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Background: Patients with T1 stage early colorectal cancer (CRC) can be treated with radical surgery or
endoscopic surgery. Endoscopic surgery has a number of advantages, including minimal trauma and a rapid
recovery. However, it cannot remove regional lymph nodes to assess whether there is lymph node metastasis.
Thus, the analysis of the risk factors of lymph node metastasis in patients with T'1 stage CRC is of great
significance in the selection of appropriate treatment methods. Although previous studies have explored
the risk factors for lymph node metastasis in T1 stage CRC patients, the number of cases were relatively
insufficient, and further exploration is necessary.

Methods: A total of 2,085 patients who had been pathologically diagnosed with CRC from 2015 to 2017
from the Surveillance, Epidemiology, and End Results (SEER) database. Among the patients, 324 had lymph
node metastasis. A multivariate logistic regression analysis was conducted to analyze the risk factors of lymph
node metastasis in patients with T'1 stage CRC. Next, we established a prediction model to predict lymph
node metastasis in patients with T1 stage CRC.

Results: The results of the multivariate logistic regression analysis showed that age at diagnosis,
rectosigmoid cancer, poorly differentiated or undifferentiated tumor cells, and distant metastasis were
independent factors of lymph node metastasis in patients with T'1 stage CRC (P<0.05). This study used
the R4.0.3 statistical software for the statistical analysis. The data set was randomly divided into a training
set and verification set. The training set comprised 1,460 patients, and the verification set comprised 625
patients. The area under the receiver operating characteristic curve (AUC) of the training set was 0.675 [95%
confidence interval (CI): 0.635-0.714], and the AUC of the verification set was 0.682 (95% CI: 0.617-0.747).
In the validation set, the model was tested by the Hosmer-Lemeshow Goodness-of-Fit Test (x'=4.018,
P=0.855), and the results showed that the model was reliable at predicting lymph node metastasis in patients
with T'1 stage CRC.

Conclusions: For CRC patients with high risk factors of lymph node metastasis, endoscopic physicians
should carefully evaluate the advantages and disadvantages of the endoscopic surgery before deciding

whether to perform this surgery.
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Introduction

Colorectal cancer (CRC) is the third most common in
malignant tumor, and accounts for about 8% of all cancer-
related deaths (1). With the development and popularization
of endoscopic technology, the early diagnosis rate of CRC
has increased significantly (2). Endoscopic technology is
not only a means of diagnosis but is also used to treat early-
stage CRC. Endoscopic submucosal dissection has been
found to be safe and effective in the treatment of early-stage
CRC (3).

Compared to laparoscopic surgery or open surgery,
endoscopic treatment has a number of advantages, including
minimal trauma, a rapid recovery, and a low incidence of
complications (4). However, endoscopic treatment cannot
be used to remove regional lymph nodes or evaluate
whether regional lymph nodes are metastatic. A study
showed that the regional lymph node metastasis rate in
patients with T'1 stage CRC is as high as 22.5% (5). If such
patients are treated by endoscopy, they often need to be
treated again due to regional lymph node metastasis. Thus,
the accurate evaluation of the risk factors of lymph node
metastasis in patients with T'1 stage CRC before treatment
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® This study identified the risk factors of lymph node metastasis in
patients with T'1 stage CRC.
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* Endoscopic surgery for T1 stage CRC has a number of advantages,
including minimal trauma, a rapid recovery, and a low incidence
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¢ For CRC patients with high risk factors of lymph node metastasis,
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disadvantages of endoscopic surgery before deciding whether to
perform this surgery.
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is of great significance, and may inform decisions of whether
to preform endoscopic submucosal dissection.

Research has shown that vascular tumor thrombus and
histological grade 3 are risk factors of lymph node metastasis
in T1 stage CRC patients (6). Another study showed that
the poor differentiation of tumor cells was a risk factor of
lymph node metastasis in patients with T'1 stage CRC (7).
However, the number of the patients included in these two
studies were relatively small (6,7). In recent years, more and
more studies have been conducted to explore the related
risk factors of malignant tumors (8-11). A previous study
also showed that a prediction model that included multiple
risk factors had high value in predicting lymph node
metastasis in patients with T'1 stage CRC (12). However,
the study had a number of obvious shortcomings, including
that the cohort comprised only 97 patients, of whom only
14 had lymph node metastasis (12). Thus, the risk factors of
lymph node metastasis in patients with T'1 stage CRC need
to be further explored. We present the following article in
accordance with the TRIPOD reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-125/rc).

Methods
General information

The SEER*Stat version 8.3.9 software (The American
National Cancer Institute) was used to extract the data
of 2,085 patients who had been pathologically diagnosed
with CRC from 2015 to 2017 from the Surveillance,
Epidemiology, and End Results (SEER) database (https://
seer.cancer.gov/). The diagnoses of CRC and lymph node
metastasis were based on pathological diagnosis. To be
eligible for inclusion in this study, the patients had to meet
the following inclusion criteria: (I) have a pathological
diagnosis of CRC; (II) have available medical records; and
(IIT) have a preoperative clinical evaluation T stage of T1.
Patients were excluded from the study if they met any of
the following exclusion criteria: (I) had multiple tumors;
and/or (II) had incomplete clinical or follow-up data. This
study was conducted in accordance with the Declaration
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T1 colorectal cancer (n=6,975)

Lymph node data missing (n=233)
Differentiation data missing (n=1,198)

Y

Pathological type data missing (n=7)
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(n=324)

Without lymph node metastasis

(n=1,761)

Figure 1 The process used to extract the data of patients who had been pathologically diagnosed with CRC from the SEER database. CEA,

carcinoembryonic antigen; CRC, colorectal cancer; SEER, Surveillance, Epidemiology, and End Results.

of Helsinki (as revised in 2013). The patient inclusion flow
chart is shown in Figure 1.

Observation indicators

Age at diagnosis, gender, primary site, pathological type,
degree of differentiation, distant metastasis, carcinoembryonic
antigen (CEA) level, and overall survival were analyzed in
this study.

Statistical analysis

SPSS 26.0 (IBM, Chicago, IL, USA) was used to complete
the data analysis in this study, and a two-tailed P value <0.05
indicated that the difference was statistically significant.
The age and other measurement data of the two groups are
expressed as the mean = standard deviation (SD), and the
differences between the two groups were analyzed using
an independent sample 7-test. The counting data of the
patients in the two groups are expressed as the number (%),
and the differences between the two groups were analyzed
using the chi-square test. A multivariate logistic regression
analysis was conducted to explore the risk factors of lymph
node metastasis in patients with T'1 stage CRC [in Tible I,
the P values of five variables (including age at diagnosis,
the primary site, the degree of differentiation, the distant
metastasis rate, the CEA increase rate) <0.1, therefore the
five variables were enrolled in the multivariate logistic
regression]. The R4.0.3 statistical software (R Development
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Core Team) was used to establish and validate a lymph node
metastasis model for patients with T'1 stage CRC.

Results

Clinical characteristics of patients with T1 stage CRC with
lymph node metastasis

There were significant differences between the patients
with and without lymph node metastasis in terms of age at
diagnosis, the primary site, the degree of differentiation,
the distant metastasis rate, the CEA increase rate, and the
overall survival rate (P<0.05) (Table 1).

Risk factors of lymph node metastasis in patients with T1
stage CRC

The results of the multivariate logistic regression analysis
showed that age at diagnosis, rectosigmoid cancer, poorly
differentiated or undifferentiated tumor cells, and distant
metastasis were independent factors of lymph node
metastasis in patients with T'1 stage CRC (P<0.05) (Table 2).

Establishbment and validation of the lymph node metastasis
prediction model for patients with T1 stage CRC

This study used the R4.0.3 statistical software for the
statistical analysis. The dataset was randomly divided
into the training set and verification set. The training set
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Table 1 Clinical characteristics of patients with T'1 stage CRC

Wang et al. Risk factors of lymph node metastasis in CRC

Lymph node metastasis group

Non-lymph node metastasis group

Variables (n=324) (n=1,761) t/? value P value
Age at diagnosis (years) 62.31+12.54 65.32+12.03 4.104 0.000
Gender 0.535 0.465
Male 173 (53.40) 979 (55.59)
Female 151 (46.60) 782 (44.41)
Primary site 8.396 0.038
Rectal cancer 162 (50.00) 987 (56.05)
Rectosigmoid cancer 36 (11.11) 122 (6.93)
Colon cancer 85 (26.23) 442 (25.10)
lleocecum cancer 41 (12.65) 210 (11.93)
Pathological type 0.923 0.820
Adenocarcinoma 320 (98.77) 1,745 (99.09)
Squamous cell carcinoma 1(0.31) 5(0.28)
Signet-ring cell carcinoma 2 (0.62) 5(0.28)
Other 1(0.31) 6 (0.34)
Degree of differentiation 37.141 0.000
Well differentiated 25 (7.72) 295 (16.75)
Moderately differentiated 241 (74.38) 1,311 (74.45)
Poorly differentiated 51 (15.74) 132 (7.50)
Undifferentiated 7 (2.16) 23 (1.31)
Distant metastasis 127.686 0.000
Yes 108 (33.33) 175 (9.94)
No 216 (66.67) 1,586 (90.06)
CEA increase 31.367 0.000
Yes 132 (40.74) 450 (25.55)
No 192 (59.26) 1,311 (74.45)
Overall survival 189 (58.33) 1,287 (73.08) 28.794 0.000

Data are presented as mean + SD or n (%). CRC, colorectal cancer; CEA, carcinoembryonic antigen; SD, standard deviation.

comprised 1,460 patients, and the verification set comprised
625 patients. The area under the receiver operating
characteristic curve (AUC) of the training set was 0.675
[95% confidence interval (CI): 0.635-0.714], and the AUC
of the verification set was 0.682 (95% CI: 0.617-0.747).
In the validation set, the model was tested by the Hosmer-
Lemeshow Goodness-of-Fit Test (x’=4.018, P=0.855)
(Figures 2-5).

Discussion

The key to evaluating the applicability of endoscopic
treatment is to evaluate whether patients with T1 stage
CRC have lymph node metastasis (13-15). This study
explored the risk factors of lymph node metastasis in
patients with T1 stage CRC, and found that age at
diagnosis, rectosigmoid cancer, poorly differentiated or
undifferentiated tumor cells, and distant metastasis were

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2023;14(2):913-921 | https://dx.doi.org/10.21037/jgo-23-125



Journal of Gastrointestinal Oncology, Vol 14, No 2 April 2023

917

Table 2 Risk factors of lymph node metastasis in patients with T'1 stage CRC

Variables § SE Wald P value Relative risk (95% ClI)
Age at diagnosis 0.018 0.005 12.256 0.000 1.018 (1.008-1.028)
Rectosigmoid cancer 0.496 0.210 5.567 0.018 1.642 (1.088-2.480)
Poorly differentiated or 0.597 0.179 11.139 0.001 1.816 (1.279-2.578)
undifferentiated tumor cells

CEA increase 0.003 0.169 0.000 0.988 1.003 (0.720-1.397)
Distant metastasis 1.408 0.186 57.055 0.000 4.088
Constant -4.061 0.662 37.617 0.000 0.017

CRC, colorectal cancer; SE, standard error; Cl, confidence interval; CEA, carcinoembryonic antigen.
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Distant metastasis
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Figure 2 Nomogram of the lymph node metastasis prediction model for patients with T'1 stage CRC. CRC, colorectal cancer.

independent factors of lymph node metastasis in patients
with T1 stage CRC (P<0.05). A prediction model was
established based on these risk factors. The results showed
that the AUC of the training set was 0.675 (95% CI:
0.635-0.714), and the AUC of the validation set was 0.682
(95% CI: 0.617-0.747). In the validation set, the model was
tested by the Hosmer-Lemeshow Goodness-of-Fit Test
(’=4.018, P=0.855), and the results showed that the model
was reliable at predicting lymph node metastasis in patients

© Journal of Gastrointestinal Oncology. All rights reserved.

with T'1 stage CRC.

Predicting the risk of lymph node metastasis in patients
with T1 stage CRC can provide physicians with a reference
for choosing endoscopic treatment and can also help them
to formulate follow-up treatment plans for patients with
T1 stage CRC after endoscopic resection. At present, the
incidence rate of CRC is increasing in younger adults, and
research has shown that young patients have higher grades
of malignancy and a worse prognosis (16-18). The present
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study showed that patients with lymph node metastasis were
younger, which also indicated that younger patients had
a higher degree of malignant tumor cells and were more
prone to lymph node metastasis. In addition, this study
showed that the location of CRC also affected the lymph
node metastasis rate, and the lymph node metastasis rate of
rectosigmoid cancer was higher than that of other locations.

It is very easy for rectosigmoid cancer to metastasize
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Figure 3 Calibration curve of the lymph node metastasis
prediction model for patients with T1 stage CRC. CRC, colorectal

cancer.

Training set

1.0 A

0.8

o
o
!

Sensitivity

I
~
1

0.2

004V
V4

T T T T

T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity

Wang et al. Risk factors of lymph node metastasis in CRC

through the lymphatic and blood channels. At present, no
final conclusion has been reached about the effect of the
primary site on CRC. A previous study suggested that the
rate of lymph node metastasis of rectal cancer was higher
than colon cancer (19). Another study showed that patients
with tumors located from the descending colon to the
rectum (including rectosigmoid cancer) had a higher rate of
lymph node metastasis than that of other locations (20). A
similar result was obtained in another study (21).

The present study also found that poorly differentiated
or undifferentiated tumor cells were risk factors of lymph
node metastasis in patients with T1 stage CRC. At
present, studies have confirmed that poorly differentiated
or undifferentiated tumor cells are risk factors for the
poor prognosis of patients. Poorly differentiated or
undifferentiated CRC cells grow faster and are more
aggressive than other types CRC (22,23).

The present study also found that patients with distant
metastasis had a higher rate of lymph node metastasis than
those without distant metastasis. Distant metastasis is the
manifestation of advanced disease, and some patients with
T1 stage CRC have distant metastasis, which indicates that
such tumor cells are highly malignant and prone to lymph
node metastasis (24-26). For T1 stage CRC patients with
the above-mentioned risk factors, endoscopic physicians
should carefully evaluate the advantages and disadvantages
of endoscopic surgery before deciding whether to perform
this surgery.

The risk of lymph node metastasis is affected by multiple
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Figure 4 Predictive value of the model for lymph node metastasis in patients with T1 stage CRC. AUC, area under the receiver operating

characteristic curve; CRC, colorectal cancer.
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Figure 5 Decision curve analysis of the lymph node metastasis prediction model in patients with T'1 stage CRC. CRC, colorectal cancer.

factors, and a single factor, histopathological feature, or
biological indicator has limited value of in predicting the
risk of lymph node metastasis. Thus, some scholars have
proposed the use of a prediction model for lymph node
metastasis in patients with T'1 stage CRC. The prediction
model established by the present study had high value
in predicting lymph node metastasis in patients with
T1 stage CRC, but the number of cases included in this
study was small, and only 14 patients had lymph node
metastasis (12). Another study involving 674 patients with
CRC showed that the constructed prediction model, which
had an AUC of 0.721, had certain value in predicting lymph
node metastasis in patients with CRC. However, unlike the
previous study, this study was limited to patients with T'1
stage CRC.

Limitations

This study had a number of limitations. First, the AUC
of the training set of the prediction model established in
this study was 0.675 (95% CI: 0.635-0.714), and the AUC
of the validation set was 0.682 (95% CI: 0.617-0.747).
Thus, while the model had some predictive value, its AUC
was not sufficiently high, which might be due to the lack
of variables included in the present model. In the future,
further multi-center clinical research needs to be conducted
to identify more risk factors and further improve the ability
of the prediction model to identify the risk of lymph node
metastasis in patients with T1 stage CRC. Moreover, the
data of the tumor infiltrating lymphocyte, vascular invasion
and submucosa invasion depth in the SEER database was
not available.

© Journal of Gastrointestinal Oncology. All rights reserved.

Conclusions

For CRC patients with high risk factors of lymph node
metastasis, endoscopic physicians should carefully evaluate
the advantages and disadvantages of the endoscopic surgery
before deciding whether to perform this surgery.
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