
Introduction

Ovarian cancer is one of the most common malignancies

among women. The American Cancer Society expected that

there would be 21,290 new cases and 14,180 deaths occurring

in 2015 [1]. Although the combination of aggressive debulk-

ing surgery and multi-agent chemotherapy, more than half of

ovarian patients would recur within three years and finally

succumb to progressive or metastatic disease. Meanwhile,

due to the absence of characteristic symptoms and effective

screening methods, less than 30% patients with ovarian can-

cer are diagnosed in the early stage [2]. Therefore, new bio-

markers for the detection of ovarian cancer earlier and

metastasis sooner is crucial for the improvement of survival.

Circulating tumor cells (CTCs), firstly reported by

Ashworth in 1869 [3], were defined as tumor cells orig-

inating from either metastatic or primary neoplasms and

circulating in the peripheral blood [4] and disseminated

tumor cells (DTCs), which were isolated in bone marrow,

were considered to be the potential precursors of subse-

quent metastatic disease [5]. In recent years, much work

has detected that DTCs and CTCs can be used as prog-

nostic markers in various cancers [6-9]. However, the

clinical significance of CTCs and/or DTCs in ovarian

cancer patients has not yet been confirmed consistently,

and whether CTCs and DTCs can be used as predictive

markers on patients survival is controversial. Therefore,

the objective of the present study was to perform a com-

prehensive systematic review and meta-analysis of pub-

lished literature to evaluate the correlation between

survival outcome and CTCs and/or DTCs counts in pa-

tients with ovarian cancer.

Materials and Methods

Literature search strategy
A literature search was conducted in PubMed, Embase, and

Cochrane library to identify studies involving association between

survival outcome and CTCs and/or DTCs counts in patients with

ovarian cancer before April 7, 2015. These electronic databases

were searched using keywords and MeSH terms. Keywords in-

cluded “ovarian cancer”, “ovarian neoplasm”, “ovarian carci-

noma”, “circulating tumor cells”, and “disseminated tumor cells”.

MeSH terms included “neoplastic cells, circulating” and “ovar-

ian neoplasms”. The references in all reviewed studies were also

screened to identify additional articles that were not identified in

the literature search described above.
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Selection criteria
This meta-analysis included publications from studies meeting

the following criteria: (1) studies should investigate the prognostic

significance of CTCs/DTC and their predictive value [overall sur-

vival (OS) OR progression-free survival (PFS) OR relapse-free sur-

vival (RFS) OR disease-free survival (DFS)]; (2) all enrolled

patients were more than 30 and diagnosed with ovarian cancer by

histocytology or pathology; (3) papers were published in the Eng-

lish language. When studies were based on the same patient popu-

lation, only the most informative study was included. Articles were

excluded based on the following criteria: (1) commentaries, case-

reports, review articles or letters; (2) laboratory studies of animals.

Data extraction
Information from each study was extracted independently by two

investigators. Any dispute was solved unanimously via discussion.

The following information was recorded for each publication: the

name of first author, publication date, the number of patients, coun-

try of study, International Federation of Gynecology and Obstetrics

(FIGO) stage, markers, methods to detect CTCs and/or DTCs, sur-

vival outcome, sampling time, median follow-up time, and other

clinical characteristics. In cases where information was not pre-

sented, the article’s corresponding author was contacted to obtain

the information. In the event that the given information was still

not made available, it was classified as “not reported”.

Quality assessment
The quality and risk of bias within the papers were critically ap-

praised separately by two reviewers. Quality assessment was con-

ducted in each of the available studies by using the validated

Newcastle-Ottawa Quality Assessment Scale for observational

studies [10]. This scale is composed of eight items that assess pa-

tient selection, study comparability and outcome with nine scores

in total. Valid scores for each outcome were evaluated as follows:

low quality, ≤ 5; medium quality, 6-7; and high quality, 8-9.

Statistical methods
The hazard ratio (HR) with corresponding 95% confidence in-

terval (95% CI) were abstracted to statistically evaluate the prog-

nostic value of CTCs and DTCs. If these statistical variables were

not explicitly provided in studies, the two reviewers calculated the

necessary statistics on the basis of available numerical data men-

tioned by Parmar et al. [11] and Tierney et al. [12]. Odds ratio (OR)

and 95% CI was also used as the measure index to describe the cor-

relation between CTCs/DTCs and FIGO stage.

Data were presented with forest plots in this study. The pooled

HR and OR were initially calculated using a fixed effects model. If

the fixed effects p value for the I

2

statistic was less than 0.10, indi-

cating substantial heterogeneity across studies, the pooled estimate

was calculated using a random effects model. Additionally, in in-

stances where there was qualitative evidence of methodological het-

erogeneity across studies, a random effects model was utilized.

Evidence of publication bias was evaluated by the Egger and

Begg’s test [13, 14]. In these analyses, a p value < 0.05 was consid-

ered to statistically significant. All calculations cited earlier were

performed using Stata software (version 12.0) and RevMan5.2

(Cochrane collaboration).

Results

Search results
A total of 306 citations were obtained from electronic

searches of databases and  48 papers with duplicate litera-

tures were excluded by Endnote X7. Upon review of these

abstracts, 231 articles were excluded. Based on the inclu-

sion criteria established for the present study, an additional

13 articles were excluded.Thus, 14 studies including 1,864

patients were examined. Additional information about this

search strategy is illustrated in flowchart form in Figure 1.

Of the 14 total studies identified through the search strat-

egy, seven studies detected CTCs in peripheral blood (PB)

samples and six studies detected DTCs in bone marrow

(BM) samples, one study detected both CTCs in PB with 90

cases and DTCs in BM with 73 cases; eight of these stud-

ies were included in the pooled analyses of the association

between the prognostic significance of CTCs/DTC and

their predictive value. Seven out of 15 studies were in-

cluded in the pooled analyses of FIGO stage and

CTCs/DTCs. A summary of the studies included in this

meta analysis is provided in Table 1.

Quality assessment
The authors adopted the Newcastle-Ottawa Quality As-

sessment Scale to assess the quality of included papers. The

scores were 8 in eight papers, 7 in five papers, and 6 in one

paper, respectively. The details are shown in Table 2 [15-

28].

Statistical pooling - global analysis of CTCs/DTCs effects
on survival

The authors analyzed the OS and RFS/DFS/PFS of 1,312

patients in eight studies using the methods described earlier.

In these studies, the HR of various methodologies, samples,

and time points of each study were extracted once they

Figure 1. — Electronic search flow chart.
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were available. The number patients of various FIGO

stages were also extracted in available studies.

As Figure 2 demonstrates, the meta-analysis of included

studies on OS showed significant prognostic effects of

CTCs/DTCs detected in the samples collected. The esti-

mated HR and 95% CI of 8 studies was 1.91 (1.53, 2.39) in

the fixed model. there was no heterogeneity in studies

(I

2

=0.0%, p = 0.721). Pooled analysis of these studies on

RFS/DFS/PFS showed that patients with positive CTCs/

DTCs might progress at shorter time than those who had

no CTCs/DTCs [HR and 95 % CI 1.83 [1.47, 2.27)]. The

heterogeneity among studies also was not found (I

2

= 0.5

%, p = 0.425) (Figure 3). 

In the 1,094 cases from seven of included studies, it was

assessed whether there was any relationship between FIGO

Table 1. — Summary of studies included in the meta-analysis.
Author Year Cases Country FIGO Specimen Markers Main Survival Sampling time Median

stage method outcome follow-up

(months)

Aktas et al. [15] 2011 86 Germany I-IV PB EpCAM, MUC-1, HER-2 RT-PCR OS/DFS Before and

(AdnaTest) after TM 28.4

Banys et al. [16] 2009 112 Germany I-III BM A45-B/B3 antibody ICC OS/RFS Before TM 19.0

Braun et al. [17] 2001 108 Germany I-III BM A45-B/B4 antibody ICC OS/DFS Before TM 45.0

Fan et al. [18] 2009 66 USA I-IV PB CAM,Epi,CD45 CIA OS/DFS Before TM 18.0

Fehm et al. [19] 2013 456 Germany I-IV BM A45-B/B4 antibody ICC OS/PFS Before TM 46.0

Judson et al. [20] 2003 52 USA I-IV PB TFS-2, CK-7,8,18,20, EGFR ICC OS/DFS Before TM 18.7

Marth et al. [21]* 2002 90/73 Norway I-IV PB/BM Ab-MOC31 ICC OS/PFS Before TM 25.0

Poveda et al. [22] 2011 216 Spain NR PB EpCAM/CK/CD45/DAPI CellSearch OS/PFS Before and 47.0

system during TM

Liu et al. [23] 2013 78 USA I-IV PB Anti-EpCAM CellSearch OS/PFS Before and NR

system after TM

Pearl et al. [24] 2014 129 USA II-IV PB CAM,Epi,CD45,CD66b FCM OS/PFS Before TM 21.4

Schindlbeck     2007 90 Germany I-IV BM A45-B/B3 antibody ICC OS/DFS Before TM NR

et al. [25]

Wimberger 2010 62 Germany I-IV BM A45-B/B3 antibody ICC OS/DFS Before and 18.0

et al. [26] after TM

Wimberger 2007 30 Germany I-IV BM A45-B/B3 antibody ICC PFS Before and

et al. [27] after TM 18.0

Obermayr [28] 2013 216 Austria II-IV PB PPIC, GPX8, CDH3, TUSC3, RT-PCR OS/PFS Before and 52.0

et al. [28] COL3A1, LAMB1, MAM, after TM

ESRP2, AGR2, BAIAP2L1,

TFF1, EpCAM

* Study of Marth et al. discussed both PB and BM samples of cancer patients.

Table 2. — Quality of literature included in the meta-analy-
sis.
Author Year Selection Comparability Outcome Total

(score) (Score) (score) (score)

Aktas et al. 2011 4 1 2 7

Banys et al. 2009 4 0 2 6

Braun et al. 2001 4 1 2 7

Fan et al. 2009 4 2 2 8

Fehm et al. 2013 4 2 2 8

Judson et al. 2003 4 2 2 8

Marth et al. 2002 4 1 3 8

Poveda et al. 2011 4 1 2 7

Liu et al. 2013 4 2 2 8

Pearl et al. 2014 3 2 2 7

Schindlbeck et al. 2007 4 1 2 7

Wimberger et al. 2010 4 1 3 8

Wimberger et al. 2007 4 1 3 8

Obermayr et al. 2012 3 2 2 8

The quality of an included study is represented by the total points.

Aggregate scores greater than five points indicates high quality of a literature.

Figure 2. — Forrest plots of combined hazard ratios for overall

survival of ovarian cancer patients with circulating/disseminated

tumor cells.
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stage and CTCs/DTCs. The result did not show significant

difference [OR = 1.59; 95% CI (0.79, 3.20), p = 0.20] with

measured heterogeneity (p = 0.01, I

2

= 63.0%) (Figure 4).

Subgroup analysis
As the included studies collected samples at different time

points, specimens from different sampling sites, using dif-

ferent detection methods, and having different sample size,

a meta-analysis of summarized HRs according to these char-

acteristics was performed in subgroup analyses (Table 3).

Since CTCs and DTCs could be respectively detected in

PB and BM, the authors first evaluated the influence of

sampling sites. Since there was no heterogeneity in both

the PB (I

2

=0.0%, p = 0.49) and the BM (I

2

=0.0%, p = 0.68)

of OS subgroup, the fixed-effect model was utilized to pool

the sub-group meta-analysis. The result showed that the de-

Figure 3. — Forrest plots of combined hazard ratios for relapse-

free survival or disease-free survival or progression-free survival

of ovarian cancer patients with circulating/disseminated tumor cells.

Table 3. — Results of subgroup analyses on OS and DFS/RFS/PFS.
Variables OS DFS/RFS/PFS

HR (95% CI) N Model I

2

(%) p HR (95% CI) N Model I

2

(%) p
Sample

Blood 1.79 (1.30, 2.46) 5 Fixed 0.0 0.49 1.96 (1.44, 2.67) 5 Fixed 5.2 0.38

BM 2.04 (1.49, 2.79) 3 Fixed 0.0 0.68 1.71 (1.26, 2.31) 3 Fixed 17.5 0.30

Time point

Pre-treatment 1.87 (1.41, 2.49) 5 Fixed 0.0 0.67 1.72 (1.32, 2.24) 5 Fixed 0.0 0.62

Intra/post-treatment 1.97 (1.37, 2.83) 3 Fixed 3.9 0.35 2.06 (1.42, 2.99) 3 Fixed 47.0 0.15

Methodology

Molecular techniques 2.56 (1.53, 4.31) 2 Fixed 0.0 0.69 3.25 (1.76, 6.01) 2 Fixed 0.0 0.52

Cytological techniques 1.78 (1.39, 2.29) 6 Fixed 0.0 0.73 1.68 (1.34, 2.12) 6 Fixed 0.0 0.74

Detection rate

a

> Median 1.92 (1.43, 2.56) 4 Fixed 0.0 0.64 1.74 (1.32, 2.28) 4 Fixed 0.0 0.48

< Median 1.90 (1.34, 2.69) 4 Fixed 0.0 0.42 2.00(1.39, 2.87) 4 Fixed 28.2 0.24

Patient no.

b

> Median 1.85 (1.42, 2.41) 4 Fixed 0.0 0.80 2.01 (1.31, 3.09) 4 Random 54.3 0.09

< Median 2.07 (1.36, 3.13) 4 Fixed 9.5 0.35 1.91 (1.27, 2.86) 4 Fixed 0.0 0.94

a

: The median detection rate of included studies was 22.7%. 

b

: The median patient no. was 110.

Figure 4. — Relationship between the detection of circulating/disseminated tumor cells and International Federation of Gynecology and

Obstetrics stage.
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tection of CTCs in PB and DTCs in BM group had shorter

OS [HR= 1.79 (1.30, 2.46) and HR= 2.04 (1.49, 2.79), re-

spectively]. The same results were found in the

DFS/RFS/PFS subgroups [HR= 1.96 (1.44, 2.67), I

2

=5.2%,

p = 0.38 and HR= 1.71(1.26, 2.31), I

2

=17.5%, p = 0.30, re-

spectively].

When the studies grouped by time point, methodology,

detection rate and patient number, they did not lead to sig-

nificant changes in the overall effects. There was no obvi-

ously heterogeneity in each group of OS and DFS/RFS/PFS

except for the patients number group of DFS/RFS/PFS (p
= 0.09, I

2

= 54.3%). indicating that the patients number was

an important source of inconsistency, suggesting that a need

for large randomized trials before CTCs and DTCs testing

can wildly be used as a prognostic tool in a clinical setting.

Sensitivity analysis
Neither the OS nor the DFS/RFS/PFS of the estimated

pooled results was obviously affected when each study was

removed in the sensitivity analysis, indicating that no sin-

gle study dominated the present results. This sensitivity

analysis showed that the study by Fehm et al. [19] con-

tributed significant heterogeneity to the present results.

Since there was no substantial difference among studies in

patient selection, treatment strategies, and patients’ char-

acteristics, the present authors considered that the hetero-

geneity might come from the significantly larger sample

size than others. The sensitive analysis results are shown

in Table 4.

Assessment of publication bias 
Egger test and funnel plots were applied for examining

the potential publication bias. There was no revealed pub-

lication bias in the present study (p = 0.86 for group of OS,

p = 0.25 for group of DFS/RFS/PFS). The publication bias

in both groups was also expressed by funnel plot with

Begg’s test and these plots were symmetrical. The results

indicate that it is unlikely that publication bias had a major

influence on the analyses performed (Figure 5).

Discussion

Recently, the detection of CTCs in PB and/or DTCs in

BM have received growing enthusiasm in the predictive

value of various cancers. However, the predictive value of

CTCs/DTCs to reflect the progression and survival of the

disease varied in different studies. The present results re-

vealed that CTC/DTC expression were associated with a

worse survival outcome, which was in agreement with the

recent meta-analysis in prostate cancer [29], breast cancer

[30], colorectal cancer [31], and melanoma [32].

The present authors included 14 researches in this study

from the literature search. In the subgroup analysis, the au-

thors compared the combined HR of PB group for OS with

that of BM group. As a result, HR of PB group for OS [1.79

(1.30, 2.46)] was close to that of BM group [2.04 (1.49,

2.79)]. Similar results were found for DFS/RFS/PFS [1.96

(1.44, 2.67) versus 1. 71 (1.26, 2.31)]. The result demon-

strated that CTCs and DTCs have no significant difference

in predicting the prognosis of ovarian cancer. However, the

detection of CTCs could be easily repeated with minimal

harm compared with the invasive BM samplings. Accord-

ingly, patients would be more willing to accept the blood

tests in clinical practice. In addition, DTC as a qualitative

test requires interpretation by a pathologist or laboratory

Table 4. — Sensitivity analysis results of the study.
Articles HR

1)

/OR

2)

CI(95%) I

2 p
OS

1)

7 1.92 (1.44,2.56) 0.0% 0.53 

DFS/PFS/RFS

1)

7 2.05 (1.56,2.69) 0.0% 0.61

FIGO stage

2)

6 1.97 (0.89,4.38) 52% 0.06

1) 

Hazard ratio; 

2) 

Odds ratio.

Figure 5. — Funnel plots of Begg’s test in analyses of a (overall

survival) and b (relapse-free survival or disease-free survival or

progression-free survival) of ovarian cancer patients with circu-

lating/disseminated tumor cells.

508



C. Zeng, X.Q. Zhang, W.D. Fan, T. Ting

technician, which can be highly variable. Thus the present

authors suggest that the detection of CTC in PB has high

clinical applicability in the future. However more studies

are needed to directly compare the diagnostic accuracy of

CTCs and DTCs and decide which one is better as a po-

tential prognostic and/or predictive biomarker in ovarian

cancer.

As the included studies collected samples at different

time points, obviously, HR of intra/post-treatment group

for OS [1.97 (1.37, 2.83)] was higher than that of pre-treat-

ments group [1.87 (1.41, 2.49)]. Similar results were found

in DFS/RFS/PFS groups [2.06 (1.42, 2.99) versus [1.72

(1.32, 2.24)]. These results indicated that the post-treatment

detection of CTCs/DTCs was more persuasive than that at

baseline, which recommended the present authors to detect

CTCs/DTCs after treatment rather than before to predict

patients’ survival. 

The CellSearch system was the only method approved

by the US Food and Drug Administration (FDA) for the de-

termination of CTCs/DTCs [33]. However one of the main

limitations of the CellSearch assay is the reliance of this

technique on the expression of EpCAM for cellular detec-

tion, which may underestimate the number of EpCAM-ex-

pressing cells and increase the false-negative rates [28]. The

use of the most appropriate assay for detection, enumera-

tion and characterization of CTCs/DTCs is a major recent

topic of debate. To exclude technique biases, the present

authors divided studies into subgroups of molecular tech-

niques (RT-PCR) and cytological means (the CellSearch

system, CIA, and ICC). Interestingly, they found that the

combined HR of DTCs and CTCs detected by molecular

techniques [OS 2.56 (1.53, 4.31) and DFS/RFS/PFS 3.25

(1.76, 6.01)] was higher than the cytological means [OS

1.78 (1.39, 2.29) and DFS/RFS/PFS 1.68 (1.34, 2.12)]. The

results indicated that though only the CellSearch system

has been approved by the FDA, the RT-PCR could perform

as well as the CellSearch system in the present analy-

ses.The CellSearch system and RT-PCR both were the

promising methods used to distinguish CTC-/DTC-

positive patients of poor survival nowadays. However, the

present review had several limitations to consider as well.

Firstly, this study was greatly based on the findings of ob-

servational studies, which contain greater potential con-

founding factors than randomized controlled trials. Second,

HR and its 95% CI could only be estimated using the indi-

rect method from the published data and even from the sur-

vival curves in most of including studies, with only two

articles [22, 28] providing HRs and 95% CI directly. The

results may have some deviation due to the difference of

calculating methods.Third, CTC/DTC detection technolo-

gies as well as the definition of CTCs/DTCs positivity var-

ied greatly, Only two studies [22, 23] used the

FDA-approved CellSearch system. Furthermore, the pres-

ent analysis was based on published studies, in which pos-

itive results were easily published than negative ones; thus

publication bias remains, despite the Egger test and funnel

plots that showed no significant publication bias among the

included studies.

In conclusion, the present study supports the hypothesis

that CTCs and DTCs detection is an important new bio-

marker in cancer research based on the data cited earlier.

As a “liquid biopsy”, CTCs detection is a less invasive way

to evaluate the prognosis of ovarian cancer patients than a

biopsy of the primary tumor. Further high-quality, well-de-

signed, large-scale multicentric studies are required to ex-

plore whether an individualized therapeutic decision based

on CTCs/DTCs levels would improve the prognosis of

ovarian cancer patients.
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