
7921 July 7, 2015|Volume 21|Issue 25|WJG|www.wjgnet.com

Yuan-Yuan Qiao, Da-Jin Zhang, Cheng-He Shi, Ming Xiong, 
Xiu-Hua Qu, Xiao-Hang Zhao, Center for Basic Medical 
Sciences, Navy General Hospital of Chinese PLA, Beijing 100048, 
China

Kai-Xuan Lin, Ze Zhang, Graduate School of Southern Medical 
University, Guangzhou 510515, Guangdong Province, China

Xiao-Hang Zhao, State Key Laboratory of Molecular Oncology, 
Cancer Institute and Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Beijing 100021, 
China

Author contributions: Qiao YY, Lin KX and Zhang Z per
formed the majority of the research work and wrote the 
manuscript; Xiong M and Qu XH assisted in the experiments and 
data analysis; Zhang DJ, Shi CH and Zhao XH were supervisors 
for this work; Zhao XH designed the study.

Supported by Grants from the Hightech R and D Program, 
No.  2012AA020206,  No.  2014CBA02002,  and  No. 
2013ZX10002009001004; State Key Projects for Basic Research, 
No. 2011CB910703; National Natural Science Foundation of 
China, No. 81372591 and No. 81321091; and the Center for Marine 
Medicine and Rescue of Tsinghua University of China.

Ethics approval: The study was reviewed and approved by the 
Navy General Hospital Institutional Review Board.

Informed consent statement: All study participants, or their 
legal guardian, provided informed written consent prior to study 
enrollment.

Conflict-of-interest statement: The authors declare no competing 
financial interests.

Open-Access: This article is an openaccess article which was 
selected by an inhouse editor and fully peerreviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BYNC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 

work noncommercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is noncommercial. See: http://creativecommons.org/
licenses/bync/4.0/

Correspondence to: Xiao-Hang Zhao, PhD, State Key 
Laboratory of Molecular Oncology, Cancer Institute and Hospital, 
Chinese Academy of Medical Sciences and Peking Union Medical 
College, No. 17 Panjiayuan Nanli, Beijing 100021, 
China. zhaoxh@cicams.ac.cn
Telephone: +861066951482
Fax: +861087778360

Received: December 3, 2014
Peer-review started: December 5, 2014
First decision: December 26, 2014
Revised: January 11, 2015
Accepted: February 13, 2015
Article in press: February 13, 2015
Published online: July 7, 2015

Abstract
This study investigated whether changes in circulating 
tumor cell (CTC) numbers reflect tumor progression 
and treatment efficacy in esophageal squamous cell 
carcinoma (ESCC). A 47-year-old male patient with 
ESCC is presented in this case study. The patient 
was evaluated for a series of serum tumor markers 
and subjected to radiological examinations before 
and after surgery and during follow-up over the 
course of five years. In addition, the CTCs in 7.5 
mL of peripheral blood were enriched by magnetic-
activated cell sorting negative selection and identified 
by immunofluorescence staining. Serum tumor markers 
remained within normal ranges and were discordant 
with imaging scans during the follow-up. Initially, one 
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CTC was detected in the peripheral blood sample, and 
14 were observed seven days after the operation. After 
12 wk, subcutaneous metastases and bone metastases 
occurred, and the number of CTCs increased to 84. 
After 48 wk, lung metastases were noted, and the 
CTC level was 21. At 104 wk, the number of CTCs was 
14, and disease recurrence was detected by positron 
emission tomography-computed tomography. The CTC 
counts were in accord with the imaging studies at 
several time points. The additional information provided 
by CTC enumeration could thus facilitate monitoring 
of disease status and treatment efficacy and provide 
support for treatment decisions.

Key words: Individualized treatment; Adjuvant therapy; 
Esophageal squamous cell carcinoma; Circulating tumor 
cells
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Core tip: We report a follow-up of a 47-year-old male 
patient with esophageal squamous cell carcinoma in 
this study. In addition to the conventional examination, 
a novel workflow was performed to detect circulating 
tumor cells (CTCs). We evaluated the relationship 
between CTC characteristics and other tests. The serum 
tumor markers were normal and thus did not appear 
to reflect changes in the disease, whereas the number 
of CTCs fluctuated with the disease progression and 
treatment and coincided with imaging studies performed 
during the follow-up. This case highlights CTCs as a 
useful diagnostic tool with potential applications during 
treatment.
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INTRODUCTION
Esophageal carcinoma is a common malignancy, ran
king sixth among global cancerrelated deaths and 
thus representing a serious threat to human health. 
More than 90% of malignant esophageal tumors 
are esophageal squamous cell carcinomas (ESCCs), 
and the incidence of the disease has increased in 
recent decades. Due to the lack of early symptoms 
and specific diagnostic methods, ESCC is commonly 
diagnosed at an advanced stage and therefore has 
an extremely poor prognosis, with only 20%30% 
survival at five years[1,2].

Tumor metastasis and recurrence are the major 
causes of death. Tumor lesions are mainly revealed by 
radiological examination and serum tumor markers. 
However, tumor lesions that are small in diameter are 
difficult to detect by imaging scans. Highly specific 
tumor markers are currently unavailable, especially for 
ESCC. Histopathology is the “gold standard” of tumor 
diagnosis. However, due to the limitations of specimen 
collection, realtime monitoring of tumor progression 
cannot be realized. Thus, it is critical to introduce new 
tumordetection methods into clinical practice.

Studies have shown that circulating tumor cells 
(CTCs) are closely related to tumor metastasis and can 
be useful as a “window” to monitor disease prognosis 
both initially and after therapy[3]. The number and 
phenotype of CTCs can reflect the disease progression 
in real time and guide the treatment. Furthermore, 
CTCs can be easily obtained for series detection because 
the collection method is noninvasive and causes no 
trauma to patients.

However, owing to the rarity of CTCs in peripheral 
blood, their detection requires a combination of high 
specificity and sensitivity. Several CTC detection 
methods have been developed, including magnetic
activated cell sorting (MACS), polymerase chain 
reaction, and microfluidic chips[46]. In recent years, the 
immune magnetic bead enrichment method has been 
shown to efficiently separate cells of epithelial origin 
from blood samples. Two strategies for immunological 
isolation have emerged: positive enrichment and 
negative enrichment[7]. 

The negative selection strategy involves capturing 
cells of interest by depleting unwanted cells. During 
the metastatic cascade, tumor cells undergo epithelial
mesenchymal transition (EMT) and lose epithelial 
markers; therefore, positive enrichment may overlook 
CTCs. In the present study, we explored negative 
enrichment methods for obtaining CTCs. Negative 
enrichment has been confirmed as a promising 
approach for isolating CTCs[8,9]. 

Here, we report a series study of CTCs from an 
ESCC patient and analyze the relationship between 
the CTC enumeration and other examination results. 
CTC counts appear to provide a solid basis for disease 
monitoring and individualized treatment. 

CASE REPORT
A 47yearold male patient was referred for dyspha
gia in February 2009, and an esophageal barium 
meal and computerized tomography (CT) scan de
termined the presence of esophageal carcinoma. 
The diagnosis by gastroscopy and biopsy was poorly 
differentiated squamous cell carcinoma. The tumor 
lump was completely removed by surgical resection 
with mediastinal lymph node dissection. The final 
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pathological result revealed a squamous cell carcinoma 
localized in the lower esophagus (Figure 1), 5.5 cm 
× 5.5 cm × 1.2 cm in size, with a stage classified 
as T3N2M; the carcinoma tissue invaded the entire 
esophageal wall. The patient presented lymph node 
metastases involving the paraesophageal lymph 
node (1/4), subcarinal lymph node (2/13), cardia 
lymph node (1/2), left gastric lymph node (2/5), 
and inferior pulmonary vein lymph node (1/1). He 
was treated with chemotherapy with an NP program 
(cisplatin + vinorelbine), followed by radiation therapy 
using DT4860cGy/27f/5w. After three months, when 
a metastasis was found in the bone, the patient 
received body γknife treatment using a boost dose 
in the mediastinal lymph nodes and abdominal lymph 
nodes, followed by completion of the second, third, 
and fourth cycles of chemotherapy, with the same 
treatment options as before (NP program). At 48 
wk postoperation, a metastasis in the lower lobe of 
the right lung was identified, and a localized γknife 
at 4.8 Gy was employed for 10 cycles of treatment. 
The chemotherapy plan was then switched to the GF 
program (gemcitabine + fluorouracil + leucovorin) 
for three cycles (the fifth, sixth, and seventh cycles). 
Subsequently, the patient underwent traditional 
Chinese drug therapy and exhibited a stable condition. 
The followup process was conducted with informed 
consent by the patient, and the patient cooperated 

actively.
We performed CTC detection by MACS negative 

selection[6]. After the patient signed an informed 
consent form, 7.5 mL of peripheral blood was collected 
at multiple treatment points. The blood samples were 
treated with erythrocyte lysate buffer to remove red 
blood cells, and the rest of the cells were mixed with the 
appropriate amount of magnetic beads and incubated 
for 15 min. The cell suspensions were applied to LS 
columns (Miltenyi Biotec, Bergisch Gladbach, Germany), 
and the nucleated cells were collected under a strong 
magnetic field. The slide was incubated with fluorescent 
antiCK8/18/19FITC (1:100) and antiCD45PE 
(1:1000) (Miltenyi Biotec, Bergisch Gladbach, Germany) 
and mounted with 7 μL 4’,6diamidino2phenylindole 
(DAPI); the cells were observed and counted under a 
microscope (Table 1 and Figure 2).

The Protein Chip System for Multitumor Marker 
Detection (S20010007, Huzhou Shu Kang Biological 
Technology Co., Ltd.) was used in this study. This 
protein biochip measures 12 tumor markers in the 
serum, including cancer antigen CA125, CA153, 
CA199, CA242, αfetoprotein (AFP), carcinoembryonic 
antigen (CEA), human growth hormone (HGH)‚ 
prostate specific antigen (PSA), free-prostate specific 
antigen (fPSA), βhuman chorionic gonadotropin 
(βHCG), neuronspecific enolase (NSE), and ferritin 
(FER). The serum tumor markers were evaluated with 

Figure 1  Histopathologic characterization of the esophageal squamous cell carcinoma. Hematoxylin and eosin staining of the patient’s pathological tissue slide. 
A and B: Histologic sections revealed a papillary architecture (magnification × 40); C and D: Higher-magnification views of the slides. The tissue presents structural 
disorder involving abnormal organization, heterotypic cell number, deep nuclear staining, loss of normal epithelial polar structure, and increased mitotic activity. 
Obvious tumor nests are shown in (D) (magnification × 200). 
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several replicates during the followup. The levels of 
these markers fluctuated slightly within normal ranges.

Under a fiber microscope, tissue abnormalities 
indicative of structural disorder and loss of normal 
polarization in the epithelial structure were observed. 
The cells were irregularly arranged, showing dense 
nuclear staining, a higher nucleus/cytoplasm ratio, and 
increased mitotic activity. The immunohistochemistry 
results revealed cytokeratin (CK) AE1/AE3 (+++), CK17 
(++), p63 (++), p53 (++), epidermal growth factor 
receptor (EGFR) (+), CK7/20 () and CEA () in the 
tumor cells, with a Ki67 index of approximately 70%. At 
every patient visit, CT/positron emission tomography
CT (PETCT), MRI, or a bone scan was performed at the 
physician’s discretion. 

Examination results (pre and postoperative, as 
well as five-year follow-up) were collected. The follow-
up occurred after every treatment or recurrence for 
a period of five years. The changes in CTC numbers 
were nearly consistent with the imaging results, 
thereby possibly reflecting the disease progression and 
treatment efficacy, as shown in Table 1.

DISCUSSION
Esophageal carcinoma has a poor prognosis and high 
malignancy, with 20%-30% five-year survival rate[2]. 
Effective diagnosis and treatment can prolong the 
survival of patients with malignant tumors[10]. To date, 
p53, squamous cell carcinoma (SCC), p5Ab, CEA, and 
cytokeratin 19 fragments (CYFRA211) are used for 
esophageal carcinoma, but their sensitivity is as low 
as 11%40%[11]. The patient in this study successively 
underwent CEA, AFP and other serum tumor marker 
quantitative tests initially, after therapy and treatments 
or metastases points during five years of followup. 
The test results were continuously in normal range, 
suggesting that CEA and AFP levels did not reflect 
changes in his disease status. However, the SCC and 
CYFRA211 test was not performed at our hospital, 
and we unfortunately did not obtain these data.

Imaging scans have great significance for diagnosis 
of esophageal carcinoma. Our study showed that CTC 
changes were consistent with imaging results. CTCs 
may provide additional tests for metastatic cancer to 
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Figure 2  Immunofluorescence analysis of peripheral blood circulating tumor cells collected three months postoperation. The circulating tumor cells (CTCs) 
were nucleated and elliptical or elongated, larger than 10 μm, expressed cytokeratin (CK) (CK8/18/19-fluorescein isothiocyanate staining; the epithelial-derived cells 
are stained in green), lacked CD45 (CD45-phycoerythrin-stained leukocytes are in red), and were positive for 4’,6-diamidino-2-phenylindole (DAPI) nuclear staining 
(blue-stained nuclei). Some CTCs exhibited morphologically apoptotic features. A single CTC (green) and leukocytes (red) can be observed in fields A-D. A: A CTC 
stained with anti-CK8/18-FITC (green); B: A leukocyte stained with anti-CD45-PE (red); C: DAPI-stained nuclei; D: Merged image of A-C; E-H: Clusters of tumor cells, 
CTCs are green (E), leukocytes are red (F), and nuclei are stained with DAPI (G), the merged image of E-G (H); I-K: Enlargements of the boxes above, in which 
nuclear apoptotic features can be observed in the CTCs.
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supplement the current methods[12]. CTC are used to 
predict survival in several metastatic cancers and the 
studies investigated that increased number of CTCs 
suggested a high risk of disease progression and a 
poor prognosis[1318].

However, few studies have yet reported CTCs in 
ESCC patients. In a study of certain digestive tumors, 
the presence of two or more CTCs was significantly 
correlated with peritoneal dissemination of gastric 
or colorectal cancer and pleural dissemination of 
esophageal cancer[19]. We used negative selection 
method to obtain CTCs and analyzd by immunocy
tochemistry. In Figure 2, CTCs were nucleated and elliptical 
or elongated with a singular or clustered appearance 
and larger than 10 μm, expressed cytokeratin, lacked 

CD45, and were positive for DAPI staining. Some CTCs 
exhibited morphologically apoptotic features due to 
chemotherapy or radiotherapy.

Our group’s previous studies found CTCs (using a 
cutoff value of 5) to be a significant prognostic factor. 
The results were confirmed in this case study (Table 
1). Initially, one CTC was detected in the peripheral 
blood of the patient. The Multitumor Marker Detection 
was normal. Seven days after surgery, 14 CTCs 
presented. Two possible reasons were considered: 
first, the patient had lymph node metastases, and 
because some of the lymph nodes were around the 
gastric artery, they could not be excised completely; 
second, the operation procedure may promote tumor 
micrometastases. One study reported that CTCs 

Code Time Number of 
CTCs/7.5 mL

Results of the imaging 
study

Serum tumor marker levels Disease progression Treatment

Pre Preoperative 2 
d 

  1 CT revealed wall 
thickening of the mid-
lower esophagus, with 

a high likelihood of 
esophageal carcinoma

Normal levels of CA125, CA15-3, 
CA19-9, CA242, AFP, CEA, HGH‚ 
PSA, f-PSA, β-HCG, NSE and FER

Preoperative 
diagnosis of poorly 

differentiated 
squamous cell 

carcinoma

Surgical treatment

Post 1 Postoperative 
1 wk

14 CEA 2.4 ng/mL; AFP 1.7 ng/mL Tumor resection, 
lymph node 
dissection

Postoperative chemotherapy 
started

Post 2 Postoperative 
12 wk

84 Bone imaging revealed 
an abnormal increase in 
salt metabolism in the 

10th left front rib

Normal levels of CA125, CA15-3, 
CA19-9, CA242, AFP, CEA, HGH‚ 
PSA, f-PSA, β-HCG, NSE and FER

Subcutaneous 
metastasis and 
bone metastasis

Treatment by a systemic 
γ-knife with a boost dose and 

chemotherapy

Post 3 Postoperative 
48 wk

21 CT revealed occupying 
nodules in the lower 
right lobe, suggesting 

metastatic cancer

CEA 2.0 ng/mL; AFP 1.5 ng/mL Right lung 
metastasis

Treatment with a localized 
γ-knife and chemotherapy

Post 4 Postoperative 
55 wk

15 CEA 2.2 ng/mL; AFP 1.2 ng/mL Stable condition Systemic chemotherapy

Post 5 Postoperative 
104 wk

41 PET-CT revealed a high 
density of radionuclide 

in the esophageal 
residue, suggesting 
disease recurrence

Normal levels of CA125, CA15-3, 
CA19-9, CA242, AFP, CEA, HGH‚ 
PSA, f-PSA, β-HCG, NSE and FER

Recurrence Systemic chemotherapy

Post 6 Postoperative 
117 wk

14 CEA 2.1 ng/mL Disease in 
progression

Chemotherapy with Chinese 
medicine

Post 7 Postoperative 
178 wk

14 CEA 2.4 ng/mL Disease in 
progression

Chemotherapy with Chinese 
medicine

Post 8 Postoperative 
186 wk

  5 CEA 0.5 ng/mL Condition 
improved

Chinese medicine

Post 9 Postoperative 
196 wk

  3 Stable condition Adjuvant treatment with 
traditional Chinese medicine

Post 10 Postoperative 
207 wk

  0 Stable condition Adjuvant treatment with 
traditional Chinese medicine

Post 11 Postoperative 
222 wk

  1 Stable condition Adjuvant treatment with 
traditional Chinese medicine

Post 12 Postoperative 
238 wk

1 (suspicious) Normal levels of CA125, CA15-3, 
CA19-9, CA242, AFP, CEA, HGH‚ 
PSA, f-PSA, β-HCG, NSE and FER

Stable condition Adjuvant treatment with 
traditional Chinese medicine

Post 13 Postoperative 
262 wk

  0 Stable condition Adjuvant treatment with 
traditional Chinese medicine

Post 14 Postoperative 
300 wk

  0 Stable condition Adjuvant treatment with 
traditional Chinese medicine

CTCs: Circulating tumor cells; AFP: α-fetoprotein; CEA: Carcinoembryonic antigen; NSE: Neuron-specific enolase; FER: Ferritin; HGH: Human growth 
hormone; β-HCG: β-human chorionic gonadotropin; f-PSA: Free-prostate specific antigen; CT: Computed tomography.
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number in breast cancer patients was increased by 
85% during the third to fourth postoperative days 
and may even rise to 1000 times the original level 
in some cases[20]. CEA and AFP were normal at this 
time point, 2.4 ng/mL and 1.7 ng/mL, respectively. 
The immunohistochemistry revealed cytokeratin 
(CK) AE1/AE3 (+++), CK17 (++), p63 (++), p53 
(++), EGFR(+), CK7/20 (), and CEA () in the tumor 
cells, with a Ki67 index of approximately 70%. These 
indicated that the tumor cells were cytokeratinpositive 
and actively proliferating and confirmed that we could 
obtain CTCs based on cytokeratin markers. After 
chemotherapy, three months (12 wk) postoperation, 
bone and subcutaneous metastases were found 
through imaging, and CTCs rose to 84 per 7.5 mL of 
peripheral blood.CEA and AFP remained within normal 
ranges. After an initial response, three additional rounds 
of chemotherapy were performed. After one year (48 
wk, a lung metastasis was found by CT scan, and 
the number of CTCs was 21 per 7.5 mL of peripheral 
blood. CEA and AFP were still normal. Concurrently, the 
patient attempted to use traditional Chinese medicine 
(TCM) in addition to the chemotherapy. One part of the 
medicine was Astragalus. Many studies have shown 
that Astragalus membranaceus polysaccharide can 
promote antitumor activity via improving the immune 
responses of the host organism[21].

After 104 wk, a PETCT examination revealed a 
relapse, and CTCs was increased to 41 per 7.5 mL, 

concordant with the PETCT results. After integrative 
antitumor therapy with TCM, the patient was stable. 
CTCs after 186 wk decreased to three from 14 at 
117 wk, and the patient had no abnormalities by 
radiographic examination. The patient is currently in 
a stable condition. The CTC counts and the treatment 
and test results are summarized in Figure 3. The 
CTCs were increased postoperatively, and the CTC 
concentration was maintained at a high level after 
radiotherapy and chemotherapy. Bone and lung 
metastasis relapses occurred during this period. With 
the integrative therapy, the CTC number dropped, 
and the patient attained a stable status. During 
the followup, CTC enumeration could effectively 
complement imaging studies, especially for patients 
with normal serum markers. CTC also indirectly 
reflects the reactivity of the metastatic cancer cells to 
a chemotherapeutic drug[22]. Most importantly, the CTC 
test is noninvasive and allows successive detection of 
CTCs to monitor tumor metastasis or recurrence. As a 
realtime dynamic screening method, CTC technology 
will be greatly improved and widely applied in cancer 
diagnosis and treatment.

COMMENTS 
Case characteristics
A 47-year-old male patient was referred for dysphagia in February 2009. An 
esophageal barium meal and computerized tomography (CT) scan determined 

Figure 3  Integrated schema of therapy, biomarkers, and assessments performed. The various assessments applied during the treatment in this case study 
are displayed. Boxes representing the duration of treatment are presented at the top of the graph. The names of the therapeutic regimens are shown in the boxes. 
Changes in circulating tumor cell (CTC) numbers occurred during the different treatments. The carcinoembryonic antigen (CEA) and α-fetoprotein (AFP) markers 
maintained low or normal values. NP: Cisplatin + vinorelbine; GF: Gemcitabine + leucovorin calcium + fluorouracil; TCM: Traditional Chinese medicine; PD: 
Progressive disease; PR: Partial response; CR: Complete response; RE: Recurrence.

CTCs/7.5 mL

CEA (ng/mL)

AFP (ng/mL)

CT
C 

co
nc

en
tr

at
io

n 
(C

TC
/7

.5
 m

L)

Be
for

e s
ur

ge
ry

30
0 W

26
2 W

23
8 W

22
2 W

20
7 W

19
6 W

11
7 W

10
4 W55

 W
48

 W
12

 W1 W
17

8 W
18

6 W

90

80

70

60

50

40

30

20

10

0

3

2.5

2

1.5

1

0.5

CE
A/

AF
P 

co
nc

en
tr

at
io

n 
(n

g/
m

L)

NP + γ GF + γ TCMGF + TCM

PD              PD       PR        RE                       CR

 COMMENTS

Qiao YY et al . Monitoring circulating tumor cells and disease



7927 July 7, 2015|Volume 21|Issue 25|WJG|www.wjgnet.com

the presence of esophageal carcinoma.
Clinical diagnosis
The patient was diagnosed with poorly differentiated squamous cell carcinoma 
by imaging and biopsy. The authors conducted a 5 year follow-up of patients, to 
evaluate the therapeutic effect and disease progression.
Differential diagnosis
Serum tumor markers, imaging and circulating tumor cells (CTCs) detection 
were used to monitor disease tumor progression and treatment efficacy of the 
patient.
Laboratory diagnosis
Serum tumor markers of the patient maintained among normal range. The 
number of circulating tumor cells in patients fluctuated with the disease and 
treatment response and coincident with the imaging diagnosis. 
Imaging diagnosis
For this cases, CT scan and esophageal barium meal showed squamous cell 
carcinoma in the in the lower esophagus. Twelve weeks after operation, the 
patient performed Bone imaging.
Pathological diagnosis
The immunohistochemistry results revealed cytokeratin (CK) AE1/AE3 (+++), 
CK17 (++), p63 (++), p53 (++), epidermal growth factor receptor (+), CK7/20 
(-), and carcinoembryonic antigen (-) in the tumor cells, with a Ki67 index of 
approximately 70%. 
Treatment
The patient received tumor resection and lymph node dissection. Further 
treatments including radiotherapy, chemotherapy and traditional Chinese 
medicine were performed.
Related reports
Very few cases of circulating tumor cells in esophageal squamous cell 
carcinoma (ESCC) patients have been reported in the literature. 
Experiences and lessons
CTCs detections of the ESCC patient were reported in this case and analyzed 
the consistence with the disease progression. With more researches, CTCs 
are expected to provide support to monitor the disease status and treatment 
efficacy. 
Peer-review
This manuscript is overall interesting, but some revision is needed.
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