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Abstract Purpose: A negative selection method for the

enumeration and characterization of circulating epithelial/

cancer cells (CCC) in Breast Cancer (BC) patients is

described. This manual procedure yields reproducible

results of high sensitivity and selectivity suitable for

research laboratories. Patients and methods: We conducted

a prospective blood sampling study in 105 women with

stage 1–4 BC attending clinics at the University of Mary-

land Greenebaum Cancer Center to define the prevalence

of CCC utilizing our sensitive double gradient centrifuga-

tion and magnetic cell sorting CCC detection and

enumeration method. CCC were isolated and enumerated

from 15 to 20 ml of venous blood drawn before the start of

systemic therapy and periodically thereafter for up to

24 months. One or more CCC/sample was considered a

positive result. Results: We analyzed 487samples for the

presence of CCC; the median number of samples/patient

was 4 (range 1–8). CCC were detected in 56% of patients,

19%—stage 1; 43%—stage 2; 46%—stage 3; 83%—stage

4. The probability of being positive for the presence of

CCC is significantly associated with the stage of cancer

(P \ 0.0001). The frequency of CCC positive patients and

samples increased with the advancing stage of disease.

Presence of more than 10 CCC/sample was associated with

the decreased survival and increased probability of having

metastatic disease P = 0.001. Conclusions: Increasing

number of CCC/sample correlates with the adverse out-

come and poorer survival (P \ 0.0001). Our CCC test

based on the negative selection procedure may provide

valuable prognostic information.
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Introduction

The majority of Breast Cancer (BC) patients are diagnosed

with early stage localized disease, but many eventually

relapse despite seemingly adequate local and systemic

therapies. Various prognostic factors are utilized to predict

which early stage patients are at risk for relapse and

therefore will require adjuvant systemic therapy to lower

their risk of recurrence. Patients with metastatic disease

present another management problem in that the majority

of these patients respond to the initial first-line chemo-

therapy or endocrine therapy but subsequently develop

progressive disease, require additional therapies and

eventually develop resistant disease. Most patients with

metastatic disease remain on some form of systemic anti-

cancer therapy for the rest of their lives and it is therefore

clinically relevant to know when the progression occurs

and when to initiate new therapy. There is evidence that

circulating epithelial/cancer cells (CCC) may serve as a

surrogate marker for the disease status while receiving
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therapy. CCC could potentially herald disease progression

or response to therapy in patients with advanced BC [1–3].

Several approaches have been reported in the literature

for the enrichment, isolation and identification of circu-

lating tumor/cancer cells [1–13]. In a ‘‘positive’’ selection

system, the epithelial surface antigens provide the basis for

selection of CCC with reagents, e.g., monoclonal anti-

bodies directed against these antigens on circulating

epithelial cells (CEC). This selection process is also aug-

mented by the removal of normal blood cells from the

blood sample and utilizing an imaging system to evaluate

the circulating tumor cells (CTC) individually to increase

the sensitivity and specificity of the system. The Cell

Search System; a commercially available system [1–3] is

an example of such an approach and in fact is a combi-

nation of both positive and ‘‘negative’’ cell selection

approach. This system is semi-automatic since the final

selection requires an assessment by an experienced

operator.

In a ‘‘negative’’ selection approach, normal blood cells

are removed through density gradient sedimentation and

magnetic cell sorting [14, 15]. The CCC are individually

selected, identified, and characterized from the pool of

remaining blood cells by an experienced operator with the

aid of positive control slides containing cancer cells from

cultures. The negative selection approach can be readily

adaptable by a medical research laboratory and is espe-

cially convenient for the characterization of the isolated

CCC with computerized fluorescence microscopy. The

negative selection process also offers an opportunity to

establish cell cultures of the viable selected CCC. Wang

et al. previously published the results of the study of CCC

in prostate cancer patients in which the negative selection

approach was utilized [14, 15].

Much has been reported about the CTC in cancer

patients, particularly based on the Cell Search System of

isolation [1–3, 5, 9]. The work reported here is based on an

alternative ‘‘negative’’ selection approach for renumeration

of CCC. Our investigation was centered on providing

answers to the following questions. We sought from a

clinical perspective first to define experimentally how to

characterize ‘‘CCC-positive’’ samples in comparison to

‘‘CCC-negative’’ samples. Next, we wished to assess the

frequency of CCC positive samples and number of CCC in

relation to the stage of the disease, particularly in relation

to the presence of metastatic BC. Lastly, we were inter-

ested in a preliminary assessment of whether the number of

CCC in a particular patient’s sample could be related to the

risk of dying from BC. From a technical and methodo-

logical point of view, the nature of CCC as identified by

our detection and enumeration technology was compared

to CEC and CTC as identified by other investigators using

other methods.

Patients and methods

Study design

We initiated a blood sampling protocol at the University

of Maryland Marlene and Stewart Greenebaum Cancer

Center (UMGCC) in June of 2003. The objectives of the

study were to identify the population of BC patients with

detectable CCC by our negative selection approach.

Consecutive subjects with histologically proven stage 1-4

BC signed an UM IRB approved consent. Participants

were required to have no systemic therapy within the 4-

week period prior to the first sampling and were starting

new systemic therapy for BC at the time of initiation of

blood sampling. We did not control for the type of sys-

temic or local therapy patients received at the time of

blood sampling, except that in all cases the first sample

was drawn before the initiation of systemic therapy

(chemotherapy or endocrine therapy). Follow up samples

were drawn intermittently without fixed schedule during

the ensuing 24 months, but always before subsequent

chemotherapy treatments and for patients on hormonal

therapy during the routine follow up clinic visits all

patients were treated and followed according to the

accepted standards of care. Although patients were sam-

pled repeatedly to determine if presence and number of

CCC correlate with the status of their disease no additional

staging or testing was required per protocol. As this was a

prospective observational study, the levels of CCC were

not utilized to make treatment decisions; but changes in

systemic therapies were made based on widely accepted

standards for management of BC patients. We also plan-

ned to determine if certain biomarkers such as Her-2/neu

and ER could be identified and quantified by immunoflu-

orescent staining methods on individual cancer cells

isolated from our patients’ venous blood. Those aspects

will be described in a separate paper.

Blood collection and cell detection and enumeration

A total of 15–20 ml of venous blood/sample were drawn

into Vacutainer tubes containing acid citrate dextrose and

processed at room temperature within 24 h of the blood

draw. Each sample was diluted with phosphate-buffered

saline. Tubes were capped and mixed gently by inversion

3–6 times. Ten milliliter of a 1.068 g/ml density gradient

were slowly added to the bottom of the sample tube fol-

lowed by another 10 ml of a 1.083 g/ml gradient beneath

the 1.068 g/ml density gradient. The tube was centrifuged

at 400 9 g for 30 min at 20�C. The upper gradient inter-

face (1.068 g/ml) and the lower gradient interface

(1.083 g/ml) were collected separately along with the
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gradient. The two collections were washed and centrifuged.

The supernatant in each tube was then gently removed by

careful aspiration and cell pellets were collected.

Magnetic cell sorting and slide preparation

To remove excess leukocytes and thus enrich the target

cancer epithelial cells in the blood, a proprietary enrich-

ment system using CD-45 mouse-antihuman immuno-

globulin G magnetic beads was employed. The cell pellet

from the 1.083 g/ml gradient collection was resuspended

and placed on ice for the magnetic cell sorting. Two hun-

dred microliters of magnetic Dynal beads were added to a

5-ml polypropylene tube. The beads were washed in 3.0 ml

of 0.1% BSA to remove sodium azide. The cell suspension

from the 1.083 g/ml gradient (about 1.0 ml) was trans-

ferred to the tube containing the washed beads. Remaining

cells were washed from the wall of the original centrifuge

tube with another ml of 0.1% BSA and transferred to the

tube containing the magnetic beads for a total volume of

2.0 ml. The cells were incubated with the beads at 4–8�C

for 30 min at 10 rpm on an Orbitron Rotator. The tube was

then placed in a magnetic particle concentrator for 2 min

to allow for maximum leukocyte depletion. The 1.068 g/ml

cell suspension was transferred and kept on ice during

incubation of the 1.083 g/ml suspension with anti-CD45

magnetic beads. After leukocyte depletion, the superna-

tants from the CD45 negative collection of the 1.083 g/ml

cell suspension and the 1.068 g/ml cell suspension were

combined and washed with 40 ml 1 9 PBS using a cen-

trifugation step at 250 9 g for 10 min. The cell pellet was

resuspended in 300 ll of 0.1% BSA and then loaded

evenly onto a Pap-pen outlined area (20 9 20 mm) on a

slide. Slides were air dried for at least 3 h or placed

on Slide Warmer (Fisher) set at 41�C for 1 h before

staining.

Immunofluorescence staining

Circulating epithelial cells were not fixed at any time

during the isolation procedure after which they were dried

on microscope slides and fixed in 2% paraformaldehyde for

10 min at 4–8 �C and then rinsed two times with 1 9 PBS.

Slides were placed in PBS for 10 min at room temperature

and blotted dry. Cells were then incubated with a fluores-

cently labeled pananticytokeratin mAb cocktail (500 ng

until after 0.1% BSA PBS) CAM 5.2 (Becton Dickinson),

200 ng of Multi CK mAb and 100 ng of CK-19 mAb

(NeoMarkers) mixed in 100 lm of 0.1% BSA/PBS at 4 �C

for at least 1 h and then washed twice in PBS at room

temperature for 10 min. The slides were blotted dry and

mounted with DAPI-containing medium under a coverslip

(Fig. 1).

Positive controls

The MCF-7, T47D, HCC2218, and SK-BR-3 BC cell lines

were used for validation of tests for tumor cell recovery

and immunofluorescent staining. Approximately 100 can-

cer cells were spiked into 15 ml of blood from healthy

controls. To accurately estimate the number of cells spiked

into the blood, two control slides were prepared from the

same volume of the cell suspension and cells were verified

by cytokeratin-positive staining and counted. The average

number of the cells from these control slides was used to

calculate the cell recovery. The spiked blood was subjected

to the same complete detection and enumeration and

staining procedure as described above for patient samples.

Negative controls

Blood samples of healthy blood donors from BRT Labo-

ratories Inc. (Baltimore, MD) and other healthy volunteers

served as negative-control samples for our studies. A total

of 10–20 ml of the whole blood from each of the donors

was subjected to the complete detection and enumeration

and staining procedure as described above. From1998 to

2005 blood samples (N = 207) from 92 healthy blood

donors aged 21–75 (46 females, 46 males) tested negative

for presence of CCC. Sixty-two donors were tested 2–3

times within a 3-year time period.

Fluorescence microscopy

Stained cells were examined on a Leica DM RXA micro-

scope (Leica Microsystems, Exton, PA, USA) equipped

with a MicroMax Digital CCD Camera System, model

1300YHS, utilizing filter cubes which allow for differen-

tiation of up to the two fluorescence signals. Excitation,

dichroic, and emission filters in each cube were 360 nm/

400 nm/470 nm for DAPI and 470 nm/497 nm/522 nm for

FITC. Digital images of stained cells were acquired with a

40 9 objective using Image-Pro Plus software ( Fig. 2).

Cell recovery and assay specificity

For purpose of quality control, one control sample was

carried out each time a patient sample was processed; on

average we used one control/three patient samples (range

1–7 patient samples) to ensure the recovery in the
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enrichment process and the proper staining procedure. A

total of 188 positive control samples were carried out for

487 patient samples from 105 patients. The tumor cells

targeted for recovery by the assay stain positive for cyto-

keratin peptides and were considered CD45-negative by

the virtue of the fact that they were not removed from the

blood sample when incubated with anti-CD45 magnetic

beads during the leukocyte depletion step. The mean CCC/

sample recovery rate was 65.4% (SD 10.3%) and is con-

sistent with our previous results and similar to other

enrichment and detection procedures [8]. A total of 188

control samples were run in conjunction with the patient

blood samples during this study and the recovery rate never

fell below 53%. Assuming that the cell recovery in

patients’ blood samples is similar to the positive control

data; the absence of a CCC in a sample means that the

number of CCC has to be one or less.

To evaluate the specificity of the cell recovery and the

staining procedures, a total of 207 blood samples from 92

healthy individuals were examined as negative controls.

These negative control tests were conducted either side by

side with the patient’s blood sample or with the positive

Fig. 1 Isolation and enumeration of circulating epithelial cells by the negative selection process
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control tests. None of these negative control samples was

found to contain cytokeratin-positive cells. The negative

control data indicate that these samples from the healthy

blood donors must contain zero or no more than one

positive cell. These results lead to the conclusion that

samples containing one cell or more would be considered

CCC positive and samples containing zero positive cells

would be considered CCC negative.

Statistical methodology

Summary statistics including median and range are pro-

vided for continuous factors while frequency tables are

presented for categorical factors. Exact tests (Fisher’s or

v2) are used to analyze presence or absence of metastases

in different patient groups. The Joncheere-Terpastra test is

used to compare groups with ordinal categorization. Wil-

coxon rank sum test is used for group comparisons with

continuous outcomes such as the amount of CCC. Logistic

regression was used to assess the association of the pres-

ence of CCC with stage of the BC and other risk factors.

The forward selection was applied to identify risk factors

that differentiate patients with or without the presence of

CCC. The Cox regression model was used to assess whe-

ther potential risk factors are associated with patient

survival. Kaplan–Meier’s survival curves are used to

describe the survival distributions on patients in specific

group (Fig. 3).

Patient characteristics

One hundred and five women with stage 1–4 histologically

proven BC participated in our clinical trial. During the

24 months sampling period, three stage three patients and

one stage two patient developed metastatic disease. The

tumor characteristics such as histological type, size, num-

ber of positive lymph nodes, grade, ER, PGR, Her2/neu

were obtained from the historical pathology reports, usu-

ally from the initial surgery (lumpectomy or mastectomy).

Patient characteristics are shown in Table 1.

Results

CCC in stage 1–4 Breast Cancer patients’ blood

samples

We considered presence of one or more CCC per blood

sample as a CCC positive sample. During the 24-month

monitoring period 487 venous blood samples were drawn

from 105 BC patients and tested for presence of CCC.

Patients were sampled repeatedly; but resampling was not

directed by the status of their disease such as progression.

Eleven patients (9 stage 4, 1 stage 1, and 1 stage 3) were

sampled only once. Median number of samples per patient

was 4 (range 1–8). During the 24-month sampling period

CCC were detected in 59 of 105 patients; 35 stage 4, 12

stage 3, 9 stage 2, and 3 stage 1. The frequency of CCC

positive samples increased with the increasing stage of the

disease and was 4% for stage 1, 9% for stage 2, 20% for

Fig. 2 Fluorescence

microscope images of the cells

obtained from a blood sample of

a BC patient that was processed

by negative selection. Images of

the same field of cells were

acquired with filter cubes that

can discriminate FITC and

DAPI fluorescence. Left, image

of an epithelial CCC stained

with anti-pan cytokeratin-FITC.

Right, image of the nuclear

DNA in the CCC and leucocytes

stained with DAPI
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Fig. 3 The Kaplan-Meier survival functions for patients with stage 1-

4 Breast Cancer grouped by the number Of CCC/sample anytime on

study. A-0; B-1-10; C-11-100; D [ 100 CCC per sample
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stage 3, and 56% for stage 4 patients, respectively. In the

first sample drawn, CCC were detected in 32 out of 105

patients; 1 out of 16 stage 1, 6 out of 47 stage 2, and 3 and

25 out of 42 stage 4 patients (Table 2). The maximum

number of CCC/sample was, 2 for stage 1, 37 for stage 2,

19 for stage 3, and 1283 for stage 4 patients.

The median follow-up time for the 105 patients was

1.74 years (range 1.52–1.94). All patients with stage 1

disease were alive and free of metastatic disease at the time

of the final analysis, while one stage 2 and three stage 3

patients developed metastatic disease. The median overall

survival with the corresponding 95% CI has not been

reached yet for stage 3 patients. For the stage 4 patients, the

median overall survival was 1.41 years with the corre-

sponding 95% CI (0.73–2.05 years).

We studied the possible impact of the distribution of

CCC positive blood samples in our patients. Patients were

categorized according to CCC status, i.e., those who have

become CCC positive at some point while on study, and

those who have not. Patients who tested positive for CCC

anytime during the sampling period were more likely to

have metastatic disease. There is a strong association

between the stage of cancer and the probability of being

positive or negative for the presence of CCC in samples

(P \ 0.0001 Joncheere-Terpstra test).

Presence of CCC in blood samples therefore was asso-

ciated with the stage of disease. Only 19% stage 1 patients

tested positive for CCC during the sampling period while,

43% stage 2 patients, 46% stage 3 patients, and 83% of

stage 4 patients tested positive for CCC at least once during

the sampling period (Table 2).

We used logistic analysis to model the probability of

detecting CCC in BC patients. Logistic regression model

was fit to assess the probability of detecting CCC in blood

samples for stage 1–3 patients and neither the tumor size,

nor the number of axillary lymph nodes involved with

tumor had any significant effect on the presence of CCC in

blood samples with P-values; 0.32 and 0.57, respectively.

In addition, the forward selection was applied to identify

the effects that differentiate these two patients’ categories,

and the following plausible risk factors were examined in

the forward selection model: ER, PR, HER2/neu, meta-

static status, and tumor grade. The resulting model has two

variables, metastatic status, and tumor grade that are sta-

tistically significantly associated with the presence or

absence of CCC, P-values \0.0001 and 0.02. It is evident

that lower tumor grade and absence of metastatic disease

dramatically lower the probability of developing CCC. For

stage 4 patients ER, PR, Her2/neu, tumor grade, number of

prior chemotherapies, and hormonal therapies were not

correlated with the presence of positive or negative CCC

samples.

Table 1 Patient characteristics (N = 105)

Stage I,

N = 16

Stage II,

N = 21

Stage III,

N = 26

Stage IV,

N = 42

Race

Caucasian 12 12 7 21

African American 4 9 16 19

Asian 3 2

Median age 50 47 52.5 52

Range 39–74 29–70 36–72 36–84

Receptor status

ER+ 12 13 15 28

ER- 4 8 11 13

PR+ 9 11 11 20

PR- 7 10 25 21

HER2/neu status

HER2+ 2 7 9 11

HER2- 12 15 16 24

Median tumor size (cm) 1.4 2.5 5.5 4.0

Range 0.3–2.0 1.0–5.0 0.7–14 1.0–10.0

Tumor grade

Grade 1 7 4 1 2

Grade 2 3 2 5 15

Grade 3 6 14 17 15

Median number
of positive nodes

– 1 4 3

Range – 0–4 0–17 0–19

Median number

nodes sampled

3 6 18 11

Range 1–18 1–29 1–50 1–27

Types of surgical procedures

Lumpectomy 11 13 6

Mastectomy 5 11 14

SLND 15 11 5

ALND 1 13 15

Adjuvant therapy

Chemotherapy 14 23 20

Radiation 11 21 15

Hormonal 12 11 10

Median number of therapies
for metastatic disease while monitored

– 2

Range 1–6

Sites of metastatic disease (N)

Liver 17

Bone 5

Soft tissue 4

Lung 9

CNS 2

Bone/Soft tissue 4

Pleural effusion 1

SLND—Sentinel lymph node biopsy; ALND—Axillary lymph node

dissection; Visceral disease—liver and/or lung and/or CNS
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Several factors were examined for their association with

survival. Cox regression model was used to assess whether

the following factors are predictive of the hazard of death:

median number of CCC/sample, ER, PR, Her2/neu status,

and the site of metastatic disease. An estimated relative risk

of dying of BC is associated with the 6.2-fold increase in

patients with visceral disease (Cox regression, P-value =

0.017); also the estimated risk of death in patients who are

HER2/neu positive (N = 29) is 4.1 times that of patients

who are HER2/neu negative (N = 68) (P-value = 0.020),

holding other factors constant.

The median number of CCC/sample was compared

between several categories of stage 4 patients with disease

dominant sites in the following locations (bone only, liver,

lung, soft tissue, and CNS). Patients with liver dominant

disease tend to have larger number of CCC/sample than

other patients with stage 4 BC (P-values; P = 0.008 and

0.016, respectively, Table 3).

Patients were divided into four groups based on the

numbers of CCC/sample anytime during the 24 months

sampling period; Group A = 0 CCC/sample (N = 46),

Group B 1-10 CCC/sample (N = 40), Group C 11-100

CCC/sample (N = 13), Group D [ 100 CCC/sample

(N = 6) (Table 4). BC patients with more than 100 CCC/

sample at some point during the sampling period were at

the highest risk of dying from metastatic disease. The

probability of having metastatic disease and mortality due

to BC were associated with the presence and the level of

CCC/sample (Exact v2-test for presence or absence of

metastases in A, B, C, D groups, P = 0.001; Fisher’s exact

tests for B vs. C + D, P = 0.001; B vs. C, P = 0.02; A vs.

B, P = 0.04; A + B vs. B + D, P \ 0.0001). Overall

survival correlates with the number of CCC (P-value \
0.0001) as shown in Table 4 and Fig. 3. In addition,

although the number of CCC positive samples is smaller

we performed similar analysis looking at the survival of

our patients based on the number of CCC in the first sample

drawn. The numbers of patients in groups A (0), B (0–10),

C (11–100), and D ([100) according to their CCC status in

the first blood sample are as follows: 73, 23, 4, and 5. The

log-rank test, and the Wilcoxon test results showed that

these patients also have dramatically different survival

experience, both P-values \ 0.0001.

Discussion

Several publications have appeared previously concerning

the significance of the circulating tumor cells or CTC in BC

patients [1–3, 5–9, 16–20]. The uniqueness of our study in

part rests on our approach and methodology. Our study was

based on the negative circulating epithelial cell selection

approach. After removal of 99% or more of the RBC and

WBC from the blood samples, the remaining cells were

scanned visually to recognize the DNA stain and the pan-

cytokeratin stain, as well as the morphological intactness of

the epithelial/cancer cells [14, 15]. This visual selection

step is essential to assure the reliability of the assay. In

addition, extensive positive controls (188 samples) and

negative controls (207 samples from 92 healthy blood

donors) were done. The positive controls accompanying all

tests of patients’ samples assured that the recovery rate for

each CCC test was at least 1 CCC/sample, and that the

staining procedure was conducted properly each time the

CCC test was performed. Another distinction of our study

is the long duration of the sampling period (up to

24 months); with a large number of samples/patient,

median of 4 (range 1–8); although the number of patients in

Table 2 Association of CCC positive patients and samples with disease stage at study entry and during the 24 months monitoring period

Disease stage Number of patients CCC + patients

at baseline (%)

CCC + patients

in 24 months (%)

Number of blood

samples tested

Number of CCC +

samples (%)

I 16 1 (6) 3 (19) 73 3 (4)

II 21 2 (9) 9 (43) 111 10 (9)

III 26 4 (15) 12 (46) 126 25 (20)

IV 42 25 (59) 35 (83) 177 99 (56)

Sub total 105 32 (30) 59 (56) 487 137 (28)

% Calculated for each disease stage group and subtotal

Table 3 The comparison of location of metastases as correlated with

the presence and number of CCC in samples in stage 4 patients

(N = 42)

Correlation of site of metastatic

disease and presence of CCC

Wilcoxon 2-sided

test’s P-value

Any Visceral 0.008

Bone only 0.088

Liver 0.016

Lung 0.78

Soft tissue 0.75

CNS 0.15

Visceral—liver and/or lung and/or CNS
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our study (105 patients) is comparable to the other reports

in the literature. From Table 2, we were able to conclude

that the probability of the being CCC positive versus CCC

negative is strongly associated with the stage of BC

(Jancheeve-Terpstra Test, P \ 0.000l). In addition, for

stage 1–3 patients, neither the tumor size nor the number of

positive axillary lymph nodes have a significant correlation

with the CCC presence in the blood samples in the logistic

regression model (P-values are 0.32 and 0.57, respec-

tively). When ER, PR, HER2/neu, metastatic status, and

tumor grade were selected in the logistic regression model,

only metastatic status and tumor grade were statistically

significant predictors for having CCC positive samples

(P-values are \0.0001 and 0.02, respectively). The

odds ratio estimates for the probability of having CCC

positive samples are strongly associated with the presence

of metastatic disease and the tumor grade.

Interestingly when using the ‘‘negative’’ selection

methodology, the number of CCC/sample correlates with

patients categorized as being afflicted with disease in any

visceral sites (liver, lung, and CNS), but this conclusion is

clearly driven by the presence of liver metastasis, as the

strength of the correlation is larger in patients with the liver

as site of metastasis than with the number of CCC in

patients with metastasis in other areas (Wilcoxon 2-sided

test P-value, 0.008 (overall visceral) and 0.016 (liver),

respectively), with at best a positive trend (P = 0.088) for

the correlation of CCC with the presence of bone only

metastases. While larger numbers of patients would be

needed to establish this trend with greater certainty, others

have not reported this difference [1, 2, 16, 21].

When our patients were separated into four groups based

on the number of CCC/sample and this was correlated with

the risk of dying due to BC (Table 4) we saw an impressive

association between the overall survival and the rising

number of CCC/sample (P-value \ 0.0001). This is

graphically shown in the Kaplan–Meier Curve of survival

function (Fig. 3) indicating the negative influence of rising

CCC numbers on survival.

A comparison between our study and the studies from

three other groups is shown in Table 5. In summary the

major conclusions regarding the association of the CCC

numbers in blood samples of patients with metastatic BC

with their prognosis are shared with the other studies that

were based on different methodology of detection and

enumeration/enrichment of circulating cancer/tumor/epi-

thelial cells. Thus, the clinical association of the higher

number of CCC/sample with poorer prognosis in metastatic

BC continues to be supported by the data in this study.

From our study, we cannot make any definitive conclusions

regarding the significance of the presence of CCC in blood

samples of patients with stage 1–3 BC as only 1 stage 2 and

3 stage 3 patients progressed. Previously others reported on

the significance of the CTC in patients with metastatic BC

based on the Cell Search method and showed that there is a

significant relationship between the progression-free and

overall survival and the CTC numbers of \5 cells/7.5 ml

sample versus C5 cells [1–3, 9]. The ‘‘negative’’ selection

methodology may have the potential to dissect more finely

the prognoses of patients with zero and different ‘‘levels’’

of positivity up to 100 CCC/sample. Larger numbers of

samples with low numbers of CCC would be necessary to

more thoroughly explore this question.

Looking to the immediate future, we have two urgent

and fundamental questions arising from these initial

investigations. First, what is the nature of these circulating

cells in our BC patients? We have identified them as epi-

thelial cells by virtue of pancytokeratin markers. In a

previously reported study of CCC in prostate cancer

patients we have identified them additionally by abnormal

chromosome numbers (chromosome 7, 8, and 18 based

on centromere counting), and increased DNA content

compared to normal leucocytes, and their abnormal mor-

phology compared to leucocytes [14, 15]. Fehm et al. [22,

23] analyzed CEC in breast, kidney, prostate and colon

cancer patients and concluded that the vast majority of

CEC are aneuploid and derived from the primary tumor.

In our study, we show statistically significant association

of the presence of the CCC with the presence of metastases,

and the risk of dying due to BC. Thus, it is consistent that

the CCC identified by our methodology are cancer cells,

although we did not formally evaluate their cytologic fea-

tures. Whether these cells are clonogenic, able to propagate,

divide and metastasize is unknown but is of considerable

interest to establish. Additional cancer cell biomarkers

would be very valuable for further clarification of this issue.

Table 4 The relationship

between the numbers of CCC/

sample; presence of metastatic

disease and the risk of dying due

to BC (N = 105)

Groups of patients

(# of CCC/sample)

Number

of patients

Incidence of death

due to BC

Absence of

metastatic disease

No. % No. %

A (0) 46 3 6 39 85

B (1–10) 40 10 25 22 55

C (11–100) 13 6 46 2 15

D ([100) 6 6 100 0 0
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The results of our investigation as well as other pub-

lished studies show no clear consensus about the basic

mechanism(s) that affect the presence and number of CCC/

CTC in blood samples of BC patients. For patients with

metastatic BC the increasing or decreasing CCC number

while on chemotherapy is an independent predictor of

progression-free and overall survival and continues to be a

research direction of interest to several groups. The use of

CCC/CTC numbers to predict therapeutic outcomes in

early stage BC patients can only be established by a strong

association with clinical outcomes such disease free and

overall survival and such an association requires prospec-

tive clinical studies with large numbers of patients.

Nonetheless, the ‘‘negative’’ selection methodology

described here can be an important opportunity for

exploratory studies not only of clinical outcomes, but also

of pharmacodynamic investigations with novel and stan-

dard therapies. In addition our negative CCC selection and

enumeration procedure described here can be readily

adapted without the need for expensive instrumentation by

most research laboratories.
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