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Purpose. Epithelial-mesenchymal transition (EMT) is related to the process of metastasis and challenges the detection of
circulating tumor cells (CTCs) based on epithelial cell adhesion molecules. Circulating tumor cells (CTCs) have been proven to
be a prognostic indicator of colorectal cancer (CRC). Although there is evidence that CTC heterogeneity based on EMT
markers is associated with disease progression, no standard recommendations have been established for clinical practice. This
study is aimed at evaluating the prognostic significance of dynamic CTC detection based on EMT for early and midstage
colorectal cancer patients. Methods. 101 patients with early to midterm CRC were admitted from January 2016 to September
2018. All patients underwent CRC radical surgery and standard chemotherapy. Patients in the postchemotherapy were able to
epithelial mesenchymal transformed (EMT) CTC testing in peripheral blood using the CanPatrol™ system. Multiple CTC tests
were performed according to patient’s own condition and different follow-up time points. Based on patient’s basic information
and follow-up data, the Kaplan-Meier method was utilized to establish the progression-free survival model, and the log-rank
test was utilized to compare the survival rates between the two groups. Result. Total CTC change of the patient is the best
method to predict whether progression-free survival progresses in tumor patients (Area = 0:857). The second detection of total
number of CTCs (P < 0:01) detected after chemotherapy, epithelial CTCs (P = 0:032), the increased total number of CTCs
(P < 0:01), and the increased number of mesenchymal CTCs (P = 0:015) are significantly related with patient’s poor
progression-free survival. Conclusion. Analysis of the second CTC count and classification after follow-up are more related to
the survival prognosis of the tumor. The joint analysis of CTC dynamic monitoring data is a good tool to judge patient’s
survival prognosis.

1. Introduction

Colorectal cancer (CRC) is one of the most common malig-
nant tumors; the incidence rate is the third in female and
the second in males globally [1]. In China, the incidence of
CRC ranks the fifth in malignant tumors, and the incidence
rate increases rapidly year by year [2]. With improvements
of individual living standards, great changes have taken place
in our lifestyles, such as increased intake of animal fat, proc-
essed meat, and red meat, reduced intake of fiber, reduced
exercise, and obesity, which are considered to change compo-

sition of intestinal flora and increase the risk of colorectal
cancer [3]. The 5-year survival rate of patients with CRC after
surgery is 40% to 60% [4]. Treatment criteria for colorectal
cancer include surgical resection and adjuvant chemother-
apy. Due to the removal of colorectal cancer metastases and
targeted therapy, the 5-year survival rate of patients with
colorectal cancer metastases has improved in the past few
years [5, 6]. Although molecular diagnosis, gene sequencing,
surgical resection, and systemic adjuvant chemoradiotherapy
have been successfully applied to the treatment of CRC, some
patients have had liver or other organ metastasis at the time
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of diagnosis due to the clinical manifestations of CRC [7].
The long-term survival of patients with CRC is affected by
recurrence and distant metastasis [8–10].

Circulating tumor cells (CTCs) are the general name for
a variety of tumor cells that originate in the primary tumor,
metastases, and other unknown minimal residual disease
(MRD) sites and are released into the blood circulation
[11]. There is heterogeneity among CTCs, and it is reported
that abnormal activation of epithelial-mesenchymal transi-
tion (EMT) may promote tumor cell proliferation and inva-
sion in human cancer cell lines and mouse models [12].
Using the physical and biological properties of these mate-
rials, different technologies enrich and test these materials
[13]. Peripheral blood CTC number and EMT classification
of various cancer patients are related to prognosis [14–16].
The number of CTCs can reflect tumor burden and detect
efficacy, and it is earlier than standard imaging changes
[17]. Therefore, the detection of CTC and EMT molecular
typing in peripheral blood can help us to noninvasively
assess the blood-borne metastasis status of cancer patients
and adjust the treatment plan as soon as possible to improve
its prognosis.

The purpose of this study is to study the function of sin-
gle CTC count and EMT classification and multiple CTC
count and EMT classification in colorectal cancer patients
and to evaluate their potential diagnostic value in early and
midterm CRC.

We adopt CanPatrol™ CTC typing technology [18] to
analyze the number and type of circulating tumor cells in
peripheral blood samples from patients with CRC, to explore
the correlation between single or multiple CTC counts, EMT
molecular typing, and clinical baseline of colorectal cancer,
and to explore potential tools for disease progression and
assessment of poor prognosis.

2. Materials and Methods

2.1. Inclusion and Exclusion Criteria. From January 2016 to
September 2018, 101 patients with early to midstage colorec-
tal cancer admitted to our hospital were included in the
study. Eligible patients receive capecitabine (1000mg/m 2
twice a day, days 1-14, every 3 weeks) plus docetaxel
(75mg/m 2 on day 1, every 3 weeks) for up to 6 cycles or
until the disease progresses; the adverse event cannot be tol-
erated, or the patient withdraws. Each patient signed an
informed consent form.

Inclusion criteria: (1) patients with pathologically diag-
nosed colorectal cancer; (2) patients with stage II and III
clinical stage and postoperative chemotherapy.

Exclusion criteria: (1) patients with colorectal cancer
have no clear pathology or cytological diagnosis; (2) clinical
data and prognostic information are not perfect; (3) antitu-
mor treatment is not acceptable.

2.2. CTC Detection Method. Using the CanPatrol™ assay sys-
tem, 10mL of blood was collected and transferred to a sample
antiseptic tube containing ammonium chloride (Surexam
Biotech, Guangzhou, China). Based on a lysis buffer via a cus-

tom connection (Surexam Biotech, Guangzhou, China), sam-
ples were incubated for 30 minutes at room temperature [18].

Red blood cells were removed by red blood cell lysis
buffer, CD45+ cells were separated by 8μm diameter pore
diameter, and CTCs were enriched by a membrane filter cal-
ibrated with 8μm diameter pore diameter; RNA in situ
hybridization (ISH) identification based on branched DNA
(bDNA) signal amplification technique characterizes CTCs
and detects EMT markers [18]. According to the EMT
marker, the enriched cells were classified into three subtypes
of epithelial (E-) CTCs, mesenchymal (M-) CTCs, and
epithelial-mesenchymal (E&M-) CTCs. Epithelial markers:
epithelial cell adhesion molecule (EPCAM), cytokeratin
8(CK8), cytokeratin 18(CK18), and cytokeratin 19(CK19);
mesenchymal markers: vimentin (VIM), Twist.

2.3. Statistical Analysis. The data was recorded in a database
designed by Microsoft office Excel (Microsoft, Redmond,
WA, USA), and statistical analysis was performed using
IBM SPSS Statistics 25.0 software (IBM, Armonk, NY,
USA). Analysis variables include gender, age, tumor size,
lymph node metastasis, degree of tumor differentiation,
degree of tumor invasion, tumor serological markers: carci-
noembryonic antigen (CEA) and carbohydrate antigen199
(CA199), first total CTC and EMT typing CTC count, sec-
ond total CTC and EMT classification CTC count, and the
total CTC and EMT classification CTC count dynamically
change. Perform univariate analysis and multivariate Cox
regression model analysis on all variables. Survival analysis
was performed by the Kaplan-Meier method to establish a
progression-free survival (PFS) survival model, and the
Log-rank test was utilized to compare the survival rates
between groups. If the P value ≤ 0.05, the result is considered
statistically significant.

3. Results

3.1. CTC Classification and Clinical Characteristics of
Patients. This study included 101 early and midstage colo-
rectal cancer patients; collected 101 patients’ gender, age,
tumor size (cm), and tumor node metastasis (TNM) staging
information; and collected 35 patients with tumor differenti-
ation, 20 patients with postoperative CEA, CA199, and other
information. As shown in Figure 1, the three subtypes of
CTCs in colorectal cancer patients are divided by RNA in
situ hybridization. The three subtypes are E-CTCs, E&M-
CTCs, and M-CTCs from left to right.

The 101 patients had a minimum age of 36 years, a max-
imum age of 71 years. There were 50 male cases and 51
female cases. The size of the primary tumor of patient’s
tumor is between 2 and 8 cm. Thirty-five patients had clini-
cal information on tumor differentiation, 10 poorly differen-
tiated patients, 18 moderately differentiated patients, and 7
highly differentiated patients. A total of 126 CTC tests were
performed on 101 patients, and the CTC positive rate was
84.9% (107/126). The first CTC test of 101 patients after che-
motherapy was in the range of 0-45/5mL. The change range
of CTCs detected by 20 patients after chemotherapy for the
second time was 0-15/5mL. The number of CTCs detected
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in the third and fourth times after chemotherapy was too
small, and the change range was not statistically significant.

As listed in Table 1, the clinical information of colorectal
cancer patients and the results of two CTC tests showed the
total number of CTCs tested for the first time after chemo-
therapy and that E/M-CTCs and M-CTCs were significantly
positively correlated with the size of the primary tumor
(P < 0:01, N = 101); the second M-CTCs detected after
chemotherapy were negatively correlated with the primary
tumor size (P = 0:015, N = 20). The number of CTCs

(P = 0:039, N = 35) and E/M-CTCs (P = 0:022, N = 35)
detected for the first time after chemotherapy was inversely
related to the degree of tumor differentiation. The total
number of CTCs detected for the first time after chemother-
apy, E/M-CTCs, and M-CTCs was also positively correlated
with the degree of tumor invasion (P < 0:01, N = 101). The
total number of CTCs detected for the first time (P = 0:046
, N = 101), E/M-CTCs (P = 0:020, N = 101), and E-CTCs
(P = 0:023, N = 101) was proportional to the number of
tumor lymph nodes and the possibility of transfer.

Table 1: Correlation between clinical characteristics of patients and CTCs of different subgroups.

1-Total 1-E 1-E&M 1-M 2-Total 2-E 2-E&M 2-M

Spearman’s rho

Gender

r 0.121 0.008 0.145 0.116 0.291 -0.050 0.294 0.267

P 0.230 0.934 0.147 0.248 0.214 0.835 0.209 0.255

N 101 101 101 101 20 20 20 20

Age

r 0.038 -0.060 -0.036 0.170 0.118 -0.028 0.067 -0.103

P 0.702 0.551 0.718 0.090 0.621 0.906 0.780 0.665

N 101 101 101 101 20 20 20 20

Size

r 0.508 0.083 0.475 0.390 0.078 0.013 0.363 -0.536

P 0.000∗∗ 0.411 0.000∗∗ 0.000∗∗ 0.745 0.956 0.116 0.015∗

N 101 101 101 101 20 20 20 20

Degree

r -0.351 -0.100 -0.386 -0.104 0.003 -0.127 0.131 -0.071

P 0.039∗ 0.569 0.022∗ 0.551 0.989 0.595 0.582 0.767

N 35 35 35 35 20 20 20 20

Tumor invades

r 0.465 0.119 0.411 0.386 0.170 -0.054 0.111 0.163

P 0.000∗∗ 0.237 0.000∗∗ 0.000∗∗ 0.474 0.822 0.641 0.491

N 101 101 101 101 20 20 20 20

Lymph nodes

r 0.199 0.226 0.232 0.093 0.203 0.364 0.065 0.120

P 0.046∗ 0.023∗ 0.020∗ 0.356 0.390 0.114 0.784 0.614

N 101 101 101 101 20 20 20 20

CEA

r -0.216 0.076 -0.208 -0.252 -0.157 0.182 -0.145 -0.275

P 0.359 0.749 0.379 0.283 0.509 0.443 0.542 0.241

N 20 20 20 20 20 20 20 20

CA199

r -0.308 -0.177 -0.093 -0.264 -0.231 0.043 -0.184 -0.231

P 0.186 0.455 0.695 0.260 0.328 0.857 0.437 0.328

N 20 20 20 20 20 20 20 20
∗∗P < 0:01 (2-tailed); ∗P < 0:05 (2-tailed).

Figure 1: CTC subcomponent pattern of colorectal cancer patients.
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Figure 2: Continued.
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3.2. Patient CTC Dynamic Detection and Patient Imaging
Examination. Among the 101 patients, 81 received 1 CTC
test, 17 received 2 CTC dynamic monitoring, 1 received 3
CTC dynamic monitoring, and 2 received 4 CTC dynamic
monitoring. The statistics of the number of two examina-
tions after chemotherapy in 20 patients are as follows.

Of the 20 patients, 6 had tumor progression, 10 had
increased total CTCs, 2 had no change in total CTCs, 8
had a decrease in total CTCs, and 6 had tumor progression.
In the increase in the total number of CTCs by 10, none of
the patients with the total number of CTCs changed or
decreased did not show patients with tumor progression
(Figure 2(a)); there were 3 patients with elevated E-CTCs,
of which 2 had tumor progression, and 1 had no tumor pro-
gression. 13 patients had the same number of E-CTCs, of
which 3 had tumor progression, and 10 had no tumor pro-
gression. There were 4 patients with a decrease in the num-
ber of E-CTCs, and 1 of them had tumor progression
(Figure 2(b)); there were 8 patients with elevated E/M-CTCs,
of which 3 had tumor progression, and 5 had no tumor pro-
gression; 4 had no change in the number of E/M-CTCs, of
which 2 had tumor progression, and 2 did not appear tumor

progression. There were 8 patients with decreased E/M-CTC
numbers, 1 of whom had tumor progression, and 7 others
had no tumor progression (Figure 2(c)); 7 patients with
increased M-CTCs, 4 of which had tumor progression, and
3 patients did not have tumor progression. 10 patients with
unchanged M-CTC number, including 1 patient with tumor
progression, and 9 patients without tumor progression. 3
patients with M-CTC number decline, 1 of whom tumor
progression occurred, but the other 2 persons did not
develop tumor progression (Figure 2(d)).

Six of the 20 patients had tumor progression, and all of
them appeared in 10 of the total increase in CTCs. One of
them was followed up by patient count 18 (PC18) patients.
A total of 4 CTCs were tested, and the total number of CTCs
continued to rise. The number of CTCs increased in PC18
patients after the second CTC test in July 2017; the third
CTC test in November 2017 continued to increase the total
number of CTCs. At the same time, patients underwent
computed tomography (CT)examination, and patients with
CT may have liver and lung metastases; in April 2018, the
fourth CTC test was carried out. The total number of CTCs
continued to rise. At the same time, CT examination was
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Figure 2: CTC dynamic changes in different subgroups of patients tested twice.
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Figure 3: Patient’s PFS progression ROC analysis chart.
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Table 2: Single factor analysis of PFS.

Variable
PFS

Mean (months)
95% confidence interval

Chi-square Log-rank P value
Lower bound Upper bound

Age

0.038 0.845≤55 18.21 13.725 22.685

>55 17.75 10.770 24.730

Gender

0.022 0.881Male 18.51 13.342 23.683

Female 15.06 12.016 18.095

Lymph node metastasis

3.218 0.073N0

N1

Degree of tumor

3.126 0.077Low 14.58 9.357 19.803

Medium/high 21.88 17.979 25.771

Tumor size (cm)

1.126 0.289≤4 14.58 11.447 22.286

>4 21.88 15.988 24.699

Total-CTCs -1/5mL

0.177 0.674≤3 18.735 14.011 23.459

>3 17.500 11.682 23.318

E-CTCs-1/5mL

0.614 0.4330 17.18 12.588 21.762

≥1 21.17 16.097 26.236

E/M-CTCs-1/5mL

1.154 0.283<2 10.45 8.088 12.818

≥2 19.67 15.488 23.858

M-CTCs-1/5mL

0.987 0.3200 16.66 11.923 21.399

≥1 21.17 16.097 26.236

Total-CTCs -2/5mL

7.354 0.007∗∗≤3 22.60 19.997 25.203

>3 11.07 6.835 15.311

E-CTCs-2/5mL

4.591 0.032∗0 20.41 16.802 24.017

≥1 11.25 4.232 18.268

E/M-CTCs-2/5mL

2.181 0.140<2 21.78 17.671 25.884

≥2 15.42 10.216 20.628

M-CTCs-2/5mL

2.718 0.0990 20.73 16.678 24.772

≥1 12.75 8.317 17.183

Dynamic of total CTCs

8.116 0.004∗∗Decrease or unchanging

Increase
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performed, and the patient developed liver and lung metas-
tasis (Figure 3). Another patient, PC20, was followed up for
a total of 3 CTC tests, and the number of CTCs continued to
rise. In the third CTC test of this patient after chemotherapy,
patient’s imaging revealed multiple metastases of colorectal
cancer and liver and kidney metastases. PC19 patients had a
total of 4 tests during the follow-up period after chemother-
apy, and the total CTCs of the patients continued to decrease
to 0, and the patients did not find tumor progression.

Patient’s (N = 20) tumor size, tumor markers CEA and
CA199, and patient’s total CTC (Figure 3(a)), 3E-CTC,
E/M-CTC, and M-CTC dynamic changes were analyzed by
receiver-operating characteristic curve (ROC), and the
research results showed (Figure 3(b)) the total CTC change
of the patient is the best method to predict whether PFS pro-
gresses in cancer patients (Area = 0:857), followed by the
dynamic change of M-CTCs (Area = 0:685), and the other
indicators are the dynamic change of E/M-CTCs (Area =
0:643), E-CTC dynamic changes (Area = 0:625), CA199
(Area = 0:601), and CEA (Area = 0:470), and the most unsuit-
able indicator for predicting whether PFS progresses in tumor
patients is the size of the primary tumor (Area = 0:452).

3.3. CTCs and Tumor Progression-Free Survival. In this
study, patients were followed up for PFS. Finally, 20 patients
with PFS were included in the study. During the follow-up, 6
patients with early and midterm colorectal disease pro-
gressed. The median follow-up time for this study was 11
months, and the follow-up ranged from 3 months to 24
months. For age, sex, lymph node metastasis, degree of
tumor differentiation, primary tumor size, total number of
CTCs detected for the first time after chemotherapy (total-
CTCs-1), first detection of epithelial CTCs (E-CTCs-1), first
mixed CTCs test (E/M-CTCs-1), mesenchymal test (M-
CTCs-1) for the first time, total CTCs test (total-CTCs-2)
for the second test after chemotherapy follow-up, the second
detection of epithelial CTCs (E-CTCs-2), the second detec-
tion of mixed CTCs (E/M-CTCs-2), the second detection
of mesenchymal type (M-CTCs-2) and the total of two tests
dynamic change of CTCs (dynamic of Total CTCs),

dynamic change of epithelial CTCs (dynamic of E-CTCs),
dynamic change of hybrid CTCs (dynamic of E/M-CTCs),
dynamic change of mesenchymal CTCs (dynamic of M-
CTCs), etc., a single clinical variable and PFS were analyzed
by univariate analysis, and found tumor lymph node metas-
tasis (P = 0:073). The lower degree of tumor differentiation
(P = 0:077) and adverse PFS have a certain trend (P value
is close to 0.05); among the results of two CTC tests after
chemotherapy, the results of the first CTC test were not
related to patient’s PFS (Table 2). The CTC result of the sec-
ond test was more related to patient’s tumor progression.
The results show that Total − CTCs − 2 ≥ 3/5mL was
extremely significantly related to patient’s poor PFS (P <
0:01); E − CTCs − 2 ≥ 1/5mLwas significantly related to
patients with poor PFS (P = 0:032 < 0:05); CTC dynamic
detection and PFS univariate analysis showed that the
increase in the total number of CTCs was highly correlated
with patients with poor PFS (P < 0:01), and the number of
mesenchymal CTC increased was significantly related to
patients’ bad PFS (P = 0:015 < 0:05).

Kaplan-Meier progression-free survival curve analysis
(Figure 4) was performed on the univariate analysis affecting
the prognosis of PFS survival. The results are as follows: the
increase in the total number of CTCs is most related to the
poor prognosis (P < 0:01). Total − CTCs − 2 ≥ 3 predicts
patient’s poor PFS (P < 0:01); the average PFS of Total −
CTCs − 2 ≤ 3 and > 3 is 22.6 months and 11.07 months
(Figure 4(a)); E − CTCs − 2 ≥ 1/5mL are detected; the
patient indicates poor PFS (P = 0:032 < 0:05); the average
PFS of E − CTCs − 2 ≥ 1 and E-CTCs-2 negative are, respec-
tively, 11.25 months and 20.41 months (Figure 4(b)). The
tumor progression of the 6 patients all showed an increase
in the total number of CTCs, and the PFS survival curve
was significantly different (Figure 4(c)); the mean PFS of
mesenchymal CTC increase and decrease was 11.33 months
and 21.3months (P = 0:015 < 0:05), with a significant differ-
ence (Figure 4(d)).

Subsequently, multivariate Cox regression analysis
(Table 3) was performed, and the results showed that lymph
node metastasis, degree of tumor, Total-CTCs -2/5mL, E-

Table 2: Continued.

Variable
PFS

Mean (months)
95% confidence interval

Chi-square Log-rank P value
Lower bound Upper bound

Dynamic of E-CTCs

1.659 0.198Decrease or unchanging 19.41 15.573 23.254

Increase 12.67 2.859 22.474

Dynamic of E/M-CTCs

0.549 0.459Decrease or unchanging 19.11 14.484 23.743

Increase 12.95 8.821 17.084

Dynamic of M-CTCs

5.937 0.015∗Decrease or unchanging 21.30 17.887 24.713

Increase 11.33 6.035 16.632
∗∗P < 0:01 (2-tailed); ∗P < 0:05 (2-tailed).
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Figure 4: Continued.
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Figure 4: Kaplan-Meier progression-free survival of colorectal cancer patients.
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CTCs-2/5mL, dynamic of total CTCs, and dynamic of M-
CTCs cannot be utilized as independent prognostic factors
for poor PFS.

4. Discussion

CTCs shed from primary or secondary tumors into rare
tumor cells in the peripheral blood circulation. CTCs play
an important role in cancer metastasis; they are separated
from the original tumor, survive in the circulation, and
attach to the endothelium at the target organ, and they also
invade parenchyma and finally form a tumor mass in distal
site [19]. The tumor cells will be detached from the primary
tumor before completely obtaining phenotype of the malig-
nant tumor cells, or its dissemination exists in the whole
process of tumor development. These early disseminated
tumor cells are parallelized and evolved independently of
the primary tumor. It is an important cause of postoperative
recurrence and distant metastasis in patients with malignant
tumors and is also an important factor leading to the death
of cancer patients. Previous studies using ISET platforms
or similar methods have detected CTCs undergoing EMT
which helps tumor metastasis process in most patients [20,
21], which is consistent with our findings that Kaplan-
Meier progression-free survival curve analysis showed that
the increase in M-CTCs was predictive of poor PFS in colo-
rectal cancer (P = 0:015).

Cohen et al. [22] and Gazzaniga et al. [23] reported that
the detection rate of circulating tumor cells in peripheral
blood circulating tumor cells of patients with colorectal can-
cer was significantly correlated with pathological stage. In
our study, the analysis of the two CTC test results after che-
motherapy found that the data of the first CTC test after
chemotherapy were more related to the size of the primary
tumor, lymph node metastasis, tumor differentiation, and
tumor invasion. The results of Cohen and Gazzaniga and
others have some consistency with ours.

Changes in the number and type of CTCs can reflect the
tumor burden and detect the effect, and it is earlier than the
standard imaging CT examination [17]. In breast cancer and
lung cancer, there are cases reported that the number of
CTC patients continues to increase, which indicates that
patient’s tumor progresses earlier than CT [24, 25]. In this
study, the number of CTC detections of 6 patients with
tumor progression increased, and the number of CTCs of

patients with case number PC18 continued to increase.
The CT examination corresponding to the third CTCs
showed that the patients had tumor progression and liver
and lung metastasis. ROC curve analysis results show that
total CTC dynamic detection is the best method to predict
whether PFS progresses in tumor patients (Area = 0:857).

Patients who participated in chemotherapy were regu-
larly followed up by medical staff. The follow-up data were
typical repeated measurements, including CTC testing and
testing time. The advantages of multiple analysis of data to
build an analytical model can dynamically monitor
observer’s changes over time. Analysis of the data from the
two tests found that the CTC data from the second test was
more relevant to the prognosis and survival of the patients.
The research results show (Figure 4): the average PFS time
of the second total CTCs ≤ 3/5mL is 22.6 months, and the
average PFS time of the total CTCs > 3/5mL is 11.07 months
(P < 0:01); the second detection test with epithelial CTCs, the
patient indicates poor PFS (P = 0:032), and the average PFS
for E − CTCs ≥ 1 and E-CTCs negative is 11.25 months and
20.41 months, respectively. The data of the second test of
CTCs is different from that of the first test. The data of the
first test is more related to the clinical baseline of the patient,
and the data of the test during the follow-up is more related
to the survival prognosis. Combined with two data analysis,
the total CTC increase was significantly associated with poor
PFS and significance (P < 0:01), the average PFS of patients
with elevated M-CTCs was 11.33 months, and the PFS of
decreased and unchanged patients was 21.3 months
(P = 0:015 < 0:05). In multivariate analysis, the results of
multivariate Cox regression analysis show that multiple test
data cannot be adopted as independent prognostic factors
for poor PFS. Hou et al. [26] showed that the emergence of
M-CTCs is an independent prognostic factor for PFS in
patients with advanced colorectal disease, which is inconsis-
tent with our research results. From the correlation analysis
between the data, it can be seen that the total number of cir-
culating tumor cells detected for the first time after chemo-
therapy, and the CTCs that have undergone epithelial-
mesenchymal transition have a certain relationship with
patient’s primary tumor size, tumor differentiation, tumor
invasion, and lymph node metastasis. The number and type
of CTCs detected for the second time during the follow-up
period were not highly correlated with patient’s basic clinical
information of the tumor. The analysis may be due to the fact

Table 3: Multivariate analysis of PFS.

PFS
95% CI lower 95% CI upper Wald Exp(B) P value

Lymph node metastasis 0.000 1:157 ∗ 10197 0.002 3:827 ∗ 104 0.963

Degree of tumor 0.041 5.496 0.354 0.467 0.552

Total-CTCs -2/5mL 0.032 16.364 0.041 0.724 0.839

E-CTCs-2/5mL 0.120 16.697 0.077 1.418 0.782

Dynamic of total CTCs 0.000 4:770 ∗ 10177 0.004 2:023 ∗ 104 0.952

Dynamic of M-CTCs 0.064 34.339 0.061 1.484 0.806
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that we have detected fewer cases on multiple occasions, and
this study is aimed at early and midterm colorectal patients,
nonmetastatic colon cancer patients.

5. Conclusion

Based on the results of this study, we believe that multiple
CTC tests are of great significance in CRC. The first CTC
count and EMT classification after chemotherapy are more
relevant to the clinical baseline of the tumor. The second
CTC count and EMT classification followed by the tumor
survival prognosis are more relevant. CTC dynamic moni-
toring data combined analysis is a good tool to judge the sur-
vival prognosis of patients. A single CTC test in colorectal
cancer does not meet the clinical needs for monitoring the
occurrence and development of patients’ tumors. Multiple
CTC monitoring at different time points is more beneficial
for the evaluation of patients’ tumor prognosis. Due to the
limited size of our research cohort, further large-scale studies
are needed to confirm our current data, and other clinical
pathological records and long-term follow-up are needed
to prove that multiple CTC monitoring and analysis at dif-
ferent time points can assess the outcome of CRC survival.

Data Availability

The datasets generated and analyzed in the current study are
not publicly available, but are available from the correspond-
ing author on reasonable request.

Additional Points

What Does This Paper Add to the Literature? This paper
explores the prognostic assessment for colorectal cancer by
dynamic changes of epithelial-mesenchymal transition typ-
ing of CTCs and provides reference for the prevention and
control of cancer.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] J. Ferlay, M. Colombet, I. Soerjomataram et al., “Estimating the
global cancer incidence and mortality in 2018: GLOBOCAN
sources and methods,” International Journal of Cancer,
vol. 144, no. 8, pp. 1941–1953, 2019.

[2] W. Chen, R. Zheng, P. D. Baade et al., “Cancer statistics in
China, 2015,” CA: a Cancer Journal for Clinicians, vol. 66,
no. 2, pp. 115–132, 2016.

[3] H. Jiayi and C. Lei, “Research progress of intestinal flora imbal-
ance and colorectal cancer,” Translational Medicine Journal,
vol. 10, p. 4, 2021.

[4] J. J. Idrees, F. Bagante, F. Gani et al., “Population level out-
comes and costs of single stage colon and liver resection versus
conventional two-stage approach for the resection of metasta-
tic colorectal cancer,” HPB, vol. 21, pp. 456–464, 2019.

[5] A. Wiegering, C. Isbert, U. A. Dietz et al., “Multimodal therapy
in treatment of rectal cancer is associated with improved sur-

vival and reduced local recurrence - a retrospective analysis
over two decades,” BMC Cancer, vol. 14, no. 1, 2014.

[6] R. M. McQuade, V. Stojanovska, J. C. Bornstein, and
K. Nurgali, “Colorectal cancer chemotherapy: the evolution
of treatment and new approaches,” Current Medicinal Chemis-
try, vol. 24, pp. 1537–1557, 2017.

[7] J. Holch, S. Stintzing, and V. Heinemann, “Treatment of met-
astatic colorectal cancer: standard of care and future perspec-
tives,” Viszeralmedizin, vol. 32, pp. 178–183, 2016.

[8] Y. Itatani, K. Kawada, S. Inamoto et al., “The role of chemo-
kines in promoting colorectal cancer invasion/metastasis,”
International journal of molecular sciences, vol. 17, 2016.

[9] Y. Tian, L. Rong, and Y. Ma, “Surgical resection after endo-
scopic resection in patients with T1 colorectal cancer: a
meta-analysis,” International Journal of Colorectal Disease,
vol. 36, pp. 457–466, 2021.

[10] B. Johnson, Z. Jin, M. G. Haddock et al., “A curative-intent tri-
modality approach for isolated abdominal nodal metastases in
metastatic colorectal cancer: update of a single-institutional
experience,” The Oncologist, vol. 23, no. 6, pp. 679–685, 2018.

[11] N. Aceto, A. Bardia, D. T. Miyamoto et al., “Circulating tumor
cell clusters are oligoclonal precursors of breast cancer metas-
tasis,” Cell, vol. 158, no. 5, pp. 1110–1122, 2014.

[12] R. Kalluri, “EMT: when epithelial cells decide to become
mesenchymal-like cells,” The Journal of Clinical Investigation,
vol. 119, pp. 1417–1419, 2009.

[13] J. Massague and A. C. Obenauf, “Metastatic colonization by
circulating tumour cells,” Nature, vol. 529, pp. 298–306,
2016.

[14] I. Baccelli, A. Schneeweiss, S. Riethdorf et al., “Identification of
a population of blood circulating tumor cells from breast can-
cer patients that initiates metastasis in a xenograft assay,”
Nature Biotechnology, vol. 31, no. 6, pp. 539–544, 2013.

[15] A. de Albuquerque, I. Kubisch, U. Stölzel et al., “Prognostic
and predictive value of circulating tumor cell analysis in colo-
rectal cancer patients,” Journal of Translational Medicine,
vol. 10, no. 1, p. ???, 2012.

[16] G. Heller, R. McCormack, T. Kheoh et al., “Circulating tumor
cell number as a response measure of prolonged survival for
metastatic castration-resistant prostate cancer: a comparison
with prostate-specific antigen across five randomized phase
III clinical trials,” Journal of Clinical Oncology, vol. 36, no. 6,
pp. 572–580, 2018.

[17] C. Alix-Panabieres and K. Pantel, “Challenges in circulating
tumour cell research,” Nature Reviews. Cancer, vol. 14,
pp. 623–631, 2014.

[18] S. Wu, S. Liu, Z. Liu et al., “Classification of circulating tumor
cells by epithelial-mesenchymal transition markers,” PLoS
One, vol. 10, no. 4, article e0123976, 2015.

[19] J. Zhang, K. Chen, and Z. H. Fan, “Circulating tumor cell iso-
lation and analysis,” Advances in Clinical Chemistry, vol. 75,
pp. 1–31, 2016.

[20] A. Brouwer, B. de Laere, D. Peeters et al., “Evaluation and con-
sequences of heterogeneity in the circulating tumor cell com-
partment,” Oncotarget, vol. 7, no. 30, pp. 48625–48643, 2016.

[21] L. M. McInnes, N. Jacobson, A. Redfern, A. Dowling, E. W.
Thompson, and C. M. Saunders, “Clinical implications of cir-
culating tumor cells of breast cancer patients: role of epithe-
lial–mesenchymal plasticity,” Frontiers in Oncology, vol. 5,
p. 42, 2015.

12 Computational and Mathematical Methods in Medicine



[22] S. J. Cohen, C. J. A. Punt, N. Iannotti et al., “Prognostic signif-
icance of circulating tumor cells in patients with metastatic
colorectal cancer,” Annals of Oncology, vol. 20, no. 7,
pp. 1223–1229, 2009.

[23] P. Gazzaniga, W. Gianni, C. Raimondi et al., “Circulating
tumor cells in high-risk nonmetastatic colorectal cancer,”
Tumour Biology, vol. 34, no. 5, pp. 2507–2509, 2013.

[24] X. R. Jin, L. Y. Zhu, K. Qian et al., “Circulating tumor cells in
early stage lung adenocarcinoma: a case series report and liter-
ature review,” Oncotarget, vol. 8, pp. 23130–23141, 2017.

[25] X. Guan, F. Ma, C. Li et al., “The prognostic and therapeutic
implications of circulating tumor cell phenotype detection
based on epithelial-mesenchymal transition markers in the
first-line chemotherapy of HER2-negative metastatic breast
cancer,” Cancer communications, vol. 39, no. 1, p. 1, 2019.

[26] J. Hou, C. Guo, and G. Lyu, “Clinical significance of epithelial-
mesenchymal transition typing of circulating tumour cells in
colorectal cancer,” Colorectal Disease, vol. 22, pp. 581–587,
2020.

13Computational and Mathematical Methods in Medicine


	Prognostic and Therapeutic Significance of Circulating Tumor Cell Phenotype Detection Based on Epithelial-Mesenchymal Transition Markers in Early and Midstage Colorectal Cancer First-Line Chemotherapy
	1. Introduction
	2. Materials and Methods
	2.1. Inclusion and Exclusion Criteria
	2.2. CTC Detection Method
	2.3. Statistical Analysis

	3. Results
	3.1. CTC Classification and Clinical Characteristics of Patients
	3.2. Patient CTC Dynamic Detection and Patient Imaging Examination
	3.3. CTCs and Tumor Progression-Free Survival

	4. Discussion
	5. Conclusion
	Data Availability
	Additional Points
	Conflicts of Interest

