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Abstract
Analysis of ascitic fluid should help to identify and characterize malignant cells
in gastrointestinal cancer. However, despite a high specificity, the sensitivity of
traditional ascitic fluid cytology remains insufficient, at around 60%. Since 2004
the CellSearch  technology has shown its advantages in the detection of
circulating tumor cells (CTCs) in peripheral blood, which can perform an
accurate diagnosis and molecular analysis at the same time. To our
knowledge, no previous study has explored the potential utility of this
technology for the detection and quantification of tumor cells in ascitic fluid
samples. Herein we report a case of metastatic esophageal adenocarcinoma in
a 70-year-old man presenting with dysphagia and a large amount of fluid in the
peritoneal cavity. Analysis of a peripheral blood sample and ascites sample
with the CellSearch technology both revealed the presence of putative tumor
cells that were positive for epithelial cell adhesion molecule (EpCAM) and
cytokeratin (CK) expression. This study confirmed the hematogenous
dissemination of esophageal cancer by the detection of circulating tumor cells
in the peripheral blood, and is the first to demonstrate that tumor cells can be
identified in ascitic fluid by using CellSearch  technology.

® 

1 1 1 2

2 1 1

1

2

 

Referees

v1
published
15 Jan 2014

 1 2

report report

 15 Jan 2014, :12 (doi: )First published: 3 10.12688/f1000research.3-12.v1
 15 Jan 2014, :12 (doi: )Latest published: 3 10.12688/f1000research.3-12.v1

v1

®

® 

®

Page 1 of 7

F1000Research 2014, 3:12 Last updated: 18 JUL 2014

http://f1000r.es/2hr
http://dx.doi.org/10.12688/f1000research.3-12.v1
http://dx.doi.org/10.12688/f1000research.3-12.v1
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.3-12.v1&domain=pdf&date_stamp=2014-01-15


F1000Research

 Gilbert C Faure ( )Corresponding author: g.faure@chu-nancy.fr
 Tu Q, Bittencourt MDC, Cai H  How to cite this article: et al. Case Report: Detection and quantification of tumor cells in peripheral blood

and ascitic fluid from a metastatic esophageal cancer patient using the CellSearch technology [v1; ref status: indexed, 
  2014, :12 (doi: )]http://f1000r.es/2hr F1000Research 3 10.12688/f1000research.3-12.v1

 © 2014 Tu Q . This is an open access article distributed under the terms of the , whichCopyright: et al Creative Commons Attribution Licence
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Data associated with the article
are available under the terms of the  (CC0 1.0 Public domain dedication).Creative Commons Zero "No rights reserved" data waiver

 Qian Tu and Huili Cai are supported by the China Scholarship Council. Nancytomique has been funded by French Ministry ofGrant information:
Research, Ligue Contre le Cancer, CHU Nancy and FEDER. The cancer projects were supported by Regional Lorraine Cancer research projects.
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

 Competing interests: No competing interests were disclosed.

 15 Jan 2014, :12 (doi: ) First published: 3 10.12688/f1000research.3-12.v1
 28 May 2014, :12 (doi: )First indexed: 3 10.12688/f1000research.3-12.v1

® 

Page 2 of 7

F1000Research 2014, 3:12 Last updated: 18 JUL 2014

http://f1000r.es/2hr
http://dx.doi.org/10.12688/f1000research.3-12.v1
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://dx.doi.org/10.12688/f1000research.3-12.v1
http://dx.doi.org/10.12688/f1000research.3-12.v1


Introduction
Esophageal cancer is the eighth most common carcinoma and 
the sixth leading cause of cancer-related death worldwide, with  
approximately 482,000 new cases and 400,000 associated deaths per 
year1. There are two main histological types of esophageal cancer, 
namely esophageal squamous cell carcinoma (ESCC) and esopha-
gealadenocarcinoma (EAC). Although more than 90% of malignant 
esophageal tumours are squamous cell carcinomas, the incidence 
of esophageal adenocarcinoma in Western countries has increased 
sharply in recent decades2. Disease prognosis is strongly related 
to the stage at diagnosis3, but EAC is commonly diagnosed at an  
advanced stage and palliative therapies are often the only treatment 
option, and therefore EAC has an extremely poor prognosis.

In particular, peritoneal dissemination is frequent in gastrointestinal 
cancer and analysis of the ascitic fluid should help to establish the 
etiology of ascites, and identify and characterize malignant cells. 
However, despite a high specificity, the sensitivity of ascitic fluid 
cytology remains insufficient, at around 60%4,5.

Recently, the detection of circulating tumor cells (CTCs) had an 
increasingly important role in the domain of oncological research. 
These cells have long been considered as a reflection of tumor  
aggressiveness, while hematogenous spreading of CTCs from a  
primary tumor could be an important step in the metastasis cascade, 
leading ultimately to the formation of overt metastases6.

We herein report a case study of a 70-year-old man affected by esopha-
geal adenocarcinoma with multiple metastases who was referred for 
dysphagia and abdominal effusion. At diagnosis, the patient underwent 
a peripheral blood and ascitic examination to detect and enumerate 
CTCs and determine their clinical significance.

Case presentation
At the beginning of June 2012, a 70-year-old white male was  
referred to the emergency unit because of a progressive deterioration 
of general condition for 4 weeks, which included dysphagia, low-
grade fever, anorexia, and a weight loss of 8 kg within 4 months. The 
patient had been suffering from chronic lymphocyte leukemia stage 
A for 4 years, with indolent evolution according to regular yearly 
follow-ups.

Initial physical examination was unremarkable except for a left  
infraclavicular adenopathy of 2 cm. A computed tomography scan 
identified a thickening of the lower esophagus, a hypodense lesion 
of the liver and a lymphatic mass in the mesenteric region.

The patient was then admitted to hospital for further investigations. 
During the period of hospitalization, the patient’s disease pro-
gressed quickly, with the appearance of massive ascites, jaundice, 
and respiratory difficulties. A PET/CT scan showed a thickening 
of the lower esophagus, supra- and sub-diaphragmatic adenomeg-
alies and lesions in the liver, pancreas and lesser curvature of the 
stomach, all with hypermetabolic activities (Figure 1). A gastros-
copy showed a circumferential thickening, without stenosis in the 
inferior segment of the esophagus, bleeding easily on contact. A 
biopsy performed at this level demonstrated infiltration by a poorly  

differentiated adenocarcinoma. Fine needle aspiration biopsy of 
the liver lesion demonstrated the same tumor type with large cells 
of polygonal or cubic shape, and irregular hyperchromatic nuclei. 
These cells were also positive for cytokeratins CK7, 19, and 20 by a 
standard immunochemistry method. Both the first and second para-
centesis revealed rare potential adenocarcinoma cells in clusters 
(Figure 2), which were cytokeratins AE1/AE3, 7 and 19 positive.

The presence of tumor cells in the peripheral blood and ascitic 
fluid was evaluated by the CellSearch® technology (Veridex LLC, 
Raritan, NJ), which detects CTCs based on ferrofluids coated with 
epithelial cell-specific EpCAM antibodies and a mixture of phy-
coerythrin-conjugated antibodies to CK 8, 18, and 19. Following 
informed consent, a 7.5 ml sample of peripheral blood and a 5 ml 
sample of ascitic fluid were collected in CellSave® tubes. The blood 
sample was processed in the CellTracks AutoPrep system by using the 
CTC kit and analyzed with the CellTracks Analyzer. For analysis of 
the ascitic sample, we used the method developed for the detection of 
tumor cells in cerebrospinal fluid samples (CSF)7,8. This methodology 
revealed the presence of 47 CTCs (EpCAM+, CK+, and CD45-) in the 
7.5 ml blood sample, some with morphologically apoptotic features, 
and over 13,000 CTCs (EpCAM+, CK+, and CD45-) in the 5 ml ascitic 
sample. Interestingly, in the ascitic sample, positive cells were either 
isolated or in clusters and their morphology was very similar to that 

Figure 1. PET/CT, performed after administration of 311 MBq of 
Fludoxyglucose, showed increased activity in the lower oesophagus 
(a), liver metastasis (b) and pancreatic metastasis (not shown in the 
picture).

geal adenocarcinoma (EAC). Although more than 90% of malignant 
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therapy and even offer new insights into the comprehension of cancer 
biology in various epithelial cancers6.

Few studies have yet documented the presence of CTCs in metastatic 
esophageal cancer. Allard et al. reported that CTCs were detected in 
patients with various types of carcinomas, including gastrointestinal 
cancers, although the median number of CTCs in gastrointestinal 
carcinomas was relatively low14.

In 2008, Hiraiwa et al. studied the utility of CTC enumeration in 
gastrointestinal cancer patients15. Thirty eight patients with esopha-
geal cancer were included, including 23 patients with metastases. 
They found that 21.7% of the metastatic esophageal cancer patients 
had ≥2 CTCs in peripheral blood samples. Two or more CTCs in 
patients with metastatic esophageal cancer significantly correlated 
with pleural or peritoneal dissemination and a significantly worse 
prognosis. Therefore, the authors hypothesized that the detection 
of ≥2 CTCs was an important prognostic factor for metastatic  
esophageal cancer.

Abdominal paracentesis is an important tool in patient diagnosis 
and treatment, and ascitic fluid cytology is a traditional method 
to establish the etiology of the effusion, especially when malig-
nancy is suspected. However, the most important problem with 
conventional peritoneal cytology is its lack of sensitivity and high  
operator-dependence. The overall sensitivity of conventional cytol-
ogy for malignant ascites is 57%–67%16, and the sensitivity for peri-
toneal carcinomatosis is 96.7%, while it is much lower (6.7%–13.3%) 
in ascites due to hepatocellular carcinoma, liver metastases, or chy-
lous ascites with lymphoma17. To establish an accurate diagnosis and 

of CTCs in the peripheral blood though without apoptotic features 
(Figure 3).

The patient was diagnosed with an adenocarcinoma of the lower  
esophagus or gastroesophageal junction, with hepatic, peritoneal 
and pancreatic metastases. No remission of the disease was observed 
under palliative treatment, and the patient died one month after  
diagnosis.

Discussion
Esophageal cancer metastases are most frequently found in abdominal 
lymph nodes (45%), followed by the liver (35%), and lungs (25%)9. 
Distant metastases are also seen in cervical/supraclavicular lymph 
nodes, bone, adrenal glands, peritoneum, brain, pericardium, pleura, 
stomach, and pancreas, via different pathways such as direct exten-
sion, the bloodstream, the lymphatic system or intracavitary diffusion. 
It has also been suggested that EAC preferentially metastasize to the 
liver9. The case we report here is a typical esophageal adenocarcinoma 
with multiple metastases.

Because of the critical role of CTCs, both in the spread of cancer 
and in cancer research, an increasing number of studies have tried 
to explore technologies that enable the detection of these cells in 
peripheral blood. However, owing to the rarity of CTCs in this  
compartment, their detection requires methods combining high  
sensitivity and specificity. To date, there is no gold standard for 
CTC detection. Since 2004, CellSearch® technology has become 
the only FDA-approved system for the clinical detection and  
enumeration of CTCs in patients with metastatic breast cancer, 
colorectal cancer and prostate cancer10–12. This technology renders 
it possible to obtain highly reproducible quantitative results from 
different laboratories13.

Currently, the results of prospective studies demonstrate that CTC 
enumeration has an enormous potential to estimate cancer prog-
nosis, monitor disease recurrence and patient response to cancer 

Figure 2. Tumor cells detected in the ascitic fluid of the patient 
with the ultimate diagnosis of esophageal cancer (Papanicolaou 
stain, ×1000).

Figure 3. Gallery of images of tumor cells in peripheral blood 
(left) and ascites (right) detected by CellSearch® technology. By 
definition, CTCs are nucleated (purple color), express cytokeratin 
(green color), and lack CD45 expression. Some of the CTCs in blood 
sample presented morphologically apoptotic figfeatures. Arrow, 
shrunken cell containing CK inclusions. But in the ascitic sample, 
positive cells were either isolated or in clusters and their morphology 
was very similar to that of CTCs in the peripheral blood though 
without apoptotic features.
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peripheral blood, and is the first report concerning the quantifi-
cation of a much higher load of tumor cells in an ascitic sample. 
This suggests that tumor cells in ascites can be studied with the  
CellSearch® technology, with a great potential in patients’ diag-
nosis, prognosis and in the understanding of cancer biology. We 
propose to designate these cells in the ascitic sample as ETC for 
“Effusion Tumor Cells”.
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study of tumor cells, immunocytochemistry and further genetic and 
molecular techniques have been proposed, such as fluorescent in situ 
hybridization (FISH), comparative genomic hybridization (CGH) 
and PCR-based techniques. However, most results are qualitative, 
even though quantitative results might be relevant, particularly for the 
follow-up of either local or general therapies.

Previous studies6,10–12,14,15 have shown that CellSearch® technology 
has shown its advantages in the detection of CTCs in peripheral 
blood, showing that it can achieve accurate diagnosis as well as 
molecular analysis at the same time. To our knowledge, no previous 
study has reported the use of this technology for the detection of 
tumor cells in ascitic fluid samples.

We have recently documented a new method to identify and quan-
tify malignant cells in the CSF using the CellSearch® technology7,8, 
suggesting its potential usefulness for follow-ups and treatment 
evaluations with cancer patients. As described here, this new method 
makes it also possible to detect and quantify the presence of tumor 
cells, either isolated or associated as microclusters in ascitic fluid, 
which in some studies are recognized as a “signature” of malignant 
metastases18,19.

Further to the description of the clinical utility of CellSearch® 
technology in ascitic fluid analysis, our findings raise the issue of  
additional potential applications. First, it may help diagnose cancer 
metastases with a high sensitivity and specificity. Second, an addi-
tional antibody can be added during the detection of tumor cells by 
the CellSearch® technology, allowing for a further biological char-
acterization of tumor cells. Third, EpCAM+ cells can be purified 
by using the CTC Profile kit®, making them available for a variety 
of applications in order to characterize their genes and/or protein 
expression profiles, thus providing knowledge about biological  
aspects of human solid tumors20. This might be particularly useful in 
the identification of therapeutic targets and resistance mechanisms.

The case presented here confirmed the hematogenous dissemina-
tion of esophageal cancer by the detection of CTCs in the patient’s 

References

1. Ferlay J, Shin HR, Bray F, et al.: Estimates of worldwide burden of cancer in 
2008: GLOBOCAN 2008. Int J Cancer. 2010; 127(12): 2893–2917. 
PubMed Abstract | Publisher Full Text 

2. Thrift AP, Pandeya N, Whiteman DC: Current status and future perspectives on 
the etiology of esophageal adenocarcinoma. Front Oncol. 2012; 2: 11. 
PubMed Abstract | Publisher Full Text | Free Full Text 

3. Alexandre L, Clark AB, Cheong E, et al.: Systematic review: potential preventive 
effects of statins against oesophageal adenocarcinoma. Aliment Pharmacol 
Ther. 2012; 36(4): 301–311. 
PubMed Abstract | Publisher Full Text 

4. Kalogeraki A, Karvela-Kalogeraki I, Tamiolakis D, et al.: Cytopathologic 
interpretation of ascites due to malignancy. J BUON. 2012; 17(3): 446–451. 
PubMed Abstract 

5. Karoo RO, Lloyd TD, Garcea G, et al.: How valuable is ascitic cytology in the 
detection and management of malignancy? Postgrad Med J. 2003; 79(931): 292–294. 
PubMed Abstract | Publisher Full Text | Free Full Text 

6. Sun YF, Yang XR, Zhou J, et al.: Circulating tumor cells: advances in detection 
methods, biological issues, and clinical relevance. J Cancer Res Clin Oncol. 
2011; 137(8): 1151–1173. 
PubMed Abstract | Publisher Full Text 

7. Le Rhun E, Tu Q, De Carvalho Bittencourt M, et al.: Detection and quantification 
of CSF malignant cells by the CellSearch technology in patients with 
melanoma leptomeningeal metastasis. Med Oncol. 2013; 30(2): 538. 
PubMed Abstract | Publisher Full Text 

8. Le Rhun E, Massin F, Tu Q, et al.: Development of a new method for identification 
and quantification in cerebrospinal fluid of malignant cells from breast 
carcinoma leptomeningeal metastasis. BMC Clin Pathol. 2012; 12: 21. 
PubMed Abstract | Publisher Full Text | Free Full Text 

9. Quint LE, Hepburn LM, Francis IR, et al.: Incidence and distribution of distant 
metastases from newly diagnosed esophageal carcinoma. Cancer. 1995;  
76(7): 1120–1125. 
PubMed Abstract 

Page 5 of 7

F1000Research 2014, 3:12 Last updated: 18 JUL 2014

http://www.ncbi.nlm.nih.gov/pubmed/21351269
http://dx.doi.org/10.1002/ijc.25516
http://www.ncbi.nlm.nih.gov/pubmed/22655259
http://dx.doi.org/10.3389/fonc.2012.00011
http://www.ncbi.nlm.nih.gov/pmc/articles/3356078
http://www.ncbi.nlm.nih.gov/pubmed/22716127
http://dx.doi.org/10.1111/j.1365-2036.2012.05194.x
http://www.ncbi.nlm.nih.gov/pubmed/23033279
http://www.ncbi.nlm.nih.gov/pubmed/12782778
http://dx.doi.org/10.1136/pmj.79.931.292
http://www.ncbi.nlm.nih.gov/pmc/articles/1742707
http://www.ncbi.nlm.nih.gov/pubmed/21681690
http://dx.doi.org/10.1007/s00432-011-0988-y
http://www.ncbi.nlm.nih.gov/pubmed/23504338
http://dx.doi.org/10.1007/s12032-013-0538-3
http://www.ncbi.nlm.nih.gov/pubmed/23145812
http://dx.doi.org/10.1186/1472-6890-12-21
http://www.ncbi.nlm.nih.gov/pmc/articles/3539901
http://www.ncbi.nlm.nih.gov/pubmed/8630886


10. de Bono JS, Scher HI, Montgomery RB, et al.: Circulating tumor cells predict 
survival benefit from treatment in metastatic castration-resistant prostate 
cancer. Clin Cancer Res. 2008; 14(19): 6302–6309. 
PubMed Abstract | Publisher Full Text 

11. Cohen SJ, Punt CJ, Iannotti N, et al.: Relationship of circulating tumor cells to 
tumor response, progression-free survival, and overall survival in patients 
with metastatic colorectal cancer. J Clin Oncol. 2008; 26(19): 3213–3221. 
PubMed Abstract | Publisher Full Text 

12. Allard WJ, Matera J, Miller MC, et al.: Tumor cells circulate in the peripheral 
blood of all major carcinomas but not in healthy subjects or patients with 
nonmalignant diseases. Clin Cancer Res. 2004; 10(20): 6897–6904. 
PubMed Abstract | Publisher Full Text 

13. Kraan J, Sleijfer S, Strijbos MH, et al.: External quality assurance of circulating 
tumor cell enumeration using the CellSearch((R)) system: a feasibility study. 
Cytometry B Clin Cytom. 2011; 80(2): 112–118. 
PubMed Abstract | Publisher Full Text 

14. Cristofanilli M, Budd GT, Ellis MJ, et al.: Circulating tumor cells, disease 
progression, and survival in metastatic breast cancer. N Engl J Med. 2004; 
351(8): 781–791. 
PubMed Abstract | Publisher Full Text 

15. Hiraiwa K, Takeuchi H, Hasegawa H, et al.: Clinical significance of circulating 

tumor cells in blood from patients with gastrointestinal cancers.  
Ann Surg Oncol. 2008; 15(11): 3092–3100. 
PubMed Abstract | Publisher Full Text 

16. DiBonito L, Falconieri G, Colautti I, et al.: The positive peritoneal effusion. A 
retrospective study of cytopathologic diagnoses with autopsy confirmation. 
Acta Cytol. 1993; 37(4): 483–488. 
PubMed Abstract 

17. Runyon BA, Hoefs JC, Morgan TR: Ascitic fluid analysis in malignancy-related 
ascites. Hepatology. 1988; 8(5): 1104–1109. 
PubMed Abstract | Publisher Full Text 

18. Hou JM, Krebs M, Ward T, et al.: Circulating tumor cells as a window on 
metastasis biology in lung cancer. Am J Pathol. 2011; 178(3): 989–996. 
PubMed Abstract | Publisher Full Text | Free Full Text 

19. Stott SL, Hsu CH, Tsukrov DI, et al.: Isolation of circulating tumor cells using 
a microvortex-generating herringbone-chip. Proc Natl Acad Sci U S A. 2010; 
107(43): 18392–18397. 
PubMed Abstract | Publisher Full Text | Free Full Text 

20. Harouaka R, Kang Z, Zheng SY, et al.: Circulating tumor cells: Advances in 
isolation and analysis, and challenges for clinical applications. Pharmacol Ther. 
2014; 141(2): 209–221. 
PubMed Abstract | Publisher Full Text 

Page 6 of 7

F1000Research 2014, 3:12 Last updated: 18 JUL 2014

http://www.ncbi.nlm.nih.gov/pubmed/18829513
http://dx.doi.org/10.1158/1078-0432.CCR-08-0872
http://www.ncbi.nlm.nih.gov/pubmed/18591556
http://dx.doi.org/10.1200/JCO.2007.15.8923
http://www.ncbi.nlm.nih.gov/pubmed/15501967
http://dx.doi.org/10.1158/1078-0432.CCR-04-0378
http://www.ncbi.nlm.nih.gov/pubmed/21337491
http://dx.doi.org/10.1002/cyto.b.20573
http://www.ncbi.nlm.nih.gov/pubmed/15317891
http://dx.doi.org/10.1056/NEJMoa040766
http://www.ncbi.nlm.nih.gov/pubmed/18766405
http://dx.doi.org/10.1245/s10434-008-0122-9
http://www.ncbi.nlm.nih.gov/pubmed/8328242
http://www.ncbi.nlm.nih.gov/pubmed/3417231
http://dx.doi.org/10.1002/hep.1840080521
http://www.ncbi.nlm.nih.gov/pubmed/21356352
http://dx.doi.org/10.1016/j.ajpath.2010.12.003
http://www.ncbi.nlm.nih.gov/pmc/articles/3069884
http://www.ncbi.nlm.nih.gov/pubmed/20930119
http://dx.doi.org/10.1073/pnas.1012539107
http://www.ncbi.nlm.nih.gov/pmc/articles/2972993
http://www.ncbi.nlm.nih.gov/pubmed/24134902
http://dx.doi.org/10.1016/j.pharmthera.2013.10.004


F1000Research

  Current Referee Status:

Referee Responses for Version 1
 Hugh Barr

Department of Surgery, Gloucestershire Royal Hospital, Gloucester, UK

Approved: 28 May 2014

  28 May 2014Referee Report:
 doi:10.5256/f1000research.3231.r4681

This is an interesting study that assesses the use of detection metastatic cancer cells in ascites. This is a
proof of principle which does require more patients. As an early report this is fine.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

 No competing interests were disclosed.Competing Interests:

 Eva Obermayr
Department of Obstetrics and Gynecology, Medical University of Vienna, Vienna, Austria

Approved: 06 March 2014

  06 March 2014Referee Report:
 doi:10.5256/f1000research.3231.r3776

The authors provide an interesting study on the detection of CTCs in the blood and ascitic fluid from a
patients with advanced epithelial esophageal cancer using CellSearch. The study is innovative in terms of
the application of the CellSearch detection for tumor cells in the ascites, nevertheless, it is not surprising
that the number of tumor cells in the ascites is by far higher than in the peripheral blood. Moreover, the
clinical value of the detection of tumor cells in the ascites is unclear, especially for patients with advanced
disease. In future, further investigations which include the characterization of these tumor cells in terms of
EMT markers will be necessary.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

 No competing interests were disclosed.Competing Interests:

Page 7 of 7

F1000Research 2014, 3:12 Last updated: 18 JUL 2014

http://dx.doi.org/10.5256/f1000research.3231.r4681
http://dx.doi.org/10.5256/f1000research.3231.r3776

