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BACKGROUND: Detection, isolation, and enumeration of
circulating tumor cells (CTCs) from cancer patients has
become an important modality in clinical management
of patients with breast cancer. Although CellSearch, an
epithelial cell adhesion molecule (EpCAM)-based
method that is used to isolate epithelial CTCs, has gained
prominence, its inability to detect mesenchymal CTCs
from breast cancer patients raises concerns regarding its
utility in clinical management.

METHODS: To address this gap in technology, we recently
discovered the utility of cell-surface vimentin (CSV) as a
marker for detecting mesenchymal CTCs from sarcoma
tumors. In the present study, we tested the sensitivity and
specificity of detecting CTCs from blood collected at a
random time during therapy from each of 58 patients
with metastatic breast cancer by use of 84-1 (a mono-
clonal antibody against CSV to detect epithelial/
mesenchymal-transition CTCs) and CellSearch meth-
ods. Additionally, we tested the possibility of improving
the sensitivity and specificity of detection by use of addi-
tional parameters including nuclear EpCAM localization
and epithelial mesenchymal ratios.

RESULTS: CTC counts with CSV were significant (P �
0.0053) in differentiating populations responsive and
nonresponsive to treatment compared with CTC counts
with CellSearch (P � 0.0564). The specificity of CTC
detection was found to be highest when the sum of CTC
counts from the 2 methods was above a threshold of 8
CTCs/7.5 mL.

CONCLUSIONS: The sum of CTC counts from the Cell-
Search and CSV methods appears to provide new insights
for assessment of therapeutic response and thus provides

a new approach to personalized medicine in breast cancer
patients.
© 2014 American Association for Clinical Chemistry

Dissemination of tumor cells from the primary site is the
main cause for cancer-related deaths. The metastatic cas-
cade involves a variety of steps in which the tumor cells
from the primary tumor site get dislodged into the blood-
stream, reach distant sites, and colonize. Circulating tu-
mor cells (CTCs)4 are the rare tumor cells that circulate
in blood of cancer patients (1 ). In recent years, accumu-
lating reports have suggested the use of CTCs to detect
and predict the spread of cancer (2, 3 ). Although there
have been a large number of CTC-related reports, very
few reports indicate the use of CTCs to predict thera-
peutic outcome (response or nonresponse) in patients
treated with different therapeutic agents (4, 5 ). Be-
cause CTCs are gaining importance in understanding
both the disease and therapeutic outcomes, there are
new modalities under development that can be used to
detect, enumerate, and isolate CTCs from blood of
patients as described by Lianidou (6 ). Many state-of-
the-art CTC technologies have been elaborated for
CTC detection from patients (7 ); however, to date,
the only technique that has been cleared by the FDA
for enumerating CTCs from patients in the clinic is
the CellSearch technology. This method has been ap-
plied for evaluation of metastatic breast cancer, meta-
static prostate cancer, and metastatic colorectal cancer
(8 ). CellSearch captures CTCs from blood of cancer
patients by targeting epithelial cell adhesion molecule
(EpCAM).

Although current technologies are able to isolate
CTCs by use of EpCAM as a marker, these methods
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largely overlook the metastasis causing CTCs that tend to
have the phenotype of cells undergoing epithelial-
mesenchymal transition (EMT) (9 ). We have recently
reported cell-surface vimentin (CSV) as a universal
marker to detect mesenchymal tumor–derived CTCs
(10 ). Because CSV is a very specific and sensitive marker
to detect mesenchymal CTCs, we used the same concept
to detect CTCs that have undergone EMT (11 ). Here in
this article, for the first time, we report the detection of
EMT CTCs from metastatic breast cancer patients with
high specificity and sensitivity. Also, we tested additional
approaches to improve sensitivity and specificity of CTC
detection, thereby improving clinical assessment of ther-
apeutic response.

Materials and Methods

PATIENTS AND STUDY DESIGN

This study was approved by the institutional review
board of the University of Texas MD Anderson Cancer
Center. Informed written consent was obtained from all
the patients involved in this retrospective study. Periph-
eral blood from 58 breast cancer patients was collected
for this study. These patients were diagnosed and treated
for metastatic breast cancer. Clinico-pathological infor-
mation was recorded for all the patients at the time of
blood collection. Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines were used to evaluate the
disease status of the patient (responding/stable and non-
responding/progression). Because this was a pilot study
for the detection of EMT CTC from metastatic breast
cancer patients and for the prediction of therapeutic out-
come, the patients recruited were at different cycles of
treatment and blood was collected at a random time
point during routine evaluation. On the basis of thera-
peutic outcome at the time of blood collection by use of
the RECIST criteria, the patients were classified into re-
sponding (stable) and nonresponding (progression) pop-
ulations. For each patient, 2 tubes of 7.5 mL blood were
collected in CellSave (Janssen Diagnostics) collection
tubes for the CellSearch test. We used 1 blood sample for
enumeration of CTCs with CellSearch and the leftover
sample for enumeration of CTCs with 84-1 monoclonal
antibody.

ENUMERATION OF CTCs BY CellSearch

We carried out CTC enumeration by CellSearch accord-
ing to the manufacturer’s protocol and training. Detailed
methods of enumeration and cell counting by the pathol-
ogist have been described elsewhere (12 ).

ENUMERATION OF CTCs BY 84-1 ANTIBODY

We carried out CTC enumeration with 84-1 antibody as
previously reported (10 ). Briefly, after mononucleated
cell isolation with BD CPT vacutainer tubes, CD45 pos-

itive cells were depleted with EasySep™ Human CD45
Depletion Kit (Stem Cell Technologies) according to
manufacturer’s recommendation. To minimize nonspe-
cific binding, antibody against human Fc receptor was
added to the cocktail. Second, the CD45-negative cell
fraction was subjected to 84-1–positive selection. Briefly,
cells were labeled with 84-1 antibody, and later mouse
IgG binding microbeads (Miltenyi Biotec) were added to
the mixture. 84-1–positive cells were then extracted with
the magnetic column from Miltenyi Biotec according to
manufacturer’s recommendation. The cells thus ob-
tained are 84-1–positive, CD45-negative. These cells
were further validated with immunostaining for 84-1
(species: mouse) and CD45 (species: rabbit) by taking
images with confocal microscopy and screening for cells
with a nucleus size of �8 �m. For EMT characterization,
these cells were also stained for EMT markers Twist,
Snail, and FOXC2 (R&D Systems) and epithelial-
specific markers EpCAM and E-cadherin (Cell Signal-
ing). Two independent researchers were involved in
the detection and enumeration of CTCs to prevent
any user variability. In samples with �7.5 mL of blood
available (lower than anticipated), the CTC counts
were normalized to express the CTC counts in 7.5 mL.
A heat map of CTC counts from both methods was
generated with matrix2png interface (http://www.
chibi.ubc.ca/matrix2png/bin/matrix2png.cgi) (13 ).

NUCLEAR EpCAM STAINING

After CD45 depletion and 84-1 selection, cells were
plated on a glass slide with Cytofuge (Iris). For intracel-
lular EpCAM staining, cells were fixed with 4% parafor-
maldehyde for 15 min, washed with PBS (pH 7.4), and
permeabilized in PBS (pH 7.4)/0.2% nonyl phenoxy-
polyethoxylethanol (Sigma-Aldrich) for 20 min. These
cells were then blocked in 10% fetal calf serum (Gibco,
Invitrogen) for 1 h and labeled with EpCAM, 84-1, or
CD45 primary antibody [1:100 (1 �L in 100 �L of
diluent)] overnight at 4 °C. Cells were then rinsed in PBS
(pH 7.4) and stained with Alexa Fluor 555 secondary
antibodies (Invitrogen) [1:250 (1 �L in 250 �L of di-
luent)] for EpCAM (species: rabbit), Alexa Fluor 647 for
84-1 (species: mouse). For nuclei staining, Sytox Green
(Invitrogen) [1:1000 (1 �L in 1000 �L of diluent)] was
incorporated along with secondary antibody for 60 min.
The cells were then washed with PBS (pH 7.4) 3 times for
15 min each and mounted in Slow Fade Antifade (Invit-
rogen). For confocal analysis, images were acquired at a
bitdepth of 8 bits with the Zeiss LSM 510 confocal mi-
croscope with LSM 5 3.2 image capture and analysis
software (Zeiss). We used a 63� water-immersion objec-
tive lens (NA, 1.0) with digital zoom for image capture.
All images were acquired by the same operator with the
same intensity and photo detector gain to allow quanti-
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tative comparisons of relative levels of immunoreactivity
between different samples.

STATISTICAL METHODS

Statistical analysis was performed with GraphPad Prism
5.0. The differences between group means were evalu-
ated with Student t-test. Correlations between the 2
methods were assessed by �-test. We assessed the diag-
nostic performance of CTC count with either of the
methods by constructing a ROC curve and further by
calculating the area under each ROC curve (AUC). An
AUC of value 1 denotes that the test method is able to
discriminate perfectly, whereas an AUC of value 0.5
would denote a test with no discriminatory value. P val-
ues were calculated for the differences between AUCs. In
all cases, a P value of �0.05 was considered to be statis-
tically significant.

Results

COMPARISON OF DATA OBTAINED FROM CellSearch

AND 84-1 ISOLATION METHODS

Blood samples from 58 patients (see Supplemental Table
1, which accompanies the online version of this article at
http://www.clinchem.org/content/vol61/issue1) were
analyzed in this study with both CSV and CellSearch
methods (see Table 1 and online Supplemental Table 2).
Patients were classified into treatment responding/stable
or treatment nonresponding/progressive populations for
validating the role of CTCs in predicting therapeutic
response. This classification was determined by the cli-
nician for the patient at the time of sample collection.
By use of a predetermined cutoff value of 5 CTCs/7.5
mL of blood sample (on the basis of CellSearch
method), our results (Fig. 1A) showed that with 84-1
antibody we were able to significantly distinguish sta-
ble and progressive population with high sensitivity
(85%) and specificity (94.45%). These data for the
first time show that CSV is a highly evolved and sen-

sitive marker for predicting therapeutic response in
breast cancer patients. The CTCs detected with 84-1
antibody were tested for the presence of EMT-specific
markers, and the results indicated the expression of
Snail, Twist, and FOXC2, whereas epithelial specific
markers EpCAM and E-cadherin were downregulated
in these CTCs (see online Supplemental Fig. 1). In
comparison to the CSV method, CellSearch, when
applied to the same set of samples (Fig. 1B), did not
show a significant difference between the stable and
progressive populations. The sensitivity (47.5%) was
too low, and the specificity (83.35%) of detection was
lower than that of the CSV method. This discrepancy
in the detection of a lower number of CTCs in the
progressive population is potentially due to CTCs that
have lost their epithelial characteristics and have
gained a more mesenchymal phenotype (EMT) that
limits EpCAM-mediated detection. Also, given that
EMT is a characteristic of drug-resistant cancer cells, it
is essential that we capture the EMT CTC population
for predicting therapeutic response.

CONCORDANCE BETWEEN THE 2 TECHNIQUES

To examine the concordance between the techniques, we
classified patient CTCs analyzed by both techniques into
3 different groups: patients with CTC counts � 0 (group
I), �5 (group II), and �5 (group III). This analysis was
done for the 2 groups of the patient population: re-
sponding/stable (Fig. 1C) and nonresponding/pro-
gression (Fig. 1D). With the �-test, we determined
that in the stable population there was a 66.67% agree-
ment, but a poor 45% agreement between the 2 tech-
niques for the progressive population (see online Sup-
plemental Notes and Supplemental Table 3). Overall,
the CSV method was very effective in identifying the
nonresponding/progression population, whereas both
methods were equally successful in identifying the re-
sponding/stable population. Taken together, CSV is a
good marker to identify and isolate CTCs from pa-

Table 1. Analysis of sensitivity, specificity, positive predictive value, and negative predictive value for different methods.

Method Sensitivity, % Specificity, %
Positive predictive

value, %
Negative

predictive value, %

CSV 85 94.45 97.14 73.91

CellSearch 47.50 83.35 86.37 41.67

Average of 2 methods 82.50 94.45 97.06 70.84

Summation of 2 methods

Cutoff 5 CTCs/7.5 mL 92.50 61.12 84.09 78.57

Cutoff 8 CTCs/7.5 mL 92.5 83.33 92.5 83.33

Ratioa 55 72.23 81.49 41.94

a Ratio of CTC counts from CSV and CellSearch methods in terms of epithelial to mesenchymal ratios.
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tients that show no response to therapy and thus act as
early indicators of a nonresponding population.

SUMMATION AND AVERAGE OF CTC COUNTS

FROM BOTH METHODS

Our goal for this study was to maximize the sensitivity of
the method for predicting the progression population
most efficiently and to minimize possible false negatives.
To achieve this goal, we first tested the sensitivity by
averaging the counts from both techniques (Fig. 2A);
however, the results did not significantly improve the
predictions. Because CellSearch detects the epithelial
population and CSV can detect the EMT-transitioned
mesenchymal population, we tested the possibility of
summing both CellSearch and CSV CTC counts for bet-
ter understanding of the relationship between CTC
count (from both epithelial and EMT CTC population)

and therapeutic response. From the analysis (Fig. 2B), it
can be seen that only 3 of 40 patients with progressive
disease showed CTCs �5; however, interestingly, there
were 7 patients in the stable population that showed
CTCs �5. This method of detection was significantly
better than the method of averages and improved sensi-
tivity (92.5%) for detection of the progressive popula-
tion. Also, data analyzed in form of a heat map (Fig. 2C)
depicting the CTC counts from individual methods and
the summation method indicates better prediction of dis-
ease progression in patients when using summation of
both methods compared to that of the individual ones.
Because specificity of detection using the summation of
CTC counts was low, we tested a possibility of increasing
the threshold for the sum of CTCs from both techniques
to a higher value and then calculating the sensitivity and
specificity values as determined with ROC curves (see

Fig. 1. Enumeration of CTCs with the CSV and CellSearch method from 58 breast cancer patients.
Patients were divided into progressive and stable categories on the basis of clinical evaluations. CTC counts were plotted per 7.5 mL
blood. Dashed line indicates a threshold of 5 CTCs/7.5 mL. (A), CTC enumeration with CSV method (P = 0.0053). (B), CTC enumeration
with CellSearch method (P = 0.0564). (C, D), Concordance analysis between the 2 techniques revealed an agreement of 66.67% in
identifying the stable population (C) and an agreement of 45% in identifying the progressive population (D). The degree of agreement
between the 2 techniques is poor for the progressive population, whereas degree of agreement is moderate for the detection of the
stable population.
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online Supplemental Fig. 2). A threshold of 8 CTCs/7.5
mL increased the specificity of detection from 61.12%
(for 5 CTCs/7.5 mL threshold) to 83.33%, without sac-
rificing or changing the sensitivity of detection [threshold
data for 6, 7, 9 CTCs/7.5 mL did not provide as high a
specificity (data not shown)]. Thus, increasing the
threshold of the sum of CTC counts to 8 CTCs/7.5 mL
appears to provide a more sensitive as well as a specific
detection method.

CTC COUNTS AND RECEPTOR STATUS

Simultaneously, we have analyzed the relationship of re-
ceptor status of the patient and CTC counts from each of
the methods. Four different subtypes (on the basis of
receptor status) of breast cancer were tested: triple nega-
tive, luminal A, luminal B, and HER2 types (see online
Supplemental Table 4). Owing to the low sample sizes of
luminal B and HER2 types, we have limited our sensitiv-
ity and specificity calculations to luminal A and triple-
negative subtypes (see online Supplemental Table 5).

Our data indicate that the CSV method can detect both
of these subtypes with high sensitivity and specificity in
comparison to the CellSearch method. As expected, in-
clusion of sum of CTC counts increased the sensitivity
(triple negative: 83.33%, luminal A: 95.83%), but low-
ered the specificity (triple negative: 25%, luminal A:
72.73%). By increasing the threshold for sum of CTCs to
8 CTCs/7.5 mL, there was an increase in specificity alone
without affecting the sensitivity. Specificity for triple
negative increased from 25% to 75%, and for luminal A
there was an increase from 72.73% to 81.82%. Use of a
combination of CTC counts from both the techniques
with a new threshold of 8 CTCs/7.5 mL of blood pro-
vided a higher sensitivity and specificity for the detection
method. Because luminal A subtype is the predominant
type of breast cancer and triple-negative type is most
difficult to treat, it is important that the detection tech-
nologies are able to differentiate these with high sensitiv-
ity and specificity, a goal achievable by combination of
CSV and CellSearch CTC counts.

Fig. 2. Enumeration of CTCs with both methods.
Patients were divided into progressive and stable categories on the basis of clinical evaluations. CTC counts were plotted per 7.5 mL
blood. Dashed line indicates a threshold of 5 CTCs/7.5 mL. (A), Average of CTCs from both methods. (B), Sum of CTCs from both
methods. (C), Heat map depicting the CTC counts enumerated with the CSV method, the CellSearch method, and the sum of counts
from both CSV and CellSearch methods with a gradient of CTC counts from 0 (green) to 20 (red) CTCs/7.5 mL. These samples were
divided into patients with stable disease or progressive disease.
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EPITHELIAL/MESENCHYMAL OR MESENCHYMAL:EPITHELIAL

RATIOS AND NUCLEAR EpCAM FOR PREDICTING

THERAPEUTIC RESPONSE

We also tested the possibility of improving the sensitivity
and specificity of detection with additional parameters.
First, we tested if the ratio of mesenchymal (M) to epi-
thelial (E) content would serve an indicator of therapeu-

tic response as suggested by Yu et al. (14 ). To test this
possibility, we combined both the counts and divided
them into CellSearch-based epithelial (blue) and CSV-
based mesenchymal (red) fractions (Fig. 3A). Ratio-based
analysis indicated that 18 of 40 patients showed an M:E
ratio �1 (�50% of mesenchymal fraction) in the pro-
gressive population, whereas 14/18 patients showed an

Fig. 3. (A), Graphical representation of CTC counts (in 7.5 mL) enumerated from both the CSV and CellSearch techniques that were
divided into epithelial (blue) and mesenchymal (red) phenotypes on the basis of the method used for isolation; samples were
divided into patients with stable disease or progressive disease.
(B), CTCs isolated with 84-1 method were fixed and permeabilized, stained for EpCAM (red), 84-1 (green), and nucleus (Sytox) and analyzed
by confocal microscopy. Arrows indicate the localization of nuclear EpCAM in CTC. Scale bar, 10 μm. (C), Graphical representation of CTC counts
(in 7.5 mL) enumerated with the CSV method. CTCs were divided into non-nuclear EpCAM (blue) and nuclear EpCAM (red) phenotypes on the
basis of nuclear EpCAM status. Samples were divided into patients with stable disease or progressive disease.
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M:E ratio �1 (�50% of the epithelial fraction) in the
stable population. Although this method of analysis is a
good way to predict the therapeutic response, it did not
provide improvement of statistical significance in our
analysis. Second, we tested if detection of nuclear
EpCAM in CTCs improves specificity and sensitivity of
detection. One of the possible explanations for the loss of
surface EpCAM in EMT CTCs could be the transloca-
tion of EpCAM from the surface into the nucleus that
imparts an increasing proliferative and metastatic poten-
tial to these cells, as evidenced by increased cell prolifer-
ation and tumor formation in mice (15 ). This potential
of nuclear EpCAM is attributed to its ability to bind and
regulate Wnt signaling partners. To date, there is no sin-
gle report on characterizing the nuclear EpCAM expres-
sion in CTCs. To test this, we characterized the expres-
sion of nuclear EpCAM in CTCs from 20 patient blood
samples isolated with the CSV method. During our in-
vestigation, it was interesting to observe that these CTCs
differed in terms of their EpCAM localization, especially
with reference to disease status. As seen in Fig. 3B, most
of the CTCs of stable patients were devoid of EpCAM
expression, whereas a few exhibited cytoplasmic EpCAM
only. Interestingly, a majority of the progressive popula-
tion of CTCs exhibited nuclear EpCAM expression only.
Our analysis of nuclear EpCAM expression in these
CTCs indicated that detection of nuclear EpCAM is as-
sociated with continued progression of disease. This nu-
clear EpCAM expression is usually ignored in a majority
of studies, since in the field of CTC detection, only sur-
face EpCAM is of major importance. The results from a
pilot study of 20 samples (Fig. 3C and online Supple-
mental Table 6) showed a sensitivity of 86.67% and spec-
ificity of 80% in detecting the therapeutic response in
these patients (see online Supplemental Table 7). Be-
cause there was no increase in specificity of detection with
either of these possibilities, we concluded that using the
sum of CSV and CellSearch detection technologies with
a threshold cutoff of 8 CTCs/7.5 mL provides the highest
sensitivity and specificity of detection.

Discussion

Because EMT in breast cancer is associated with more
aggressive disease and a metastatic phenotype (16 ), it is
important to be able to detect EMT CTCs, which may be
the seed cells of metastasis. A major hindrance in the
detection of EMT CTCs is the scarce availability of
surface-specific markers that can be used for their isola-
tion. We have recently detected mesenchymal CTCs
from sarcoma patients with the 84-1 monoclonal anti-
body that specifically detects CSV on the surface of mes-
enchymal CTCs and does not detect any nondiseased
cells in the blood; this approach has been validated with
mutational- and marker-based analysis (10 ). Because

EMT CTCs and mesenchymal CTCs share similar gene
expression markers, we tested the ability of 84-1 antibody
to capture/detect EMT CTCs in breast cancer patients.
We found that 84-1 antibody can capture/detect EMT
CTCs with high specificity and sensitivity because the
captured CTCs have high levels of EMT marker gene
expression (see online Supplemental Fig. 1). There is a
small possibility of CTCs that have partially undergone
EMT being detected by either of the techniques; this
possibility will be studied further in a follow-up study
that has baseline data for comparison.

Because this is a pilot study for detection of EMT
CTC from patients, only 1 time point and 58 patients
were considered for CTC evaluation regardless of the
treatment stages (see online Supplemental Table 8). Even
with only a single time point and not considering the
treatment stages, the EMT CTC count is clearly associ-
ated with therapeutic outcome as determined by clini-
cians at the time of blood collection. Because CellSearch
detection is based on EpCAM and detects non-EMT
CTCs whereas the 84-1 evaluated here detects EMT
CTCs, the total number of CTCs detected by these 2
methods from the same blood sample would be higher
than either method alone (Fig. 2B). ROC curve analysis
demonstrated that higher thresholds for the sum of the
CTC counts displayed better sensitivity and specificity
for detecting both EMT and epithelial CTCs. Therefore,
we evaluated various thresholds of cutoff (usually 5
CTCs/7.5 mL for CellSearch) up to 9 CTCs/7.5 mL and
found a threshold of 8 CTCs/7.5 mL to be optimal.
Because this is the first study to consider an increase in
threshold, we are further testing this by validation studies
in other cancer types.

Other means for increasing the specificity and sen-
sitivity of the methods were tested here that included the
nuclear EpCAM localization and epithelial/mesenchy-
mal ratios. It is interesting to note that most of the
EpCAM detected in CTCs by the 84-1 method is local-
ized to the nucleus. Although this is only a pilot study and
there was a low sensitivity and specificity in comparison
to that of the combination methods, it is important to
note that nuclear EpCAM was associated with increasing
metastatic potential (15 ) and should be considered as an
important criterion in the evaluation of CTCs. Yu et al.
(14 ) have shown that circulating breast tumor cells ex-
hibit dynamic changes in epithelial and mesenchymal
composition and there was a reversible shift between
these cell fates for each cycle of response to therapy and
disease progression. In our study, we tested whether we
could improve the sensitivities and specificities of the
methods by use of the ratio between CTCs isolated by use
of the 2 methods. Although there was a significant in-
crease in mesenchymal CTCs in the progressive popula-
tion, these data did not prove to be statistically significant
in our analysis, which may be a result of the low number
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of samples that were used for this analysis. This method
will be evaluated again in a large-scale study with higher
statistical power.

Although we have reported detection of CSV lim-
ited to cancer cells (10 ), it remains unknown as to how
this protein is localized to the surface of cancer cells
only and what its role might be. In our recent publi-
cation (10 ), we reported a possible role of phosphor-
ylation of vimentin that could promote the transport
of vimentin to the cell surface. Also, there is a possi-
bility of the tumor microenvironment influencing an
unknown signaling mechanism that could induce cell-
surface localization of vimentin. Investigations in
these areas will provide further information on the
mechanism of cell surface transport of vimentin.

In conclusion, it is evident that the summation of
CTC counts from both CellSearch and CSV emerges
as a much stronger and reliable predictor for therapeu-
tic outcome in metastatic breast cancer patients under-
going therapy. Because CTCs are heterogeneous cells
with both epithelial and mesenchymal (EMT) pheno-
types, it is very important that we take both of these
populations into consideration when analyzing the
therapeutic response of different chemotherapeutic
regimens in patients. A majority of the studies directed
toward understanding the role of CTCs in measuring
therapeutic response have not considered both these
phenotypes for evaluation; this may have led to biased
results, since the mainstream of breast cancer CTC
studies have used the CellSearch system that detects
only EpCAM-positive cells but does not detect EMT
CTCs, which have increased metastatic potential. The

long-term goal of our laboratory is to sequentially col-
lect samples at first diagnosis, presurgery, postsurgery,
and follow-up to evaluate prognostic significance. In
this age of biologically targeted therapeutics, we can
take advantage of this dual system to detect, isolate,
and characterize CTCs of different phenotypes simul-
taneously, which may be key in supplying vital infor-
mation for personalized medicine in breast cancer pa-
tients. The results of this study provide a novel
approach for the use of CTC enumeration for clinical
management of patients, with primary consideration
toward therapeutic response.
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