
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

  Review

 Pathobiology 2008;75:140–148 
 DOI: 10.1159/000123852 

 Disseminated Tumor Cells in Bone Marrow 
and Circulating Tumor Cells in Blood of Breast 
Cancer Patients: Current State of Detection and 
Characterization 

 Sabine Riethdorf    Klaus Pantel 

 Institute of Tumor Biology, University Medical Center Hamburg-Eppendorf,  Hamburg , Germany
 

maintaining a dormant nonproliferating state. There is also 
evidence for a stem cell-like phenotype of DTCs, probably 
contributing to the opportunity to escape from dormancy 
control and to start expansion to manifest metastases. Blood 
would also be an ideal source for the detection and monitor-
ing of CTCs because of an easy noninvasive sampling proce-
dure enabling repeated analyses. While prognostic signifi-
cance of CTCs could be reliably demonstrated for metastatic 
breast cancer, studies to analyze the impact of CTCs in pri-
mary breast cancer patients and the potential to replace or 
supplement BM analysis are still ongoing. Furthermore, mo-
lecular characterization of CTCs might contribute to improv-
ing targeted and more individualized cancer therapies. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The occurrence of distant metastases is the main cause 
of death for breast cancer patients. However, crucial fac-
tors forcing cancer cells to move and grow outside of the 
primary organ are still not well understood  [1] . An asso-
ciation of breast cancer and bone metastasis was already 
described in 1889 with the publication of Steven Paget’s 
theory of seed and soil  [2] . Breast cancer-related metasta-
sis in bone marrow (BM) was also suggested by Rohr and 
Hegglin  [3] , who identified metastatic cells in BM biop-
sies by hematoxylin and eosin staining. When Schreiber 
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 Abstract 

 Despite the progress resulting from early detection and im-
proved adjuvant therapy, the prognosis of breast cancer pa-
tients is still limited by the occurrence of distant metastases 
largely due to clinically occult micrometastases that remain 
undetected at primary diagnosis even by high-resolution 
imaging approaches. Recent research efforts have concen-
trated on the identification of additional parameters allow-
ing individual risk assessment and stratification of patients 
for targeted therapies, since traditional prognostic factors 
are not sufficient to predict metastatic relapse and treat-
ment decisions are still mainly based on statistical risk pa-
rameters. Highly sensitive and specific immunocytochemi-
cal and molecular assays now enable the detection and 
characterization of disseminated and circulating tumor cells 
(DTCs and CTCs, respectively) at the single cell level in bone 
marrow (BM) and peripheral blood, providing insights into 
the first crucial steps of the metastatic cascade. However, be-
cause of the still high variability of results in DTC/CTC detec-
tion, the necessity of standardized approaches will be dis-
cussed. A large number of studies showed that the presence 
of DTCs in BM has prognostic impact for primary breast can-
cer patients. DTCs are likely to escape from chemotherapy by 

 Prof. Dr. Klaus Pantel 
 Institute of Tumor Biology, University Medical Center Hamburg-Eppendorf 
 Martinistrasse 52 
 DE–20246 Hamburg (Germany) 
 Tel. +49 40 42803 3503, Fax +49 40 42803 5379, E-Mail pantel@uke.uni-hamburg.de 

 © 2008 S. Karger AG, Basel
1015–2008/08/0752–0140$24.50/0 

 Accessible online at:
www.karger.com/pat 

http://dx.doi.org/10.1159%2F000123852


 Disseminated and Circulating Tumor 
Cells in Breast Cancer Patients 

Pathobiology 2008;75:140–148 141

et al.  [4]  described the first single disseminated tumor 
cells in BM smears in nonmetastatic breast cancer pa-
tients, only a few publications dealt with micrometastasis 
 [5] . Moreover, morphological criteria were not sufficient 
to undoubtfully distinguish single epithelial tumor cells 
from BM cells, especially because of the wide variety of 
morphologically uneven hematopoietic and mesenchy-
mal stem as well as progenitor cells  [6] .

  Important progress in the field of BM micrometastasis 
arose from the introduction of immunocytochemical 
staining procedures using antibodies against epithelial-
specific markers (EMA, cytokeratins) that were not ex-
pressed on the surrounding BM cells  [7] . Using these 
methods, it became more and more accepted during the 
last 2 decades that BM is a common homing and surviv-
ing organ not only for breast cancer cells but also for can-
cer cells from other organs  [8, 9] . These cells are likely to 
escape from the host immune system in a dormant state 
until internal and/or external signals might enable them 
to move and grow out to overt metastases at different or-
gans  [10–14] .

  In this review, we focus on modern sensitive and spe-
cific detection methods for disseminated and circulating 
tumor cells (DTCs and CTCs, respectively) as well as 
their clinical relevance. We will further concentrate on 
the question whether and when BM examination can be 
replaced and supplemented by blood analysis. Further-
more, we will present new data about the phenotypical 
and molecular characterization of DTCs and CTCs un-
der particular consideration of cancer stem cell features 
and potential therapeutically relevant target molecules.

  Detection of DTCs in Bone Marrow 

 Current models of breast cancer metastasis support the 
possibility of an early detachment of cells from primary 
tumors and the direct release of DTCs into blood and
BM, bypassing in some cases the lymphatic system  [1, 13] . 
DTCs are rare with only 10–20 cells among millions of BM 
cells. In order to increase the chance to detect DTCs in this 
organ, procedures had to be developed for their enrich-
ment prior to detection and further characterization. To 
this end, different density gradient centrifugation meth-
ods such as Ficoll-based assays or the OncoQuick ap-
proach, as well as positive or negative immunomagnetic 
enrichment procedures and simple filtration methods sep-
arating tumor cells by their size, have been established
 [13, 15] .

  Today, in general, there are 2 different methods to 
screen BM aspirates for DTCs, namely cytologic/cytomet-
ric (antibody-based) and molecular approaches  [13, 15, 
16] . Among the cytologic methods that allow isolation 
and enumeration of individual cells, immunocytochem-
istry is the most widely used approach  [1, 15] . Because of 
the absence of tumor-specific target antigens, most fre-
quently antibodies against various epithelium-specific 
antigens such as cytoskeleton-associated cytokeratins, 
surface adhesion molecules or growth factor receptors are 
applied for the detection of carcinoma cells  [15–17] . The 
main advantage of cytologic methods is the opportunity 
to combine immunostaining with the morphology of the 
cells so that both cell size and shape as well as the nucleus-
plasma relation might be estimated and illegitimate ex-
pression of the protein of interest in BM cells can be ex-
cluded as far as possible. The detection of DTCs in BM is 
still not part of the routine tumor staging in the clinical 
practice, but emerging data anticipate a future role of 
DTC detection for risk stratification and therapeutic 
monitoring of breast cancer patients  [18–20] . However, 
the detection rates of DTCs in BM from nonmetastatic 
breast cancer patients vary considerably  [21, 22] . This 
might reflect the different sensitivity, but also specificity, 
of the numerous detection methods and marker genes/
proteins used thus far. The recently defined consensus 
concept for the detection of DTCs in BM, signifying en-
richment of mononuclear cells from BM by Ficoll density 
gradient centrifugation and immunocytochemical detec-
tion of cytokeratin expression as standard procedure, 
should help overcome these problems and provide the ba-
sis for future multicentric clinical trials  [23] . The authors 
recommend the pan-anti-cytokeratin antibodies A45-B/
B3 or AE1/AE3 against a wide spectrum of cytokeratins 
as standard application, thereby ensuring detection of 
DTCs also in cells that have downregulated the expres-
sion of individual cytokeratins in the course of epithelial-
mesenchymal transition  [23] . Microscopic screening of 
large amounts of immunostained cytological prepara-
tions is accomplished by automatic microscopes using so-
phisticated imaging approaches. Criteria to evaluate mor-
phology and staining results have also been defined to 
avoid false-positive and false-negative results  [23–26] . De-
spite existing recommendations for standard operation 
procedures, however, there are still limitations to the stan-
dardization of immunocytochemical methods with re-
spect to reproducibility of the staining procedure itself as 
well as microscopic interpretations. Therefore, both intra- 
and interlaboratory evaluation of the methods is required 
to ensure reliability of the results  [26] .
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  Besides immunocytochemical methods, very sensi-
tive nucleic acid-based techniques now enable the detec-
tion of DTCs also at the single cell level. The main ad-
vantage of these methods is the nearly unlimited avail-
ability of primers for almost every gene of interest. 
Although numerous genetic alterations have been de-
scribed in breast cancer cells, heterogeneity is enormous, 
so that at present no universally applicable DNA marker 
exists for the primary screening of a wide range of DTCs 
 [13, 15] .

  Further efforts have been made to detect free circulat-
ing DNA or epigenetic alterations of circulating DNA 
such as methylation in BM and blood plasma, but the re-
sults are still preliminary  [27, 28] . Furthermore, it is un-
clear whether the amplified DNA derives from DTCs/
CTCs or is being shed from tumor or normal tissue 
 [29] .

  Therefore, measurement of epithelium-specific or 
more organ-specific mRNA species such as cytokeratin 
19 or mammaglobin mRNA by RT-PCR has been proven 
as promising approach to detect DTCs in BM samples 
 [30–35] . Because of the absence of tumor-specific mark-
ers, the main drawback of using surrogate tissue-specific 
markers, however, are false-positive results due to ille-
gitimate low-level transcription of epithelial or breast tis-
sue-specific genes in normal cells  [29, 36] . Furthermore, 
heterogeneity in the expression of particular genes is not 
recognizable and the expression level of a gene of interest 
per cell cannot be estimated. Current analyses are main-
ly performed by quantitative real-time RT-PCR, ensuring 
the discrimination between different levels of expression. 
Moreover, multimarker real-time RT-PCRs have the po-
tential to improve the method even in case of downregu-
lation of the expression of a single gene  [22, 37–39] . How-
ever, storage and sample preparation have to be per-
formed under conditions avoiding RNA degradation, one 
of the major problems of RT-PCR approaches  [35] . The 
application of multimarker assays might also compensate 
for low mRNA amounts due to the low number of tumor 
cells. There are several excellent reviews listing the mark-
er genes currently used in RT-PCR approaches to detect 
DTCs in BM or CTCs in blood from breast cancer pa-
tients  [15, 29, 40] .

  The methods described above are not able to discrim-
inate between viable and apoptotic DTCs. A new tech-
nique, designated EPISPOT (epithelial immunospot) of-
fers the advantage of detecting viable tumor cells by their 
ability to secrete individual proteins. In a recently pub-
lished study it could be demonstrated that BM samples 
from metastatic and nonmetastatic breast cancer patients 

contain viable tumor cells which secret Muc-1 and/or cy-
tokeratin 19 in about 90 and 50% of cases, respectively, 
whereas in controls from healthy women, cells secreting 
these proteins could not be detected  [41] .

  Clinical Relevance of DTCs in Bone Marrow 

 A large number of studies have documented DTCs in 
BM from patients with most types of epithelial cancers  [1, 
8] . Within the last 15 years, several studies have demon-
strated that detection of DTCs in BM of breast cancer 
patients is accompanied by a substantially worse progno-
sis  [42–44] . In a pooled analysis evaluating the results 
from 9 different European centers, including a total of 
4,703 patients, Braun et al.  [19]  have reported that ap-
proximately 30% of women with primary breast cancer 
have DTCs in BM, and in a multivariate analysis, the 10-
year follow-up of these patients revealed a significantly 
decreased overall survival, when compared to patients 
without DTCs. The presence of DTCs in BM was signifi-
cantly associated with higher tumor stage, worse differ-
entiation, lymph node metastasis and negativity in hor-
mone receptor expression. Prognostic relevance was 
shown for all subgroups, even among those patients with 
small tumors and without lymph node metastasis. Al-
though using different antibodies and detection meth-
ods, almost all investigators participating in this pooled 
analysis used anti-cytokeratin antibodies to screen for 
DTCs in the BM  [19] .

  Moreover, Wiedswang et al.  [45]  and Janni et al.  [20]  
demonstrated that the persistence of DTCs in BM from 
breast cancer patients after adjuvant therapy is predictive 
for a subsequent disease recurrence. However, only pro-
spective clinical trials will show whether patients with 
persistent DTCs will benefit from a second-line adjuvant 
treatment, for example by bisphosphonates or antiangio-
genetic therapeutics.

  Can Bone Marrow Examination for DTCs Be

Replaced by Blood Analysis for CTCs? 

 Aspiration of BM is invasive, time-consuming and in 
many cases painful or at least uncomfortable for the pa-
tients, precluding repeated samplings necessary for ther-
apy-monitoring studies. Moreover, BM aspiration is more 
difficult to standardize with regard to the required vol-
ume and quality. Consequently, recent efforts have con-
centrated on the detection of CTCs in peripheral blood 
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(PB) of cancer patients  [29] , but the clinical usage of CTCs 
has not yet been implemented for routine clinical prac-
tice. Furthermore, there are only a limited number of 
studies comparing BM and PB examinations performed 
at the same time points, and the clinical significance of 
CTCs in PB is less clear than that for DTCs in BM. In all 
studies published thus far, there was a higher frequency 
of BM-positive than blood-positive samples from the 
same patients  [46–49] , probably due to the fact that BM 
might provide conditions for homing and survival of 
DTCs, thus contributing to their accumulation in this 
compartment.

  Although both Pierga et al.  [46]  as well as Muller et 
al.  [47]  reported about a significant number of patients 
with concordant results concerning BM and blood anal-
ysis, in the study of Pierga et al.  [46]  only the presence of 
DTCs in BM and not that of CTCs in blood had prog-
nostic relevance for disease-free survival in nonmeta-
static breast cancer patients. In a study reported by 
Wiedswang et al.  [48]  on 341 breast cancer patients with 
median 40 months of follow-up after surgery, both CTCs 
and DTCs were significantly associated with disease-
free survival; however, considering only node-negative 
patients, DTCs but not CTCs predicted differences in 
disease-free survival. Interestingly, the presence of both 
DTCs in BM and CTCs in blood in a subgroup of pa-
tients resulted in an especially poor prognosis  [48] . 
While all studies mentioned above applied immunocy-
tochemical methods, also real-time RT-PCR detection 
of DTCs in BM had superior prognostic significance in 
comparison with CTCs in patients with breast cancer 
 [49] . In the study reported by Benoy et al.  [49] , cytoker-
atin 19 and mammaglobin mRNA levels were analyzed 
by quantitative RT-PCR.

  Currently, the results obtained by comparative studies 
do not support a replacement of BM by blood analysis, 
but CTC detection might have supplementary value. 
There is an increasing number of studies demonstrating 
clinical relevance of CTCs in blood detected by real-time 
RT-PCR identifying either only cytokeratin 19 mRNA or 
multiple markers  [15] . Recently, analyzing cytokeratin 19 
mRNA by real-time RT-PCR, Xenidis et al.  [50]  reported 
about CTCs detected in 22% of blood samples from 167 
node-negative breast cancer patients as significantly as-
sociated with overall and disease-free survival. A correla-
tion of the presence of CTCs in blood to the lymph node 
status was found in 2007 by Nakagawa et al.  [51] , who de-
tected CTCs with the help of a multimarker real-time RT-
PCR in 39/90 (43%) stage I–III breast cancer patients, but 
not in normal healthy volunteers.

  The lack of standardization for CTC detection and 
high intra- and interlaboratory differences in the results 
have additionally complicated the introduction of PB test-
ing into the clinical practice. Standardization and auto-
mation are also pivotal to ensure high-throughput analy-
ses as a precondition for clinical application and multi-
center studies. Important progress in this field arose from 
the development of an automated enrichment and immu-
nocytochemical detection system for CTCs (CellSearch TM ) 
 [52, 53] . This system consists of an automated instrument 
for the enrichment of epithelial cells by ferrofluids coated 
with anti-EpCAM antibodies followed by immunostain-
ing of captured cells with fluorescently labeled anti-cyto-
keratin and anti-CD45 antibodies (AutoPrep), and a semi-
automated microscope for scanning and reading results 
(CellSpotter �  Analyzer). Using this system, Cristofanilli 
et al.  [52, 53]  demonstrated in a prospective study that 
CTC detection provided significant prognostic informa-
tion for patients with metastatic breast cancer. Addition-
ally, Hayes et al.  [54]  demonstrated that CTCs at each fol-
low-up time point during therapy of these metastatic 
breast cancer patients predict progression-free and overall 
survival. The CellSearch system has been cleared by the 
US Food and Drug Administration for routine clinical use 
in metastatic breast cancer patients. Validation data from 
3 independent laboratories and high interinstrument ac-
cordance confirmed the reliability of this system for CTC 
measurements in PB from metastatic breast cancer pa-
tients. Furthermore, it was shown that samples can be 
shipped at room temperature and CTC counts are stable 
for at least 72 h, which facilitates testing at central labora-
tories or remote sites requiring transportation  [55] .

  There are also several reports about the detection of 
CTCs in patients with primary breast cancer, however, 
mostly with lower frequencies and varying results con-
cerning both the number of positive patients as well as 
the number of CTCs in individual patients  [47, 50, 51, 
56–58] .

  Phenotypical and Molecular Characterization of 

DTCs in Bone Marrow and CTCs in Blood 

 The characterization of DTCs/CTCs is aimed to (1) 
provide evidence for their malignant origin and (2) iden-
tify further diagnostically and therapeutically relevant 
features of these cells, which might enable a more target-
ed and individualized antimetastatic therapy. This char-
acterization is hampered by the fact that DTCs/CTCs can 
exhibit features distinct from the primary tumors, but on 
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the other side this could help to identify cancer patients 
for additional targeted therapies.

  By multiple fluorescence in situ hybridization analy-
sis, Fehm et al.  [59]  could show that the vast majority of 
CTCs in blood from breast cancer patients are aneuso-
mic and derived from the primary tumor. By single cell 
comparative genomic hybridization, Klein et al.  [60]  in-
dicated that DTCs might be genomically unstable and 
heterogeneous. Moreover, Schmidt-Kittler et al.  [61]  sug-
gested that DTCs from BM of breast cancer patients dis-
seminate in a less progressed genomic state and might 
acquire genomic alterations typical for metastatic cells 
later.

  The vast majority of DTCs in BM and CTCs in blood 
appear to persist in a nonproliferating state which was 
shown by Ki-67 negativity  [10, 47] . Furthermore, only 
half of the breast cancer patients with DTCs relapse, 
whereas the other half remains tumor free over a 10-year 
follow-up period  [19] . On the other side, this dormant 
state of DTCs/CTCs might also be the cause for the lack 
of effect of adjuvant chemotherapy on the elimination of 
these cells in high-risk breast cancer patients  [18] . In or-
der to escape from the dormant state into the dynamic 
phase of metastasis formation, dormancy has to be dis-
turbed probably by both genetic and epigenetic changes 
in the DTCs/CTCs as well as in the surrounding micro-
environment or premetastatic niche  [14, 62, 63] . However, 
conditions and timing of outgrowth of dormant tumor 
cells are not known thus far  [1, 13] . Although there is 
evidence for a molecular signature of primary tumors 
spreading early into BM  [64] , there is only limited infor-
mation about global gene expression analyses of DTCs/
CTCs. Transcriptional analyses of EpCAM-enriched BM 
and blood cells resulted in gene expression profiles that 
may be used to distinguish normal donors from cancer 
patients  [65, 66] . Further studies have to elucidate wheth-
er individual genes, the expression of which is changed in 
these cell populations, might become markers to recog-
nize recurrence in breast cancer patients early  [66] . Inter-
estingly, TWIST1, a transcription factor that previously 
has been identified to play an important role in metasta-
sis by promoting epithelial-mesenchymal transition  [67–
70] , was part of the gene expression signature identified 
in EpCAM-enriched cells from BM of breast cancer pa-
tients after chemotherapy  [66] . TWIST1 expression, 
which was not observed in EpCAM-enriched cells of BM 
from healthy volunteers, correlated with the occurrence 
of distant metastasis and local progression, even in pre-
treatment BM samples  [66] .

  DTCs/CTCs seem to be heterogeneous with regard to 
the expression of growth factor receptors, adhesion mol-
ecules, proteases and their inducers and receptors, major 
histocompatibility complex antigens or signaling kinas-
es  [11, 71–76] . Of particular interest is the epidermal 
growth factor receptor HER2, the expression of which in 
primary tumors forms the basis of Herceptin treatment 
decisions for breast cancer patients. As shown by Braun 
et al.  [77] , HER2 overexpression on DTCs in BM was 
predictive for a poor clinical outcome of stage I–III breast 
cancer patients. While Vincent-Salomon et al.  [78]  
showed on 27 breast cancer patients that the HER2 status 
remained relatively stable between primary tumors and 
BM micrometastases in most cases, there is also increas-
ing evidence for discrepancies between the HER2 status 
in primary tumors and DTCs in BM  [79] . Solomayer et 
al.  [79]  detected HER2-positive DTCs in 12/20 BM sam-
ples from patients with HER2-negative primary tumors. 
Although HER2 expression was heterogeneous in DTCs 
from individual patients, HER2-positive DTCs might 
identify additional patients who can benefit from Her-
ceptin therapy. The HER2 status of CTCs from PB might 
also be different from that of the corresponding primary 
tumors as reported by Wulfing et al.  [80] . These authors 
presented a significant number of patients whose prima-
ry tumors were HER2 negative, whereas CTCs were 
HER2 positive before surgery  [80] . Moreover, in this 
study the detection of HER2-positive CTCs correlated 
significantly with disease-free and overall survival  [80] . 
It remains to be investigated whether high levels of 
HER2-positive CTCs reflect the activity of the tumor 
and have predictive value for an improved response of 
the patients to Herceptin treatment  [80] . Although Meng 
et al.  [81]  reported a high agreement (97%) of the HER2 
status between primary tumors and CTCs in 31 cases, 
during tumor progression HER2-positive CTCs could be 
detected in 9 of 24 breast cancer patients in spite of 
HER2-negative primary tumors. These CTCs might 
have acquired HER2 gene amplifications. Four of these 
patients received Herceptin therapy and 3 of them re-
sponded to this therapy  [81] . In the study reported by 
Apostolaki et al.  [82] , adjuvant chemotherapy eliminated 
HER2 mRNA-positive CTCs in 16/45 patients. The de-
tection of HER2 mRNA-positive CTCs after chemother-
apy was associated with a reduced disease-free survival. 
Moreover, in 8/161 patients with HER2-negative prima-
ry tumors, HER2 mRNA-positive CTCs could be detect-
ed  [82] . Thus, the detection of HER2 mRNA-positive 
CTCs after adjuvant chemotherapy in the PB of stage I 
and II breast cancer patients might provide information 
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about the efficacy of chemotherapy and the prognosis of 
the patients and identify patients in need of additional 
Herceptin therapy  [82] .

  Detection of Stem Cell-Like Phenotypes 

 The hypothesis that breast cancer might be originated 
from tissue stem or progenitor cells exhibiting the capa-
bility to self-renew and differentiate has gained increased 
attention during the last years  [83–86] . Among the vari-
ous features described for breast cancer stem cells, CD44 
positivity and absence or weak expression of CD24 seem 
to be characteristic for breast cancer founder cells with a 
higher capacity to form tumors in immunosuppressed 
mice than other subtypes of breast cancer cells  [87–89] . 
There is also evidence for CD133-positive stem cells in 
breast cancer  [90, 91] . Gene expression analysis of CD44 + /
CD24 –/low  cells separated from CD44-negative cells of 
breast cancer tissue resulted in a 186-gene invasiveness 
gene signature which was significantly associated with 
overall and metastasis-free survival of breast cancer pa-
tients  [92] . Furthermore, CD44 + /CD24 –/low  breast cancer 
cells have upregulated different genes including Notch 
 [93] . Very recently, Farnie et al.  [94]  demonstrated that 
aberrant activation of Notch signaling is an early event of 
breast cancer development. Apart from the Notch signal-
ing pathway, other developmental pathways such as Wnt 
and hedgehog have been described to play a role in regu-
lating cancer stem cell features  [95, 96] .

  There are first hints that DTCs in BM also express 
stem cell features, as the majority of them are CD44 + /
CD24 –/low   [97] . With a novel technique for the detection 

and characterization of secreted proteins from viable tu-
mor cells, the EPISPOT assay, it was recently shown that 
both BM from metastatic and primary breast cancer pa-
tients contain DTCs with a breast cancer stem cell-like 
phenotype  [41]  characterized by cytokeratin 19 positivity 
and absence of Muc-1 secretion  [98] . Further, recently de-
scribed characteristics of DTCs are also consistent with 
their putative stem cell phenotype. Thus, most DTCs are 
in a nonproliferative state that renders them resistant to 
systemic chemotherapy and allows long-term persistence 
 [18] . Abrogation of tumor cell dormancy in DTCs, the 
presence of which has prognostic relevance  [19] , by ge-
netic aberrations or changes in the microenvironment 
might contribute to metastatic relapse.

  Conclusion 

 Detection of DTCs/CTCs according to standardized 
protocols and subsequent comprehensive phenotypical 
and molecular characterization of these cells might con-
tribute to an improved identification of patients in need 
of additional systemic anticancer therapy, to the stratifi-
cation of patients to adjuvant therapies (for example Her-
ceptin) and finally to the development of more tailored 
and personalized therapies for breast cancer patients. 
However, only prospective trials will show whether indi-
vidual DTCs and CTCs are representative for the behav-
ior of the entire pool of occult tumor cells and drug sen-
sitivities of the corresponding cancer tissue. Further-
more, the impact of DTCs/CTCs as surrogate marker to 
monitor therapeutic interventions remains to be eluci-
dated in future studies.
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