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Abstract: In several epithelial malignancies, detection of circulating

tumor cells (CTCs) in the peripheral blood has diagnostic, prognostic,

and therapeutic implications. However, the clinical relevance of CTCs

in esophageal squamous cell carcinoma (ESCC) has not yet been

ascertained. The study was conducted with the aim of determining

the clinical significance of CTCs in patients with ESCC by using 2 CTC

detection systems, one epithelial marker-dependent and the other

epithelial marker-independent.

Paired peripheral blood samples were prospectively obtained from

61 ESCC patients before treatment and were analyzed for CTCs isolated

by the CellSearchTM system (CS) and the method of isolation by size of

epithelial tumor (ISET). Blood samples from 22 healthy volunteers were

used as controls.

Out of 61 study subjects, CTCs were detected in 20 patients (32.8%)

by the ISET method and in only 1 patient (1.6%) by the CS method.

Circulating tumor microemboli (CTM) were observed in 3 of 61 (4.9%)

patients using ISET, but were undetectable in any of the patient by CS

method. No CTCs/CTM were detected by either method in control groups.

By ISET method, the presence of CTCs appeared to correlate with the

stage of ESCC and with the baseline median platelet levels. No correlation
u, MD, Min Liu, M ui, M.MED,
, and Baijiang Zhang, M.MED

However, the CellSearchTM system appears to have a poorer sensitivity

as compared with the ISET method. Further studies are essential for

assessing the role of such technologies in ESCC.

(Medicine 94(38):e1565)

Abbreviations: AJCC = American Joint Committee on Cancer,

CD45 = leukocyte common antigen, CEA = carcinoembryonic

antigen, CK = cytokeratin, CRT = chemoradiotherapy, CS =

CellSearch, CTCs = circulating tumor cells, CTM = circulating

tumor microemboli, DAPI = 4’,6-diamidino-2-phenylindole, EMT

= epithelial mesenchymal transition, EpCAM = epithelial cellular

adhesion molecule, ESCC = esophageal squamous cell carcinoma,

ISET = isolation by size of tumor, WHO PS = World Health

Organization performance status.

INTRODUCTION

E sophageal cancer is currently the eighth most common
malignant tumor and the sixth most common cause of can-

cer-related death globally.1 In Asian countries, esophageal squa-
mous cell carcinoma (ESCC) accounts for >90% of all cases of
esophageal cancer.2 To a large extent, mortality in ESCC patients
is attributable to the distant metastatic lesions. The inherent
limitations of the traditional imaging techniques and lack of
specific tumor markers have all contributed to the poor prognosis
and an overall poor 5-year survival rate of 15% to 20%.3 Recent
studies on breast, prostate, and colorectal cancer have indicated a
potential correlation between circulating tumor cells (CTCs) in
peripheral blood and tumor metastasis. Indeed, monitoring of
CTCs is believed to have important diagnostic, prognostic, and
therapeutic implications.4–6 However, the relevance of CTCs
monitoring in ESCC patients is yet to be established.

Research has shown that the CTCs are rare in the periph-
eral blood, and that their heterogeneous and aggregative charac-
teristics are a major impediment to their successful isolation and
analysis.7 All currently available CTC-capture technologies are
based on 1 of the 2 main methods: tumor associated marker-
dependent or tumor associated marker-independent. Cell-
SearchTM (Veridex LLC, Raritan, NJ) is the only CTC detection
system currently approved by United States Food and Drug
Administration.8 The system uses the tumor associated marker-
dependent method. Among the various available tumor associ-
ated marker-independent technologies, isolation by size of
epithelial tumor cells (ISET) is a detection technology which
assesses differences in the diameters of tumor and normal blood
cells, and separates CTCs and/or circulating tumor microemboli
(CTM)9 from normal blood cells with a membrane filter. The
, pancreatic, and other cancers have
ance of ISET as an important tool for
etastasis, as well as for monitoring
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therapeutic efficacy and determining prognosis in malignant
tumors.10–12

Although there have been a few studies on isolation of
CTCs from ESCC patients by using CellSearchTM system, no
report on the use of ISET technology for isolation of CTCs from
such patients is available.13,14 Therefore, considerable ambi-
guity exists pertaining to the practical application and relevance
of these 2 detection methods in ESCC patients. Our study was
aimed at evaluating the 2 CTC detection systems, CellSearchTM

and ISET, for assessing their comparative efficacy and
relevance in patients with ESCC.15

MATERIALS AND METHODS

Patients and Peripheral Blood Samples
The study population comprises a total of 61 consecutive

patients with primary ESCC, attending the Shandong Cancer
Hospital and Institute from May to December 2014. Out of
these, 51 patients had undergone R0 resection, whereas the
remaining 10 patients had distant organ metastatic lesions and
had not undergone resection. In these 10 patients, the diagnosis
was confirmed by clinical examination and imaging methods. In
our hospital, esophagectomy with 2- to 3-field lymph node
dissection is the standard treatment followed for esophageal
carcinoma when the neoplasm is considered unresectable. Only
those patients aged �18 years, having histological diagnosis of
ESCC, being treated for the first time or had a minimum of
6-month treatment-free period and with World Health Organ-
ization performance status (WHO PS) between 0 and 2 were
included in the study. Patients with a history of unrelated
carcinoma in preceding 5 years or with a history of dermato-
logic disease or having cervical esophageal cancer were
excluded from the study. As controls, blood samples were
collected from 22 healthy volunteers which with sex- and
age-matched. The clinicopathological findings were determined
according to the classification of the American Joint Committee
on Cancer (AJCC) and the Union for International Cancer
Control.16 Written informed consent was obtained from all
patients. The study was granted approval by the ethics commit-
tee of the Shandong Cancer Hospital and Institute. Before the
initiation of treatment including 51 patients with surgery and 10
patients with chemoradiotherapy (CRT; 60 Gy and the con-
current 5-fluorouracil and cisplatin), peripheral blood samples
were drawn from the antecubital vein. The first 1.5 mL blood
was discarded to prevent epithelial contamination. Then, 7.5 mL
blood was collected into CellSave1 blood preservative tubes,
maintained at room temperature, and tested for the presence of
CTCs within 96 hours. Another 5 mL peripheral blood was
obtained in regular Ethylene Diamine Tetraacetic Acid collec-
tion tube (BD Vacutainer1 LOT: 3308315) and processed
within 2 hours for ISET assay.

CellSearchTM System
The procedures were carried out in strict adherence to the

respective manufacturer’s instructions.17,18 CTCs were defined
as epithelial origin cells with round or oval morphology, cell
size >4 mm diameter, cell surface antigen EpCAM (epithelial
cellular adhesion molecule), CK (cytokeratin), and DAPI (4’, 6-
diamidino-2-phenylindole) positive and CD45 (leukocyte com-
mon antigen) negative (EpCAMþ/CKþ/DAPIþ/CD45�). The

Li et al
results were analyzed independently by 2 experienced tech-
nicians. In case of any discordance, reanalysis was done while
double blinding the assessing technicians.
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ISET Assay
The ISET assay was performed as described in an earlier

study by Vona et al.10 The samples were processed on an
automated testing platform as per manufacturer’s instructions.
Five milliliter of whole blood was diluted up to 8 mL with buffer
containing 0.2% formaldehyde and filtered through a membrane
having 8 mm pore size. CTCs/CTM so harvested were stained
with Romanowsky stain, air dried at room temperature, and
mounted. Based on our own experience and the criteria pro-
posed by other research groups,10,19,20 cells isolated in this
study were assigned as tumor cells only if they had the following
morphological characteristics: atypia of the nucleus (irregular
shape, presence of a nodular, lobulated contour); nuclear–
cytoplasmic ratio >0.8; nuclear diameter (the long diameter)
>18 mm; hyperchromatic nuclei and nonhomogeneous staining;
thickened, sunken, wrinkled, and jagged nuclear membrane;
presence of nuclear chromatin side-shift or a large nucleoli or
presence of abnormal mitotic figures; and presence of tumor cell
aggregations, or CTM. If 4 features or more were met, they will
be considered as the malignant tumor cells (CTCs). All candi-
date CTCs/CTM cells were blindly reviewed and identified
independently by 3 senior cytopathologists.

Immunofluorescence Staining
Slides used in the ISET assay were immersed in 100%

xylene for 2 to 3 hours at room temperature until the cover
glasses dropped off, and then immersed in fresh xylene at room
temperature for 5 minutes to remove the residual mounting
medium present on the slides. Following this, the slides were
rehydrated with 100% ethanol for 2 � 3 minutes, 95% ethanol
for 3 minutes, 75% ethanol for 3 minutes, 50% ethanol for 3
minutes, and finally rinsed twice with distilled water. Slides
were rinsed with Perm/Wash buffer (BD) for 3 minutes and
processed with Cytofix/Cytoperm Fixation/Permeabilization
solution (BD) for 20 minutes at room temperature. Processed
slides were incubated with blocking buffer (10% Goat Serum,
Jackson Immuno Research, Laboratories, Inc., West Grove, PA,
USA) for 30 minutes at room temperature. The slides were then
incubated overnight at 48C in a wet chamber, with anti-CD45
Rat mouse monoclonal antibody (Santa-Cruz Biotechnology,
Inc., Dallas, Texas, USA), anti-CK8/18/19 antibody (Abcam
Trading (Shanghai) Company Ltd., Pudong, Shanghai, China),
and antivimentin antibody (Abcam).

The next day after rinsing in wash buffer, slides were
incubated in the dark with secondary antibodies, Alexa Fluor
488-conjugated goat antimouse (InvitrogenTM, Thermo Fisher
Scientific, Waltham, MA USA), Alexa Fluor 546-conjugated
goat antirat (InvitrogenTM, Thermo Fisher Scientific, Waltham,
MA USA), Cy5-conjugated goat antirabbit (InvitrogenTM,
Thermo Fisher Scientific, Waltham, MA USA), and Hoechst
33342 (SIGMA, St. Louis, MO) in blocking buffer for 1 hour at
room temperature. For each experiment, human breast cancer
cell line SKBr3 was used as the CK8/18/19 positive control, and
human osteosarcoma cell line MG63 was used as vimentin
positive control. The white blood cells captured on membrane
were used as CD45 positive control and CK8/18/19/vimentin
negative control.

Statistical Analysis
All statistical evaluations were performed using the Stat-
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istical Package for Social Sciences (SPSS version 17.0). The x2

analysis or Fisher exact test was used to explore any correlation
between CTCs detected by ISET method and patient’s

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Characteristics of Study Population

Characteristics N (%) (N¼ 61)

Age, median (range), y 62.1� 7.2 (49.0–78.0)
Alcohol consumption, median

(range), y
12.2� 14.8 (0–40)

Platelet, median (range), �109/L 226.7� 74.9 (112–492)
N/L, median (range) 3.0� 1.8 (0.92–8.39)
Sex

Male 54 (88.5)
Female 7 (11.5)

Serum CEA, ng/mL
�3.4 15 (24.6)
<3.4 46 (75.4)

WHO PS
0 15 (24.6)
1 40 (65.6)
2 6 (9.8)

Tumor location
Upper 6 (9.8)
Middle 33 (54.1)
Lower 22 (36.1)

Tumor size, cm
>5 18 (29.5)
3 <, �5 29 (47.5)
�3 14 (23.0)

Grade of differentiation
Well 5 (8.2)
Moderate 27 (44.3)
Poor 21 (34.4)
Other 8 (13.1)

Tumor depth
Tis-T1 6 (9.8)
T2 4 (6.6)
T3 27 (44.3)
T4 24 (39.3)

Lymph node metastasis
Yes 37 (60.7)
No 24 (39.3)

TNM stage (UICC)
I 4 (6.6)
II 13 (21.3)
III 34 (55.7)
IV 10 (16.4)

Lymphatic or venous invasion
Positive 11 (18.0)
Negative 39 (64.0)
Unknown 11 (18.0)

CEA¼ carcino embryonic antigen, N/L¼ the ratio of neutrophils to

Circulating Tumor Cells Analysis in ESCC
characteristics. Student t test was used in case of continuous
variables. Kruskal-Wallis test was used in the measurement data
in multiple groups. Differences were considered statistically
significant when the P value was <0.05.

RESULTS

Patient Characteristics
Sixty-one consecutive patients (54 males, 7 females) with

ESCC having median age of 62.1 years (range 49–78 years)
were recruited from May to December 2014. All of the patients
were being treated for the first time or had a minimum of 6-
month treatment-free period. Baseline clinical data including
age, sex, alcohol consumption, routine blood analysis, serum
carcinoembryonic antigen (CEA) levels, WHO PS, primary
tumor location, size, differentiation, lymph node metastasis,
venous invasion, and stage are shown in Table 1.

Out of 61 cases, 10 had distant metastasis (confirmed by
imaging and histopathology), all of whom had not undergone
operative treatment (6 newly diagnosed patients, 4 cases with
relapse that occurred after adjuvant chemotherapy, radiother-
apy, or surgery). The remaining 51 newly diagnosed patients
underwent surgical treatment. Patients with the WHO PS of 0, 1,
and 2 were 15 (24.6%), 40 (65.6%), and 6 (9.8%), respectively.
The median period of alcohol consumption was 12.2 years; the
baseline median platelet levels and the ratio of neutrophils to
lymphocytes were 226.7� 109/L and 3.0, respectively.

According to the Tumor Node Metastasis classification, 6
(9.8%) tumors were located in the upper third of the esophagus,
33 (54.1%) in the middle third, and 22 (36.1%) in the lower third
of the esophagus. Based on tumor size (maximum diameter), 18
cases (29.5%) were bigger than 5 cm, 29 cases (47.5%) were
between 3 and 5 cm, and 14 cases (23.0%) were smaller than
3 cm. As for the grade of tumor differentiation, 5 cases (8.2%)
were well differentiated, 27 cases (44.3%) were moderately
differentiated, and 21 cases (34.4%) were poorly differentiated,
whereas no data was available for 8 (13.1%) cases. As for the
depth of tumor invasion, 6 (9.8%), 4 (6.6%), 27 (44.3%), and 24
(39.3%) cases were Tis-T1, T2, T3, and T4 respectively. Thirty-
seven (60.7%) patients had lymph node metastasis. Clinical
stages were as follows: stage I (4, 6.6%), stage II (13, 21.3%),
stage III (34, 55.7%), and stage IV (10, 16.4%). Eleven patients
(18.0%) had vascular invasion, 39 (64%) had no vascular
invasion, whereas no data was available for 11 cases (18.0%).

Results of CTC Detection Assays: CellSearchTM

System Versus ISET Assay
Using the CellSearchTM detection system, CTCs were

detected in peripheral blood of only 1 patient who had stage
IV disease with liver metastases (Fig. 1). Overall, the CTC
detection rate of CellSearchTM detection system was only 1.6%
(1/61), whereas it was 10% (1/10) in patients having distant
metastases. In control group, no CTCs were detected using the
CellSearchTM system.

Using ISET assay, CTCs were detected in 20 patients
(Figure 2A–C), the average number of CTCs detected was
0.57. In patients with clinical stages I, II, III, and IV, the average
numbers of CTCs detected were 0, 0.46, 0.53, and 1.1, respect-
ively. There was no significant difference in CTCs detection
rates (P1 ¼ 0.409) and in the number of CTCs detected

Medicine � Volume 94, Number 38, September 2015
(P2¼ 0.337) in patients in different clinical stages. However,
CTCs were detected in 7 out of 35 patients with I to IIIB stages,
with an average CTCs number of 0.31 (0–2), whereas 13 out of

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
26 patients with IIIC to IV stages had CTCs in peripheral blood
with an average CTCs number being 0.92 (0–4). There was a
significant difference in CTCs detection rate (P3¼ 0.026) and
in the number of CTCs detected (P4¼ 0.032) in these 2 groups
of patients (Table 2). In addition, CTM were found in the blood

lymphocytes, WHO PS¼World Health Organization performance
status, UCC¼Union for International Cancer Control.
samples from 3 out of 20 patients who had CTCs positive results
(Figure 2D). In none of the 22 healthy volunteers, CTCs/CTM
were detected using ISET assay.
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heli
45

Li et al Medicine � Volume 94, Number 38, September 2015
Characterization of ISET Detected by
Immunofluorescence

To further characterize the CTCs/CTM detected by ISET
assay, 3 CTC positive samples and 3 CTM positive samples
were randomly selected for analysis by immunofluorescent
staining. The samples were stained with Hoechst (for nucleus),
CK8/18/19 (for epithelial cells), vimentin (for mesenchymal
cells), and CD45 (for leukocytes) (Figure 3A–D). Expression of
CK was detected in all the 3 patients’ CTCs (CKþ/Vimentin�/
CD45�) (Figure 3B), whereas none of the CTCs had CK�/
Vimentinþ/CD45� phenotype. Cells within CTM were hetero-
geneous in epithelial mesenchymal transition (EMT) marker
expression. Some cells were weakly positive for CK and
positive for vimentin (CKþ/Vimentinþ/CD45-), whereas other

FIGURE 1. Within CellSearchTM system, CTCs are defined as epit
diameter, cell surface antigen EpCAM, CK, and DAPI positive, CD
cells were only vimentin positive (CK�/Vimentinþ/CD45�),
but no CKþ/Vimentin�/CD45�CTM phenotype was observed
(Figure 3C, D).

4 | www.md-journal.com
Correlation Between the Presence of CTCs/CTM
and Clinicopathological Characteristics

CTCs/CTM positivity by ISET assay was not significantly
associated with patient age, sex, median alcohol consumption,
neutrophil/lymphocyte ratio, serum CEA, and WHO PS. In
addition, there was no significant correlation between positive
rate of CTCs/CTM and pathological features such as tumor
location, tumor size, grade of differentiation, tumor depth,
lymph node metastasis, and lymphatic or venous invasion.
However, there was a statistically significant difference in
platelet count in patients who had CTCs/CTM in their periph-
eral blood as compared with those who did not (254.7 vs 213.1,
P< 0.05) (Table 3).

al origin cells with round or oval morphology, cell size >4 mm in
antigen negative (EpCAMþ/CKþ/DAPIþ/CD45�).
DISCUSSION
Dissemination of tumor cells into the circulation probably

occurs in the early stages of malignancy.21,22 However, CTCs

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Cytomorphological analysis of CTCs/CTM detected on filtered blood using the ISET method in patients with ESCC. (A–D) Cells
showing cytological malignant features isolated by the ISET method in patients with ESCC. Romanowsky staining. (A) CTC: nuclear-
cytoplasmic ratio>0.8; nucleoli is abnormally huge; (B) CTC: the diameter of the nucleus>18 mm; nuclear membranes appear thickened,

; hy
atio
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are rare in the peripheral blood, manifest heterogenous charac-
teristics, and tend to form aggregates.7 Therefore, the detecting
technologies face many challenges with respect to the sensi-
tivity, specificity, and reproducibility of the findings. The
ability to detect the presence of CTCs at any stage of the tumor

sunken, wrinkled, and jagged; (C) CTC: nuclear shape is irregular
chromatin side shift; (D) CTM: presence of tumor cells (�3) aggreg
is 20 mm.
provides considerable leverage for diagnostic, monitoring, and
prognostic purposes.8,23,24 In this study, we detected CTCs in
patients with ESCC using the CellSearchTM and ISET assays

TABLE 2. Prevalence of CTCs by ISET Separation in TNM
Stage

Prevalence of CTCs by ISET

N Detection Rate (%) Median

Total 61 20/61 (32.8) 0.57� 1.01 (0–4)
Stage I 4 0/4 (0.0) 0 (0–0)
Stage II 13 4/13 (30.8) 0.46� 0.78 (0–2)
Stage III 34 11/34 (31.4) 0.53� 0.90 (0–3)
Stage IV 10 5/10 (50.0) 1.10� 1.60 (0–4)

P1¼ 0.409 P2¼ 0.337
Stage I–IIIB 35 7/35 (20.0) 0.31� 0.68 (0–2)
Stage IIIC–IV 26 13/26 (50.0) 0.92� 1.26 (0–4)

P3¼ 0.026 P4¼ 0.032

CTCs¼ circulating tumor cells, P1¼Fisher exact test, P2¼Kruskal-
Wallis test, P3¼x2 test, P4¼Student t test.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
and correlated CTC detection with clinicopathological charac-
teristics.

Although reverse transcription polymerase chain reaction
is the most commonly used method for studying CTCs in
patients with ESCC, the low specificity of the technique,
coupled with the use of different markers in different studies,
resulted in much variability in detection rates of CTCs (2%–
66.7%).25–28 This renders the task of comparing and summar-
izing the clinical relevance of CTCs in patients with ESCC, as
inherently difficult. In PubMed database, there are very few
studies investigating use of the CellSearchTM system for detect-
ing CTCs in the ESCC,14,29–31 whereas no report on the use of
ISET assay in these patients was available; therefore it is
unknown how effective the ISET is in the ESCC and whether
it is consistent with the CellSearchTM system. Our study is the
first report using both detection methods to detect CTCs in
ESCC patients. In this study, we used both the techniques to
detect CTCs in peripheral blood of 61 patients with ESCC, and
found that CTCs were detected in only 1 patient (1.6%) using
the CellSearchTM system. While using ISET assay, CTCs were
detected in 20 patients. Moreover, in 3 out of these 20 patients,
CTM were also detected. In the control group, no CTCs were
detected by using either of the 2 methods, suggesting a good
specificity of both the methods. However, compared with the
ISET assays, the sensitivity of CellSearchTM system was very
low, which is consistent with the results from earlier studies in
pancreatic cancer, lung cancer, breast, and prostate metastatic

perchromatic nuclei with nonuniform color; presence of nuclear
n. The cells were analyzed under�40 magnification. The scale bar
carcinomas.11,15,32,33 Reeh et al31 reported use of CellSearchTM

system for studying CTCs in 100 esophageal cancer cases
(including 68 cases of adenocarcinoma and 29 cases of

www.md-journal.com | 5



FIGURE 3. Immunofluorescent staining for characterization of CTCs/CTM detected by ISET assay. (A–D) Immunofluorescent staining
characterization of CTC/CTM detected by ISET assay. Stained with Hoechst (blue fluorescence for nucleus), CK8/18/19 (green
fluorescence for epithelial cells), vimentin (purple fluorescence for EMT cells), and CD45 (red fluorescence for leukocytes). (A) Cell line
control; (B) CTC: expression of CK-positive in their CTCs (CKþ/Vimentin�/CD45�); (C) CTM: expression of CK-weakly positive and

; (D
zed
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squamous cell carcinoma). Their study was quite similar to that
from our study. They reported that CTC detection rate with
CellSearchTM system in the ESCC subgroup was also relatively
low (10.3%, 3/29 patients). The results in the cited literature and
present study may have certain randomness because of the
limited squamous cell carcinoma cases (29 cases vs 61cases).
Statistics on the detection rate of the CTC analysis reveals that
there is no significant difference in 2 groups (P > 0.05). In
addition, the objects of the study in the cited literature were
Caucasian, whereas objects in our study were Chinese. As the
ESCC risk factors and pathogenesis are different between the
Eastern and Western countries, it may also be reasons that cause
different CTC detection rates. Therefore, there is not much
evidence supporting the role of CellSearchTM system in the
management of ESCC, and the use of ISET as another technique
to detect CTCs is very necessary and complementary to
CellSearch System.

One of the more interesting findings in our study was
the detection of CTM by the ISET assay in 3 patients (1 each
in stages IIB, IIIC, and IV). Although CTM have been
detected in other cancers, to the best our knowledge, this is
the first study documenting CTM detection in patients
with ESCC. CTM generally are defined as groups of CTCs
containing 3 or more distinct nuclei.9 Groups or clusters of
tumor cells within CTM have a survival advantage over
single CTC by their protection from anoikis and ability to
seed distant metastates. Thus, CTM appear to be a promising
potential biomarker for cancer metastasis.34 No CTM were

Vimentin-positive in cells within CTM (CKþ/Vimentinþ/CD45�)
Vimentin-positive (CK�/Vimentinþ/CD45�). The cells were analy
detected using the CellSearchTM system, which may be due to
the markedly different capture mechanisms used by the
2 assays.

6 | www.md-journal.com
In order to increase the capacity of invasiveness and
metastasis, epithelial tumor cells undergo EMT during hema-
togenous metastasis,35 resulting in loss of epithelial cells fea-
tures, such as reduced or no expression of EpCAM and/or CK.
CellSearchTM system cannot detect the CTCs with EMT fea-
tures as it relies on the detection of epithelial cell markers.
However, detection of CTCs using ISET technology is not
affected by this as it is based on difference of cell size. In
the present study, CTM expressing vimentin (an EMT marker)
were detected by immunofluorescence (Figure 3D). This find-
ing makes a strong case for instituting further studies using
molecular biology tools to better characterize markers of CTCs/
CTM in ESCC and to validate the relevance of EMT to the CTC
metastatic potential.

In the seventh edition of the AJCC Cancer Staging Manual
for breast cancer16 a new category, M0 (iþ) has been intro-
duced. It is marked by the presence of either disseminated tumor
cells detectable in bone marrow or presence of CTCs, or
incidental presence in other tissues, if not exceeding 0.2 mm.
In our study, there was a significant difference in CTCs detec-
tion rate (P¼ 0.026) and in the number of CTCs detected
(P¼ 0.032) in patients in I to IIIB stages and IIIC to IV stages,
respectively (Table 2). In addition, CTM were detected in the
blood samples from 2 patients, 1 each in stages IIIC and IV,
illustrating that the presence and the numbers of CTCs as well as
the presence of CTM are broadly associated with a poor
prognosis for ESCC. Following the example of breast cancer
staging, the level of CTCs/CTM may prove to be a useful

) EMT-CTM: heterogeneity was observed for CK-negative and
under �40 magnification.
complement to the staging of ESCC. However, large-scale
multicenter prospective studies are required to build up the
evidence base. At present, treatment for locally advanced

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Correlation Between the Presence of CTCs in the
Peripheral Blood of ESCC Patients and Clinicopathological
Features

Prevalence of CTCs by ISET

N¼ 61 Positive Negative P

Age, y 0.279c

Median�SD 63.5 (6.6) 61.4 (7.4)
Sex 0.409a

Male 54 19 35
Female 7 1 6

Alcohol consumption, y 0.774c

Median�SD 11.8� 14.4 13.0� 15.9
Platelet, �109/L 0.041c

Median�SD 254.7� 95.4 213.1� 59.2
N/L 0.621c

Median�SD 2.9� 2.0 3.2� 1.6
Serum CEA, ng/mL 0.216a

�3.4 15 7 8
<3.4 46 13 33

WHO PS 0.645a

0 15 5 10
1 40 12 28
2 6 3 3

Tumor location 0.849a

Upper 6 2 4
Middle 33 12 21
Lower 22 6 16

Tumor size, cm 0.566b

>5 18 6 12
3<, �5 29 11 18
�3 14 3 11

Grade of differentiation 0.086a

Well 5 2 3
Moderate 27 6 21
Poor 21 11 10
Other 8 1 7

Tumor depth 0.081a

Tis-T1 6 0 6
T2 4 0 4
T3 27 9 18
T4 24 11 13

Lymph node metastasis 1b

Yes 37 12 25
No 24 8 16

Lymphatic or venous invasion 0.858a

Positive 11 4 7
Negative 39 12 27
Unknown 11 4 7

CEA¼ carcino embryonie antigen, CTCs¼ circulating tumor cells,
ESCC¼ esophageal squamous cell carcinoma, N/L¼ the ratio of neu-
trophils to lymphocytes, WHO PS¼World Health Organization per-
formance status.

a
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esophageal cancer is still under debate, and information about

Fisher exact test.
b x2 test.
c Student t test.
CTCs/CTM in this setting may help in making decisions about
patients’ management and may also be used in the design of
future trials. There is strong evidence emanating from the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
western world, which suggests that the locally advanced cancers
be treated with neoadjuvant chemotherapy or a combined CRT,
followed by surgery.36–38 However, esophagectomy remains
the primary means of treatment in China. Unfortunately, eso-
phagectomy alone is associated with a high rate of recurrence
and poor outcomes, with low 5-year survival rates (5%–34%),3

indicating the need for other alternative treatment options.39

Apart from histological examination of the resected specimen
for evaluation of the response to neoadjuvant therapy, there is
no other reliable test. Arriving at a treatment decision, therefore,
is a challenge. In theory, CTCs reflect the true status of
progression of the tumor, and breast cancer researchers have
demonstrated that CTCs are correlated with survival and
response of the tumor to therapy.40,41 In our study, CTCs were
detected in 4 cases out of 13 patients with localized stages (IIA
or IIB), and in 16 out of 44 patients with advanced stages (III or
IV). Interestingly, CTM was found in the blood sample from a
patient with stage IIB. Unlike the other malignancies, there is a
difference in the prevalence of esophageal cancer between
eastern and western countries. For determining clinical signifi-
cance of CTCs detection on preoperative treatment decision and
monitoring of neoadjuvant therapy, more evidence from large
multicenter randomized controlled trials encompassing differ-
ent regions of the world are needed.

Earlier studies have shown that elevated baseline platelet
count associated with a poor prognosis in ESCC patients.42,43

However, it is not clear whether thrombocytosis plays a role in
the ESCC invasion and metastasis, or whether thrombocytosis
itself is implicated in tumor progression. Nonetheless, there is
some general agreement on the role of platelets in inducing
EMT44 and angiogenesis and inhibiting immune response
against tumor metastases.45,46 In this study, there was a sig-
nificant difference (P< 0.05) in baseline platelet levels between
patients with positive CTCs and patients with negative CTCs
using ISET assay (Table 3). Based on these indications, platelet
count could have a potential prognostic value in patients with
ESCC. Interestingly, there is some evidence indicating that
heparin use for treatment of thromboembolism could be linked
to improved survival of cancer patients,47–48 thus providing
another indication that prevention or treatment of thrombocy-
tosis may be beneficial in controlling the level of CTCs and
prevention metastasis and recurrence in ESCC patients.49

Further studies are needed to confirm the relationship of pre-
treatment thrombocytosis and blood-borne metastasis of ESCC,
and also to explore the potential antitumour efficacy of con-
ventional antiplatelet drugs.

In conclusion, our results showed that CellSearchTM sys-
tem that detects CTCs, which are epithelial marker positive, is
apparently not effective in detecting CTCs in ESCC patients.
The reason for low CTCs detection rate by this method needs
further investigation.
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