
O R I G I N A L  R E S E A R C H

Detection and Clinical Value of Circulating Tumor 
Cells as an Assisted Prognostic Marker in 
Colorectal Cancer Patients

Rui-Jun Pan1–3 

Hi-Ju Hong1,2 

Jing Sun1,2 

Chao-Ran Yu1,2 

Hai-Shan Liu1,2 

Pei-Yong Li3,* 
Min-Hua Zheng1,2,*
1Department of General Surgery, Ruijin 
Hospital, Shanghai Jiao Tong University 
School of Medicine, Shanghai, 200025, 
People’s Republic of China; 2Shanghai 
Minimally Invasive Surgery Center, Ruijin 
Hospital, Shanghai Jiao Tong University 
School of Medicine, Shanghai, 200025, 
People’s Republic of China; 3Department 
of Nuclear Medicine, Ruijin Hospital, 
Shanghai Jiao Tong University School of 
Medicine, Shanghai, 200025, People’s 
Republic of China  

*These authors contributed equally to 
this work  

Background: Circulating tumor cells (CTCs) are cells that have been shed into the 
vasculature from a primary tumor and circulate in the bloodstream. It has been suggested 
that detecting CTCs could help the clinician to detect early metastasis or recurrence more 
effectively. This trial sets out to assess the detection and clinical value of CTCs as an assisted 
prognostic marker in patients with colon cancer and rectal cancer.
Methods: A prospective cohort of patients with colorectal cancer (CRC) was enrolled 
from July 2015 to February 2018 in Shanghai Minimally Invasive Surgery Center, 
Shanghai, China. In this study, 149 patients with CRC were enrolled and underwent 
surgical treatment. There were 79 cases of colon cancer and 70 cases of rectal cancer, 
including 93 males and 56 females. To investigate the correlativity and clinical value of 
CTCs, the patients were statistically analyzed in different subgroups: colon cancer group 
vs rectal cancer group, and left hemicolon cancer group vs right hemicolon cancer group.
Results: The results of analysis comparing CTC counts and clinical pathological features 
in colon and rectal cancer indicated that with increased tumor stage, the number of CTCs 
also increased, with significant statistical differences. CTC counts in patients with colon 
and rectal cancer showed positive correlations with TNM staging (P=0.001, 0.013, 
respectively), T staging (P=0.021, 0.001), N staging (P=0.014, 0.035) and M staging 
(P=0.018, 0.203). Detection of serum biomarkers in CTC-positive and CTC-negative 
groups indicated a significantly increasing expression in the CTC-positive group. To 
confirm the correlations between CTCs and histoembryological differences, analysis 
was conducted with the patients in two subgroups: left hemicolon cancer group and 
right hemicolon cancer group. The results showed that the positive rate of CTCs 
increased in both groups with the increase in tumor stage. The survival analysis indicated 
that there was a steep gradient in survival in the follow-up period, particularly in the 
CTC-positive group (P=0.000). Risk assessment curves showed that the change escalated 
more rapidly in the CTC-positive group. Furthermore, with the increase in T stage, 
changes in the survival curve and risk curve escalated more rapidly in the CTC- 
positive group.
Conclusion: It was confirmed that in the left hemicolon cancer group, a much higher 
coincidence rate could be found on CTC-positive rate and clinicopathological features, 
than in the right hemicolon cancer group. The sensitivity of CTCs may be related to the 
histoembryological location of the tumor, lymphatic metastasis and the depth of infil-
tration. Monitoring CTCs may have value in evaluating clinical staging and estimating 
clinical prognosis.
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Introduction
Colorectal cancer (CRC) is one of the most common 
malignant tumors in the digestive system. With the wester-
nization of the diet, China is witnessing rising rates of 
morbidity and mortality due to CRC.1 Surgical treatment 
combined with radiochemotherapy is considered the most 
effective chemotherapeutic treatment of CRC according to 
the guidelines of the National Comprehensive Cancer 
Network (NCCN), European Society for Medical 
Oncology (ESMO) Consensus Guidelines and Chinese 
Society of Clinical Oncology (CSCO).2–4 This treatment 
strategy shows good curative effect in cases with advanced 
stage tumors.

However, in recent years, with the popularization of 
community-based cancer screening programs, the diag-
nostic rate of early CRC has increased, but it is still 
lower than in some developed countries, such as Japan 
and European countries.1,5 With the popularization of 
colonoscopy, the rate of early diagnosis of CRC has 
increased greatly. However, we cannot deny that most 
people are usually reluctant to undergo invasive examina-
tions, especially in China. Several tumor markers, for 
example, CEA, CA125, CA199 and CA724, are included 
in community-based cancer screening programs.6–8 It has 
been reported, however, that not all cases with CRC have 
elevated tumor indices. This is because the specificity and 
sensitivity of these tumor markers are not high enough for 
the precise detection of CRC, leading to low rates of 
detection and diagnosis. Circulating tumor cells (CTCs) 
are cells that have been shed into the vasculature from 
a primary tumor and circulate in the bloodstream, and it 
has been suggested that detecting CTCs would help 
clinicians to detect early metastasis or recurrence more 
effectively. It has been reported that metastasis of early 
gastric cancer is caused by CTCs,9 and researchers have 
reported positive rates of CTC in patients with gastric 
cancer of 44.8%, 25%, 57.4% and 70% in stages I, II, III 
and IV.10,11 In the case of colon cancer, the follow-up 
results showed that the positive rate of CTCs in the post-
operative 24 hours is closely related to the overall survival 
(OS) and disease-free survival (DFS). These results show 
that CTCs could be an effective prognostic marker for 
early diagnosis, outcome evaluation and guidance for 
comprehensive treatment. However, researchcorrelativity 
between CTCs in CRC and clinicopathological 
features are still lacking, especially in Chinese 
populations.

Therefore, in order to enable a precise diagnosis of 
CRC and predict the high-risk patients more 
effectively,12–14 a cohort study was performed in the 
patients with CRC in our center to enable the clinical 
evaluation of CTCs.15,16

Methods
Patient Enrollment
A prospective cohort of CRC patients was enrolled from 
July 2015 to February 2018 in Shanghai Minimally 
Invasive Surgery Center, Shanghai, China, for this study.

The study was approved by the institutional research 
ethics committee of Shanghai Ruijin Hospital, and all the 
patients agreed and signed the medical informed consent 
form. This study was conducted in accordance with the 
Declaration of Helsinki.

Inclusion Criteria
1) Age ≥18 years; 2) pathological diagnosis of CRC by 
colonoscopic biopsy; 3) clinical or radiological evidence 
of stage I–III disease (according to the 2016 revision of the 
International Union Against Cancer primary tumor, regio-
nal nodes, metastasis [TNM] staging system), and stage IV 
in CRC patients; ESMO group 0 cases were enrolled after 
clinical evaluation for clearly resectable liver and/or lung 
disease;17,18 3) non-emergency operation; 4) no neoadju-
vant chemotherapy; 5) absence of multiple primary 
tumors; 6) signed medical informed consent.

Exclusion Criteria
1) Emergency operation (perforation, hemorrhage, com-
plete obstruction); 2) ESMO group 1–3 stage IV 
patients;17,18 3) suffered from a serious medical condition 
(heart, lung, liver and kidney disease) and could not toler-
ate laparoscopic surgery; 4) rejection of formal postopera-
tive treatment; 5) refused informed consent.

Exit Criteria
1) Participants quit the study voluntarily for various rea-
sons; 2) participants, principal investigator, ethics commit-
tee, project leader or governor of the state food and 
administration consider terminating the study because of 
serious related adverse events; 3) clinicians consider ter-
minating the study from a medical standpoint; 4) sponsors 
consider terminating the study because the investigator has 
not executed the trial; 5) participants deviate from the 
protocol; 6) participants do not fully or properly 
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understand the information related to the trial; 7) other 
specific reasons require termination of the trial.

Treatment and Follow-Up
In this study, all patients with colon cancer and rectal cancer 
had undergone surgical treatment in Shanghai Minimally 
Invasive Surgery Center. Among them, stage III and high- 
risk stage II patients (ie, with incomplete obstruction, per-
foration, positive surgical margin, vascular cancer embolus, 
nerve infiltration, harvested lymph-node counts less than 12 
and poorly differentiated carcinoma) accepted adjuvant che-
motherapy (mFolfox6 or CapeOX) for 6 months. Stage IV 
patients and patients diagnosed with PD during the follow- 
up were arranged to undergo a tumor board discussion and 
an individualized treatment strategy was determined accord-
ing to CSCO guidelines. Participants were followed up until 
death or July 30th, 2018.

Detection of CTCs
The detailed protocols for CTC detection were performed 
as previously described.17 In brief, blood samples were 
harvested preoperatively for CTC detection. The samples 
were centrifuged (1500 rpm), then the upper clear super-
natant was discarded and incubated with 30 µL of 
immuno nano-magnetic spheres for 30 minutes 
(Magnetic nanoparticles, ShengNa Industrial Limited 
Company, Shanghai, China; BaiHuiKang Biotechnology 
Co. Shanghai, China). Cells enriched by magnetic isola-
tion were stained by adding 2 μL of diamidino- 
phenylindole(DAPI), 10 μL of CK-19-FITC and 10 μL 
of CD45 (DAPI, BiYunTian Biotechnology Co., China; 
Anti-CK-19, phycoerythrin (PE), Johnson & Johnson 
Medical Veridex Company, USA; Anti-CD-45-PE, 
Becton, Dickinson and Company, USA). Observation of 
CTCs was carried out after air-drying; the pictures with 
fluorescence staining were captured under a fluorescence 
microscope (Olympus B*61, USA) for the identification 
and counting of CTCs.

Typical Criteria of CTCs
The results with lower counts (≤3 per 7.5 mL of peripheral 
blood) of CTCs or no CTCs found in peripheral blood 
were defined as the negative group (CTC−).

The results with high-level counts (˃3 per 7.5 mL of 
peripheral blood) of CTCs, which means there may be 
a higher risk of recurrence and metastasis, were defined 
as the positive group (CTC+).

Statistical Methods
SPSS 17.0 software was used for data analysis. Enumeration 
data were compared by using independent sample Kruskal- 
Wallis identification exact probability method . Statistical 
significance was considered with P<0.05. Kaplan–Meier 
estimation was used to describe the survival function and 
the risk function.

Results
Patient Demographic Data
In this study, 149 patients with CRC were enrolled and 
underwent surgical treatment in Shanghai Minimally 
Invasive Surgery Center from July 2015 to December 2018 
(Table 1). No patients were lost during the follow-up. The 
average follow-up time was 23.59±5.18 months. There were 
79 cases of colon cancer and 70 cases of rectal cancer, 
including 93 males and 56 females. The average age was 
63.19±11.80 years and the average body mass index (BMI) 
was 22.61±3.38 kg/m2. In the colon cancer group, the aver-
age age was 63.38±11.74 years and the average BMI was 
22.58±3.50 kg/m2; in the rectal cancer group, the average 
age was 62.97±11.94 years and the average BMI was 22.64 
±3.26 kg/m2. According to the UICC/AJCC TNM classifi-
cation, there were 42 cases with stage I, 35 cases with stage 
II, 58 cases with stage III and 14 cases with stage IV disease. 
In the colon cancer group, there were 23 cases with stage I, 
20 cases with stage II, 26 cases with stage III and 10 cases 
with stage IV; in the rectal cancer group, there were 19 cases 
with stage I, 15 cases with stage II, 32 cases with stage III 
and four cases with stage IV. The results showed that the 

Table 1 Preoperative Demographic Information and Pathological 
Features

Total 
(n=149)

Colon 
Cancer 
(n=79)

Rectal 
Cancer 
(n=70)

Age (years) 63.19±11.80 63.38±11.74 62.97±11.94

Gender (M/F) 93/56 46/33 47/23
BMI (kg/m2) 22.61±3.38 22.58±3.50 22.64±3.26

Stage I 42 23 19
Stage II 35 20 15

Stage III 58 26 32

Stage IV 14 10 4

CEA (ng/mL) 13.33±33.90 17.43±39.45 8.72±25.77

AFP (ng/mL) 3.51±2.03 3.52±2.09 2.49±1.97
CA125 (U/mL) 19.69±19.47 22.40±21.80 16.62±16.07

CA199 (U/mL) 47.51±114.82 48.37±113.52 46.54±117.08
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level of CEA was 17.43±39.45 ng/mL, AFP was 3.52±2.09 
ng/mL, CA125 was 22.40±21.80 U/mL and CA199 was 
48.37±113.52 U/mL in the colon cancer group; CEA 
was 8.72±25.77 ng/mL, AFP was 2.49±1.97 ng/mL, 
CA125 was 16.62±16.07 U/mL and CA199 was 46.54 
±117.08 U/mL in the rectal cancer group.

Correlativity Between CTCs and Clinical 
Pathological Features
The correlativity between CTC counts and clinical patho-
logical features was investigated in this cohort. In detail, 
72 cases were CTC-positive (CTC+) and 77 cases were 
CTC-negative (CTC−). The patients’ general situation, 
tumor stage and tumor markers were compared between 
the two groups (Table 2). There was no significant differ-
ence between the groups in their general condition. 
However, there were significant statistical differences in 
tumor stage and tumor markers between the CTC+ and 
CTC− groups. There were eight cases with stage I, 16 
cases with stage II, 36 cases with stage III and 12 cases 
with stage IV disease in the CTC+ group; and 34 cases 
with stage I, 19 cases with stage II, 22 cases with stage III 
and two cases with stage IV disease in the CTC− group 
(P=0.000). The measurement of serum biomarkers in the 
CTC+ and CTC− groups indicated significantly increased 
expression in the CTC+ group (CEA: 19.04±44.43 ng/mL 

vs 8.00±18.26 ng/mL, P=0.053; AFP: 3.95±2.01 ng/mL vs 
3.10±1.97 ng/mL, P=0.010; CA125: 27.97±24.17 U/mL vs 
11.94±8.17 U/mL, P=0.000; CA199: 62.15±117.85 U/mL 
vs 33.82±110.92 U/mL, P=0.133) (Table 2).

According to these results, we discovered that the 
clinical pathological features of this CRC cohort are in 
close accordance with CTC counts. To analyze and 
evaluate CTCs in different CTC subgroups, we further 
investigated the CTCs counts in colon/rectum and left/ 
right CRC subgroups (Table 2). The results showed that 
there were 41 cases in the CTC+ group and 38 cases in the 
CTC− group with colon cancer; and 31 cases in the CTC+ 
group and 39 cases in the CTC− group with rectal cancer 
(P=0.353). In another subgroup, there were 39 cases in the 
CTC+ group and 46 cases in the CTC− group with left 
hemicolon cancer; and 33 cases in the CTC+ group and 31 
cases in the CTC− group with right hemicolon cancer 
(P=0.492).

Correlativity Between CTC Counts and 
Clinical Pathological Features in Colon 
and Rectal Cancer
Because of the discovery of a correlation between tumor 
stage and number of CTCs, the correlativity of CTC 

Table 2 Comparison Between CTCNegative and CTCPositive 
Groups

CTC+ (n=72) CTC− (n=77) P

Age (years) 63.22±12.10 63.16±12.10 0.973
Gender (M/F) 47/25 46/31 0.486

BMI (kg/m2) 22.50±3.66 22.70±3.11 0.716

Stage I 8 34 0.000
Stage II 16 19

Stage III 36 22
Stage IV 12 2

CTC count/7.5 mL 7.75±3.26 1.94±0.92 0.000

CEA (ng/mL) 19.04±44.43 8.00±18.26 0.053
AFP (ng/mL) 3.95±2.01 3.10±1.97 0.010

CA125 (U/mL) 27.97±24.17 11.94±8.17 0.000

CA199 (U/mL) 62.15±117.85 33.82±110.92 0.133

Colon cancer 41 38 0.353

Rectal cancer 31 39
Left hemicolon cancer 39 46 0.492

Right hemicolon cancer 33 31

Table 3 Comparison Between CTC-Negative and CTC-Positive 
Groups in Different Tumor Stages in Patients with Colon Cancer 
and Rectal Cancer

Colon Cancer 
(n=79)

P Rectal Cancer 
(n=70)

P

CTC− 
(0–3)

CTC+ CTC− 
(0–3)

CTC+

Stage I 18 5 0.001 16 3 0.013
Stage II 10 10 9 6

Stage III 9 17 13 19

Stage IV 1 9 1 3

T1 10 1 0.021 9 1 0.001
T2 8 9 12 3

T3 9 13 16 17

T4 11 18 2 10

N0 28 18 0.014 25 11 0.035
N1 9 16 10 9

N2 1 7 4 11

M0 37 33 0.018 38 28 0.203

M1 1 8 1 3
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counts and clinicopathological features was analyzed 
further in the colon and rectum subgroups (Table 3).

In the colon cancer group, there were 38 CTC− cases, 
comprising 18 cases with stage I, 10 cases with stage II, 
nine cases with stage III and one case with stage IV; and 
41 CTC+ cases, comprising five cases with stage I, 10 
cases with stage II, 17 cases with stage III and nine cases 
with stage IV (P=0.001). In the rectal cancer group, there 
were 39 CTC− cases, comprising 16 cases with stage I, 
nine cases with stage II, 13 cases with stage III and one 
case with stage IV; and 31 CTC+ cases, comprising three 
cases with stage I, six cases with stage II, 19 cases with 
stage III and three cases with stage IV (P=0.013).

Besides, the statistics of patients with colon cancer 
suggested that the positive rate of CTCs was 21.74% in 
stage I, 50.00% in stage II, 65.38% in stage III and 90.00% 
in stage IV (P=0.405); in the cases with rectal cancer, the 
positive rate of CTCs was 15.79% in stage I, 40.00% in 
stage II, 69.38% in stage III and 75.00% in stage IV 
(P=0.261). The results showed that CTC counts increased 
in colon cancer along with the increase in tumor stage in 
colon cancer and rectal cancer.

Moreover, CTC-positive and -negative numbers in dif-
ferent TNM stages were compared separately in the colon 
cancer group and rectal cancer group (Table 3). In the colon 
cancer group, there were 38 CTC− cases, comprising 10 
cases with stage T1, eight cases with stage T2, nine cases 
with stage T3 and 11 cases with stage T4; and 41 CTC+ 
cases, comprising one case with stage T1, nine cases with 
stage T2, 13 cases with stage T3 and 18 cases with stage T4 
(P=0.021). In the rectal cancer group, there were 39 CTC− 
cases, comprising nine cases with stage T1, 12 cases with 
stage T2, 16 cases with stage T3 and two cases with stage 
T4; and 31 CTC+ cases, comprising one case with stage T1, 
three cases with stage T2, 17 cases with stage T3 and 10 
cases with stage T4 (P=0.001). In the colon cancer group, 
there were 38 CTC− cases, comprising 28 cases with stage 
N0, nine cases with stage N1 and one case with stage N2; 
and 41 CTC+ cases, comprising 18 cases with stage N0, 16 
cases with stage N1 and seven cases with stage N2 
(P=0.014). In the rectal cancer group, there were 39 CTC 
− cases, comprising 25 cases with stage N0, 10 cases with 
stage N1 and four cases with stage N2; and 31 CTC+ cases, 
comprising 11 cases with stage N0, nine cases with stage 
N1 and 11 cases with stage N2 (P=0.035). In the colon 
cancer group, there were 38 CTC− cases, comprising 37 
cases with stage M0 and one case with stage M1; and 41 
CTC+ cases, comprising 33 cases with stage M0 and eight 

cases with stage M1 (P=0.018). In the rectal cancer group, 
there were 39 CTC− cases, comprising 38 cases with stage 
M0 and one case with stage M1; and 31 CTC+ cases, 
comprising 28 cases with stage M0 and three cases with 
stage M1 (P=0.203).

The statistics of patients with colon cancer suggest that 
the positive rate of CTCs was 9.09% in stage T1, 52.94% 
in stage T2, 59.09% in stage T3 and 62.07% in stage T4 in 
the colon cancer group (P=0.261); and 15.79% in stage 
T1, 40.00% in stage T2, 59.38% in stage T3 and 75.00% 
in stage T4 in the rectal cancer group (P=0.261). In 
N staging, the positive rate of CTCs was 39.13% in 
stage N0, 64.00% in stage N1 and 87.5% in stage N2 in 
the colon cancer group (P=0.223); and 30.56% in stage 
N0, 47.37% in stage N1 and 73.33% in stage N2 in the 
rectal cancer group (P=0.223). In M staging, the positive 
rate of CTCs was 47.14% in stage M0 and 88.89% in stage 
M1 in the colon cancer group (P=0.157); and 42.42% in 
stage M0 and 75.00% in stage M1 in the rectal cancer 
group (P=0.157).

According to these results, the following conclusions 
can be summarized. With the increase in tumor stage, the 
positive rate of CTCs showed a rising trend in colon 
cancer and rectal cancer, especially in the colon cancer 
group. A similar phenomenon could be found between the 
CTC-positive rate and different T, N, M stages. These 
results show that the positive rate of CTCs and number 
of CTCs may be related to the depth of infiltration and 
lymphatic metastasis.

Correlativity Between CTC Counts and 
Clinical Pathological Features in Left 
Hemicolon Cancer and Right Hemicolon 
Cancer
In order to confirm the correlativity between CTCs and 
histoembryological differences, the patients were divided 
according to another tumor location, into the left hemicolon 
cancer group and right hemicolon cancer group (Table 4).

In the left hemicolon cancer group, there were 46 CTC− 
cases, comprising 21 cases with stage I, 10 cases with stage 
II, 14 cases with stage III and one case with stage IV; and 39 
CTC+ cases, comprising three cases with stage I, eight cases 
with stage II, 24 cases with stage III and four cases with stage 
IV (P=0.001). In the right hemicolon cancer group, there 
were 31 CTC− cases, comprising 13 cases with stage I, 
nine cases with stage II, eight cases with stage III and one 
case with stage IV; and 33 CTC+ cases, comprising five cases 
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with stage I, eight cases with stage II, 12 cases with stage III 
and eight cases with stage IV (P=0.020).

The statistics of patients with left hemicolon cancer 
suggest that the positive rate of CTCs was 12.50% in 
stage I, 44.44% in stage II, 63.16% in stage III and 
80.00% in stage IV (P=0.261); in the cases with right 
hemicolon cancer, the positive rates of CTCs were 
27.78% in stage I, 47.06% in stage II, 60.00% in stage 
III and 88.89% in stage IV (P=0.261). The results showed 
that the positive rate of CTCs increased in both groups 
along with the increase in tumor stage.

Comparing the two groups separately, in the left hemi-
colon cancer group, there were 46 CTC− cases, comprising 
11 cases with stage T1, 15 cases with stage T2, 18 cases with 
stage T3 and two cases with stage T4; and 39 CTC+ cases, 
comprising one case with stage T1, four cases with stage T2, 
18 cases with stage T3 and 16 cases with stage T4 (P=0.000). 
In the right hemicolon cancer group, there were 31 CTC− 
cases, comprising eight cases with stage T1, five cases with 
stage T2, seven cases with stage T3 and 11 cases with stage 
T4; and 33 CTC+ cases, comprising one case with stage T1, 
eight cases with stage T2, 12 cases with stage T3 and 12 
cases with stage T4 (P=0.059). In the left hemicolon cancer 
group, there were 46 CTC− cases, comprising 31 cases with 
stage N0, 11 cases with stage N1 and four cases with stage 
N2; and 39 CTC+ cases, comprising 14 cases with stage N0, 

12 cases with stage N1 and 13 cases with stage N2 
(P=0.005). In the right hemicolon cancer group, there were 
31 CTC cases, comprising 22 cases with stage N0, eight 
cases with stage N1 and one case with stage N2; and 33 
cases with CTC+ cases, comprising 15 cases with stage N0, 
13 cases with stage N1 and five cases with stage N2 
(P=0.077). In the left hemicolon cancer group, there were 
46 CTC cases, comprising 45 cases with stage M0 and one 
case with stage M1; and 39 cases with CTC+ cases, compris-
ing 36 cases with stage M0 and three cases with stage M1 
(P=0.231). In the right hemicolon cancer group, there were 
31 CTC− cases, comprising 30 cases with stage M0 and one 
case with stage M1; there were 33 cases with CTC+ cases, 
comprising 25 cases with stage M0 and eight cases with stage 
M1 (P=0.016).

The statistics of patients in the left and right hemi-
colon groups suggest that the positive rate of CTCs was 
15.74% in stage T1, 21.05% in stage T2, 50.00% in 
stage T3 and 88.89% in stage T4 in the left hemicolon 
cancer group (P=0.405); and 11.11% in stage T1, 
61.54% in stage T2, 63.16% in stage T3 and 52.17% in 
stage T4 in the right hemicolon cancer group (P=0.261). 
In N staging, the positive rate of CTCs was 31.11% in 
stage N0, 52.17% in stage N1 and 76.47% in stage N2 in 
the left hemicolon cancer group (P=0.223); and 40.54% 
in stage N0, 61.90% in stage N1 and 83.33% in stage N2 
in the right hemicolon cancer group (P=0.223). In 
M staging, the positive rate of CTCs was 39.56% in 
stage M0 and 75.00% in stage M1 in the left hemicolon 
cancer group (P=0.157); and 45.45% in stage M0 and 
88.89% in stage M1 in the rectal cancer group 
(P=0.157).

According to these results, the following conclusions 
can be summarized. With increasing in tumor stage, the 
positive rate of CTCs showed a rising trend in both left 
and right hemicolon cancer. Between the CTC+ and CTC− 
groups, differences were found in T stage and N stage, 
especially with left hemicolon cancer. These results show 
that the positive rate of CTCs may be related to the depth 
of infiltration and lymphatic metastasis, especially in the 
left hemicolon cancer group.

Correlativity Between CTCs and 
Prognosis of Survival
In this study, the average overall survival (OS) was 23.66 
±5.20 months in the CTC− group and 23.52±5.20 months 
in the CTC+ group (P=0.874).

Table 4 Comparison Between CTC-Negative and CTC-Positive 
Groups in Different Stages in Patients with Left- and Right-Side 
CRC

Left-Side CRC 
(n=85)

P Right-Side CRC 
(n=64)

P

CTC− 
(0–3)

CTC+ CTC− 
(0–3)

CTC+

Stage I 21 3 0.001 13 5 0.020
Stage II 10 8 9 8

Stage III 14 24 8 12
Stage IV 1 4 1 8

T1 11 1 0.000 8 1 0.059
T2 15 4 5 8

T3 18 18 7 12

T4 2 16 11 12

N0 31 14 0.005 22 15 0.077
N1 11 12 8 13

N2 4 13 1 5

M0 45 36 0.231 30 25 0.016

M1 1 3 1 8

https://doi.org/10.2147/CMAR.S300554                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 4572

Pan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


There were 29 cases with tumor recurrence and 27 
cases with tumor-related death in the CTC+ group; and 
nine cases with tumor recurrence and six cases with tumor- 
related death in the CTC− group.

The overall survival and progression-free survival 
curves of the patients with CRC in this trial were established 
to evaluate the compariative risk between the CTC− and 
CTC+ groups (Figures 1 and 2). The results showed that 
there was a steep gradient in survival during the follow-up 
period, particularly in the CTC+ group (P=0.000, 0.000). On 
the risk assessment curves, the change escalates more rapidly 
in the CTC+ group.

The change in survival and risk functions may be 
related with to the tumor stage and the depth of tumor 
invasion. Therefore, we further analyzed the correlativity 
between CTCs and different tumor stage and different 
tumor T staging (stages I–III, stages T2-4) (Figures 3 and 
4). The results showed that with the increase in tumor 
stage and T stage, changes in survival curve and risk 
curve escalate more rapidly in the CTC+ group. The 
change in survival and risk functions may also be related 
to postoperative therapy. As the patients in the CTC- 
positive group showed relatively advanced tumor stage, 
which had received regular postoperative treatment 

Figure 1 Survival curve and risk curve in the CRC cohort. (A) Survival curve in the CRC cohort. (B) Risk curve in the CRC cohort.

Figure 2 Progression-free survival curve and risk curve of colorectal patients. (A) Progression-free survival curve of colorectal patients. (B) Risk curve of colorectal patients.
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Figure 3 Survival curves and risk curves of colorectal patients in different stages. (A) Survival curve of colorectal patients in stage I. (B) Survival curve of colorectal patients 
in stage II. (C) Survival curve of colorectal patients in stage III. (D) Survival curve of colorectal patients in stage IV. (E) Risk curve of colorectal patients in stage I. (F) Risk 
curve of colorectal patients in stage II. (G) Risk curve of colorectal patients in stage III. (H) Risk curve of colorectal patients in stage IV.

https://doi.org/10.2147/CMAR.S300554                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 4574

Pan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


according to the NCCN guideline, they may have achieved 
some degree of tumor control. LLower survival rates could 
also be discovered in patients with advanced CRC.

Discussion
CRC is one of the most common malignant tumors in 
China. It threatens people’s health and influences the quality 
of people’s life due to its rising incidence in recent years.4 

Not all digestive cancers can be diagnosed in a timely 
manner, although some tumor markers (eg, CEA, CA125, 

CA199, AFP) are available to assist in the diagnosis. As the 
elevation of tumor markers is not always seen in early 
cases, it is difficult to make an early diagnosis and estimate 
the long-term prognosis of cancer patients. The major 
causes of death from CRC are tumor recurrence and distant 
metastasis. Even in patients diagnosed with advanced stage 
cancer or with metastasis, these tumor markers may not be 
elevated at all. Therefore, exploring the effective index to 
estimate long-term prognosis for all stages of CTC is one of 
the main focuses of research.

Figure 4 Survival curves and risk curves of colorectal patients in different T stages. (A) Survival curve of colorectal patients in stage T2. (B) Survival curve of colorectal 
patients in stage T3. (C) Survival curve of colorectal patients in stage T4. (D) Risk curve of colorectal patients in stage T2. (E) Risk curve of colorectal patients in stage T3. 
(F) Risk curve of colorectal patients in stage T4.
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The mechanism of tumor recurrence is complex and 
diverse. We think that CTCs may play an important part in 
tumor recurrence and distant metastasis. CTCs are exfo-
liative cells of the primary tumor or metastatic tumor, 
which can enter the bloodstream.19 This kind of cell 
could be undetected by the immune system, ultimately 
leading to distant metastases.20,21 Therefore, CTCs could 
be a useful tumor marker for anticipating the survival 
prognosis and evaluation for advanced stage CRC.22 In 
this study, significant differences were found between dif-
ferent tumor stages in CRC, and the colon cancer group 
and right hemicolon group showed much higher sensitivity 
in the positive rate of CTCs.

Patients with CRC had their CTCs examined, and data 
on prognosis were collected and analyzed in this study. 
The results showed that the recurrence rate of the tumor 
was higher in the CTC+ group, which means that tumor 
recurrence has a close interrelation with the number of 
CTCs in the peripheral blood of patients. The results 
indicated that dynamic monitoring of CTCs could be 
a valuable clinical tool for prognostic evaluation. The 
metastasis rate has been reported to be up to 24% in the 
CTC-positive group in the case of colon cancer.23 

Moreover, it was accompanied by elevation of CTCs in 
cases of lung cancer, breast cancer, urothelial carcinoma 
and gastric cancer.24–28 Since 2004, a number of CTCs has 
been approved by the FDA to evaluate the ecological 
prognosis and outcome. In the current study, it was 
shown that the higher the number of CTCs in the serum, 
the worse the prognosis for the patient. During chemother-
apy, a significantly reduced number of CTCs may be an 
indicator of favorable prognosis.28 In this study, the results 
showed that the sensitivity of CTCs may be related to the 
histoembryological location of the tumor and the depth of 
tumor invasion.

The results of other researchers have shown that the 
change in the number of CTCs could have a detectable 
effect in assessing the effectiveness of radical 
resection.29,30 The liver is the most common site affected 
by gastrointestinal tumor metastasis. It is reported that the 
number of CTCs in serum could be increased to seven 
times the postoperative levels by radiofrequency ablation 
of metastases.31 This result indicates that damaging tumor 
may cause an elevation of the local recurrence rate by 
hematogenous metastasis. With the advent of total mesor-
ectal excision (TME) and complete mesocolic excision 
(CME) in the surgical field, the anatomy of the mesenter-
ium is receiving much more attention and could 

dramatically improve the prognosis of patients.32 Based 
on these experimental results, the number of CTCs could 
be an evaluative criterion to assess the quality of surgery. 
In clinical practice, the surgeon could also compare the 
preoperative and postoperative numbers of CTCs in serum 
to assess the pathological evaluation and estimate the risk 
of hematogenous metastasis. The patients had no other risk 
factors, but an increased level of CTCs on two successive 
occasions could be a valuable finding. Because the focus 
of this study was the correlativity between the sensitivity 
of CTCs and clinicopathological features, no further ana-
lysis was carried out to verify the correlativity between 
CTC counts and surgical quality. Large-sample, multi- 
center, double-blind, randomized, controlled clinical trials 
are still needed to study the clinical applied value of CTCs 
for surgical evaluation

The promise of personalized, precision medicine has 
become a hot medical topic in recent years. Cancer molecular 
targeting therapy has limited or non-existent side effects on 
normal cells of the body, unlike traditional chemotherapy. 
However, the target gene expression is frequently negative in 
the primary lesion, leading to difficulties in treatment in 
cases with metastasis. Research has shown that estrogen 
receptors were negative in 40% cases of breast cancer in 
the primary lesion or metastatic lesion, but positive in detect-
ing CTCs; 23% cases of breast cancer were HER-2 negative 
but CTCs were positive.33 These results showed that the 
applied value of CTCs not only is limited within tumor 
screening, diagnosis and prognositic evaluation, but also 
has become a key point for effective individual targeted 
therapy.

Tumor recurrence is one of the leading causes of death 
in cases of digestive cancer, and CTCs are considered to 
be a key factor in hematogenous metastases. CTCs could 
not only be used to assist in screening patients at high risk, 
but also be useful in the development of accurate treatment 
by providing treatment evidence.34 In the past, the diag-
nosis of cancer largely depended on surgical biopsy, endo-
scopic biopsy and interventional biopsy to guide 
therapeutic strategies. These kinds of examination are 
invasive procedures that may be difficult to carry out if 
patients suffer in the examination. Detecting CTCs in the 
serum would be a convenient and sensitive test with the 
advantages of convenient collection, less trauma and being 
acceptable to patients. Until now, there have been no 
studies demonstrating the relationship between the thresh-
old number of CTCs and tumor recurrence or metastasis. 
In this cohort study, significant differences could be found 
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after analyzing the survival curves and risk curves for 
different T stages in the CTC-negative and CTC-positive 
groups. Further research with a larger sample is required to 
investigate the clinical value of CTCs for clinical prog-
nosis and assessment.

Conclusion
By combining the analyses, the following conclusions can 
be made. 1) There were significant differences between 
different tumor stages in patients with CRC; 2) compared 
with the rectal cancer group, the colon cancer group 
showed much higher sensitivity in the positive rate of 
CTCs; 3) compared with the right hemicolon group, the 
left hemicolon group showed much higher sensitivity in 
the positive rate of CTCs; 4) the sensitivity of CTCs may 
be related to the histoembryological location of the tumor, 
lymphatic metastasis and the depth of tumor invasion; 5) 
an overall survival benefit was found in the CTC− group; 
and 6) with increasing tumor stage and T stage, changes in 
the survival curve and risk curve escalated more rapidly in 
the CTC+ group.

In summary, it was confirmed that in the left hemi-
colon cancer group, much higher coincidence rate could 
be found on CTC-positive rate and clinicopathological 
features, than in the right hemicolon cancer group The 
sensitivity of CTCs may be related to the histoembryolo-
gical location of the tumor, lymphatic metastasis and the 
depth of infiltration. Monitoring CTCs may have value in 
evaluating clinical staging and estimating clinical 
prognosis.
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