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Background: Colorectal cancer (CRC) is the third most prevalent cancer in the world. Traditional tissue 
biopsy cannot provide dynamic monitoring of patients’ tumors or reflect the characteristics of tumors in real 
time because the sampling process is invasive and accompanied by risks. Circulating tumor cells (CTCs) are 
considered a major cause of tumor metastasis, and investigating CTCs helps to understand the biology and 
vulnerability of malignant tumors during hematogenous metastasis.
Methods: We sequentially used epithelial cell adhesion molecule (EpCAM)-coated immunoliposomal 
magnetic beads (Ep-IMBs) and vimentin-coated immunoliposomal magnetic beads (Vi-IMBs) to capture and 
characterize CTCs from 110 CRC patients. We further constructed a Cox risk regression model, optimized 
the model composition using backward stepwise regression, and finally applied nomograms to show the 
effect of each variable on survival risk.
Results: The specificity of the CTCs enrichment and identification system was 100% and the sensitivity 
was 79.0%. Multivariate analysis indicated total CTC number was an important predictor for bad survival, 
whereas American Joint Committee on Cancer (AJCC) stage, lymph node metastasis, and carcinoembryonic 
antigen (CEA) level were associated with prognosis, and the risk of mortality was associated with the AJCC 
stage of the CRC.
Conclusions: The CTC enrichment and identification system constructed in this research demonstrated 
superior accuracy. In addition, CTCs can be used as an important predictor for prognosis of patients 
with CRC, and the combination of other clinical predictive factors can help clinicians to better design 
individualized treatment regimens, which is of great clinical application value.
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Introduction

Colorectal cancer (CRC) is the third most prevalent cancer 
in the world. It is estimated that almost two million patients 
will be diagnosed with CRC each year, of which 950,000 
will die. The new cases of CRC have been escalating 
every year for the past decade, and patient survival rates 
are increasing (1). The number of deaths from CRC is 
expected to exceed 1 million per year globally by 2030 (2). 
The diagnosis of CRC is currently performed mainly by 
pathological biopsy (3). Previous studies have identified a 
number of protein biomarkers which are highly associated 
with CRC using immunohistochemistry. Research has 
shown that in addition to carcinoembryonic antigen 
(CEA), carbohydrate antigen 19-9 (CA19-9), epithelial cell 
adhesion molecule (EpCAM), and caudal-type homeobox 
2 (CDX2) were highly specific for intestinal epithelial cells, 
and glycoprotein A33 (GPA33) was usually expressed on 
well-differentiated CRC (4-6). If metastasis is suspected, it 
is confirmed by medical imaging technology, which can be 
enhanced by biochemical tests such as CEA (7). However, 
traditional tissue biopsy cannot provide dynamic monitoring 
of patients and cannot reflect the characteristics of tumors 
in real time because the sampling process is invasive and 
accompanied by risks, so there is an urgent clinical need 
for safer and more efficient methods to monitor tumor 
development and treatment response. This can serve as an 
effective supplement to traditional biopsy methods.

Tumor cells undergoing epithelial-mesenchymal 

transition (EMT), enhanced migration, and vascular 
invasion breakaway from the primary lesion and enter the 
circulation, and eventually become the seeds of distant 
metastases. CTCs are considered a major cause of tumor 
metastasis, and investigating CTCs can help to elucidate 
the biology and vulnerability of malignant tumors during 
hematogenous metastasis (8). Altered biochemical functions 
directed by CTCs undergoing EMT markedly enhance 
CTC metastatic invasion and treatment resistance, 
in addition to the identification of CTC morphology 
and downstream analysis with the help of fluorescence 
microscopy, all of which are unique advantages of CTCs 
in clinical applications (9). The most common method of 
CTC enrichment involves using the mechanism of antigen-
antibody-specific binding, relying on markers specifically 
expressed on the CTC surface to enrich tumor cells and 
immobilize them on a magnetic frame, and many kinds 
of markers are currently identified on the CTC surface as  
well (10). This platform specifically captures EpCAM+ 
tumor cells from the peripheral blood (PB) of patients 
through ferrofluidic nanoparticles. CellSearch® has 
demonstrated through numerous clinical trials that CTCs 
detected by this method have a close relationship with 
patient prognosis, and some studies have shown that tumor 
cells enriched by CellSearch® are of great value in clinical 
research (11-15). However, CellSearch® based on an 
EpCAM-based enrichment strategy has some limitations. 
Firstly, this method may overlook CTCs that poorly express 
or have a lack of epithelial surface markers (16). Secondly, 
CellSearch® is also unable to interstitially identify tumors 
that express little or no EpCAM of mesenchymal origin, 
as well as epithelial-derived CTCs that are partially in 
EMT; several published reports have highlighted this issue 
(11,17-21), which severely limits the clinical application 
of CellSearch®. In this study, we constructed a novel 
multiplexed magnetic bead enrichment platform in which 
we used EpCAM-coated immunoliposomal magnetic beads 
(Ep-IMBs) and vimentin-coated immunoliposomal magnetic 
beads (Vi-IMBs) sequentially to capture CTCs. This 
approach significantly improved the sensitivity of CTCs 
compared to the EpCAM-based strategy, thus enhancing 
the diagnostic efficacy of the system. We analyzed the 
difference in the amount of CTCs in PB between healthy 
volunteers and patients with CRC and attempted to analyze 
the correlation between CTCs and clinical outcomes in 
patients with CRC. We present this article in accordance 
with the TRIPOD reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-23-735/rc).

Highlight box

Key findings
•	 The multi-target magnetic bead-constructed circulating tumor 

cells (CTCs) capture method has excellent diagnostic efficacy and 
prognostic value for patients with colorectal cancer (CRC).

What is known and what is new?
•	 CTCs can be used for early diagnosis of malignant tumors and 

assessment of prognosis, but in CRC, relevant studies are still 
limited.

•	 In this study, the role of CTCs in the early diagnosis of CRC, as 
well as in the assessment of patient prognosis, was validated by 
following up with patients’ clinical data.

What is the implication, and what should change now?
•	 The evidence for the clinical use of CTCs in CRC has been 

further refined, and therefore CTCs should be used in the daily 
management of CRC patients and treatment strategies should be 
promptly adjusted according to the results of CTCs.

https://jgo.amegroups.com/article/view/10.21037/jgo-23-735/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-735/rc
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Methods

Patients and CTC sample

This study included 110 patients with CRC treated in 
the General Surgery Department of Huadong Hospital 
Affiliated to Fudan University between 1 May 2016 and 
31 December 2019. Blood samples were obtained at  
1 day prior to surgery, then were sent to Huzhou Lieyuan 
Medical Testing Co., Ltd. for CTC analysis. The patients’ 
tumor site, American Joint Committee on Cancer (AJCC) 
stage, CEA level, and other data were also collected. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013) and was approved by the Ethics 
Committee of the Huadong Hospital Affiliated to Fudan 
University (No. 20230056). The inclusion criteria were as 
follows: (I) age 18–90 years; (II) presence of histologically 
confirmed CRC (AJCC stages I–IV); and (III) written 
informed consent has been signed from patients before 
participation. The exclusion criteria were as follows: (I) 
unresectable primary tumor or metastasis; (II) undergoing 
any treatment (including chemotherapy, radiotherapy, and 
targeted therapy) prior to surgery; and (III) concurrent 
presence of other malignant tumors. Patients were followed 
up in the first month post therapy, thereafter, a review was 
performed every 3 months. The observational endpoint of 
this study was overall survival (OS), with a median follow-
up time of 2 years. To investigate the detection rate of CTC 
in CRC patients and healthy people, we recruited 25 healthy 
volunteers at the same time and collected 7.5 mL blood 

samples as negative controls. The schematic diagram of multi-
target immunomagnetic bead CTC assay is shown in Figure 1.

Preparation of liposomal magnetic beads

As previously reported (22), we adjusted the dose of 
dimethyl octadecyl epoxypropyl ammonium chloride 
(GHDC) to obtain immunoliposomal magnetic beads 
(IMBs) with gradient concentration of antibody. Water-
soluble antibodies showed good solubility in organic solvents 
after the addition of hydrophobic side chains of long-
chain alkyl groups. Ep-IMB was prepared from EpCAM, 
cholesterol (Chol), and 1,2-dioleylphosphatidylcholine 
(DOPC) by reverse evaporation method. The weight ratio 
of DOPC to Chol was fixed at 3:2, and the weight ratio of 
amphiphilic antibody (AA) to Chol could be between 0 and 
2.5. Also, the EpCAM antibody content in Ep-IMB could 
be adjusted, and the optimal content of EpCAM antibody 
was determined by subsequent experiments. Vi-IMB was 
also prepared by a similar method.

Cytotoxicity evaluation of immune magnetic beads

Human CRC cells SW480, SW620, LOVO, HT-29 were 
prepared. A 500 μL quantity of trypsin was added and the 
cells were incubated for 5 minutes. A blood cell counter 
was used to inhale the cell suspension and adjust the 
concentration of cell suspension, then 1,000 cells/well were 
added in a 96-well plate. Next, 250 μL/well of Roswell Park 

Figure 1 Schematic diagram of multi-target immunomagnetic bead CTC assay. EpCAM, epithelial cell adhesion molecule; GHDC, 
dimethyl octadecyl epoxypropyl ammonium chloride; DOPC, 1,2-dioleylphosphatidylcholine; CTC, circulating tumor cell.
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Memorial Institute (RPMI) 1640 medium was added and in 
order to evaluate the growth inhibitory effect of gradient 
concentration of IMB on tumor cells, we added gradient 
concentrations of IMB to inhibit the growth of tumor 
cells. The cells were then incubated under the conditions 
of 5% CO2, 37 ℃, and then 10 μL 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution  
(5 mg/mL) was added to each well and further incubated for 
4–6 hours after removing the culture fluid in the wells. We 
added 150 μL dimethyl sulfoxide (DMSO), and then used 
an enzyme marker to detect the wavelength of each well and 
an enzymometer to detect the absorbance value of each well 
at a wavelength of 450 nm.

IMB capture tumor cell specificity assay

In order to comprehensively investigate the effects of 
various magnetic bead mating protocols on the capture 
efficiency of tumor cells, we set up five experimental groups, 
namely Ep-IMB group, Vi-IMB group, Ep/Vi-IMB group, 
Ep-IMB + Vi-IMB group, and Vi-IMB + Ep-IMB group. 
LOVO cells were removed for cell counting under an 
inverted fluorescence microscope. We added 100 μL of cell 
suspension to 7.5 mL of phosphate buffer solution (PBS), 
and 10, 15, 20, and 30 μL of Ep-IMB or Vi-IMB was added 
to the Ep-IMB group and Vi-IMB group, respectively. 
In the EP-/Vi-IMB group, 10, 15, 20, and 30 μL  
of equal volumes of Ep-IMB and Vi-IMB mixtures were 
added, respectively. In the Ep-IMB + Vi-IMB group, equal 
volumes of EP-IMB and Vi-IMB were added sequentially 
to enrich tumor cells. In the Vi-IMB + Ep-IMB group, the 
order of addition of the two types of magnetic beads was 
switched. In the experiment of optimizing the proportion 
of IMBs to antibody, 10, 50, 100, 200, and 1,000 LOVO 
cells were captured with 10 μL of IMB encapsulated with a 
gradient concentration of antibody, and the optimal bead-
to-antibody ratio was determined according to the capture 
effect. Then, in order to comprehensively examine the 
sensitivity and specificity of this capture protocol, we chose 
SW480, SW620, LOVO, and HT-29 cells, and a gradient 
number of cells were spiked in 3 mL of PBS to examine the 
sensitivity of the protocol; PBS was then substituted with 
blood from healthy volunteers to continue to investigate the 
specificity of the optimized capture protocol.

CTC identification and enumeration

Ficoll-Paque PLUS (GE Healthcare Pharmacia, Piscataway, 

NJ, USA) medium was slowly injected into the PB of the 
patient, centrifuged at 3,000 rpm for 15 minutes, and the 
PB mononuclear cell (PBMC) layer was separated from the 
Ficoll-plasma layer interface by density gradient solution, 
Firstly, 10 μL of Ep-IMB was added to the sample, and 
the blood was incubated for 15 minutes, then the cells 
were enriched by the magnetic separation frame, then  
10 μL of Vi-IMB was added to the sample, and the enriched 
cells were obtained by further incubation for 15 minutes, 
after which 10 μL of 4’,6-diamidino-2-phenylindole (DAPI), 
CK-FITC, and CD45-PE staining solution was sequentially 
added and incubated for 20 minutes, and the solutions were 
evenly coated on transparent slides for observation and 
counting under a three-channel fluorescence microscope.

Statistical analysis

Demographic characteristics and clinicopathological 
characteristics were summarized statistically. All statistical 
tests were two-tailed, and all clinical indicators included 
in the model were screened backward stepwise using the 
Akaike information criterion (AIC) with estimated risk 
ratios and 95% confidence intervals (CIs) and plotted in a 
nomogram.

Results

Preparation of liposomal magnetic beads

As previously reported, we adjusted the dosage of GHDC 
to obtain IMB with gradient antibody concentrations. 
Water-soluble antibodies showed good solubility in organic 
solvents by the addition of hydrophobic side chains of 
long-chain alkyl groups. Ep-IMB was produced by reverse 
evaporation method from EpCAM, Chol, and DOPC. The 
proportion of DOPC to Chol by weight was anchored at 6:5, 
and the proportion of AA to Chol by weight was anchored 
at 2.5:1. Meanwhile, the content of EpCAM antibody in  
Ep-IMB could be adjusted, and the optimal content 
of EpCAM antibody was mapped out by subsequent 
experiments; Vi-IMB was also prepared by a similar method.

Cytotoxicity evaluation

The cytotoxicity assay is shown in Figure 2A,2B. The 
average survival rate of CRC cells was higher than 90% 
with IMB dosage less than 50 μg/mL and 80% with IMB 
dosage less than 100 μg/mL. Ep-IMB as well as Vi-IMB 
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Figure 2 Toxicity and capture efficiency testing of magnetic beads. (A) Toxicity assessment of Ep-IMB; (B) toxicity assessment of Vi-IMB; (C) 
capture efficiency of various IMB combination strategies in PBS environment; (D) capture efficiency of various magnetic bead combination 
strategies under analog blood environment; (E) validation of magnetic bead specificity in a PBS system; (F) validation of magnetic bead 
sensitivity in a blood simulation system; (G) evaluation of the capture efficiency of magnetic beads against antibody gradients. Ep-IMB, 
EpCAM-coated immunoliposomal magnetic beads; EpCAM, epithelial cell adhesion molecule; Vi-IMB, vimentin-coated immunoliposomal 
magnetic beads; Ep, Ep-IMB; Vi, Vi-IMB; PBS, phosphate buffer solution.
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showed concentration-dependent cytotoxicity on tumor 
cells, and this trend was evident when the concentration of 
the IMBs was in the range of 50–200 μg/mL, indicating that 
the immunizing magnetic beads are toxic to cells when their 
concentration is too high. However, previous experiments 
have shown these magnetic beads to be relatively less 
toxic to tumor cells overall. Next, we further evaluated 
the capture efficiency of CRC cells under various IMB 
combination strategies by in vitro experiments as shown 
in Figure 2C,2D. The Ep-IMB + Vi-IMB group had the 
highest capture efficiency when the total number of beads 
was kept constant. We continued to evaluate the capture 
efficiency under the analog blood environment and found 
that the results were consistent with those that we tested 
in the PBS environment. We assessed the specificity of the 
combined application of Ep-IMB and Vi-IMB to capture 
CRC cell lines in the PBS environment to be 94.85% 
(Figure 2E), and the sensitivity of this capture strategy, for 
CRC cell lines, in the simulated blood environment to 
be 91.23% (Figure 2F). In order to further determine the 
optimal antibody dosage in the magnetic bead enrichment 
system, we evaluated gradient dose of antibody-coated 
magnetic beads to capture HT-29 cell lines and found that 
the optimal capture efficiency could be obtained when the 
antibody dose was adjusted to 60 μg (Figure 2G).

Participant characteristics

Half of the participants were 69 years old or less; 61 
were males and 49 were females. A total of 19 patients 
had lesions in the ascending colon (17.3%), 10 patients 
had lesions in the transverse colon (9.1%), 5 patients had 
tumors in the descending colon (4.5%), and 34 patients had 
tumors in the sigmoid colon (30.9%). A total of 25 patients 
had tumors in the cecum (22.7%), 9 patients had tumors 
in the hepatic curve (8.2%), 5 patients had tumors in the 
splenic curve (4.5%), and 3 patients had tumors in the 
rectum (2.7%). Of these patients, 3 (2.7%) were in stage 
I, 20 (18.2%) in stage II, 37 (33.6%) in stage III, and 50 
(45.5%) in stage IV. The baseline characteristics of these 
patients are shown in Table 1.

Identification and counting of CTCs

All cell suspensions enriched by magnetic beads were 
homogeneously spread on slides and sequentially added 
with CK-FITC, CD45-PE, and DAPI. Epithelial CTCs 
were defined as Ep-IMB-enriched tumor cells and CK+/

CD45−/DAPI+; mesenchymal CTCs were defined as Vi-
IMB-enriched and CK+/CD45−/DAPI+. We identified the 
number of CTCs in all participants and performed statistical 
analysis, as shown in Figure 3A. Figure 3B reveals that we 
found no significant difference in tumor cells enriched 
by Ep-IMB and Vi-IMB, however, the number of CTCs 
captured in the PB of healthy volunteers was significantly 
lower than that in patients with CRC (Figure 3C,3D). As 
shown in Figure 3E-3G, the areas under the curves (AUCs) 
for CRC diagnosis using total CTC, EP-IMB-enriched 
CTC, and Vi-IMB-enriched CTC were 0.872, 0.821, and 
0.790, respectively. We found that total CTC exhibited the 
best diagnostic efficacy compared with the other two groups 
(Figure 3E,3F). We defined the threshold as five total CTCs 
per 7.5 mL of blood using Youden index (Figure S1).

Correlation between CTC enumeration and 
clinicopathologic

In this study, a total of 110 patients with CRC and 25 
healthy volunteers had their PB collected, and CTC and 
tumor marker analyses were performed separately. No 
clinicopathologic factors were found to be associated with 
the number of CTCs in PB. The correlations of CTC 
number with clinicopathologic parameters in CRC patients 
are shown in Table 2.

The median survival for the entire cohort was 29.9 
months (95% CI: 17.9–29.9). The 1-, 3-, and 5-year survival 
rates were 93.6%, 89.1%, and 80.9%, respectively.

Predictors of survival

We selected several candidate indicators that are clinically 
relevant to CRC patients from their baseline characteristics 
information: age, gender, tumor site, tumor morphology, 
AJCC stage, CTC number, CEA level (Table S1), and after 
incorporating the above information into the Cox regression 
model, we used the AIC to perform a backward stepwise 
selection strategy to identify the four variables that were the 
most relevant to the survival rate. Those four variables were 
identified as lymph node metastasis, AJCC stage, number of 
CTCs, and CEA level. Table S2 shows the hazard ratio (HR) 
and 95% CI of the multivariate Cox risk regression analysis 
optimized according to AIC. Total CTC count (HR, 1.09; 
95% CI: 1.02–1.17) was an independent risk factor for poor 
prognosis, whereas AJCC stage, lymph node metastasis, and 
CEA level were associated with prognosis. We found that 
the highest risk of mortality was associated with the AJCC 

https://cdn.amegroups.cn/static/public/JGO-23-735-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-23-735-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-23-735-Supplementary.pdf
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Table 1 Clinicopathologic features of patients with CRC

Base line characteristics Value

Gender

Male 61 (55.5)

Female 49 (44.5)

Age (years) 69 [61, 76]

Tumor location

Cecum 25 (22.7)

Ascending colon 19 (17.3)

Descending colon 5 (4.5)

Sigmoid colon 34 (30.9)

Transverse colon 10 (9.1)

Hepatic curve 9 (8.2)

Splenic curve 5 (4.5)

Rectum 3 (2.7)

Metastasis location

Arm, adrenal 1 (0.9)

Bone 1 (0.9)

Liver 40 (36.4)

Lung, liver 5 (4.5)

Breast, skin 1 (0.9)

Pelvis, skin 1 (0.9)

Spleen, liver 1 (0.9)

Surgical resection

R0 85 (77.3)

R1 25 (22.7)

KRAS mutant

Wild type 39 (35.5)

Mutant 71 (64.5)

BRAF mutant

Mutant 5 (4.5)

Wild type 105 (95.5)

Histologic typing

Adenocarcinoma 59 (53.6)

Adenocarcinoma intestinal type 31 (28.2)

Mucinous adenocarcinoma 19 (17.3)

Signet ring cell carcinoma 1 (0.9)

Table 1 (continued)

Table 1 (continued)

Base line characteristics Value

AJCC stage

I 3 (2.7)

II 20 (18.2)

III 37 (33.6)

IV 50 (45.5)

Neoadjuvant treated

No 110 (100.0)

Tumor stage

I 1 (0.9)

II 5 (4.5)

III 84 (76.4)

IV 20 (18.2)

Nodes stage

N0 33 (30.0)

N1 36 (32.7)

N2 41 (37.3)

Metastasis stage

M0 78 (70.9)

M1 32 (29.1)

Total CTC (number) 7.00 [5.00, 9.00]

CEA (ng/mL) 4.20 [2.82, 5.70]

Data are presented as n (%) or median [IQR]. CRC, colorectal 
cancer; AJCC, American Joint Committee on Cancer; CTC, 
circulating tumor cell; CEA, carcinoembryonic antigen; IQR, 
interquartile range.

stage of the tumor. We then created a nomogram based on 
the four variables screened by the model, and each variable 
was assigned a weighted score, which implies a prognosis; 
the lower the total score, the worse the prognosis. Based 
on the above variables, we plotted nomograms in which 
each variable was quantified, which means that the lower 
the score, the worse the survival prognosis. The nomogram 
for predicting 3-year survival in CRC patients is shown in 
Figure 4.

Discussion

CRC deaths are the second highest in the world with 
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Figure 3 CTC distribution in healthy volunteers and CRC patients. (A) Panel of typical CTC images from CRC patients; (B) distribution 
of CTCs enriched by different magnetic beads; (C) distribution of CTC number in healthy volunteers and CRC patients captured by 
Ep-IMB, Vi-IMB; (D) distribution of the difference in mean CTC levels between the healthy volunteers and CRC patients captured by 
combined Ep-IMB and Vi-IMB; (E) ROC curve of total CTC counts with 1 − specificity (= false positive rate) as X-axis and sensitivity as Y-axis 
to discriminate between CRC patients and healthy volunteers; (F) ROC curves of CTCs counted by EP-IMB distinguish CRC patients 
from healthy volunteers; (G) ROC curves of CTCs counted by Vi-IMB distinguish CRC patients from healthy volunteers. ***, indicates a 
significant difference (P<0.001). WF, wide field; DAPI, 4’,6-diamidino-2-phenylindole; CRC, colorectal cancer; Ep-IMB, EpCAM-coated 
immunoliposomal magnetic beads; EpCAM, epithelial cell adhesion molecule; Vi-IMB, vimentin-coated immunoliposomal magnetic beads; 
Ep, Ep-IMB; Vi, Vi-IMB; CTC, circulating tumor cell; AUC, area under the curve; ROC, receiver operating characteristic.
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approximately more than 1.8 million new cases and 881,000 
deaths annually (23). Despite significant progress in CRC 
treatment in recent years, many tumors still recur and 
metastasize. Studies have shown that the 5-year survival 
rate of CRC patients is only 65%, and about half of CRC 
patients will eventually relapse and metastasize (24,25). 
CellSearch® enables clinical surveillance of patients with 
CRC (26-29), in addition there is a high association 

between the number of CTCs and clinical outcome in 
tumor patients (30). Since some of the CTCs lack EpCAM 
expression, they could not be analyzed using CellSearch®, 
which limited the Clinical practice of CTCs. We used non-
EpCAM based CTC assays to improve the efficiency of 
CTC capture under EMT. It has been previously reported 
that a multi-target magnetic bead enrichment strategy has 
excellent capture efficiency compared to CellSearch® (31). 
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Table 2 Correlation between the number of CTCs and clinicopathologic parameters

Clinical pathological <5 CTCs (n=23) ≥5 CTCs (n=87) P value

Gender 0.976

Female 10 (43.5) 39 (44.8)

Male 13 (56.5) 48 (55.2)

Age (years) 67.00 (65.00, 75.50) 69.00 (60.50, 76.00) 0.506

AJCC stage 0.634

I 0 (0.0) 3 (3.4)

II 3 (13.0) 17 (19.5)

III 10 (43.5) 27 (31.0)

IV 10 (43.5) 40 (46.0)

Tumor location 0.314

Cecum 6 (26.1) 19 (21.8)

Ascending colon 4 (17.4) 15 (17.2)

Descending colon 1 (4.3) 4 (4.6)

Sigmoid colon 7 (30.4) 27 (31.0)

Transverse colon 0 (0.0) 10 (11.5)

Hepatic curve 1 (4.3) 8 (9.2)

Splenic curve 2 (8.7) 3 (3.4)

Rectum 2 (8.7) 1 (1.1)

Metastasis location 0.171

Arm, adrenal 1 (4.3) 0 (0.0)

Bone 0 (0.0) 1 (1.1)

Liver 6 (26.1) 34 (39.1)

Lung, liver 2 (8.7) 3 (3.4)

Breast, skin 1 (4.3) 0 (0.0)

Pelvis, skin 0 (0.0) 1 (1.1)

Spleen, liver 0 (0.0) 1 (1.1)

Surgical resection 0.401

R0 16 (69.6) 69 (79.3)

R1 7 (30.4) 18 (20.7)

KRAS mutant 0.417

Mutant 6 (26.1) 33 (37.9)

Wild type 17 (73.9) 54 (62.1)

BRAF mutant >0.99

Mutant 1 (4.3) 4 (4.6)

Wild type 22 (95.7) 83 (95.4)

Table 2 (continued)
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Table 2 (continued)

Clinical pathological <5 CTCs (n=23) ≥5 CTCs (n=87) P value

Histologic typing 0.827

Adenocarcinoma 14 (60.9) 45 (51.7)

Adenocarcinoma intestinal type 6 (26.1) 25 (28.7)

Mucinous adenocarcinoma 3 (13.0) 16 (18.4)

Signet ring cell carcinoma 0 (0.0) 1 (1.1)

Neoadjuvant treated NA

No 23 (100.0) 87 (100.0)

Tumor stage 0.921

I 0 (0.0) 1 (1.1)

II 1 (4.3) 4 (4.6)

III 17 (73.9) 67 (77.0)

IV 5 (21.7) 15 (17.2)

Nodes stage 0.237

N0 5 (21.7) 28 (32.2)

N1 11 (47.8) 25 (28.7)

N2 7 (30.4) 34 (39.1)

Metastasis stage 0.679

M0 18 (78.3) 60 (69.0)

M1 5 (21.7) 27 (31.0)

Total CTC (number) 4.00 (3.00,4.00) 8.00 (6.00,10.00) <0.001

CEA (ng/mL) 2.80 (2.35,4.40) 4.60 (3.15,6.05) 0.008

Data are presented as n (%) or median (IQR). CTC, circulating tumor cell; AJCC, American Joint Committee on Cancer; NA, not available; 
CEA, carcinoembryonic antigen; IQR, interquartile range.

This is mainly due to the fact that we constructed Vi-IMB, 
which enhances the capture of vimentin-expressing CTC. 
Our study showed that the sensitivity of the assay system 
was 79% and the specificity was 100% when the cutoff was 
CTC was 5/7.5 mL of PB. This suggests that CTC has 
superior diagnostic efficacy for patients with CRC. Cao  
et al. used CTC to detect patients with gastric cancer with 
a sensitivity of 85% (32). Ntouroupi et al. applied CTC 
to detect CRC patients with 100% specificity and 92% 
sensitivity (33). We compared the performance of total 
CTC and CTCs enriched by EP-IMB/Vi-IMB, respectively, 
for the diagnosis of CRC and found that the diagnostic 
efficacy of total CTC was better than that of EP-IMB or Vi-
IMB individually. We note that CTC was an independent 
prognostic factor in this paper, even though it did not 

correlate with any of the clinicopathologic parameters. We 
hypothesize that this phenomenon occurred because we 
included the total number of mixed epithelial CTCs and 
mesenchymal CTCs in our statistical calculations. CTCs 
are distinctly heterogeneous. Currently, it is possible to 
categorize CTCs into epithelial and mesenchymal types 
based on the antibodies expressed by the CTCs, and it has 
been found that these two types of CTCs are distinctly 
heterogeneous in the process of metastasis. The phenotypes 
of the two types of CTCs in the metastatic process are very 
different, and epithelial-type CTCs are associated with the 
formation of distal metastatic foci, whereas mesenchymal-
type CTCs have a weaker ability to form metastatic foci, 
which is mainly related to the tumor’s chemotherapy 
resistance (34). Therefore, when two types of CTCs with 
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Figure 4 Predicting 3-year survival in CRC patients with nomogram. CTC, circulating tumor cell; CEA, carcinoembryonic antigen; AJCC, 
American Joint Committee on Cancer; CRC, colorectal cancer.
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different invasive abilities are mixed together, some features 
tend to be masked. However, both CTC subgroups are 
associated with poor patient prognosis, and we reanalyzed 
epithelial CTCs alone with the baseline characteristics 
of the cohort and found that CTCs were significantly 
associated with the pathological stage of AJCC in the cohort 
(Table S3). In addition, CTC also became an independent 
predictor of tumor prognosis (35); this contrasts with 
the work by Sotelo et al., wherein CellSearch® was used 
to test 472 patients with stage III CRC, suggesting that 
CTC ≥1 is not a critical risk factor for OS (36). However, 
CTC quantities were associated with elevated tumor 
recurrence and worse prognosis (37), which our findings 
are consistent with. We used nomograms to demonstrate 
the long-term survival prognosis of CRC patients after 
surgery, which reflected that the number of CTCs, the 
level of CEA, the AJCC stage, and the status of lymph node 
metastasis adversely affected the survival. We can examine 
the effects of various clinical indicators on survival, and 
help clinicians better predict the patient outcomes and 
adopt personalized treatment measures to improve the 
survival status of patients. Our study also showed that a 
CTC classifier integrating non-invasive and reproducible 
features is more feasible and less costly than prognostic 
features in previous studies. Unlike traditional nomograms 
that use clinical prognostic factors, since CTC levels 
can reflect the malignancy of the primary tumor, we also 
incorporated CTC counts into a nomogram that predicts 

the survival risk of individual patients. Our statistical model 
demonstrated that elevated CTC counts were significantly 
associated with lower survival in patients with CRC, so 
incorporating CTC counts into this nomogram helped to 
improve its predictive accuracy. This will pave the way for 
the creation of a simple and accurate prognostic prediction 
method for CRC patients. As this is a retrospective study, 
the prediction of survival outcomes may have been affected 
by the short follow-up period and the small number of 
observed cases. We will further expand the sample size 
and extend the follow-up time to more comprehensively 
evaluate the prognostic value of CTC in the assessment of 
CRC patients.

Conclusions

CTCs can be recognized as a novel biomarker that can 
provide valuable information for screening people at high 
risk of CRC. Our study also demonstrated that CTC is an 
independent prognostic indicator for OS, nomograms can 
evaluate the effect of multiple variables on the probability 
of long-term survival in individual patients (38,39). In the 
future, we will further expand the sample size and follow-up 
time to improve the prognostic research of CTC.
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Figure S1 Kaplan-Meier curve for OS based on total CTC counts. CTC, circulating tumor cell; OS, overall survival.
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Tables S1 Univariate analysis of Cox proportional hazards regression model

Variables Univariate model, HR (95% CI) P value

Gender

Female 1.00 (Reference) 0.5

Male 0.86 (0.58–1.29)

Tumor location

Cecum 1.00 (Reference) 0.5

Ascending colon 0.94 (0.50–1.78)

Descending colon 1.38 (0.54–3.49)

Sigmoid colon 0.61 (0.34–1.09)

Transverse colon 0.73 (0.33–1.63)

Hepatic curve 0.57 (0.23–1.43)

Splenic curve 0.90 (0.33–2.41)

Rectum 0.67 (0.23–2.00)

Tumor morphology

Adenocarcinoma 1.00 (Reference) 0.4

Adenocarcinoma intestinal type 1.25 (0.76–2.03)

Mucinous adenocarcinoma 1.34 (0.77–2.32)

Signet ring cell carcinoma 0.32 (0.04–2.35)

AJCC stage

I 1.00 (Reference) 0.004

II 1.02 (0.11–8.52)

III 4.71 (0.65–34.14)

IV 5.82 (0.78–43.69)

CEA (≥5 vs. <5 ng/mL) 3.77 (2.43–5.84) <0.001

Nodal status

N0 1.00 (Reference) 0.09

N1 1.39 (0.84–2.31)

N2 1.69 (1.05–2.71) 0.03

Age (≥70 vs. <70 years) 1.34 (0.90–1.99) 0.2

Total CTC (≥5 vs. <5) 8.41 (4.22–16.75) <0.001

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; CEA, carcinoembryonic antigen; CTC, circulating 
tumor cell.
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Table S2 Multivariate analysis of Cox proportional hazards regression model

Variables Multivariate model, HR (95% CI) P value

Nodal status

N0 1 (Reference)

N1 1.17 (0.68–1.99) 0.08

N2 1.30 (0.79–2.13) 0.05

AJCC stage

I 1.00 (Reference)

II 2.02 (0.22–18.89) 0.54

III 5.71 (0.78–41.95) 0.09

IV 8.31 (1.09–63.20) 0.04

Total CTC (number) 1.09 (1.02–1.17) 0.01

CEA (ng/mL) 1.20 (1.00–1.44) 0.05

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; CTC, circulating tumor cell; CEA, carcinoembryonic 
antigen.
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Table S3 Correlation between the number of CTCs enriched by Ep-IMB and clinicopathologic parameters

Clinical pathological <5 CTCs (n=51) ≥5 CTCs (n=59) P value

Gender 0.764

Female 24 (47.1) 25 (42.4)

Male 27 (52.9) 34 (57.6)

Age (years) 71.00 (63.50, 75.50) 68.00 (58.50, 76.00) 0.263

AJCC stage <0.001

I 3 (5.9) 0 (0.0)

II 18 (35.3) 2 (3.4)

III 18 (35.3) 19 (32.2)

IV 12 (23.5) 38 (64.4)

Tumor location 0.078

Cecum 13 (25.5) 12 (20.3)

Ascending colon 5 (9.8) 14 (23.7)

Descending colon 4 (7.8) 1 (1.7)

Sigmoid colon 18 (35.3) 16 (27.1)

Transverse colon 1 (2.0) 9 (15.3)

Hepatic curve 5 (9.8) 4 (6.8)

Splenic curve 3 (5.9) 2 (3.4)

Rectum 2 (3.9) 1 (1.7)

Histologic typing 0.697

Adenocarcinoma 28 (54.9) 31 (52.5)

Adenocarcinoma intestinal type 13 (25.5) 18 (30.5)

Mucinous adenocarcinoma 10 (19.6) 9 (15.3)

Signet ring cell carcinoma 0 (0.0) 1 (1.7)

Data are presented as n (%) or median (IQR). CTC, circulating tumor cell; Ep-IMB, EpCAM-coated immunoliposomal magnetic beads; 
EpCAM, epithelial cell adhesion molecule; AJCC, American Joint Committee on Cancer; IQR, interquartile range.


