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research is required to assess the effectiveness and stability 
of this method. The results from other subgroup analyses 
demonstrated that for different sample sizes, cut-off 
criteria, and detection rates, CTC-positive TNBC patients 
all had poor survival outcomes, suggesting that CTC status 
has a stable prognostic value.

Some limitations of this meta-analysis should be 
acknowledged. First, our meta-analysis was based on a 
comprehensive literature search, but we omitted data from 
several trials that did not provide sufficient information 
for HR extraction [27-31]. Although we were not able 
to extract HRs from these excluded trials, most of them 
suggested that CTC status had a significant prognostic 
value. Second, we did not acquire individual patient 
data from the included studies. These data, if available, 
might further improve the accuracy and stability of our 
pooled estimates. Third, obvious heterogeneity among 
studies was found for disease progression in our meta-
analysis. Although the meta-regression analysis identified 
sample size as the only significant heterogeneous factor, 
variability in other influencing factors (e.g., study design 
and measurement of end points) might have contributed 
to the heterogeneity. Additional large-scale homogeneous 
studies are warranted to validate the clinical power of 
CTC status. Finally, the identified publication bias is of 
concern. We attempted to find all relevant articles, but 
unavoidably, some studies were likely omitted due to 
publication status or language restrictions. However, the 
trim-and-fill analysis showed that CTC status was still 
significantly associated with survival outcomes even when 
these “missing” studies were incorporated.

In summary, our meta-analysis provides strong 
support that detection of CTCs in the peripheral blood is 
an effective and promising predictor of a poor prognosis 
for TNBC patients. Regardless of whether CTCs are 
detected in an early stage or in metastatic patients, CTC 
status may serve as a useful tool to guide the clinical 
management of TNBC in the coming future. To improve 
the utility of CTC status in the management of TNBC, 
additional studies should be performed to further validate 
the prognostic power of CTCs detected during or after 
therapy and to develop a universally accepted standard 
method for CTC detection that has considerable sensitivity 
and stability. 

MATERIALS AND METHODS

Literature search

A comprehensive electronic search was carried 
out using the PubMed, Web of Science, MEDLINE and 
Embase databases without any restriction (up to September 
2015). The search items included various combinations of 
“breast”, “cancer”, “neoplasm”, “carcinoma”, “malign*”, 

“triple negative” and “circulating”. The reference lists 
of the retrieved articles and reviews were also checked 
manually for potentially relevant studies. Only articles 
written in English published in peer-reviewed journals 
were included.

Study selection

Studies were considered eligible if they fulfilled 
all the following criteria: (1) retrospective or prospective 
cohort studies; (2) investigated the progression or survival 
of TNBC patients stratified by CTC status; (3) reported 
HRs and 95% CIs or provided sufficient information to 
extrapolate them. For studies with overlapping data, 
we only kept the study with the larger sample size. The 
process was performed independently by two authors, 
and any discrepancy was resolved by discussion or 
consultation with a third party if required. We documented 
the process via a flow chart as recommended by the 
PRISMA statement [33] (Supplementary Table 2). We 
did not assign a quality score to each study because no 
such score assessment has received a general consensus 
for use in non-randomized prognostic studies. Instead, 
we performed the widely recommended subgroup and 
sensitivity analyses to determine the potential effects of 
CTC status on the prognosis of TNBC patients.

Data collection

Two of the authors independently collected the 
following data from each eligible study: first author’s 
name, publication year, country, number of subjects 
analyzed, cancer stage, median follow-up, timing of blood 
collection, detection method, detection rate, and cut-off 
value for CTC status. We also recorded the prognostic 
outcomes (DFS, PFS, MFS, TTP, OS, survival curves, 
HR, and 95% CI, if available), regardless of whether they 
were tested by multivariate analysis. For one study [12], 
the reported HR indicated the CTC-negative rather than 
the CTC-positive arm. Thus we recalculated this HR by 
taking its reciprocal to maintain consistency with the other 
studies. When more than one blood sample per subject was 
collected at different time points, each sampling time point 
was documented and categorized as “baseline” or “mid- or 
post-therapy”. When more than one method was applied 
to detect CTCs, all results were considered as independent 
data sets. Any discrepancy was resolved by discussion or 
consultation.

Statistical methods

The HR and 95% CI were directly recorded from 
each included study or extrapolated as suggested by 
methods of Parmar [34] and Tierney [35]. We pooled these 
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HRs using a fixed- or random-effect model according to 
heterogeneity [36]. Heterogeneity among studies was 
tested using Cochran’s Q test and quantified by the I2 

index, which is considered significant if P < 0.10 or I2 

> 50 % by convention [37]. We then performed a meta-
regression analysis to investigate the potential causes of 
heterogeneity. Subgroup analyses were also conducted to 
determine the potentially prognostic effect of CTC status. 
In addition, publication bias was evaluated with Begg’s 
and Egger’s test, and its influence on the pooled HR 
was assessed by the “trim-and-fill” method [38-40]. To 
evaluate the stability of the pooled results, we carried out 
a one-way sensitivity analysis by recalculating the pooled 
HR after excluding each study in turn. All statistical 
tests were performed using Stata 12.1 software (College 
Station, TX, USA).
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