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Abstract  

Circulating tumor cells (CTCs) are viable tumor cells that are released into the circulatory system. 

CTCs have shown a prognostic value in numerous solid tumors. CTC research in epithelial ovarian 

carcinoma (EOC) has attracted only little attention. Since the primary route of metastasis in EOC is 

considered to be direct peritoneal spread in the abdominal cavity and distant metastases only occur 

in one third of the patients, it was thought that there is not enough shedding of tumor cells in the 

circulation. Nevertheless recent studies revealed an important role of hematogenous spread in EOC 

and showed that CTC status is associated with advanced tumor stage, CA-125 levels and residual 

disease after surgery. Furthermore the presence of CTCs correlates with shorter overall and disease 

free survival. However this prognostic value of CTCs in EOC seems to depend on the used isolation 

and detection methods. In EOC function- or density based enrichment methods seem to offer more 

promising results then epithelial cellular adhesion molecule (EpCAM)-based approaches. This can be 

explained by a low number of EpCAM positive CTCs in EOC and the downregulation of EpCAM during 

epithelial-to-mesenchymal transition (EMT). The presence of CTCs might also have predictive value 

as CTC status was associated with treatment response in two studies and CTCs showed to be a better 

monitoring tool then CA-125 in a small population. Finally the (genotypic) characterization of CTCs 

might become even more important in the future paving the way for CTCs to a true predictive “liquid 

tumor biopsy”.  

  



Introduction 

Ovarian cancer is the fifth leading cause of cancer-related death in women in Europe and the leading 

cause of death among gynecological malignancies (1). More than 70 % of epithelial ovarian cancers 

(EOC) are diagnosed in advanced stages with detectable transperitoneal spread (2). Patients with 

EOC have a poor prognosis despite an aggressive standard therapy consisting of cytoreductive 

surgery and platinum-paclitaxel based chemotherapy. About 80% of patients diagnosed with EOC will 

relapse after this initial therapy (3). Therefore there is a high need for new markers for early 

detection, improved knowledge of the molecular biology, better innovative treatment options and 

predictive biomarkers in EOC. Nowadays treatment efficacy and prognosis after initial treatment are 

assessed using CA-125 as a serum marker. However, this lacks the specificity to guide treatment and 

does not give any predictive information considering potential second line therapy (4). 

 

Circulating tumor cells (CTCs) are viable tumor cells that are released from the primary tumor, local 

recurrence or metastasis into the circulatory system. They have tumor specific phenotypic and 

genotypic characteristics and may be able to grow in new microenvironments. Enumeration of 

circulating tumor cells (CTCs) has shown to have a prognostic value in patients with breast (5), 

colorectal (6), gastric (7), lung (8) and prostate (9) cancer. Detection of CTCs in the peripheral blood 

of patients with EOC proved to be feasible but in initial studies the frequency of CTC positivity and 

the median number of CTCs identified were low compared with other solid malignancies such as 

metastatic breast cancer (10). As distant metastasis only occurs in one third of the patients with EOC 

and often late in the progression of the disease, one could assume that at the time of presentation in 

most patients there is not enough hematogenous shedding of tumor cells in EOC to make CTC 

detection clinically relevant. In this paper we give an overview of the various detection methods, the 

prognostic and predictive value of the enumeration of CTCs, and the potential future applications of 

CTC genotyping and phenotyping in patients with EOC.  

 

Detection methods of CTCs in EOC 

Nowadays positive immunomagnetic enrichment, based on frequently expressed surface markers, in 

combination with reverse transcription polymerase chain reaction (RT-PCR) or immunocytochemistry 

(ICC) for visualization and quantification are mostly used for the detection of CTCs (11). Detection 

approaches are changing continuously and have evolved a lot since the first immunocytochemical 

study that tried to detect disseminated tumor cells (DTCs) in EOC in 1990 (12). The focus has shifted 

from identification of DTCs in bone marrow to detection of CTCs in peripheral bloodstream as this 

seems to be more sensitive (13) and practical. However CTC assessment remains difficult because 

CTCs are outnumbered by white blood cells (WBC) by a factor of at least 106 (14). CTC researchers 

tried to overcome this challenge with various enrichment and purification methods. There is no 



specific marker uniformly expressed by all cancer types (15) and during metastasis the expression 

level of epithelial markers might be subject to changes (16). Therefore it is possible that depending 

on the method used different cellular phenotypes, with their own prognostic value, might be 

identified, making comparisons of results of different studies often difficult.  

 

The first method for detection of CTCs cleared by the Food and Drug Administration (FDA) to 

determine the prognosis of patients with metastatic breast, colorectal and prostate cancer (17-19) is 

the CellSearchTM system. Whole blood is immunomagnetically enriched for CTCs using anti EpCAM 

monoclonal antibodies. Then 4',6-diamidino-2-phenylindole (DAPI), a nuclear stain to define viability 

and cytokeratins 8/18/19 to label cells of epithelial origin are applied. Co-enriched white blood cells 

are in turn labeled by adding anti-CD45, a marker for hematopoietic cell lineage. Prognostic results in 

Studies evaluating the prognostic significance of CTCs in EOC using this technique have mostly 

yielded disappointing/negative results. This might be explained by a low number of EpCAM positive 

CTCs in EOC (20), the downregulation of EpCAM during epithelial-to-mesenchymal transition (EMT) 

or the lack of biological specificity of EpCAM positive CTCs in EOC (21).  

 

In an attempt to make CTC identification not dependent on the expression of specific epithelial 

markers such as EpCAM, other methods for CTC detection have been developed. These enrichment 

protocols can be based on the Isolation by Size of Epithelial Tumor cells (ISET by screencell) (22), 

MetaCellTM (23) or on two-layer density gradient centrifugation (20). Many of these EpCAM 

independent techniques rely on CTC size, since epithelial tumor cells are bigger than the majority of 

leukocytes. Further analysis can be done by a variety of techniques. Kolostova et al. showed the 

possibility to culture CTCs on the porous polycarbonate membrane for 3 days and analyzed the 

cultured cells using immunohistochemistry or gene expression analysis. Another alternative 

technique is the cytomorphological analysis after automatized cytospin analysis (23). A negative 

enrichment method based on detection and depletion of CD45 positive (hematopoietic) cells en 

subsequent fluorescence in situ hybridization (FISH) with chromosome 8 centromere probe (CEP8) 

had a sensitivity of 76,2 % for detecting CTCs in patients with EOC (24). For quantification of CTCs RT-

PCR was more sensitive then ICC in breast cancer (25), however ICC seems to be more specific with 

less false positives (26). In EOC function (21) or density based (20) enrichment methods followed by 

RT-PCR (20, 27, 28) seem to offer more promising results then EpCAM-based approaches and 

confirmed the prognostic role of CTCs in EOC as summarized in table 1.  

 

Pearl et al. proposed a method for the enrichment and isolation of CTCs based on the avidity to bind 

to a type 1 collagen matrix (Cell Adhesion Matrix - CAM) and subsequently ingest this labeled matrix 

protein (CAM+). The isolated CTCs are called iCTCs indicating the invasive phenotype. Further 



discrimination is based on ICC methods using antibodies against epithelial or tumor antigens. In a 

recent study antibodies against the tumor progenitor markers CD44 and seprase were used (21). The 

detection sensitivity with this method (83%) was much higher than other approaches that are being 

used (table 1). An extra advantage of this procedure is the minimal loss of viable tumor cells, which 

makes the culture of CTCs and additional downstream applications possible. 

 

Furthermore new and easier diagnostic approaches are continuously being developed. Kim et al. 

present a one-step CTC detection based on flow cytometry. They used fluorescent silica 

nanoparticles conjugated with a Mucin 1 cell surface associated (MUC1) antibody to detect ovarian 

cancer cells in whole blood samples (11).  

 

Enumeration of CTCs in EOC 

Traditionally the predominant primary route of metastasis in EOC is considered to be direct 

peritoneal spread in the abdominal cavity. However recent studies suggest that hematogenous 

spread might be more important than previously thought. Pradeep et al. showed that the 

preferential way of metastasis to the omentum in ovarian cancer may in fact be hematogenous and 

that the ErbB3-neuregulin 1 (NRG1) axis is the responsible dominant pathway involved (29). 

Depending on the detection method used, detection rates of CTCs between 18 and 88% have been 

documented in patients with FIGO Stage I-IV EOC (Table 1). Cut-off values for CTC positivity vary 

between different studies: >=1 CTCs, >=2 CTCs or >=5 CTCs (Table 1). CTC positivity is defined as one 

or more antigen in ICC studies using multiple antigens or a tumor associated transcript above 

threshold in RT-PCR studies. In most studies CTC enumeration is performed before surgery at the 

time of primary diagnosis, but there are some studies reporting CTC detection before and/or after 

adjuvant first line chemotherapy or before second line chemotherapy in patients with recurrent 

disease. Several smaller studies could not find a correlation between CTC positivity and progression 

free (PFS) or overall survival (OS). However studies on some larger series using different antigens or 

enrichment methods for CTC detection (often increasing the number of detected CTCs) clearly 

showed that the enumeration of CTCs has prognostic significance, particularly in patients with 

primary EOC (20, 21, 27, 28, 30). A recent meta-analysis of Zhou et al., looking at the data of 11 

studies (table 1), confirmed there is a role of CTC as a prognostic marker in EOC. These authors 

showed that a negative CTC status is associated with longer OS (HR, 1.61; 95% CI, 1.22 – 2.13) and 

longer DFS (HR, 1.44; 95% CI, 1.18 – 1.75). Subgroup analysis showed a higher risk of mortality in the 

high RT-PCR group (HR, 2.02; 95% CI 1.34 – 3.03), which was not observed in the “Cellsearch” and 

“other ICC” subgroups (31). This can be explained by the previously mentioned limitations of the 

“Cellsearch” system. During EMT EpCAM is frequently downregulated and CTCs can be missed (32). It 

is also possible that CTCs of patients with EOC that underwent EMT are more aggressive and that 



depending on the methodology another cellular phenotype of CTCs is detected. Additionally CTCs 

identified using only epithelial markers may also represent dead or dying cells that don’t contribute 

to metastatic spread (33). In summary, approaches that isolate and/or detect CTCs without using 

epithelial markers seem to have a higher prognostic value.  

 

Associations between CTCs and clinicopathological parameters have also been reported. Tumor 

histology (serous vs. non-serous EOC) was not significantly correlated with CTC status (13) and 

neither was lymph node metastasis (20, 34). This can possibly be explained by the different way of 

metastastic spread of EOC compared with other solid tumors. In 5 studies a significant correlation 

between tumor stage and CTC positivity was found (Stage I-II versus III-IV, pooled OR= 1.90; 95% CI: 

1.02 – 3.56; p = 0,044) (13, 20, 30, 33-36). While most studies failed to show a positive correlation 

between optimal cytoreduction and CTC numbers after surgery (30, 34), Obermayer et al. 

demonstrated that CTCs significantly correlated with residual disease after suboptimal debulking 

surgery (20).  

 

Some studies looked at the relation between detected CTCs and elevated CA-125, but could not find 

a significant correlation (33, 36). However in other series (20, 30, 34) and in a recent meta-analysis a 

significant correlation was described (OR, 4.07; 95% CI 1.87 – 8.85) (31). Again correlation might 

depend on the used detection methods. Currently CA-125 serum levels are still considered as the 

best parameter to monitor response to treatment and the most valuable prognostic tool in EOC 

patients receiving second line chemotherapy (37). However, Pearl et al. recently showed that serial 

enumeration of CTCs in 31 patients treated with standard taxol/carboplatin chemotherapeutic 

regimes predicted therapeutic responsiveness (38). In their study CTCs were more sensitive than CA-

125 in predicting progressive disease or relapse and could antedate clinical status changes whereas 

CA-125 could not.  

 

Despite a number of studies reporting association between the actual blood CTC load and prognosis 

in breast, prostate and colorectal cancer (39), the only study that evaluated the absolute 

enumeration of CTCs and its prognostic value in EOC could not find a significant association (40). 

However, this issue needs to be investigated in further detail on larger numbers of patients in a 

clearly defined setting (e.g. before cytoreductive surgery, before starting the first cycle of adjuvant 

chemotherapy and after 3 or 6 cycles of adjuvant cytostatic treatment).  Beside this, the prognostic 

role of CTCs in EOC still suffers from some other important limitations. First the detection methods 

vary across studies, which can influence survival analysis. Second there is no consensus about the 

optimal cutoff of CTCs. In CellsearchTM based studies the cutoff of ≥2 CTC/7.5mL was frequently used 

(33, 36, 40). Furthermore there is no uniform definition for the identification of a CTC, validation 



studies in EOC are still lacking and only a few studies reported CTC evolution over the course of 

standard therapy and the disease (20, 38, 40).  

 

Genotypic and phenotypic characterization of CTCs in EOC 

In addition to their enumeration, genotypic and phenotypic characterization of therapeutically or 

biologically relevant biomarkers expressed by CTCs has been shown to be feasible in different types 

of malignancies: EGFR gene mutations in lung cancer (41), K-ras mutations in colorectal cancer 

patients (42), AR gene status in prostate cancer (43) and a number of studies in advanced or 

metastatic breast cancer (44) that looked at Her2 (45) or Bcl-2 expression (46).  

 

A limited number of studies proved the concept of the predictive potential of characterization CTCs 

in EOC. Excision repair cross complementation group 1 (ERCC1) is important in the nucleotide 

excision repair pathway and plays a role in the repair of platinum damaged DNA in tumor cells. 

ERRC1 expression in CTCs showed to be a biomarker for platinum resistance in EOC, even when 

immunohistochemical analysis of ERCC1 in primary tumor tissue did not have any predictive 

significance (28). Cyclophilin 3 (PPIC), an intracellular receptor of cyclosporine A, expression in CTCs  

also proved to be correlated with platinum sensitivity. Moreover the presence of PPIC positive CTCs 

after chemotherapy was much more common (69%) than EPCAM gene expression (4%) in patients 

with EOC and was associated with a significantly worse prognosis (20). Additionally overexpression of 

Cyclophilin A (PPIA), another cyclophilin family member, protected cancer cells against platinum 

induced cellular stress (47). This indicates that PPIC positive CTCs might represent a subpopulation of 

more aggressive CTCs that survived chemotherapy and that PPIC can be an interesting target for 

therapy. It also seems to confirm that EpCAM is not the optimal marker for identifying prognostic 

and predictive valuable CTCs in EOC. Furthermore, since the presence of CTCs is a negative 

prognostic feature and ERCC1 transcription in CTCs is also predictive for platinum resistance, the 

negative prognostic impact of CTCs may depend on specific cellular phenotypes which are sustaining 

the selective pressure of treatment. 

 

At the moment the major challenge for CTC characterization encountered in most studies is that only 

a limited number of pre-selected genes/markers can be studied due to the presence of a still 

significant leukocyte background (102-103) after enrichment (48). Our lab recently demonstrated that 

it is possible to isolate and molecularly characterize single or 100% purified pools of CTCs from 

CellSearchTM enriched blood sample using a semi-automated dielectrophoretic cell sorting technique 

(DEPArray) (49). A technical update of the DEPArray system, accelerating the sorting process, and 

using BCT tubes (50), which stabilize intracellular RNA after blood collection, further improves RNA 

quality of the isolated cells. This allows the use of more advanced profiling techniques such as RNA 



sequencing. Several other research groups already proved the technical feasibility of single cell RNA 

sequencing (51, 52). Furthermore, Cann and colleagues have shown that RNA sequencing of single 

CTCs is still achievable after such an elaborate workflow including magnetic enrichment, staining 

procedures and isolation by micropipetting (53). Single cell sequencing allows the study of sequential 

samples during disease progression, which may be crucial to unravel the molecular biology of 

therapy resistance. In addition single cell sequencing has the ability to study the heterogeneity of the 

CTC population and the importance of tumor cell genomic variation as some clones may be more 

significant then others in driving tumor recurrence (54).  

 

Future directions 

The most common approaches used to detect EOC and follow treatment efficacy are physical 

examination, evaluation of CA-125 levels and imaging studies. Unfortunately all have limited 

sensitivity and accuracy in detecting early stages. Therefore less than 30 % of EOC will be detected in 

an early stage nowadays (2). Metastatic disease is responsible for over 90% of cancer related death 

(55). Due to in depth understanding of the molecular biology of cancer, an increasing number of 

patients with disseminated cancer is now considered candidate for treatment with so called targeted 

agents in addition to standard treatment modalities, but the efficacy of these drugs largely relies on 

their ability to block specific molecular aberrations that usually only occur in a subset of the patient 

population. Therefore the need for novel diagnostic, prognostic and predictive biomarkers is high.  

 

At present, results of targeted therapies in EOC have been largely disappointing. This can be 

explained by many reasons. Firstly there is a wide range in inter-patient genomic, transcriptomic and 

proteomic profiles of EOC, not only depending on different histology. This argues against uniform 

treatments, such as carboplatin/paclitaxel, which are used in all patients with EOC. (56). In clinical 

practice, the analysis of predictive biomarkers is routinely performed on archival tissue samples from 

the primary tumor. This approach is far from perfect for several reasons. Comparative analyses of 

established predictive biomarkers on archival primary tumor tissue and metastatic lesions in patients 

with MBC have documented clinically relevant discordances in up to 25% of patients only looking at 

hormone receptor or HER-2 status (57, 58). This is also documented for ECCR1 expression in EOC (28) 

and for mutations in the coding sequence of Estrogen Receptor 1 (ESR1) in metastatic ER+ breast 

cancer (59). Likewise, patients often exhibit multiple lesions that might be composed of different 

subclones of tumor cells harboring different molecular characteristics, which also may change during 

tumor progression (60). Furthermore in advanced staged EOC resistance to a selected treatment will 

eventually occur in virtually all patients, due to the activation of alternative pathways when a given 

one is blocked. Repetitive probing of drug targets and potential biomarkers for drug sensitivity or 

emerging resistance on contemporary tumor samples are essential to allow for more dynamic, 



individualized treatment planning and monitoring. Sampling metastatic lesions is however often 

technically difficult or not without risk because of anatomical constraints. Dynamic detection of 

relevant markers in the bloodstream of these patients, shedding directly from the different (primary 

and metastastatic) tumor masses, provide alternatives to obtain real-time and repeated “liquid 

tumor biopsies”.  

 

It is clear that detection and characterization of CTCs but also circulating tumor DNA (ctDNA) are 

attractive options to guide targeted therapy and to study the behaviour of progressive EOC. The 

accelerated cellular turnover because of tumor growth, leads to increased amounts of circulating 

tumor DNA (ctDNA) into the bloodstream (61) and the quantity of cell-free DNA (cfDNA) in patient 

serum can therefore be used as a marker of disease presence in EOC (62). Furthermore new 

sequencing technologies and analytic techniques have made the detection of circulating tumor-

specific DNA (ctDNA) possible. In a first study, Martignetti et al. used a tumor-specific FGFR2-

FAM76A ovarian fusion for the follow-up of a single patient over a four-year period (63). They 

continuously detected ctDNA, hence residual disease, despite normal CA-125 levels. In a larger study 

the presence of ctDNA was able to detect tumor at surgery with a sensitivity of 0.81 (0.60–0.92) and 

a specificity of 0.99 (0.81–0.99) (64). Furthermore the study showed that undetectable levels of 

ctDNA after initial treatment were an independent predictor of improved PFS and OS.  

 

CTCs are probably not ideal for early detection and screening as proteomics and circulating DNA are 

theoretically able to detect occult (pre)cancers in an earlier stage. However, it is interesting that a 

case report described the use of the CellSearch system to diagnose an occult ovarian low-grade 

serous carcinoma in a patient with metastases to the supraclavicular region (65) and CTCs detected 

EOC stage I and II better than CA-125 in a high risk group, which is important because CTC positive 

early stage patients had a significant worse prognosis (21).  

 

Yet before we really can use CTCs in EOC as a diagnostic tool or as a liquid biopsy and a surrogate for 

repetitive tumor biopsies to make therapeutic decisions several limitations have to be overcome. 

First larger, less heterogeneous studies with a validation cohort are warranted, because nowadays 

most studies are case series with relatively small patients numbers and retrospectively designed with 

the risk of a selection bias. They are also very heterogeneous with variable sampling moments, 

follow-up and response criteria. Furthermore methodological approaches to enrich and detect CTCs 

differ greatly across studies, which make it difficult to implement CTCs in clinical trials or daily 

practice. We also have to isolate sufficient CTC numbers to obtain a representative pictures, for 

example with apheresis of CTCs (66) and be able to characterize them on a single cell level.  

 



Conclusion 

Evidence is emerging that the presence of CTCs in EOC patients is associated with an overall worse 

prognosis and advanced disease stage. However this relationship depends on the used isolation and 

detection methods. Additionally there is no optimal cut-off value defined and the role of increasing 

numbers of CTCs has not yet been investigated. The presence of CTCs might have predictive value as 

treatment response on platinum based chemotherapy was significantly associated with CTC status in 

two studies and CTCs showed to be a good monitoring tool in a small population of patients. 

However the characterization of CTCs will probably become more important in the future and larger 

patient cohorts are needed. Genotypic and phenotypic characterization of CTCS allows the study of 

the biology, frequency, and variability of disease driving clones through the analysis of the exome-

wide mutation profile and gene expression level. In the future this can lead to personalized anti-

metastatic therapies, a better understanding of molecular alternations that drive the metastatic 

process and by comparing CTCs in drug sensitive versus resistant patients also a better knowledge 

about drug resistance development.  

 



Author, year 
Study 
type 

No. of 
patients Timing 

Tumor 
stage

1
 Isolation method 

Detection 
method 

Targeted antigen/targeted 
gene Cutoff of CTCs 

Positivity 
rate Outcome: HR, 95%CI

2
 

Marth et al.,  
2002 

Case 
series 

90 
Before adjuvant 
chemotherapy 

I-IV 
(77%) 

Immunomagnetic  
(Dynabeads®) 

ICC MOC-31 
Presence of ≥2 

rosettes 
12.0 

PFS 2.19 (0.84 - 5.74) - NS 

OS 1.99 (0.23 - 17.16) - NS 

Judson et al.,  
2003 

Case 
series 

59 Before surgery 
I-IV 

(79%) 
Immunomagnetic 

beads 
ICC 

CK8 and 18, TFS-2, CK7, 
CK20, EGFR 

≥1 cell positive 18.7 
PFS 1.45 (0.55 - 3.83) - NS 

OS 2.14 (0.37 - 12.29) - NS 

Fan et al.,  
2009 

Case 
series 

66 Before surgery 
I-IV 

(79%) 

CAM+  
(functional 

enrichment) 
ICC 

EpCAM; CK 4,5,6,8,10, 13 
and 18 

≥1 CTC/3mL 60.6 
PFS 1.44 (0.78 - 2.64) - p = 0.04 

OS 0.89 (0.40 - 1.95) - NS 

Poveda et al.,  
2011 

phase III 
clinical 

trial 
216 

Before 2nd line 
chemotherapy 

NR 
Immunomagnetic  

(CellSearch® system) 

ICC  
(CellSearch® 
system) 

EpCAM; CK8, 18 and 19 ≥2 CTC/7.5mL 14.4 
PFS 1.58 (0.99-2.53) -  NS 

OS 1.54, (0.93-2.54) - NS 

Behbakht et 
al., 2011 

phase II 
clinical 

trial 
54 

Before and after 
Temsirolimus 

NR 
Immunomagnetic  

(CellSearch® system) 

ICC  
(CellSearch® 
system) 

EpCAM ≥1 CTC/7.5 mL 
44.0 

(before 
cycle 1) 

PFS 1.61 (0.79 - 3.29) - NS 

Aktas et al.,  
2011 

Case 
series 

122 
Before surgery and/or 
after chemotherapy 

NR 
Immunomagnetic  

(Adnatest®) 
RT-PCR  
(Adnatest®) 

EpCAM, MUC-1, CA-125, 
HER-2 

≥1 tumor-
associated 
transcript 

above treshold 

19.0 
(before 
surgery) 

27.0 
(after CT) 

PFS 1.58 (0.86 - 2.88) - NS 

OS 4.56 (1.94 - 10.73) - p=0.05 

Obermayer 
et al., 2013 

Case 
series 

216 
Before surgery and after 
adjuvant chemotherapy 

III-IV 

Density gradient 
centrifugation RNA 

extraction  
(Qiacube system® ) 

RT-PCR 

PPIC, GPX8, CDH3, TUSC3, 
COL3A1, LAMB1, MAM, 
ESRP2, AGR2, BAIAP2L1, 
TFF1, EpCAM 

≥ 1 gene over-
expressed 

above treshold 

24.5 
(before 
surgery) 

20.4 
(after CT) 

PFS 3.5 (1.8-6.9) - p < 0.001 

OS 2.3 (1.1-4.8) - p = 0.024 

Liu et al.,  
2013 

Case 
series 

30 (ND) 
48 (RD) 

Before therapy 
I-IV 

(92%)
3
 

Immunomagnetic  
(CellSearch® system) 

ICC  
(CellSearch® 
system) 

EpCAM ≥2 CTC/7.5mL 
60.0 (ND) 
53.8 (RD) 

PFS 0.71 (0.30 - 1.69) - NS 

OS 0.53 (0.12 - 2.40) - NS 

Sang et al.,  
2014 

Xxxx 80 Xxx 
I-IV 

(89%) 
Xxx RT-PCR MAGE-A xxx 47.5 OS 1.40 (0.87 - 2.27) -  XXX 

Pearl et al.,  
2014 

Case 
series 

88 Before surgery 
I-IV 

(81%) 

CAM+ 
(functional 

enrichment) 
ICC 

EpCAM, CA-125, DPP4 and 
CKs 

≥5 CTC/1.0mL 88.6 
PFS 1.21 (0.49 - 2.97) - p= 0.0024 

OS 1.06 (0.41 - 2.73) - p=0.0219 

Kuhlmann et 
al., 2014 

Case 
series 

143 Before surgery 
I-IV 

(82%) 
Immunomagnetic 

(Adnatest®) 
RT-PCR 
(Adnatest®) 

EpCAM, MUC1, MUC6, 
ERCC1 

≥1 tumor-
associated 
transcript 

above treshold 

14.0 

PFS 1.50 (0.81 - 2.79) - NS 

OS 1.85 (1.03 - 3.32) - p = 0.041 

Zhou et al.,  
2015 

Meta-
analysis 

1129 
 

I-IV 
(NR)      

PFS 1.44 (1.18 - 1.75) 

OS 1.61 (1.22 – 2.13) 

Table 1: Overview of used detection methods, CTC definitions and clinical outcomes in ovarian cancer. CTCs - circulating tumor cells; OS – overall survival; PFS – progression free survival; HR – 
hazard ratio; CI – confidence interval; NS – not significant; NR – not reported; CT – chemotherapy; ND – new disease; RD – recurrent disease; RT-PCR: Reverse transcription-polymerase chain 
reaction; ICC – immunocytochemistry. (1) % of advanced stage EOC (2) based on the meta-analysis of Zhou et al. when not reported. (3) 8% recurrent disease.  
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