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Introduction

CRC has been ranked as the fourth most common 
malignancies among women and the fifth among men in 
China (1). Radical resection is now the standard treatment 
for CRC patients, and adjuvant chemotherapy is alternative 
depending on pathologic Tumor Node Metastasis (TNM) 
stage.

It is well acknowledged that adjuvant chemotherapy 

provides no benefit in stage I CRC patients, and a minimal 
benefit in stage II CRC patients. However, even after 
undergoing radical surgery, approximately 10% of stage I 
and 20% of stage II CRC patients still suffer recurrence or 
metastasis within 5 years (2). Considering “overtreatment” 
in major patients and “undertreatment” in a small subgroup 
of patients, the use of adjuvant chemotherapy in stage II 
CRC patients remains controversial (2). Meanwhile, the 
role of traditional clinicopathologic factors in selecting 
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these patients is quite limited (3). Thus, there is an urgent 
need to identify an effective marker for selecting patients 
with additional treatment.

Circulating tumor cells (CTCs), broadly defined as 
tumor- or metastasis-derived cells, have been used for 
prognostic prediction and treatment evaluation. In high-
risk CRC patients, those with positive CTCs following 
completion of adjuvant chemotherapy develop a higher 
relapse rate (4,5). Such CTCs are responsible for disease 
relapse in these patients. Moreover, CTCs in peripheral 
blood at the time of diagnosis or after resection of the 
primary tumor may identify those early-stage patients who 
are at risk of developing recurrent or metastatic disease and 
who would benefit from adjuvant therapy (6). However, 
the utility of CTCs in selecting early-patients for adjuvant 
chemotherapy remains controversial.

In this study, we collected blood samples from 73 stage 
II CRC patients, and detected CTCs using a negative 
enrichment and immune-fluorescence in situ hybridization 
(imFISH) staining method, aiming to clarify the utility 
of CTCs in stage II CRC patients treated with curative 
surgery.

Methods

Patients

From March 2015 to December 2017, a total of 73 
consecutive stage II CRC patients were enrolled in this 
study, and all patients underwent curative surgery at Beijing 
Friendship Hospital. The diagnosis of CRC was confirmed 
by endoscopic biopsy and followed by pathology in all 
patients. The TNM stage of primary tumor was confirmed 
by post-operative pathologic examination of the resected 
primary tumor according to National Comprehensive 
Cancer Network (NCCN) guidelines (Version I, 2018) (7).  
Patients with other malignant disease in their medical 
history were excluded.

Patients were followed up every 3 months for the first 2 
years and every 6 months thereafter. The median follow-
up time was 22.1 (range 3.5–35.9) months. Postoperative 
surveillance was carried out every 3 months, including 
medical history, physical examination, and laboratory 
studies.  Abdominal ultrasonography or computed 
tomography was performed every 6 months, and chest 
radiography and total colonoscopy were conducted once 
a year. The recurrence free survival (RFS) was defined as 
the period from surgery to recurrence or metastasis. The 

study design was approved by the Ethical Committee of 
the Beijing Friendship Hospital (Ethics number: BJFH-
EC/2014-086). All patients had signed informed consent 
before enrollment.

CTCs detection

7.5 mL of peripheral blood sample was collected on the 7th 
postoperative day via BD Vacutainer Glass Blood Collection 
Tubes with Acid Citrate Dextrose (Becton, Dickinson and 
Company, Franklin Lakes, NJ, USA). In order to avoid 
contamination of epithelial cells, all samples were collected 
after discarding the first 2 mL of blood. The blood samples 
were centrifuged at 650 ×g at room temperature, the upper 
serum layer was discarded, and the remaining cells were 
resuspended in a lysis buffer solution. After 8 min of vertical 
mixing (20 rpm) that facilitated lysis of red blood cells, the 
samples were subjected to centrifugation at 650 ×g at room 
temperature, and the residual cell pellets were resuspended 
in phosphate buffer solution. Then, the solutions were 
subsequently incubated with anti-CD45 monoclonal 
antibody-coated magnetic beads for 30 min, followed by 
the separation of magnetic beads using a magnetic stand 
(Promega, Madison, WI, USA). Afterwards, the samples 
were centrifuged at 800 ×g for 3 min. Cell pellets were 
spotted on glass slides, and then imFISH staining was 
carried out (Figure 1).

The enriched CTCs were subjected to imFISH 
analysis, which was performed using centromere DNA 
probes of chromosome 7 (green) and 8 (orange) (Abbott 
Molecular Diagnostics, Des Plaines, IL, USA). The 
immunofluorescence assay was carried out with anti-
CD45 (red). The glass slides were washed three times 
with Tris-buffered saline before mounting. Cells were 
mounted with mounting medium containing the nuclear 
dye 4’,6-diamidino-2-phenylindole (DAPI) and then 
visualized under a fluorescence microscope. Evaluation 
criteria for CTCs identification included both chromosome 
enumeration probe (CEP) 7/8 ≥3 and CD45 negative 
staining pattern overlying the DAPI staining of the 
nucleus. CTC counts of 2 or more were considered positive  
(Figure 2).

Statistical analysis

Data analysis was conducted using SPSS version 20.0 
statistical software (IBM, Armonk, NY, USA). Numerical 
data were directly recorded, and categorical data were 
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Figure 1 Flow chart of CTCs enrichment and identification. CTC, circulating tumor cell.
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recorded in different categories. The Kaplan-Meier survival 
estimates were used for survival analysis, and the log rank 
test was used for comparing between strata. The correlation 
between level of CTCs and major clinicopathological 
characteristics was examined using Pearson’s χ2 test. A two-
sided P<0.05 was considered as statistically significant.

Results

Major clinical-pathologic characteristics

Seventy-three patients were enrolled in the study. Table 1 
shows the details of major clinical-pathologic characteristics 
of these patients.

Results of CTCs detection

The median number of CTCs was 2 (range 0–9) in 73 
patients. The positive rate of overall CTCs was 65.8% 
(48/73). That of recurrent patients versus no recurrent 

patients was 87.5% (14/16) versus 59.6% (34/57). 
The difference was statistically significant (P=0.038). 
Quantitatively, the mean number of CTCs was 3.69 
in recurrence group and 2.46 in no recurrence group. 
Moreover, correlation analysis showed that the major 
clinicopathological parameters had no significant 
correlation with the level of post-operative CTCs, except 
for recurrence (Table 2).

RFS analysis

The median follow-up time was 22.1 (range 3.5–35.9) 
months. The mean RFS was 30.6 months [95% confident 
interval (CI): 28.3–32.9 months] for all 73 patients. The 
mean RFS of CTC-positive and -negative group were 
28.7 (95% CI: 25.7–31.7) months and 34.0 (95% CI: 31.5– 
36.5) months (P=0.043) (Figure 3A).

According to CTCs detecting results and post-operative 
adjuvant chemotherapy, patients were divided into four 
subgroups, marked as CTC+CHEMO+, CTC-CHEMO+, 
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Figure 2 Identification of CTCs by imFISH staining. (A) DAPI: blue; (B) CD45: red; (C) CEP8: orange; (D) merged image. The cell 
was considered as a CTC, when it was CD45 negative and CEP8 with hyperdiploid. CTC, circulating tumor cell; imFISH, immune-
fluorescence in situ hybridization.
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CTC+CHEMO-, and CTC-CHEMO-. The mean RFS of 
CTC+CHEMO+ and CTC-CHEMO+ were not reached. 
The mean RFS of CTC+CHEMO- and CTC-CHEMO- 
were 27.7 (95% CI: 24.4–31.1) months and 33.4 (95% CI: 
30.3–36.5) months. Log rank test showed a P value of 0.053 
(Figure 3B).

Discussion

Administration of adjuvant chemotherapy in major stage 
II CRC patients is regarded as “overtreatment”, even 
though about 20% of these patients will suffer recurrence 
or metastasis within 5 years. This study found that stage II 
CRC patients with negative CTCs had a significant longer 

RFS than those with positive CTCs. Moreover, adjuvant 
chemotherapy could erase this RFS difference. These 
results indicated that CTCs could be used as an effective 
prognostic marker for selecting stage II CRC patients for 
adjuvant chemotherapy.

It is not recommended for routine use of adjuvant 
chemotherapy in stage II CRC patients, due to that only 
a small subgroup of patients benefit from it, whereas 
for others, there is harm, a worse quality of life, and no 
net benefit (8,9). However, it is considered reasonable 
for administration of adjuvant chemotherapy in selected 
patients with high risk disease, despite lacking direct 
evidence. As of now, no certain clinicopathologic 
characteristics or other factors have been identified as 
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predictive markers for adjuvant chemotherapy in stage II 
CRC patients. Literature reviews showed that T4 lesion, 
perforation, and poorly differentiated histology might be 
considered as candidates for adjuvant chemotherapy, but 
there were still no adequate evidence (9). In fact, we found 
that these three characteristics had no significant influence 
on RFS in stage II CRC patients. Moreover, patients with 
negative post-operative CTCs detection had a significant 
longer RFS than those with positive CTCs.

CTCs or tumor-derived biomarkers detection from 
biological fluids of cancer patients were recognized as “liquid 
biopsy” in solid tumors (10). Liquid biopsy has several 
advantages compared with tissue biopsy, such as low invasive 
procedure, fast turnaround time and the ability to provide 
a more comprehensive molecular portrait of the disease as 
compared with the analysis of a small fragment of a single 
tumor lesion (3). Liquid biopsy has been more and more 
commonly studied and used in the clinical management 
of CRC patients, involving early diagnosis and prognostic 
assessment in early CRC, identification of prognostic and 
predictive markers in advanced CRC, and monitoring 
response to therapy and clonal evolution of the disease (3).

CTCs test in early stage CRC relied more sensitive and 
specific detecting methods. Recently, detecting methods 
based on analyzing cell-free DNA were widely used in early 
stage CRC. Moreover, a new negative enrichment and 
imFISH technique was used to detect CTCs in a variety 
of cancers, such as colorectal cancer (CRC) (11-13), breast 
cancer (13,14), lung cancer (13,14) and prostate cancer (13). 
The cut-off of two or more CTCs/7.5 ml was chosen to 
define as positive (11-14). This method had more effective 
enrichment, higher sensitivity and better specificity, 
compared to the traditional method based on epithelial cell 
adhesion molecule (EpCAM) enrichment. In addition, the 
timing of sampling was also important. Wang et al. reported 
that surgery affected the number of detected CTCs, 
and CTCs had no prognostic significance in the early 
postoperative until 7 days after surgery (15). Therefore, 
we chose to take peripheral blood samples on the 7th 
postoperative day. Our study showed that the positive 
rate of CTCs was 65.8%, and the level of CTCs was only 
significantly related to recurrence and had no correlation 
to other clinic-pathological characteristics. These results 
were not consistent with the results in metastatic CRCs (16), 

Table 1 Major clinicopathological characteristics of 73 patients

Characteristics Value, n (%)

Median age (yr, range) 64.3 [29–85]

Gender

Female 40 (54.8)

Male 33 (45.2)

Differentiation

Well differentiation adenocarcinoma 3 (4.1)

Moderate differentiation adenocarcinoma 66 (90.4)

Poor differentiation adenocarcinoma 4 (5.5)

Primary tumor location

Ascending colon 14 (19.2)

Transverse colon 4 (5.5)

Descending colon 6 (8.2)

Sigmoid colon 29 (39.7)

Rectum 20 (27.4)

Tumor type 

Ulcerative 54 (74.0)

Protrude 19 (26.0)

Surgical approach

Laparoscopic 43 (58.9)

Open 21 (28.8)

Converted 9 (12.3)

Recurrence

No 57 (78.1)

Yes 16 (21.9)

Adjuvant chemotherapy

No 59 (80.8)

Yes 14 (19.2)

T stage

T3 67 (91.8)

T4 6 (8.2)

Perivascular invasion

No 54 (74.0)

Yes 19 (26.0)
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Table 2 Correlation between CTCs detection results and major clinicopathological characteristics

Characteristics
Value, n

P value
CTCs <2 CTCs ≥2

Gender 0.068

Female 10 30

Male 15 18

Differentiation 0.606

Well differentiation adenocarcinoma 1 2

Moderate differentiation adenocarcinoma 22 44

Poor differentiation adenocarcinoma 2 2

Primary tumor location 0.052

Ascending colon 2 12

Transverse colon 1 3

Descending colon 2 4

Sigmoid colon 11 18

Rectum 9 11

Tumor type 0.408

Ulcerative 17 37

Protrude type 8 11

Surgical approach 0.825

Laparoscopic 15 28

Open 6 15

Converted 4 5

Recurrence 0.038*

No 23 34

Yes 2 14

Adjuvant chemotherapy 0.899

No 20 39

Yes 5 9

T stage 0.350

T3 24 43

T4 1 5

Perivascular invasion 0.779

No 19 35

Yes 6 13

*, P<0.05. CTC, circulating tumor cell. 
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Figure 3 RFS analysis depending on post-operative CTCs (A) and both CTCs and adjuvant chemotherapy (B). RFS, recurrence free 
survival; CTC, circulating tumor cell.

suggesting that CTCs may be an independent prognostic 
factor in early stage II CRC patients. However, we still need 
more direct evidence to confirm the utility of CTCs in early 
stage CRC.

According to published literatures, the recurrent rate of 
stage II CRC patients received radical treatment ranged 
from 10% to 30% (17,18). In this study, the recurrence 
rate was 21.9% (16/73), which was similar to the previous 
results. The level of CTCs also showed significant 
difference between patients experienced recurrence 
and those with no recurrence. Moreover, the patients 
with positive CTCs had a significant shorter RFS than 
the negative ones. As QUASAR trial showed, adjuvant 
chemotherapy could improve survival of patients with stage 
II CRC (19). In our study, 9 of 48 CTC-positive patients 
received adjuvant chemotherapy and had no recurrence. 
The remaining 39 patients with positive CTCs did not 
receive chemotherapy, and 14 patients had recurrence. The 
difference was nearly significant with a P value of 0.053, it 
might be interpreted as the insufficient follow-up and few 
recurrence events.

The present study had some limitations. Firstly, the 
sample size of this study was small. Secondly, the follow-
up time was short, and the positive events were not enough. 
We had to replace median RFS with mean RFS, which 
reduced the power of evidence. Moreover, we failed to 
perform multivariate analyze due to too many censored 
data. Therefore, these findings in this study required more 
confirmations from higher levels of evidence. Nonetheless, 
these potential limitations do not invalidate our findings 
that are descriptions of the important utility of CTCs.

In conclusion, our study indicates that the level of CTCs 
could be used as a prognostic factor to predict RFS in stage 

II CRC patients, and has utility as a biomarker for the 
selection of patients for adjuvant chemotherapy.
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