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Abstract The detection of circulating tumor cells (CTCs)

in the peripheral blood of metastatic breast cancer (MBC)

patients is an independent marker of prognosis. This large

prospective multicenter study aimed to assess the impact of

CTCs on overall survival (OS) and progression free survival

(PFS) in patients with predefined molecular subgroups of

MBC. To this end, 468 MBC patients were divided into three

subgroups based on immunohistochemical staining of the

primary tumor: (1) hormone receptor-positive/HER2-nega-

tive (HorR?/HER2-), (2) HER2-positive (HER2?), and

(3) HorR-negative/HER2-negative (HorR-/HER2-)

patients. CTC status (\5 CTCs/7.5 ml blood (CTC-nega-

tive) vs. C5 CTCs/7.5 ml blood (CTC-positive)) was deter-

mined using the CellCearch� system before patients started a

new line of therapy. At baseline, 205 (42 %) patients were

CTC-positive. On multivariate analysis, CTC-positivity was

an independent prognostic factor for shorter PFS and OS. In

HorR?/HER2- patients, median PFS [95 % CI] of CTC-

negative versus CTC-positive patients was 8.60 [5.93–

11.27] versus 4.33 [3.29–5.38] months (p \ 0.001), in

HER2? patients 7.60 [5.40–9.79] versus 6.60 [4.20–9.00]

months (p = 0.477) and in HorR-/HER2- patients 5.83

[5.09–6.78] versus 3.05 [1.81–4.29] months (p \ 0.001),

respectively. Median OS [95 % CI] of CTC-negative versus

CTC-positive patients was as follows: not reached by either

in the HorR?/HER2- subgroup (p \ 0.001), not reached

versus 18.07 [11.10–25.05] months (p = 0.001) in the

HER2? subgroup, and not reached versus 8.57 [4.07–13.07]

months in the HorR-/HER2- subgroup (p = 0.001). In

conclusion, our results strongly confirm the independent

prognostic value of CTC enumeration in MBC patients. In
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contrast to recent reports, there was no association between

primary tumor-based molecular subgroups and the impact of

CTC status on OS. Hence, CTC status may help to identify

patients who require aggressive therapy, especially among

those with triple-negative MBC.

Keywords Metastatic breast cancer � Circulating
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Abbreviations

CI Confidence interval

CTC(s) Circulating tumor cell(s)

CTC- CTC-negative

CTC? CTC-positive

EpCam Epithelial cell adhesion molecule

ER Estrogen receptor

FDA Food and drug administration (USA)

HER2 Human epidermal growth factor receptor 2

HorR Hormone receptor

MBC Metastatic breast cancer

OS Overall survival

PFS Progression free survival

PgR Progesterone receptor

RECIST Response evaluation criteria in solid tumors

Introduction

Metastatic breast cancer (MBC) remains an incurable dis-

ease. However, women with MBC represent a heteroge-

neous group with respect to their life expectancy and

response to therapy. Better prognostic and predictive

markers are needed to prevent patients from receiving

unnecessary and/or ineffective treatment but experiencing

the treatment-related side effects. Circulating tumor cells

(CTCs) in the peripheral blood of breast cancer patients are

attractive candidates in this context. Their detection,

characterization, and clinical role as predictive and prog-

nostic markers of treatment response and survival are

currently the subject of intensive research [1].

Tumor cell spread into the blood circulation plays a key

role during cancer progression. In recent years, highly

sensitive methods have been developed to detect single

CTCs. One such method is utilized by the CellSearch�

system (Veridex, LLC, Warren, NJ, USA), a device

approved by the FDA in 2004 for the detection of CTCs in

the peripheral blood of patients with MBC. The number of

CTCs detected with CellSearch� has been shown to be an

independent prognostic marker of MBC [2–9]. Moreover, a

substantial decrease in CTC count is an early marker of

individual response to treatment and thus CTC enumeration

provides an easy-to-perform alternative method to monitor

therapy [10, 11].

Recently, Giuliano et al. [6] suggested that targeted

therapy directed against the human epidermal growth fac-

tor receptor 2 (HER2) might improve outcome in MBC

patients with high levels of CTCs. Another study, however,

stated that CTCs had less prognostic value in a subgroup of

patients with HER2-positive (HER2?) MBC, possibly due

to selective effectiveness of HER2 directed therapy against

CTCs [7]. Accordingly, Pierga et al. [8] reported that CTC

levels appeared to decrease more markedly in patients who

received first-line chemotherapy plus targeted therapy

(bevacizumab or trastuzumab). The present large multi-

center study was, therefore, conducted to assess the prog-

nostic impact of CTCs in predefined subgroups of MBC

patients as determined by immunohistochemical staining of

the primary tumor.

Patients and methods

Study design and population

This prospective study was performed at nine German

university breast cancer centers. In total, 486 women with

progressive MBC starting a new line of systemic therapy

between 12/2007 and 06/2011 were included in the anal-

ysis. CTC enumeration was carried out at baseline, i.e.,

before initiation of the new therapy, using the CellSearch�

system (Veridex, LLC, Warren, NJ, USA). Other inclusion

criteria were radiologically measurable or clinically

evaluable metastatic disease and written informed consent.

Response to treatment was determined according to the

Response Evaluation Criteria in Solid Tumors (RECIST)

criteria [12]. Patients with malignancies other than breast

cancer were excluded from this study. The analysis was

approved by the local ethics committees (reference number

S-295/2009, Heidelberg).

Patient subgroups by primary tumor receptor status

Patients were divided into three subgroups according to

their primary tumor receptor status: (1) positive for estro-

gen and/or progesterone (hormone receptor-positive,

HorR?) and negative for HER2 (HER2-), (2) HER2?, or

(3) HorR-/HER2- (triple negative). Details of the pri-

mary tumor’s HorR and HER2 status were extracted from

the patient records. At all participating centers, HER2

status was determined using the HercepTestTM (Dako,

Glostrup, Denmark) and/or the Pathvysion� Kit (Vysis,

Downers Grove, IL, USA). All pathology laboratories had

participated in round robin tests and were certified for

HER2 testing. Hence there was no central review of
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primary tumor HER2 status. The cut-off level for HER2

positivity was based on the guideline recommendations

published by the American Society of Clinical Oncology

and College of American Pathologists [13]. HorR? was

defined as ER and/or PgR positivity of the primary tumor

according to local pathology standards.

CTC studies

Enrichment and enumeration of CTCs using the Cell-

Search� technology was essentially performed as described

elsewhere [14]. Briefly, samples of 7.5 ml of peripheral

blood were drawn into CellSave tubes (Veridex LLC,

Warren, NJ, USA), maintained at room temperature, and

processed within 72 h. Epithelial cells were immunomag-

netically enriched using anti-EpCAM-coated ferrofluid.

EpCAM-positive cells were labeled with the nuclear dye

40,6-diamidino-2-phenylindole (DAPI) and monoclonal

antibodies specific for the leukocyte common antigen C45.

CD45-negative, cytokeratin-positive cells with an intact

nucleus were defined as CTCs and were enumerated by

trained operators. A blood sample was considered CTC-

positive (CTC?) if it contained C5 CTCs/7.5 ml blood, as

published previously [2].

Statistical analysis

Chi squared and Fisher’s exact tests were used to determine

differences in CTC status (\5 CTCs vs. C5 CTCs/7.5 ml

blood) among patient subgroups. For univariate analysis,

survival with respect to CTC status was calculated by the

Kaplan–Meier method and curves were compared using the

log-rank test. Multivariate Cox proportional hazard

regression analysis was performed to assess the indepen-

dent prognostic value of CTC status in comparison with

other prognostic factors, including age (\55 vs.

C55 years), number of metastatic sites (one vs. multiple

sites), site of metastasis (bone metastasis vs. visceral

metastasis vs. both sites), line of therapy (first-line vs.

second-line vs. third or further lines), and receptor status

(HorR?/HER2- vs. HER2? vs. HorR-/HER2-). Vari-

ables were entered stepwise backward and a significance

level of 0.1 was used to exclude a variable from the model.

The CTC status was not forced to be included in the model.

The effect of each variable was evaluated using the Wald

test and described by the hazard ratio (HR) and the cor-

responding 95 % confidence interval (CI). PFS was cal-

culated from the date of CTC blood sampling to the date of

progressive disease as determined by RECIST criteria.

Overall survival (OS) was defined as the time from the date

of CTC blood draw to the date of death. To determine PFS

and OS, patients without disease progression and living

patients, respectively, were censored at last follow-up. All

statistical tests were two-sided with significance levels set

at p \ 0.05 and were carried out using PASW Statistics 20

(SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

A total of 486 patients with a median age of 55 (range:

23–91) years were eligible for this study. Further details of

patient demographics, tumor characteristics, and CTC sta-

tus are presented in Table 1. Of all 486 patients, 251

(52 %) were HorR?/HER2-, 117 (24 %) were HER2?,

Table 1 Patient characteristics and CTC status

Total N C5 CTCs/7.5 ml

blood N (%)

p value

All patients 486 205 (42)

Age

\55 years 242 102 (42)

C55 years 244 103 (42) 0.989

ER status

Negative 159 56 (35)

Positive 327 149 (46) 0.030

PgR status

Negative 201 80 (40)

Positive 285 125 (44) 0.372

HER2 status

Negative 339 148 (44)

Positive 117 43 (37) 0.192

Receptor status

HorR?/HER2- 251 116 (46)

HER2? 117 43 (37)

HorR-/HER2- 88 32 (36) 0.116

Number of metastatic sites

One site 139 52 (37)

Multiple Sites 347 153 (44) 0.178

Site of metastasis

Bone 83 33 (40)

Visceral 175 52 (30)

Both 228 120 (53) \0.001

Line of therapy

First 183 82 (45)

Second 115 47 (41)

Third or further 188 76 (40) 0.658

Pretreatment with trastuzumab

No 454 191 (42)

Yes 32 14 (44) 0.772

ER estrogen receptor, PgR progesterone receptor, HorR hormone

receptor, HER2 human epidermal growth factor receptor 2
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and 88 (18 %) were HorR-/HER2-; 347 (71 %) had

multiple metastatic sites, 83 (17 %) had bone metastases

only, 175 (36 %) had visceral metastases only, and 228

(47 %) had both bone and visceral metastases; 183 (38 %)

received first-line, 115 (24 %) second-line, and 188 (39 %)

third- or further line treatment for MBC.

The number of detected CTCs ranged from 0 to 6.380

CTCs/7.5 ml blood (median: 2 CTCs/7.5 ml blood). Out of

486 patients, 205 (42 %) were CTC? with counts C5

CTCs/7.5 ml blood. CTC-positivity was significantly more

frequent in estrogen receptor-positive (ER?) than in ER-

patients (p = 0.030) and in patients with both bone and

visceral metastases compared with those with either bone

or visceral metastases (p \ 0.001). The CTC status did not

differ significantly among subtypes of MBC (p = 0.116).

CTC status was positive in 116/251 (46 %) HorR?/

HER2- patients, 43/117 (37 %) HER2? patients, and

32/88 (36 %) HorR -/HER2- patients.

Univariate and multivariate analyses of survival

in CTC- versus CTC? MBC patients

Median follow-up was 10.10 months for PFS and

11.13 months for OS. Follow-up data for PFS were not

available for 41 patients. On univariate analysis, CTC status

had a significant prognostic impact on PFS and OS (Fig. 1a).

Median PFS was significantly lower in CTC? patients [4.77

(95 % CI: 3.92–5.61) months] than in CTC- patients [7.60

(95 % CI: 5.93–9.27) months, p \ 0.001]. Median OS was

not reached in CTC- patients and was 18.01 months in

CTC? patients (p \ 0.001). The independent prognostic

factors of PFS as identified by multivariate analysis

(Table 2) were CTC status, site of metastasis, line of therapy,

and receptor status of the primary tumor. Independent

prognostic factors of OS were CTC status, line of therapy,

and receptor status of the primary tumor. The HRs for pro-

gression and death in patients with C5 CTCs versus\5 CTCs

were 1.82 (95 % CI: 1.41–2.34) and 4.79 (95 % CI:

2.95–7.79), respectively (p \ 0.001).

Survival analysis of CTC- versus CTC? patients

according to tumor subtypes

In the survival analysis of predefined subgroups, CTC

status was a prognostic factor for PFS and OS in HorR?/

HER2- and HorR-/HER2- patients. As illustrated in

Fig. 1b, HorR?/HER2- patients had a median PFS of 8.60

(95 % CI: 5.93–11.27) months if CTC- versus 4.33 (95 %

CI: 3.29–5.38) months if CTC? (p = 0.001). OS was

significantly decreased in CTC? patients (p \ 0.001),

although median OS was not reached in either CTC- or

CTC? patients. In the subgroup of HorR-/HER2-

patients (Fig. 1c), median PFS was 5.83 (5.09–6.78)

months in CTC- versus 3.05 (1.81–4.29) months in CTC?

patients (p \ 0.001). Median OS was not reached in CTC-

patients and was 8.57 (95 % CI: 4.07–13.07) months in

CTC? patients (p = 0.001).

Although a significant predictor of OS in patients with a

HER2? primary tumor, CTC status had no demonstrable

impact on PFS (Fig. 1d). Median PFS was 7.60 (95 % CI:

5.40–9.79) months in CTC- versus 6.60 (95 % CI:

4.20–9.00) months in CTC? patients (p = 0.477). Median

OS was not reached in CTC- patients and was 18.07 (95 %

CI: 11.10–25.05) months in CTC? patients (p = 0.001).

Survival analysis of CTC- versus CTC? patients

with HER2? primary tumor according to previous

treatment with trastuzumab

CTC status also had no impact on PFS in HER2? patients

who had or had not been treated with trastuzumab before

CTC enumeration (Fig. 2). Median PFS of HER2?

patients without previous trastuzumab treatment (Fig. 2a)

was 8.57 (95 % CI: 6.46–10.68) if they were CTC- versus

6.66 (95 % CI: 5.63–7.69) months if they were CTC?

(p = 0.378). Median PFS of HER2? patients who had

been pretreated with trastuzumab (Fig. 2b) was 4.85 (95 %

CI: 3.55–6.15) if they were CTC- versus 4.69 (95 % CI:

0.13–9.25) months if they were CTC? (p = 0.706). The

CTC status of HER2? patients without previous trast-

uzumab treatment was, however, prognostic of OS

(Fig. 2a). Median OS was not reached in CTC- patients

and was 18.07 (95 % CI: 11.97-24.16) months in CTC?

patients (p = 0.002). In contrast, CTC status had no impact

on OS in HER2? patients who had previously received

trastuzumab treatment (Fig. 2b). Median OS was not

reached in either CTC- or CTC? patients (p = 0.426).

Discussion

This prospective study was conducted to determine the

influence of CTCs on prognosis in predefined subgroups of

progressive MBC. To this end, we divided a large cohort of

patients into subgroups based on immunohistochemical

staining of the primary tumor and compared survival in

CTC- (\5 CTCs/7.5 ml peripheral blood) versus CTC?

(C5 CTCs/7.5 ml peripheral blood) patients.

Our results confirm the strong and independent impact

on PFS and OS of C5 CTCs/7.5 ml blood, as determined

by the CellSearch� system. CTC count was a prognostic

marker for OS in all predefined subgroups but failed to

predict PFS in the subgroup of HER2? patients. Detection

of CTCs also had an impact on OS in HER2? patients.

This is in contrast to recent findings by Giordano et al. [7],

who found that the detection of CTCs has no impact on
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outcome in MBC patients with HER2? primary tumors. As

most patients with HER2? breast cancer received HER2

targeting therapy, the authors concluded that this highly

effective treatment eliminates CTCs with HER2 amplifi-

cation, thus impairing the prognostic value of CTCs in

HER2? patients. Accordingly, other studies demonstrated

a marked decrease in CTC count at follow-up if MBC

patients had received biological therapies such as trast-

uzumab or bevacizumab [8, 15]. Georgoulias et al. [16]

showed that trastuzumab eliminates chemotherapy-resistant

CTCs and reduces the risk of disease recurrence in early

breast cancer patients. In our study, however, the number of

Fig. 1 Kaplan–Meier plots of

progression free (PFS) and

overall (OS) survival according

to CTC status and the primary

tumor hormone receptor/HER2

status. a Median PFS of

CTC- (\5 CTCs) patients was

7.60 (95 % CI: 5.93–9.27)

versus 4.77 (95 % CI:

3.92–5.61) months in CTC?

(C5 CTCs) patients

(p \ 0.001). Median OS was

not reached in CTC- patients

and was 18.01 months in CTC?

patients (p \ 0.001). b Median

PFS of HorR?/HER2- patients

was 8.60 (95 % CI: 5.93–11.27)

versus 4.33 (95 % CI:

3.29–5.38) months (p = 0.001).

Median OS was not reached in

either CTC- or CTC? patients

(p \ 0.001). c Median PFS of

HorR-/HER2- patients was

5.83 (5.09–6.56) versus 3.05

(1.81–4.29) months

(p = 0.001). Median OS was

not reached in CTC- patients

and was 8.57 (95 % CI:

4.07–13.07) months in CTC?

patients (p \ 0.001). d Median

PFS of HER2? patients was

7.60 (95 % CI: 5.40–9.79)

versus 6.60 (95 % CI:

4.20–9.00) months (p = 0.477).

Median OS was not reached in

CTC- patients and was 18.07

(95 % CI: 11.10–25.05) months

in CTC? patients (p = 0.001)

Breast Cancer Res Treat (2013) 137:503–510 507

123



patients treated with trastuzumab was considerably low.

Moreover, CTC detection was a predictor of OS only in the

subgroup of initially HER2? patients who had not been

treated with trastuzumab. Conversely, CTC detection had

no impact on survival if patients had already received

trastuzumab treatment. This supports the suggestion that

HER2 directed therapy reduces the prognostic value of

CTC enumeration. However, these observations should be

interpreted with caution due to the small number of patients

in our study who had already received trastuzumab therapy.

Moreover, there was no association between trastuzumab

pretreatment and CTC-positivity.

In contrast to our study in the study by Giordano et al.

[7] most patients received first-line therapy. Giuliano et al.

[6] recently demonstrated that the CTC status before ini-

tiation of HER2 directed first-line therapy is not associated

with survival. Additionally, HER2 directed treatment

combined with chemotherapy reduced the number of CTCs

in all patients with a high baseline CTC count. As the gold

standard to decide whether a patient is likely to benefit

from HER2 targeted drugs, predictive determination of the

HER2 status is generally performed on primary tumor

tissue [13]. However, the phenotype of breast cancer,

including the HER2 status, may change during disease

progression [17, 18]. Various studies have shown that the

HER2 status of the primary tumor does not necessarily

represent that of peripheral metastasis, micrometastatic

spread, or CTCs [19–27]. Moreover, breast cancer treat-

ment will exert selective pressure on different tumor cell

clones, resulting in cumulative differences between the

primary tumor and advanced disease. The fact that most of

our patients had already received multiple lines of therapy

Table 2 Multivariate Cox regression analysis of progression free

survival (PFS) and overall survival (OS)

Parameter PFS OS

HR 95 % CI p value HR 95 % CI p value

CTC status

\5 CTCs 1.00 1.00 \0.001

C5 CTCs 1.82 1.41–2.34 \0.001 4.79 2.95–7.79

Site of metastasis

Bone 1.00 1.0

Visceral 1.56 1.03–2.37 0.036 NS

Both 1.73 1.15–2.59 0.008 NS

Line of therapy

First 1.00 1.00

Second 2.11 1.50–2.96 \0.001 2.37 1.24–4.56 0.010

Third or

further

2.04 1.50–2.34 \0.001 4.21 2.36–7.48 \0.001

Receptor status

HorR?/

HER2-

1.00 1.00

HER2? NS NS

HorR-/

HER2-

1.65 1.19–2.29 0.003 2.13 2.20–3.78 0.010

HorR hormone receptor, HER2 human epidermal growth factor

receptor 2

Fig. 2 Kaplan–Meier plots of

progression free (PFS) and

overall survival (OS) of HER2?

MBC patients according to CTC

status and trastuzumab

pretreatment. a Median PFS of

HER2? patients who had not

been treated with trastuzumab

was 8.57 (95 % CI: 6.46–10.68)

if CTC- versus 6.66 (95 % CI:

5.63–7.69) months if CTC?

(p = 0.378). Median OS was

not reached in CTC- patients

and was 18.07 (95 % CI:

11.97–24.16) months in CTC?

patients (p = 0.002). b Median

PFS of HER2? patients who

had been treated with

trastuzumab was 4.85 (95 % CI:

3.55–6.15) if CTC- versus 4.69

(95 % CI: 0.13–9.25) months if

CTC? (p = 0.706). Median OS

was not reached in either CTC-

or CTC? patients (p = 0.426)
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may also have contributed to our finding that the prognostic

value of CTCs was independent of primary tumor phenotype.

Interestingly, HorR-/HER2- (i.e., triple-negative) patients

had a relatively good prognosis if no CTCs were detected.

Conversely, OS was markedly decreased if the CTC status was

positive. In this subgroup, in particular, the determination of

CTC status may, therefore, be helpful in identifying patients

who need more aggressive treatment regimes. As early studies

demonstrated that bevacizumab has the potential to eradicate

CTCs, the inclusion of this targeted drug in treatment regimes

for CTCs positive triple-negative patients promises to be a

valuable option.

It is reasonable to assume that therapy directed specifi-

cally at CTCs is more effective if the targets are features of

the CTCs rather than features of the primary tumor. Meng

et al. [17] determined the HER2 status of CTCs and treated

four patients with initially HER2- breast cancer but

HER2? CTCs with a trastuzumab-containing regimen; one

patient had a rapid and complete remission whereas two

patients showed a partial response. Thus, the enumeration

and characterization of CTCs might serve as a ‘‘liquid real

time biopsy’’ of metastatic disease which would allow

clinicians to noninvasively predict and monitor response to

treatment [28]. Moreover, the possibility to follow pheno-

typic changes in breast cancer phenotype in real time

would provide a excellent opportunity to gain insight into

the principles underlying disease progression.

Further prospective trials should be conducted to investi-

gate the clinical value of CTC enumeration and its relationship

to phenotypic subtypes. Currently, the prospective SWOG

S0500 trial is investigating whether or not therapy for MBC

should be changed if CTCs are still elevated at first follow-up

(www.clinicaltrials.gov/ct2/show/NCT00382018). Next to

the detection of CTCs, their characterization could provide

valuable additional predictive and prognostic information. As

the clinical value of targeting CTCs remains unclear, the

German DETECT study group aims to answer the question as

to whether patients with a HER2- primary tumor but HER2?

CTCs might benefit from lapatinib treatment (www.detect-

studien.de).

Conclusion

In conclusion, this large prospective multicenter study

confirms the strong and independent impact of CTCs on

prognosis in patients with progressive MBC. Molecular

subtypes, including HER2-positive and triple-negative

tumors, did not influence the prognostic value of CTC

enumeration on OS. Interestingly, HorR-/HER2- (i.e.,

triple-negative) patients had a comparatively good prog-

nosis if they were CTC-negative. Especially in this sub-

group, evaluation of the CTC status might, therefore, help

to decide whether patients require more or less aggressive

therapy. In the HER2? positive subgroup, pretreatment

with trastuzumab seems to impair the prognostic value of

CTC enumeration. This supports the suggested role of

targeted therapies to effectively hit CTCs.
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