische Streuung von Tumorzellen als das
Vorlauferstadium solider Metastasen kann bei Brust-
krebspatienten durch die Detektion disseminierter Tu-
morzellen (DTC) in Knochenmarkaspiraten oder zirku-
lierender Tumorzellen (CTC) im peripharen Blut mittels
immunzytochemischer und molekularer Methoden
beurteilt werden. Im Rahmen der stetig wachsenden
Anzahl an Behandlungsstrategien flr Krebspatienten
sowohl im adjuvanten Setting als auch im metasta-
sierten Stadium werden Marker zur Vorhersage der
Behandlungseffizienz dringend bendtigt. Die Detektion
von DTC bzw. CTC kénnte zu einem der interessantes-
ten Parameter werden, sowohl fiir die Vorhersage des
Uberlebens und zum Zweck des Therapiemonitoring
als auch fur die Charakterisierung und das spezifische
Targeting residueller Tumorzellen. Fortschritte auf die-
sem Gebiet lassen nunmehr klinische Studien zu, die
zu Verbesserungen in der Behandlung von Brustkrebs-
patienten fliihren dirften.
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Relevance of Disseminated Tumor Cells in the Bone
Marrow

The predominant cancer-associated cause of death in patients
with solid tumors is commonly not the primary tumor but dis-
tant metastases which can develop even years after the treat-
ment of the primary tumor. A relevant portion of breast can-
cer patients with negative axillary lymph nodes, for example,
develop local or distant metastases during the further course
of the disease, even if there was no indication of dissemina-
tion beyond the breast at the time of the first diagnosis [1].
Metastases are probably caused by the occult dissemination
of tumor cells into the blood in the early stages of the dis-
ease. Several studies support the hypothesis that disseminated
tumor cells (DTGC; also called minimal residual disease, MRD)
in the bone marrow (BM), can be considered to be the precur-
sor of clinically manifested distant metastases [2-5].

The question whether BM involvement presents an in-
dependent prognostic marker was resolved and summed up
recently with data of a pooled analysis [6]. Within the scope
of this analysis, data on the survival rate of 4,703 stage I-111
breast cancer patients from 9 different centers were evaluated
with regard to BM status. The overall positivity rate in BM
was 31%. The positive BM status represented an independent
prognostic marker for overall survival as well as for disease-
specific survival.

Evidence of persistent tumor cells after the completion
of chemotherapy or during the follow-up period could be of
higher clinically importance, especially with regard to newer
targeted therapies. A joint analysis of data from 726 patients
confirmed earlier single-center results: the overall survival
among 15.4% of those patients examined with evidence of per-
sistent tumor cells in BM differed by 62 months (p < 0.0001)
[7]. Evidence of persistent isolated tumor cells in BM as part
of breast cancer surveillance may serve as surrogate marker
for the need of further adjuvant therapy in the future.

Relevance of Circulating Tumor Cells in the Blood

Sequential peripheral blood analyses should be more accept-
able than BM aspirations, and many research groups are cur-
rently assessing circulating tumor cells (CTC) in clinical stud-
ies. Depending on the detection technique used, CTC were
revealed in 50-100% of patients with metastatic breast cancer
[8]. Even in patients with no clinical signs of overt metastases,
detection rates range from 10 to 60% [9]. However, it was also
described that detection of DTC in BM had superior prog-
nostic significance in comparison with CTC measurements in
blood, analyzing patients with metastatic and non-metastatic
breast cancer by a quantitative reverse transcription-polymer-
ase chain reaction (RT-PCR) assay for cytokeratin-19 and
mammaglobin mRNAs [10]. One possible explanation is that
BM is a homing organ for DTC, whereas blood analyses allow
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only a ‘snap shot’ of tumor cell dissemination. Taken together,
these findings do not support an exchange of DTC in BM with
CTC from blood, but future studies with improved detection
technologies may help to clarify this issue. Several studies also
have used RT-PCR-based methods to detect CTC and showed
a prognostic impact [11-13].

As described above, the clinical relevance of CTC meas-
urements is still under investigation. In the metastatic setting,
detection of CTC with the CellSearch™ system (Veridex,
Raritan, NJ, USA) provided significant prognostic infor-
mation before and also shortly (4 weeks) after initiation of
chemotherapy in patients with measurable metastatic breast
cancer [14, 15]. Interestingly, CTC determinations seem to be
superior to conventional imaging methods for response evalu-
ation [16]. The clinical utility of these findings is now being
prospectively addressed in a randomized trial (SWOG S0500)
led by the Southwest Oncology Group (www.cancer.gov/clini-
caltrials/SWOG-50500). The aim of this trial is to determine
whether women with metastatic breast cancer and CTC levels
of 5 or more cells per 7.5 ml of blood after 3 weeks of first-line
chemotherapy show an improved overall survival and progres-
sion-free survival when changing to an alternative chemother-
apy regimen in the next course rather than waiting for clinical
evidence of progressive disease.

In contrast to patients with metastatic disease, less infor-
mation is available about the prognostic relevance of CTC in
the blood of patients with early-stage disease [17]. To monitor
treatment efficacy is of great clinical relevance especially in
the adjuvant setting when no measurable tumor is present. In
patients with primary breast cancer, several studies are cur-
rently evaluating the detection of CTC. In the German neo-
adjuvant trial ‘GeparQuattro’ (www.germanbreastgroup.de/
geparquattro), CTC determinations were performed with the
CellSearch system before and after primary systemic chemo-
therapy. The positivity rate defined as the detection of 1 or
more CTC was 22% before treatment and decreased to 14%
after chemotherapy [18]. As part of the translational research
project of the German SUCCESS trial, peripheral blood from
1,500 node-positive and high-risk node-negative breast cancer
patients before and after adjuvant taxane-based chemothera-
py was examined for the presence of CTC with the CellSearch
system. In 10% of the patients, more than 1 CTC was detect-
ed before the start of systemic treatment. After completion of
chemotherapy, 9% of patients presented with >1 CTC. While
the presence of CTC before systemic treatment did not show
prognostic relevance, persistence of CTC after chemotherapy
was a significant predictor for reduced disease-free and over-
all survival [19].

Molecular Characterization of Disseminated Tumor Cells

The purpose of characterizing DTC is to improve the under-
standing of the metastatic process and also to reveal diagnos-
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tically and therapeutically relevant features. However, the
molecular and phenotypic characterization of DTC remains a
challenge mainly because of the few cells available for analy-
sis and the difficulties to isolate them without contamination
by other cell types.

At the genomic level, Fehm et al. [20] have shown, using
multiple FISH analyses, that the majority of CTC isolated
from the blood of breast cancer patients are aneusomic, i.e.
have deviations from the normal state of disomy, and are
derived from the primary tumor. Comparative genomic hy-
bridization (CGH) has shown that even in early stage breast
cancer, DTC in BM are genetically heterogeneous. Interest-
ingly, the early DTC lacked some genomic aberrations found
in different regions of the primary tumors [21]. This suggests
that DTC evolve independently from the primary tumor and
accumulate new genomic aberrations in the course of homing
to BM and other distant organs.

Microarray-based gene expression analyses of primary
breast tumors from patients with DTC in BM [22] support the
hypothesis that tumor cells acquire the genetic changes rel-
evant to their metastatic capacity early in tumorigenesis [23].
Accordingly, the metastatic potential of DTC already may
be encoded in most primary tumor cells [23]. The identifica-
tion of DTC-specific genes is also the focus of the European
consortium DISMAL (‘Disseminated Malignancies’; www.
dismal-project.eu). Absence of the proliferation marker Ki-67
in DTC indicates that most DTC in BM are non-proliferating
and dormant [24, 25]. This may explain why adjuvant chemo-
therapy is ineffective.

Recently, it was shown that most DTC in BM were CD44+/
CD24-/low and expressed stem cell features [26]. A propor-
tion of viable DTC enriched from BM of metastatic and pri-
mary breast cancer patients present with a breast cancer stem
cell-like phenotype, characterized by CK19-positive status
and absence of Muc-1 secretion [27]. Whether DTC can self-
renew, as do stem cells, remains yet to be elucidated.

Targeting of DTC and CTC in Breast Cancer Patients

A striking potential of CTC could be to re-evaluate therapeu-
tic targets on CTC, as ‘real time biopsy’ during breast cancer
treatment, which might enable a more individual and opti-
mized therapy in cancer patients. Based on the hypothesis
that persistent tumor cells are the precursor of subsequent
metastatic disease, these patients may benefit from extended/
modified adjuvant therapy. Currently, the two most important
targets are the HER2 receptor and estrogen receptor (ER).
HER?2 overexpression and/or amplification status has been
linked with aggressive tumor behavior and resistance to cyto-
toxic and endocrine therapy [28-30]. HER2-positive patients
are eligible for treatment with trastuzumab (Herceptin®,
Roche Pharma AG, Grenzach-Whylen, Germany) and other
therapeutic strategies, e.g. the tyrosine kinase inhibitor lap-

Disseminated and Circulating Tumor Cells in
Breast Cancer

Fig. 1. Phenotyp-
ing of disseminated
tumor cells (DTC) by
double immunofluo-
rescence staining;

A ERo-positive
(red)/CK-positive
(green) DTC, B
HER2-positive (red)/
CK-positive (green)
DTC.

atinib which seems to have clinical activity also after failure
of trastuzumab therapy [31]. The phenotype of the primary
tumor is the current gold standard for the selection of breast
cancer patients for HER2-targeted therapy. However, several
studies have indicated that the HER?2 status may be differ-
ent between primary tumor and DTC. An example for HER2
staining of CTC by immunofluorescence is given in figure 1.
The results of several studies investigating the HER2 status
of DTC compared to their corresponding primary tumors are
summarized in table 1. Two different hypotheses are discussed
for the discrepancy of HER2 status between DTC and pri-
mary tumor. One explanation is that tumor cells may acquire
HER?2 amplification resulting in HER?2 overexpression during
dissemination and tumor progression, respectively. Another
possibility is that a small subclone of HER2-positive cells in
the primary tumor, which did not exceed the cut-off for HER2
positivity (10% of analyzed cells), has shed its tumor cells.

In metastatic patients, it has also been demonstrated that
patients with HER2-negative primary tumors have HER2-
positive CTC in the blood. Moreover, a subset of these pa-
tients were treated with trastuzumab and showed clinical re-
sponse [32, 33]. Since the number of patients included in these
studies was small, no conclusive data have been obtained. In
this context, a European multicenter study has been initiat-
ed (www.detect-study.de). The aim of this study is to evalu-
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Table 1. Summary of results from several
studies investigating the HER?2 status of disse-
minated tumor cells (DTC) compared to their
corresponding primary tumors

Author [Ref.] Patients, n Primary tumor DTC HER2- Concordance,
HER2-positive,  positive, % %
%

Solomayer et al. [42] 45 14 (29) 20 (44) 63

Becker et al. [43] 105 26 (25) 22 (21) 77

Braun et al. [44] 24 7(29) 15 (63) 58

Meng et al. [32] 33 15 (46) 11 (33) 88

Vincent-Salomon et al. [45] 27 5(18.5) 4 (15) 90

ate the percentage of metastatic breast cancer patients with
HER2-positive CTC and HER2-negative primary tumors
using different methods for HER2 determination. 250 meta-
static breast cancer patients will be enrolled. In addition, the
course of HER2-positive CTC under HER?2 targeted therapy
is evaluated by serial CTC measurements.

ER Status of DTC

The most widely used form of targeted therapy for breast
cancer remains anti-estrogen endocrine therapy, therefore it
is important to know whether the ERa. status of DTC corre-
sponds to the ERa status of the primary tumor. In our own
study, only in 12 of 88 (14%) patients with ERo-positive pri-
mary tumors, ERa-positive tumor cells could be detected [19].
Similar results are observed by Ditsch et al. [34] who reported
that 2 of 11 (18 %) patients with ERa-positive primary tumors
had ERa-positive DTC. Reuben et al. [35] investigated the
ERa status of CTC in metastatic breast cancer patients and
their corresponding primary tumors: 14 of 16 (88%) patients
had ERo-positive primary tumors, but in contrast, only 3 of 16
patients had ERa-positive CTC [35]. Therefore, the majority
of DTC tend to be ERoa-negative and will not respond to ER
targeted therapy. These results suggest a potential to optimize
treatment of breast cancer patients with HER2/ER-negative
persistent tumor cells after cytotoxic therapy.

Targeting DTC by Other Treatment Strategies

Targeting the Microenvironment

The specific microenvironment determines the extent of cell
proliferation, angiogenesis, invasion, and survival of tumor
cells and micrometastasis. Bisphosphonates (BP) influence
the microenvironment by altered secretion of growth factors
and cytokines. Moreover, BP reduce tumor cell adhesion, in-
duce apotosis in tumor cells, have an antiangiogenic effect,
and enhance antitumor activity of cytotoxic agents [36]. They
are successfully used in conditions of increased bone turno-
ver such as osteoporosis or bone metastases. Small trials have
already demonstrated that persistent DTC of primary breast
cancer patients can be eliminated by BP probably due to the
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altered microenvironment [37, 38], and the risk of recurrence
could be reduced in patients with positive DTC by BP treat-
ment [3].

Targeting Angiogenesis

Angiogenesis is a critical feature of tumor growth. Therefore,
inhibition of angiogenesis is an appealing strategy for treat-
ment. The most promising approach has been the use of beva-
cizumab, a monoclonal antibody against vascular endothelial
growth factor (VEGF) [39]. In the context of eliminating sin-
gle dormant tumor cells, an anti-angiogenic therapy might be
sufficient to maintain the non-proliferative state of the DTC
by preventing angiogenic activation of growth progression.
This is the rationale for the use of bevacizumab in ongoing
(neo-) adjuvant clinical trials with breast cancer patients.

Targeting DTC by Activation of the Immune System

An interesting treatment strategy may be the use of therapeu-
tic cancer vaccines [40, 41]. Cancer vaccines are based on the
assumption that the T-cell repertoire of individuals contain
cytotoxic T-cell precursors specific for tumor-associated an-
tigens (TAAs, e.g. CEA, MUC-1) or tumor primed memory
T-cells and that the patient’s immune system can be sensitized
to TAAs of the patient’s own tumor. Therapeutic vaccines
may be particularly effective in patients with (dormant) MRD
since the effector/target ratio is more favorable. Currently, a
limited number of adjuvant trials are in progress.

Conclusion

Besides the prognostic information derived from the detec-
tion of DTC/CTC, the presence of these cells may also pro-
vide a tool for predicting and monitoring the efficacy of sys-
temic therapy. The study with the highest level of evidence for
CTC performed to date has been in patients with metastatic
disease. However, CTC measurements might also have par-
ticular clinical relevance in the context of adjuvant systemic
therapy. The molecular characterization of these cells should
allow further insights into the biology of metastatic dissemi-
nation and therefore help to improve treatment and develop
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new therapeutic approaches. Prospective clinical studies are

now ongoing to evaluate whether eradication of CTC in the

blood (and also DTC in BM) is correlated with a longer dis-
ease-free period and overall survival in the adjuvant setting
and if therapy guided by CTC is able to improve outcome of
metastatic patients. An additional important goal is the pos-
sibility of identifying DTC/CTC-specific targets in order to

improve current therapies.
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