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Abstract

Objective Metastatic breast cancer (MBC) remains the

main cause of cancer-related death, and the clinical sig-

nificance and prognostic role of circulating tumor cells

(CTCs) in metastatic breast cancer are still controversial.

Here, we conducted a meta-analysis to clarify the corre-

lation between CTCs and the clinicopathological features

and prognosis of MBC.

Methods We performed a comprehensive search of

Pubmed and the ISI Web of Science through December

2014. Only articles that focused on MBC patients and

detected CTCs using the CellSearch system were included.

The associations between CTCs and survival rate and

clinicopathological parameters, including molecular pat-

tern, metastatic region and treatment response, were

evaluated.

Results This meta-analysis included 24 studies (3701

MBC patients), 13 prospective studies and 11 retrospective

studies. We found that CTCs were more frequently

detected with HER2 ? primary tumors (pooled RR =

0.73, 95 % CI = 0.63–0.84). Additionally, higher CTC

numbers indicated a worse treatment response (RR = 0.56,

95 % CI = 0.40–0.79), poorer PFS (RR = 0.64, 95 %

CI = 0.56–0.73) and poorer OS (RR = 0.69, 95 % CI =

0.64–0.75) in MBC patients.

Conclusion Based on these results, we propose that

HER2 positivity could be a significant risk factor for the

presence of CTCs. Additionally, CTCs have a significant

prognostic value for MBC patients. Therefore, CTCs

should be continually monitored to guide the treatment of

MBC patients, especially those with HER2 ? primary

tumors.

Keywords Breast cancer � Circulating tumor cells �
Her2 � Prognosis � Meta-analysis

Introduction

Although great advancements have been made in the

detection of and treatment strategies for treating breast

cancer, metastatic breast cancer (MBC) remains an incur-

able disease and a main cause of cancer-related death [1].

Although imaging examination, sentinel lymph node

biopsy and axillary lymph node dissection allow for the

precise assessment of the status of lymph node metastases,

minimal residual cancer cells that can spread to the blood

or bone marrow are difficult to detect by conventional

approaches or by examining tumor markers. In recent

years, circulating tumor cells (CTCs) in the peripheral

blood have been shown to play a crucial role in cancer

Q. Lv and L. Gong are co-first authors.

& Y. Mao

davenc@163.com

1 Cancer Institute (Key Laboratory of Cancer Prevention and

Intervention, National Ministry of Education, Provincial Key

Laboratory of Molecular Biology in Medical Sciences), The

Second Affiliated Hospital, Zhejiang University School of

Medicine, Hangzhou 310009, China

2 Department of Otorhinolaryngology, Affiliated Cixi Hospital

of Wenzhou Medical College, Cixi 315300, China

3 Department of Otorhinolaryngology, First Affiliated

Hospital, Medical School, Zhejiang University,

Hangzhou 310003, China

4 Department of Breast Surgery, Zhejiang Provincial People’s

Hospital, Hangzhou 310004, China

123

Clin Transl Oncol (2016) 18:322–330

DOI 10.1007/s12094-015-1372-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-015-1372-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-015-1372-1&amp;domain=pdf


metastasis and are considered important prognostic

biomarkers for solid tumors, such as lung cancer, ovarian

cancer, prostate cancer and breast cancer tumors [2].

Circulating tumor cells detach from primary tumors and

then seed metastatic tumors in distant organs by traveling

through the blood stream. The detection of CTCs is con-

sidered a type of ‘‘liquid biopsy’’ that can monitor cancer

status and provide valuable information for risk stratifica-

tion and subsequent treatment choices. In recent years,

multiple methods have been reported to be capable of

detecting CTCs, such as RT-PCR, MACS, the Chro-

maVision Medical System and the CellSearch system [3].

Among them, the CellSearch system has been the most

commonly applied and is the only method approved by

FDA [4]. Although most studies have shown that an

increase in CTCs indicates poor outcome in MBC patients,

some studies did not find a significant relationship between

CTCs and a shorter survival time [5]. Two meta-analyses

evaluated the clinical significance of CTCs in breast cancer

[1, 6]; however, neither meta-analysis was focused on

MBC patients, and the results of the meta-analyses may

have been inaccurate because the included studies utilized

different detection assays.

To address this issue, we performed a systemic review

of published research on the clinical significance of CTCs

with regard to MBC. In addition to overall survival (OS)

and disease-free survival (DFS), we also evaluated the

association between CTCs and metastatic region, treatment

response and the expression of hormone receptors and

HER-2 on primary tumors. Furthermore, to increase the

accuracy of this meta-analysis, a subgroup analysis was

also conducted for the prospective and retrospective studies

included in this meta-analysis.

Materials and methods

Search strategy

We performed a comprehensive literature search of Med-

line and the ISI Web of Knowledge through December

2014. The search terms included ‘‘circulating tumor

cell(s)’’, ‘‘metastatic’’, ‘‘breast cancer’’, ‘‘breast neo-

plasm’’, ‘‘breast carcinoma’’ and ‘‘prognosis’’. The titles

and abstracts of publications identified by the search were

examined manually to exclude reviews, letters and irrele-

vant studies. The references of the remaining articles were

reviewed to supplement our initial search.

Eligibility criteria

The studies enrolled in this meta-analysis consisted of both

prospective and retrospective studies. Publications were

included if they met all of the following criteria: (a) focus

on MBC and a study cohort of more than 20 patients;

(b) CTC status assessed by the CellSearch system; (c) clear

analysis of correlations between CTC status and clinico-

pathological features or survival outcomes (either disease-

free survival or overall survival) and CTC status stratified

by CTC numbers; (d) study participants were not included

in other studies included in this meta-analysis; and

(e) published in English.

To control the quality of this meta-analysis, all enrolled

studies were examined using the critical review checklist

provided by the Dutch Cochrane Centre [7], which includes

seven key points: (a) clear definition of study population

and country of origin, (b) clear definition of carcinoma

type, (c) clear definition of study design, (d) clear definition

of outcome assessment, (e) clear definition of cut-off value

for CTC status, (f) clear definition of method of CTC

assessment and (g) sufficient follow-up time.

Data extraction

All data were independently extracted by two reviewers

using a standardized method. For each study, the following

information was recorded: author’s name, publication year,

country, number of patients, detection markers, cut-off

value for CTCs, metastatic region, hormonal receptor

expression status, HER2 expression status, treatment

response, PFS rate, OS rate and 95 % CI, if available. For

metastatic region, the data were grouped as visceral or non-

visceral metastasis, and subjects were also divided into

different groups based on treatment response [stable dis-

ease (SD)/partial response (PR) or progressive disease

(PD)] based on imaging studies.

In consideration of the high degree of malignancy of

MBC and to avoid bias among studies, the observation

times for PFS and OS were standardized to 1 and 2 years,

respectively. For studies that did not provide OS or PFS

directly, GetData Graph Digitizer 2.24 software (http://

getdata-graph-digitizer.com/) was used to digitize and

extract the data from Kaplan–Meier curves.

Quality assessment of primary studies

Two reviewers (Ting Zhang and Hongjun Yuan) indepen-

dently evaluated the quality of the included studies using the

Newcastle–Ottawa Quality Assessment Scale (NOS). Studies

with NOS scores above 6 were identified as high-quality

studies, and disagreements were resolved by joint discussion.

Statistical analysis

The statistical analysis was performed according to the

guidelines proposed by the Meta-Analysis of Observational
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Studies in Epidemiology group. Relative risks (RRs) with

95 % confidence intervals (95 % CIs) were determined

using fixed and random models. Study heterogeneity was

measured using the Q and I2 tests, and when heterogeneity

was observed (p B 0.1 and I2 C 50 %), only the random

model was applied for the statistical analysis. Potential

causes of heterogeneity were explored by meta-regression

analyses. Publication bias was assessed using the Begg

rank correlation method and the Egger weighted regression

method. p values \0.05 were considered statistically sig-

nificant. All statistical analyses were conducted with

STATA 11.0 software, and all p values were two-tailed.

Results

Search results

Initially, 976 publications were retrieved by the primary

computerized search. However, based on their abstracts

and titles, 913 studies were determined to be either labo-

ratory studies, reviews, comments or written in a language

other than English and were thus excluded. The full-texts

of the remaining 63 studies were further reviewed in detail.

Thirty-nine studies were excluded because they did not

examine the relationships between CTCs and clinico-

pathological features or survival data or because CTCs

were detected by a method other than the CellSearch sys-

tem. Finally, 24 studies were identified as eligible for this

meta-analysis, and 20 studies had NOS scores above 6

(Fig. 1).

Characteristics of eligible studies

The 24 studies analyzed here included a total of 3701

metastatic breast cancer patients (Table 1); 13 studies were

prospective and included a total of 1831 subjects, and 11

studies were prospective and included a total of 1870

subjects. Eleven, 9 and 4 studies were conducted in the

USA, Europe and Asia, respectively. All studies identified

CTCs as CD45-cytokeratin ? or CD45-Epcam ? cells. In

addition, the cut-off value for positive CTC status was five

for all but one study, which considered one CTC as

positive.

Correlations between CTC number

and clinicopathological features in MBC

The previous meta-analyses of CTCs in breast cancer did

not evaluate the correlations between CTC number and HR

(hormonal receptor) and HER2 expression in primary

tumors. In the current meta-analysis, we found a signifi-

cantly increased risk of CTC generation in patients with

HER2-positive tumors (pooled RR = 0.73, 95 %

CI = 0.63–0.84). When stratified by study type, both ret-

rospective and prospective studies showed that HER2

expression was positively associated with CTC generation

(prospective group RR = 0.73, 95 % CI = 0.58–0.86;

retrospective group RR = 0.75, 95 % CI = 0.61–0.93;

Fig. 2a). Moreover, the pooled analysis revealed that HR

negativity was associated with higher CTC numbers

(RR = 1.08, 95 % CI = 1.01–1.15); however, the strati-

fied analysis based on study type did not find this corre-

lation (prospective group RR = 1.06, 95 %

CI = 0.96–1.17; retrospective group RR = 1.09, 95 %

CI = 1.00–1.19; Fig. 2b). Because triple negative breast

cancer (TNBC) is considered a distinct subpopulation of

breast cancers, we also investigated if TNBCs tend to

produce more CTCs; however, we did not observe an

association between TNBC and CTC number (pooled

RR = 0.87, 95 % CI = 0.73–1.03; prospective group

RR = 0.89, 95 % CI = 0.66–1.20; retrospective group

RR = 0.86, 95 % CI = 0.70–1.06; Fig. 2c). Furthermore,

we examined whether CTC number was associated with

metastatic region in MBC patients. The metastatic region

was classified as visceral or non-visceral, and subjects with

both regions affected were included in the non-visceral

group. We did not find a significant correlation between

CTC number and metastatic region in the pooled analysis

or the stratified analysis based on study type (pooled

RR = 1.05, 95 % CI = 0.98–1.12; prospective group

RR = 0.95, 95 % CI = 0.83–1.08; retrospective group

RR = 1.09, 95 % CI = 1.00–1.17; Fig. 2d).

CTC impact on survival and treatment response

in MBC patients

One-year progression-free survival rates were available for

15 studies. Our pooled analysis showed that a CTC number

of more than 5 cells per 7.5 ml is a significant risk factor

for disease progression (RR = 0.64, 95 % CI =

0.56–0.73), and similar results were found in both the

prospective and retrospective subgroups (prospective groupFig. 1 Flow chart for selection of studies
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RR = 0.61, 95 % CI = 0.51–0.73; retrospective group

RR = 69, 95 % CI = 0.56–0.84, Fig. 3a). The 2-year

overall survival rate was extracted from 19 studies. Both

the pooled and stratified analyses indicated that CTC

number was significantly positively associated with

increased risk of death (pooled RR = 0.69, 95 %

CI = 0.64–0.75; prospective group RR = 0.69, 95 %

CI = 0.61–0.77; retrospective group RR = 0.70, 95 %

CI = 0.62–0.78, Fig. 3b).

Only four studies, which included a total of 303 MBC

patients, provided treatment response data. The pooled

analysis showed that CTC number was significantly cor-

related with a worse treatment response, identified as dis-

ease progression (RR = 0.56, 95 % CI = 0.40–0.79,

I2 = 0.64 random-effect); however, the sub-group analysis

of the prospective studies did not find the same correlation

(prospective group RR = 0.54, 95 % CI = 0.27–1.06,

I2 = 0.77 random-effect; retrospective group RR = 0.58,

95 % CI = 0.36–0.94, I2 = 0.68 random-effect, Fig. 3c).

Publication bias

Begg’s and Egger’s tests were performed to determine

publication bias, and the results of the funnel plots gener-

ated by those tests did not reveal any significant biases

among the studies in our meta-analysis.

Discussion

Here, we present a meta-analysis based on a large pool of

clinical studies (13 prospective and 11 retrospective stud-

ies) that assessed the prognostic value and clinical rele-

vance of CTCs in MBC patients. Two meta-analyses

regarding CTCs in breast cancer patients were published

previously, one in 2011 and one in 2012 [1, 6]; however,

the studies included in those meta-analyses included

patients with different stages of breast cancer and used

different CTC detection methods. Thus, the results of those

meta-analyses may not have been accurate. Because labo-

ratory research has shown that CTCs are closely associated

with tumor metastasis, here, we identified 24 studies

focused on CTCs in MBC patients. To ensure that the

results of the meta-analysis were accurate, only studies that

detected CTCs using the CellSearch System were included.

We found that HER2 expression but not hormonal receptor

expression or TNBC was a risk factor of higher CTC

number. We also confirmed that the presence of CTCs was

associated with increased risks of cancer progression and

death.

Currently, the most commonly applied methods for

detecting CTCs are RT-PCR and immunochemistry.

Although approaches that rely on nucleic acid detectionT
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possess the greatest sensitivity, they also possess relatively

low specificity, which reduces their overall accuracy. For

example, false signals can be generated by a small number

of non-cancerous cells that enter into the circulation, such

as immune cells, which have been reported to express CK,

a widely used marker of CTCs [8]. Because of the draw-

backs of other CTC detection methods, we only included

studies that used the Cell Search System, which combines

immunomagnetic sample enrichment and image cytometry

technology and is the only FDA-approved approach for the

detection and enumeration of CTCs in breast, prostate and

colorectal cancer patients [9, 10].

Although the prognostic value of CTCs in breast can-

cer has been reported and most studies have shown that

CTC number is an independent predictive factor for PFS

and OS, some conflicting data exist. Giordano et al. [5]

found that PFS and OS were similar between

HER2 ? MBC patients with C5 CTCs and those with\5

CTCs at baseline. Here, we performed the first meta-

analysis focused on MBC patients, and we confirmed the

prognostic value of CTCs and that a baseline CTC count

of C5 was a significant risk factor for both disease pro-

gression and death.

Zhang et al. [1] found that CTC detection during or after

cancer therapy cannot be used to monitor therapeutic effect

and that different time points for CTC detection had the

same predictive value. Thus, we examined whether CTC

detection at baseline could predict therapeutic effect in

MBC patients. The recently published SWOG S0500 study

confirmed the prognostic value of CTC number in MBC

patients receiving first-line chemotherapy; poor outcomes

were observed in patients with persistently increased CTC

numbers after first-line chemotherapy, and an early shift to

an alternative therapeutic strategy did not effectively alter

the outcomes of these patients [33]. Martin et al. [34] also

reported that MBC patients with 0–4 CTCs after first-line

chemotherapy had a significantly better PFS and OS than

those with C5 CTCs after first-line chemotherapy, and

patients with C5 CTCs at baseline and\5 CTCs after first-

line chemotherapy had similar OS to those who had \5

CTC at baseline. In the present review, therapeutic effect

data subgrouped by CTC number at baseline were limited.

Our analysis showed that a CTC number of C5 could be a

risk factor for worse therapeutic effect in MBC patients. A

rational explanation for this finding is that most MBC

patients included in this study had received first-line

Fig. 2 The forest plot of RRs was assessed for association between

CTCs and clinicopathological features, including Her2 expression (a),

hormonal receptor expression (b), triple negative breast cancer (c) and

metastatic region (visceral or non-visceral (d). Each result was shown

by the RR with 95 % CIs (according to the fixed model)

Clin Transl Oncol (2016) 18:322–330 327

123



chemotherapy or endocrinotherapy previously; thus, any

remaining CTCs were expected to be chemoresistant gen-

erating the predictive value of CTC number for the effect

of subsequent therapy. In summary, CTC number may help

predict the efficacy of treatment, and CTC monitoring is

valuable in guiding the therapeutic strategy used for breast

cancer patients.

In addition to addressing the prognostic value of CTCs

in MBC, several studies have investigated the relationship

between CTCs and breast cancer of various molecular

subtypes; however, the results of those studies are con-

flicting. HER2 positivity is a well-known risk factor of

highly malignant breast cancer. Ignatiadis et al. [35]

detected HER2-positive CTCs in breast cancer patients

irrespective of their primary tumor HER2 status, but

HER2-positive CTCs were more common in patients with

HER2-positive cancer. Moreover, the existence of HER2-

positive CTCs is also valuable for guiding anti-HER2

therapy; among patients with primary HER2-positive

breast cancers undergoing anti-HER2 therapy, those with

HER2-positive CTCs had significantly longer PFSs than

these without HER2-positive CTCs [29]. In a retrospective

study of 203 MBC patients, Munzone et al. [36] found that

CTCs in MBC patients most commonly had the luminal-

A/luminal-B HER2(-) phenotype. In contrast, Banys et al.

[37] found that the most common CTC phenotype was

triple negative and that the primary tumors of all CTC-

positive patients were luminal [32]. Other studies did not

indicate a significant correlation between the presence of

CTCs and various breast cancer molecular subtypes [15].

Because of the inconsistent results of these past studies,

which may be due to different grouping criteria and dif-

ferent detection methods, in this study, we analyzed the

association between CTC number and the expression of

hormonal receptors and HER2 in primary tumors. Our

results showed that HER2 expression in the primary tumor

was a significant risk factor for a greater CTC number,

while no clear associations were observed between CTC

number and hormonal receptor expression or triple nega-

tive breast cancer.

There were some limitations to this meta-analysis. First,

some MBC patients received chemotherapy or

endocrinotherapy of varying strategies before blood was

sampled for CTC detection; this may have caused hetero-

geneity in the results among patients. Second, our meta-

analysis was based on published literature; thus, individual

Fig. 3 The forest plot of RRs was assessed for association between CTCs and progression-free survival (a), overall survival (b) and treatment

response (c). Each result was shown by the RR with 95 % CIs (according to the fixed model or random model)
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patient data could not be obtained, which could have fur-

ther improved the accuracy of our results. Third, some of

our data analyses were based on relatively small numbers

of patients because of missing information in several

studies. This was particularly true for the analysis of the

association between CTC number and treatment response,

the results for which showed significant heterogeneity.

Fourth, more than 85 % of the studies included in this

meta-analysis were conducted in the USA or Europe,

which could have generated publication bias.

In conclusion, the results of this meta-analysis further

support the prognostic value of CTCs in MBC. Addition-

ally, HER2 expression in the primary tumor, but not hor-

monal receptor expression in the primary tumor or TNBC,

was associated with a greater CTC number. Furthermore,

our results also suggested that a CTC number of C5 is

associated with a worse treatment response. Moreover,

several reports revealed that the CTC phenotype is not in

accordance with that of the primary tumor and that CTCs

with various phenotypes possess distinct metastatic

potentials [36, 38]. Therefore, in consideration of the

limitations of this study and to understand the clinical

utility of CTC detection in breast cancer, large interven-

tional or observational studies based on CTC subtypes

should be performed in the future to generate more accu-

rate results.
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