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Acta Oncologica, 2011; 50: 700–710
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 Abstract 
  Background . Immunomagnetic EpCAM based methods are used to enrich circulating tumor cells (CTCs) in metastatic 
breast cancer (mBC) patients. EpCAM negative CTCs may be missed. We addressed the question of the reliability of an 
EpCAM dependent assay to enrich CTCs.  Methods.  To elucidate this issue, our study has been designed to assess two dif-
ferent CTC enrichment technologies (i) in EpCAM positive ( � ) and EpCAM negative cell lines and (ii) in mBC patients 
in dependency on their respective EpCAM expression. These two technologies encompass one anti-EpCAM immunomag-
netic enrichment technology, MACS HEA MicroBeads  ®   (MACS), and one EpCAM independent density centrifugation 
method, OncoQuick  ®   plus (OQ � ). Furthermore, the coherence between EpCAM expression in the primary tumor tissue 
of mBC patients and the CTC detection rates in the corresponding patients is analyzed.  Results . (i) MACS recovered sig-
nifi cantly more EpCAM ( � ) than EpCAM (�) tumor cells (p  �  0.001) in spiked blood samples. With OQ �  no signifi cantly 
different recovery rates between EpCAM ( � ) and EpCAM (�) tumor cells (p  �  0.796) were detected. (ii) In mBC patients 
MACS yielded a signifi cantly higher (p  �  0.024) detection rate of EpCAM ( � ) CTCs. No statistically signifi cant difference 
(p  �  0.070) was found concerning the EpCAM status-based detection rate of CTCs by OQ � . (iii) CTC detection rates 
are independent of the primary tumors ’  EpCAM expression.  Conclusions.  EpCAM (�) CTCs can not be detected by 
immunomagnetic EpCAM dependent enrichment methods. EpCAM independent enrichment technologies seem to be 
superior to detect the entire CTC population. Evaluation of CTCs as prognostic marker should compromise EpCAM ( � ) 
and (–) subpopulations.   
 Despite recent advances of new diagnostic and treat-
ment strategies, breast cancer accounts for 500 000 
deaths per year worldwide. Solid tumors of the breast 
can shed tumor cells into peripheral blood. These 
circulating tumor cells (CTCs) have a malignant 
potential and are able to form overt metastases in 
distant organs [1]. The presence of CTCs can be 
observed also in neoadjuvantly treated breast cancer 
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patients [2]. In metastatic breast cancer (mBC) 
patients enrichment and detection of CTCs have an 
established clinical relevance in determining overall 
survival (OS) and progression-free survival (PFS) 
[3]. This progress has been enabled by the develop-
ment of CTC enrichment technologies using epithe-
lial cell adhesion molecule (EpCAM) antibodies 
coupled to immunomagnetic beads [4,5]. 
-1070 Vienna. Tel:  �  43 664 4567827. Fax:  �  43 1 52335944. E-mail: robert.



  CTCs and EpCAM expression in metastatic breast cancer   701
 EpCAM is an epithelial cell-specifi c surface anti-
gen of 40 kDa. This glycoprotein is primarily localized 
within the intercellular boundaries of epithelia and 
mediates Ca2 � -independent homophilic cell-cell 
adhesions [6]. EpCAM is frequently overexpressed in 
different solid malignancies including colon, gastric, 
prostate, ovarian, lung, and breast cancer [7,8]. High 
EpCAM expression is found in 97% of colon cancers. 
In contrast, primary malignant breast cancer cells 
express high levels of EpCAM in only 41.7% [7,9]. 
Cimino et al. revealed that EpCAM expression on 
metastatic breast cancer tissue is consistently higher 
compared to the matched primary tissue [10]. Fur-
thermore, EpCAM expression seems to be down 
regulated in CTCs [11]. So far, the coherence between 
EpCAM expression in primary breast cancer tissue 
and CTCs is a matter of speculation. 

 However, one preclinical  in vitro  study raised con-
cerns regarding EpCAM dependent assays for detect-
ing CTCs [12]. A limitation of the anti-EpCAM 
antibody-based enrichment approach might be the 
heterogeneous EpCAM expression of diverse breast 
cancer subtypes. So far, this hypothesis has only been 
generated in breast cancer cell lines according to the 
fi ve intrinsic breast cancer subtypes previously 
described [12]. Although the reliability of immuno-
magnetic EpCAM-based CTC enrichment technol-
ogies has extensively been proven, CTCs can be 
detected in only 60% of mBC patients [3,4,13]. One 
explanation for this low detection rate might be the 
EpCAM negativity of CTCs. 

 Besides EpCAM based CTC assays, enrichment 
strategies independent of the tumor cells ̀  EpCAM 
expression could be advantageous in isolating 
EpCAM negative CTCs. A new EpCAM indepen-
dent density gradient centrifugation technology has 
recently been introduced by our study group [14]. 

 EpCAM based CTC enrichment technologies 
may miss EpCAM negative CTCs. To the best of our 
knowledge, the missing gap of detection between 
EpCAM positive ( � ) and EpCAM negative (–) CTCs 
has not been extensively studied in mBC patients. 
Thus, we addressed the question of the reliability of 
an EpCAM dependent assay to enrich CTCs in sev-
eral breast cancer subtypes. Our study was prospec-
tively designed to enrich and detect CTCs  in vitro  and 
 in vivo  depending on the respective EpCAM expres-
sion using two different CTC enrichment technolo-
gies. These two methods encompass one anti-EpCAM 
immunomagnetic enrichment technology, MACS 
HEA MicroBeads  ®  , and one new EpCAM indepen-
dent density centrifugation method, OncoQuick  ®   
plus. Furthermore, we tested the coherence between 
EpCAM expression on the primary tissue of mBC 
patients and the CTC detection rates of the corre-
sponding patients.  
 Material and methods  

 REMARK guidelines and study design 

 All experimental and clinical data should be compre-
hensible and replicable. Thus, in presenting our results 
we adhere to the  “ REporting recommendations 
for tumor MARKer prognostic studies (REMARK 
guidelines) ”  [15].   

 Cell culture and spiking experiments 

 Two luminal EpCAM ( � ) - MCF-7 and ZR-75-1- 
and one basal like EpCAM (–) - Hs 578T - cell lines 
(obtained from ATCC, Rockville, MD, USA) were 
used for fl ow cytometry and spiking experiments. The 
respective cell lines were chosen according to their 
EpCAM expression. Her/2neu status was not consid-
ered because it does not infl uence CTC enrichment 
and detection rates [12]. All cell lines were cultured 
as monolayer in RPMI medium (GIBCO BRL, 
Gaithersburg, MD) supplemented with 10% fetal calf 
serum, 100 units/ml penicillin and 100  μ g/ml strep-
tomycin (GIBCO BRL, Gaithersburg, MD). 

 Cells were cultured to mid-log phase and har-
vested by trypsinization. Cells were resuspended 
in 1 ml PBS containing 2% FCS to abrogate trypsin 
activity. Blocking of unspecifi c binding was pre-
vented with AB-serum (Biotest, Dreieich, Germany) 
for 15 min at room temperature. 

 To evaluate tumor cell recovery, we spiked a def-
inite number of cells in 15 ml of peripheral blood of 
healthy donors. All spiking experiments were done in 
duplicates to test the reproducibility of the cell recov-
ery rate.   

 Flow cytometry by lab-on-chip technology 

 For quantitative analysis of the EpCAM expression, 
MCF-7, ZR-75-1 and Hs578T cells were blocked 
with AB-serum (Biotest, Dreieich, Germany) for 
15 min at room temperature to prevent unspecifi c 
binding and then were incubated with an antibody 
directed against EpCAM (Neomarkers, Fremont, 
CA, USA) in a concentration of 1  μ g/ml for 30 min 
on ice. After washing, cells were labelled with Alexa 
Fluor 647 anti-mouse IgG antibody (Molecular 
Probes, Eugene, OR, USA) for 30 min on ice. 
Following another washing step cells were treated 
according to the instructions of the cell fl uorescence 
assay and were analyzed with an Agilent Bioanalyzer 
2100 system (Agilent, Palo Alto, CA, USA).   

 Blood collection and patients 

 We collected peripheral blood from 26 mBC 
patients. Patients were classifi ed by breast cancer 
subtype, age, menopause status, type of surgery, 
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histology, tumor size, lymph node status and tumor 
grade. 

 Peripheral blood from 20 healthy, female volun-
teers served as negative controls. Peripheral blood 
samples were collected in heparinized tubes (BD 
Vacutainer; Becton Dickinson, Heidelberg, Germany) 
and processed within 12 hours. 

 Study participants were informed of the investiga-
tional nature of this analysis and had given informed 
consent in accordance with institutional and federal 
guidelines. The study protocol was approved by the 
ethical committee of the participating institutions.   

 Tumor cell enrichment with anti-EpCAM antibodies 
and density gradient centrifugation 

 Tumor cell enrichment using anti-EpCAM antibod-
ies, MACS HEA MicroBeads  ®  , and density gradient 
centrifugation, OncoQuick   ®    plus, were performed as 
previously described [14]. For each cytometric 
enrichment procedure 15 ml of peripheral blood 
were used. 

 In brief, enrichment of CTCs was performed by 
direct immunomagnetic labelling of EpCAM posi-
tive cells by adding 200  μ l FcR blocking and 200  μ l 
HEA 125-microbeads (both obtained from Miltenyi 
Biotec Inc., Bergisch Gladbach, Germany). The 
microbead-cell suspension was incubated for 30 min 
on a shaker to enable CTCs to have maximum 
contact with MACS HEA MicroBeads   ®   . The cell-
microbead suspension was loaded in equal shares on 
MACS   ®    Separation Columns (Miltenyi Biotec Inc., 
Bergisch Gladbach, Germany). The fl ow-through 
was discarded and in general not further analyzed. 
For each cell line mentioned above, one additional 
spiking experiment in duplicates was conducted to 
analyze the fl ow-through for EpCAM (�) and 
EpCAM ( � ) cells, respectively. The cell fraction in 
the columns was gently fl ushed out with the plunger 
delivered with the columns directly on the slides. 

 OncoQuick ®  plus (Greiner BioOne, Fricken-
hausen, Germany) is a complete prototype contain-
ing an optimized gradient separation medium that is 
commercially not yet available. OncoQuick   ®    tubes 
were fi lled with 15 ml of 4 ° C cold peripheral blood. 
After centrifugation (20 min at 1600 � g with breaks 
off) interphase cells were poured into a precooled 
50 ml tube (Greiner BioOne, Frickenhausen, Germany) 
pretreated with washing buffer overnight. Cells were 
washed twice with washing buffer at 200 � g for 10 min 
at 4 ° C. After the second washing step the cell pellet 
was resuspended in 1 ml of washing buffer. 

 To identify CTCs we used the murine monoclonal 
cytokeratin antibody A45-B/B3 (Micromet, Munich, 
Germany). Immunocytochemistry was performed as 
described in the manufacture’s manual. 
 Additionally, 1  μ l 4 ’ 6-diamid-ino-2-phenylindole 
(DAPI) was added to visualize cell nuclei. Slides 
were mounted with 250  μ l Kaiser ’ s glycerol gelatine 
(Merck, Darmstadt, Germany).   

 Immunohistochemical analyses and scoring 

 Formalin-fi xed, paraffi n embedded tissue from the 
primary breast lesions of the corresponding mBC 
patients was used for all immunostaining procedures. 
Four micrometer thick sections were cut and mounted 
to coated slides. 

 Immunostaining of estrogen receptor (ER), pro-
gesterone receptor (PR), Her/2neu, CK 5/6, EGFR 
and Ki-67 protein served as surrogate markers for 
intrinsic breast cancer molecular subtypes as previ-
ously described [16,17]. Immunostaining of ER, PR, 
Her/2neu and the Ki-67 protein were prospectively 
and routinely evaluated at the time of diagnosis of the 
primary tumor at the central pathology department, 
Medical University of Vienna, Austria. Immunostain-
ing of CK 5/6, EGFR and EpCAM were retrospec-
tively accomplished at the same institution. 

 Immunohistochemical (IHC) staining and scoring 
of ER, PR, Her/2neu receptor status and Ki-67 were 
accomplished as described elsewhere [18,19]. Tumors 
were considered positive for Her/2neu if immunos-
taining was scored as 3 �  according to HercepTest 
criteria. Her/2neu receptor status was considered to 
be negative if membranous staining was 0 and 1 � . 
Cases with a positive Her/2neu staining of 2 �  on IHC 
analysis were further evaluated by fl uorescent in situ 
hybridization (FISH) for amplifi cation of the  Her/2neu  
gene. CK 5/6 and EGFR (both obtained from Dako, 
Glostrup, Denmark) were used as immunohistochem-
ical surrogate markers to defi ne basal like breast can-
cers. Immunostaining and scoring were processed as 
described elsewhere [16,17,20]. 

 Patients were classifi ed as luminal A (ER ( � ) 
and/ or PR ( � ) and not Her/2neu (–) or Ki-67high), 
luminal B (ER ( � ) and/ or PR ( � ) and Her/2neu 
(–) and/ or Ki-67 high), Her/2neu overexpressing 
(ER ( � /–) PR ( � /–) and Her/2neu positive) and 
basal like (ER (–), PR (–), Her/2neu (–), EGFR ( � ) 
and/ or CK 5/6 ( � )). 

 Immunohistochemical staining of EpCAM (Pro-
gen, Heidelberg, Germany) was performed accord-
ing to Momburg et al. [21]. Primary breast cancer 
tissue was considered positive for EpCAM according 
to Spizzo and colleagues [9].   

 EpCAM immunofl uorescence staining of CTCs 

 Another 15 ml of peripheral blood were drawn from 
the consecutive metastatic breast cancer patients to 
evaluate EpCAM positivity. After enriching CTCs 
with the OncoQuick ®  plus procedure as described 
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above, enriched cells were blocked with 5% goat 
serum (Dako, Glostrup, Denmark). Next, CTCs 
were incubated with a FITC conjugated mouse 
monoclonal antibody to EpCAM (clone VU-ID9; 
dilution 1:200; Abcam, Cambridge, UK) in a humi-
fi ed dark chamber for one hour and then washed 
three times with PBS for fi ve minutes. Visualization 
of cell nuclei and mounting of slides were performed 
as described above.   

 Microscopic evaluation of CTCs 

 Spiked cells, CTCs and EpCAM expression of CTCs 
were enumerated and evaluated by two independent 
observers (RK, GP). Both observers were blinded to 
laboratory and clinical data. For the screening proce-
dure an Olympus BX 50 immunofl uorescence micro-
scope (Olympus, Hamburg, Germany) was used. 
Inconclusive results were discussed and in cases of 
discrepant scoring, a fi nal consensus was reached by 
using a double-headed microscope. 

 Cells were classifi ed as CTCs when staining was 
positive for cytokeratin and when morphologic crite-
ria were fulfi lled according to recommended guide-
lines [22]. 

 MBC patients were considered to be EpCAM 
positive, if a clear membranous staining pattern was 
visible on fl uorescently labeled tumor cells.   

 Statistical analysis 

 Descriptive analyses of recovery rates by the two 
different enrichment technologies using spiking 
experiments were achieved by means of notched 
box plots. Differences in tumor cell numbers 
between the two cytometric techniques were ana-
lyzed with Wilcoxon signed-rank test for paired 
non-normally distributed groups. In mBC patients, 
associations between CTCs and clinical parameters 
were assessed by  χ  2  or Fisher ’ s exact test, where 
appropriate. Differences in CTC positivity in breast 
cancer patients between the two enrichment meth-
ods were assessed using McNemar test. All statisti-
cal calculations were performed using the SPSS 
17.0 statistical software (Chicago, Illinois, USA). 
Statistical two-sided p-values  � 0.05 were consid-
ered signifi cant.    

 Results  

 EpCAM expression in MCF-7, ZR-75-1 and Hs578T 
breast cancer cell lines 

 To evaluate the EpCAM expression of the three 
diverse cell lines, tumor cells were sorted according 
to their EpCAM expression. As shown in Figure 1 
the luminal MCF-7 and ZR-75-1 cell lines showed 
a high ( � 90%) EpCAM expression. In the basal like 
Hs578T cells EpCAM expression was observed only 
in a small population ( � 5%). This difference was 
statistically signifi cant (p  �  0.001).   

 Recovery of luminal EpCAM ( � ) and basal like 
EpCAM (�) breast cancer cell lines by 
two enrichment methods 

 To evaluate the recovery rate of MACS HEA Micro-
Beads  ®   and OncoQuick  ®   plus a defi nite number of 
cells from the luminal EpCAM ( � ) MCF-7 and 
ZR-75-1 and from the basal like EpCAM (�) Hs578T 
cell lines, respectively, were spiked into 15 ml periph-
eral blood of female volunteers. 

 Mean number of spiked cells and median 
recovery rates of spiked tumor cells are described in 
Table I. 

 The EpCAM-based immunomagnetic method, 
MACS HEA MicroBeads  ®  , recovered signifi cantly 
more of luminal EpCAM ( � ) MCF-7 (p  �  0.001) 
and ZR-75-1 (p  �  0.001) tumor cells than basal like 
EpCAM (–) Hs587T tumor cells. 

 To evaluate the fl ow-through of MACS HEA 
MicroBeads  ®   a defi nite number of cells from the 
luminal EpCAM ( � ) cell lines MCF-7 (60 and 
57 tumor cells spiked, respectively), ZR-75-1 (36 
and 31 tumor cells spiked, respectively), and from 
the basal like EpCAM (�) cell line Hs587T (29 and 
29 tumor cells spiked, respectively), were spiked 
into peripheral blood; experiments were done in 
duplicates. Recovery rates for MCF-7, ZR-75-1 and 
Hs587T tumor cells were 73.50%, 79.10% and 
3.45%, respectively. 

 Regarding the fl ow-through of the MCF-7 and 
ZR-75-1 cell lines 16.38% and 13.11%, respec-
tively, of EpCAM ( � ) cells were rediscovered. 
Regarding the fl ow-through of the Hs587T cell line 
82.76% of EpCAM (�) cells were rediscovered. In 
the mean a cell loss of 10.57% per spiking experi-
ment was observed. 

 With the density gradient centrifugation system, 
OncoQuick  ®   plus, no signifi cant differences in 
the recovery rate were detected between the luminal 
EpCAM ( � ) MCF-7 (p  �  0.796) or ZR-75-1 
(p  �  0.978) cell lines and basal like EpCAM (–) 
Hs587T tumor cells, respectively (Figure 2). 

 MACS HEA MicroBeads  ®  , recovered signifi cantly 
more luminal EpCAM ( � ) MCF-7 and ZR-75-1 
tumor cells than OncoQuick  ®   plus (p  �  0.002 and 
p  �  0.007, respectively). Vice versa, OncoQuick  ®   plus 
recovered signifi cantly more basal like EpCAM (-) 
Hs587T tumor cells (p  �  0.001) than MACS HEA 
MicroBeads  ®   (Figure 2).   
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 Assay specifi city of MACS HEA MicroBeads  ®   
and OncoQuick  ®   plus in healthy females 

 Specifi city of the two enrichment technologies was 
tested by analyzing 15 ml aliquots of peripheral 
blood per method from 20 healthy, female 
volunteers. We did neither detect CTCs nor unspe-
cifi c reactions with any of the two enrichment 
methods.   
Figure 1.       EpCAM expression of two luminal cell lines (A) MCF-7, (B) ZR-75-1 and one basal like (C) Hs578T cell line. MCF-7 and 
ZR-75-1 cells have a signifi cantly higher EpCAM expression than Hs 578T cells (p < 0.001). 
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  Table I. Recovery rates of spiking experiments of the EpCAM ( � ) 
cell lines, MCF-7 and ZR-75-1, and the EpCAM (–) cell line, Hs 
578T. To enrich tumor cells one EpCAM dependent assay, MACS 
HEA MicroBeads ® , and one EpCAM independent assay, 
OncoQuick ®  plus  , were used.  

  MACS HEA MicroBeads  ®    

 Cell line 
 Mean number of spiked 

cells (range) 
 Median (%) of spiked 
cells recovered (CI) 1  

 MCF-7 108.00 (6 – 410) 76.35 (72.62 – 80.08)
 ZR-75-1  34.90 (5 – 106) 75.00 (71.45 – 78.55)
 Hs 578T 48.10 (2 – 98)    3.92 (0.00 – 7.14)

  OncoQuick ®  plus  

 Mean number of spiked 
cells (range) 

 Median (%) of spiked 
cells recovered (CI) 1  

 MCF-7  89.85 (11 – 390) 57.89 (50.83 – 64.95)
 ZR-75-1 40.10 (5 – 101) 59.80 (51.87 – 67.73)
 Hs 578T 47.75 (3 – 105) 57.14 (40.00 – 75.24)

    1 CI, 95% Confi dence Interval.   
 CTC detection with MACS HEA MicroBeads  ®   
and OncoQuick  ®   plus in metastatic breast 
cancer patients 

 Peripheral blood samples from 26 chemotherapy naive 
mBC patients (median age 53 years, range 35 – 71) were 
prospectively collected between January and July 2009. 
No breast cancer patients were classifi ed as luminal A. 
Further patients characteristics and the respective posi-
tivity rates of CTCs are presented in Table II. 

 With MACS HEA MicroBeads  ®   42.3% of mBC 
patients had CTCs (median 0, range 0 – 3459). With 
OncoQuick  ®   plus CTCs were spotted in 69.2% of 
patients (median 8, range 0 – 2895) resulting in a 
positivity rate of detected CTCs which did not differ 
signifi cantly between MACS HEA MicroBeads  ®   and 
OncoQuick  ®   plus (p  �  0.065) although the number 
of CTCs enumerated with OncoQuick  ®   plus was sig-
nifi cantly higher (p  �  0.018). 

 CTC positivity rates by MACS HEA MicroBeads  ®   
and OncoQuick  ®   plus were statistically not associated 
with basal like, luminal B and Her/2neu enriched 
breast cancer subtypes, respectively (Table II). CTC 
counts according to the two CTC enrichment meth-
ods of luminal B, Her/2neu and basal like breast can-
cer patients, respectively, are presented in Table III.   

 Analysis of EpCAM expression 

 Overall, 38.5% of mBC patients had EpCAM ( � ) 
CTCs detected with immunofl uorescence staining. 
The detection rate of EpCAM ( � ) CTCs with 
  
Figure 2.       Box plots demonstrating that basal like Hs 578T EpCAM (�) tumor cells are enriched to a signifi cant lesser extent with the 
EpCAM dependent enrichment method, MACS HEA MicroBeads®, compared to luminal EpCAM (+) cell lines, MCF-7 and ZR-75-1. 
Vice versa, an EpCAM independent enrichment method, OncoQuick® plus, enriches EpCAM (�) and EpCAM (+) tumor cells without 
signifi cant difference. MACS HEA MicroBeads® recovered signifi cantly more EpCAM (+) cells compared to OncoQuick® plus. Vice versa, 
OncoQuick® plus recovered signifi cantly more of EpCAM (�) Hs 578T tumor cells.
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  Table II. Detection rates of circulating tumor cells (CTCs) by two enrichment technologies according to the clinical pathological patient 
variables at the time of their diagnosis.  

Variable
Cases 

(n  �  26) %

 Enrichment technology used for CTC enumeration 

 MACS HEA MicroBeads  ®    OncoQuick ®  plus 

Number of patients 
with CTCs % p-value

Number of patients 
with CTCs % p - value

Menopausal status
Premenopausal 9 34.6 4 44.4 0.873 7 77.8 0.492
Postmenopausal 17 65.4 7 41.2 11 64.7

Receptor status
ER positive 21 81.5 12 56.3 0.129 13 62.5 0.636
ER negative 5 18.5 1 20.0 4 80.0
PR positive 11 42.3 6 54.5 0.393 7 63.6 0.680
PR negative 15 57.7 5 33.3 11 73.3

Her/2neu status
Her/2 neu positive 7 26.9 4 57.1 0.353 6 85.7 0.269
Her/2 neu negative 19 73.1 7 36.8 12 63.2

Ki-67 status
Ki-67  �  14% 17 65.4 8 47.1 0.402 12 70.6 0.837
Ki-67  �  14% 9 34.6 3 33.3 6 66.7

Breast cancer subgroups
Luminal B 1 11 42.3 6 54.5 0.121 6 54.5 0.344
Her/2 neu positive 2 7 26.9 4 57.1 6 85.7
Basal like 3 8 30.8 1 12.5 6 75.0

Histology
Ductal 19 73.1 9 47.4 0.390 13 68.4 0.883
other 7 26.9 4 52.6 2 31.6

Pathologic tumor size
pT1 11 42.3 7 63.6 0.548 9 81.8 0.254
pT2 9 34.6 3 33.3 6 66.7
pT3 1 3.8 1 100.0 1 100.0
pT4 5 19.2 2 40.0 4 80.0

Lymph node status
Negative 8 30.8 4 50.0 0.813 5 66.7 0.583
Positive 18 69.2 9 50.0 6 33.3

Tumor Grade
G1 0  0.0 0 0.0 0.390 0 0.0 0.077
G2 7 26.9 2 28.6 3 42.9
G3 19 73.1 9 47.4 15 78.9

    1 ER ( � ) and/ or PR ( � ) and Her/2neu negative and/ or Ki-67 high.   
  2 ER ( � /–) PR ( � /–), Her/2neu positive   .
  3 ER (–), PR (–), Her/2neu (–), EGFR ( � ) and/ or CK 5/6 ( � ).   
MACS HEA Micro Beads  ®   was signifi cantly higher 
compared to EpCAM (�) CTCs (p  �  0.024) whereas 
no statistically signifi cant association was found 
regarding the EpCAM status of CTCs detected with 
OncoQuick  ®   plus (p  �  0.070). The descriptive pic-
ture is presented in Figure 3. 

 The EpCAM expression in primary breast cancer 
tissue of 22 patients (84.6%) was analyzed. High level 
of EpCAM expression was found in 27.3% of tumor 
samples, low level expression was found in 50.0% and 
22.7% of tumor samples had no EpCAM expression 
at all. The descriptive picture is presented in Figure 4. 

 From four (15.4%) breast cancer patients, biop-
sies of metastatic lesions including liver, lung and 
thyroid gland were available. EpCAM expression of 
the metastatic lesions was concordant to the respective 
EpCAM expression of the primary tumor. From the 
remaining 22 (84.6%) breast cancer patients no 
biopsies were obtained during the course of disease. 

 Neither with MACS HEA Micro Beads  ®   nor with 
OncoQuick  ®   plus detection of CTCs was signifi cantly 
associated with EpCAM expression of the primary 
tumor (p  �  0.209 and p  �  0.179, respectively). In 
addition, no correlation (p  �  0.656) was found 
between EpCAM positivity of CTCs and the corre-
sponding EpCAM expression of the primary cancer 
tissue in the investigated cohort of mBC patients.    

 Discussion 

 In this prospectively planned analysis of CTC evaluation 
in chemotherapy naive metastatic breast cancer 
patients, detection of EpCAM (�) CTCs is highly 
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  Table III. CTC detection rates according to the two CTC enrichment methods, MACS HEA MicroBeads  ®   and OncoQuick  ®   plus, of 
diverse breast cancer subtypes in 26 breast cancer patients.  

  MACS HEA MicroBeads ®     OncoQuick ®  plus  

  Breast cancer 
subtypes  

  Median of CTCs 
detected (range)   p-value 

  Median of CTCs 
detected (range)   p-value 

 Luminal B 1  1.00 (0 – 30) 0.197 6.00 (0 – 21) 0.326
 Her/2neu 2  1.00 (0 – 61) 10.00 (0 – 339)
 Basal like 3  0.00 (0 – 3459) 13.50 (0 – 2895)

    1 ER ( � ) and/ or PR ( � ) and Her/2neu negative and/ or Ki-67 high.   
  2 ER ( � /–) PR ( � /–), Her/2neu positive.   
  3 ER (–), PR (–), Her/2neu (–), EGFR ( � ) and/ or CK 5/6 ( � ).   
depending on the enrichment method used. MACS 
HEA Micro Beads  ®  , an EpCAM dependent immuno-
magnetic CTC enrichment method, detects signifi -
cantly more EpCAM ( � ) than EpCAM (�) CTCs. 
On the other hand the EpCAM independent density 
centrifugation based method, OncoQuick  ®   plus, 
enriches EpCAM ( � ) and EpCAM (�) CTCs with-
out signifi cant difference. 

 These results retrieve their analogy in our  in vitro  
results. With MACS HEA Micro Beads  ®   we recov-
ered signifi cantly more tumor cells from luminal 
EpCAM ( � ) cell lines. Otherwise OncoQuick  ®   plus 
did not recover signifi cantly more luminal EpCAM 
( � ) compared to EpCAM (�) spiked tumor cells. 
Our spiking results of the diverse cell lines suggest 
that EpCAM based enrichment methods are unsuit-
able for detection of EpCAM (�) cell lines. Although 
OncoQuick  ®   plus seems to be advantageous for cap-
turing EpCAM ( � ) and EpCAM (�) tumor cells, 
this CTC enrichment technology has one major 
draw-back refl ected by broad confi dence intervals. 
Thus, the precision of this method is not as accurate 
as MACS HEA Micro Beads  ®  . 

 However, the results from Sieuwerts et al. sup-
port our  in vitro  data. In that investigation the Cell-
Search  ®   System, a semiautomatic immunomagnetic 
EpCAM based CTC enrichment and detection 
method, was used to evaluate the recovery rates of 
EpCAM ( � ) and EpCAM (�) cell lines spiked into 
peripheral blood. This preclinical study proposed 
that CTC enrichment of the diverse intrinsic breast 
cancer subtypes might be dependent on EpCAM 
expression [12]. 

 Of importance, the fl ow-through of spiking 
experiments was analyzed to examine the loss of 
EpCAM ( � ) and EpCAM (�) tumor cells. In the 
mean 10.57% of spiked tumor cells are lost during 
the enrichment and detection procedure. Regarding 
EpCAM (�) cells, 82.76% are found after staining 
with the A45B/B3 antibody in the fl ow-through. It 
might be an appealing idea to enrich and detect 
EpCAM ( � ) and EpCAM (�) cells by applying one 
method deposing on equal detection sensitivity for 
both EpCAM ( � ) and EpCAM (�) tumor cells. 
But, searching for CTCs in peripheral blood without 
enrichment is highly tedious. With the use of 
immunomagnetic enrichment the detection of the 
rare tumor cells (approximately 10e-7 – 10e-8) is sub-
stantially easier [25], even at the cost of cell loss. 
Fluorescence-activated cell sorting (FACS) is an 
alternative enrichment technology tested preclinically 
to isolate and detect CTCs independent of EpCAM 
status [26]. 

 To the best of our knowledge the validation of 
in vitro data is lacking in breast cancer patients. 
Doing so we used previously described immunohis-
tochemical surrogate markers to classify our patient 
cohort according to intrinsic breast cancer subtypes 
[16,17]. We did not detect a signifi cant correlation 
between CTC positivity/count and basal like, lumi-
nal B or Her/2neu positive breast cancer subtypes, 
respectively. 
Figure 3. Box plots showing the detection rate of EpCAM (–) and 
EpCAM (+) CTCs enriched with MACS HEA Micro Beads® and 
OncoQuick® plus, respectively.  
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 However, EpCAM expression on specifi c cell 
lines skews the  in vivo  picture of metastatic breast 
cancer patients. Breast cancer cell lines represent the 
homogenous picture of primary cells with a distinct 
ER, PR, Her/2 and EpCAM status.  In vivo , there is 
evidence that EpCAM expression of CTCs is down 
regulated in peripheral blood [11], suggesting that a 
mixture of EpCAM ( � ) and EpCAM (�) tumor cells 
circulate in peripheral blood. Furthermore, primary 
breast cancer tissue has a heterogeneous EpCAM 
expression. About 10% of primary breast cancers 
have no EpCAM expression [9]. To what extent 
EpCAM expression of primary breast cancer tissue 
has an impact on enrichment and detection of meta-
static breast cancer patients has not been a matter of 
investigation so far. For all we know, we are the fi rst 
study group pointing out a lack of a nexus between 
EpCAM expression of primary breast cancer tissue 
and the detection of CTCs of the matched metastatic 
breast cancer patients. These results are independent 
of the enrichment method used. From four breast 
cancer patients biopsies of metastatic lesions were 
available. Their EpCAM expression was concordant 
to the respective EpCAM expression of the primary 
tumor. It would be of interest to obtain more meta-
static biopsies of metastatic lesions to correlate their 
EpCAM expression with the respective CTC detec-
tion rates to substantiate our preliminary results. But, 
this would imply an additional burden and invasive 
intervention for metastatic breast cancer patients. 

 The synopsis of our results and evidence from 
other study groups allow the conclusion that EpCAM 
based CTC enrichment technologies are strongly 
dependent on the CTC ́ s EpCAM expression 
[12,23]. Immunomagnetic EpCAM-based methods 
may miss a subpopulation of CTCs. This might be 
one reason wherefore immunomagnetic EpCAM 
based enrichment technologies detect CTCs in only 
up to 60% [5]. 

 However, in our study population 69.2% of mBC 
patients had detectable CTCs with the EpCAM 
independent method, OncoQuick  ®   plus. Our immu-
nomagnetic EpCAM based enrichment technology, 
MACS HEA MicroBeads  ®  , detected CTCs in 42.3% 
of the mBC patients. This CTC positivity rate of 
mBC patients with detectable CTCs did not differ 
Figure 4.       No, low level and high level EpCAM expressions, respectively, according to primary breast cancer subtypes of 22 breast cancer 
patients.
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signifi cantly between the two methods. But, a sig-
nifi cantly higher number of CTCs was enumerated 
with OncoQuick  ®   plus. The reason for this important 
discrepancy lays in the fact that OncoQuick  ®   plus 
enriches substantially more EpCAM (–) CTCs. 
Combining these fi ndings we can deduce that irre-
spectively of breast cancer subtypes and EpCAM 
status both CTC enrichment methods seem to be 
suitable for CTC detection. 

 Nevertheless, our results depict a dangerous pit-
fall regarding CTC cut-off levels. Despite the use of 
the same EpCAM dependent assay different CTC 
thresholds have been established to identify mBC 
patients with a worse time to progression [5,13,24]. 

 CTC thresholds may be underestimated because 
of false negative results. These false negative results 
may be caused by EpCAM (–) CTCs that are not 
enriched with immunomagnetic based enrichment 
technologies. Further explanations for a lack of 
CTC detection may be on the one hand that no 
CTCs are present at all. On the other hand the pan-
cytokeratin used for visualization of CTCs might be 
insuffi cient or CTCs undergo phenotypic changes, 
known as epithelial-mesenchymal transition [25]. 

 We would like to mention that our study is hypoth-
esis generating. Since we were aware of the purely 
hypothesis generating character of our investigation, 
we felled it justifi ed to include a restricted number of 
patients only. Despite of the small patient number, 
our data were found to be robust. Nevertheless, a 
prospective trial with a larger mBC patient cohort is 
warranted to allow validation. 

 In conclusion, the fi ndings of our study support 
the clinical use of diverse EpCAM enrichment meth-
ods irrespectively of breast cancer subtypes. Neither 
EpCAM expression of the primary tumor tissue nor 
specifi c breast cancer subtypes of the primary tumor 
affect CTC enrichment rates. EpCAM (�) CTCs 
can not be detected by immunomagnetic EpCAM 
dependent enrichment methods. EpCAM indepen-
dent enrichment technologies seem to be superior to 
detect the entire CTC population. 

 But in daily clinical routine, a simple cut-off 
number of a defi nite number of EpCAM ( � ) CTCs 
of a whole patient cohort seems not to be adequately 
representative for the individual mBC patient. Fur-
ther investigations have to determine whether the 
accuracy for prognostication of mBC patients 
depends on the accurate detection of their EpCAM 
( � ) and EpCAM (–) CTC subpopulations. 
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