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Abstract
Background: The status of lymph nodes in early gastric cancer is critical to make further clinical treatment decision,
but the prediction of lymph node metastasis remains difficult before operation. This study aimed to develop a
nomogram that contained preoperative factors to predict lymph node metastasis in early gastric cancer patients.
Methods: This study analyzed the clinicopathologic features of 823 early gastric cancer patients who underwent
gastrectomy retrospectively, among which 596 patients were recruited in the training cohort and 227 patients in
the independent validation cohort. Significant risk factors in univariate analysis were further identified to be
independent variables in multivariable logistic regression analysis, which were then incorporated in and presented
with a nomogram. And internal and external validation curves were plotted to evaluate the discrimination of the
nomogram.
Results: Totally, six independent predictors, including the tumor size, macroscopic features, histology
differentiation, P53, carbohydrate antigen 19-9, and computed tomography-reported lymph node status, were
enrolled in the nomogram. Both the internal validation in the training cohort and the external validation in the
validation cohort showed the nomogram had good discriminations, with a C-index of 0.82 (95%CI, 0.78 to 0.86) and
0.77 (95%CI, 0.60 to 0.94) respectively.
Conclusions: Our study developed a new nomogram which contained the most common and significant
preoperative risk factors for lymph node metastasis in patients with early gastric cancer. The nomogram can identify
early gastric cancer patients with the high probability of lymph node metastasis and help clinicians make more
appropriate decisions in clinical practice.
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Background
Gastric cancer (GC) ranks the fifth in the most common
cancer in the world, which is the third most common
cause of death related to cancer worldwide [1]. Because
of the absence of typical symptoms, most GC patients
are diagnosed at advanced stage which leads to a poor
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prognosis. It was reported that the 5-year survival rate
was lower than 25% [2]. However, with the progress of
public health program and the popularization of gastroscopy in primary hospitals, more patients with early
gastric cancer (EGC) are diagnosed and their 5-year survival rate reaches over 90% in Japan and Korea [3].
With the development of endoscopic therapy, most
EGC can be effectively treated by minimum invasive
endoscopic treatments, such as endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection (ESD), which can better preserve gastric function
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and reduce complications and cost compared with
surgical operation [4–6]. However, a meta-analysis
showed that the tumor recurrence after ESD is higher
than surgical resection [7], whose reasons are related
to metachronous new primary tumors, non-curative
ESD, synchronous multiple primary tumors [8], and
occult lymph node metastasis (LNM) before the operation [9]. Therefore, endoscopic treatment should be
suggested under the circumstance that the possibility
of LNM is exceedingly low, and both the lesion size
and site of the EGC are suitable for whole resection
[10]. Besides, LNM in EGC patients is an important
indication for the extent of lymphadenectomy.
Patients with cT1N0 GC should be recommended to
undergo a D1 or a D1+ lymphadenectomy, and a D2
lymphadenectomy is suggested for patients with
cT1N+ tumors, according to the Japanese Gastric
Cancer Treatment Guideline [11].
Hence, accurate identification of LNM in patients
with EGC is critical to patients’ prognosis and treatment decision [12]. But the probability of LNM is still
evaluated by the general guidelines and surgeon’s experience without quantified standards in clinical practice nowadays. Although several studies have tried to
explore the risk factors of LNM in EGC, most items
involved, such as lymphovascular invasion and depth
of tumor invasion, were unavailable preoperatively
[13, 14]. The comprehensive analysis of gastroscopic
findings, tumor markers, and radiology images, rather
than individual analyses, is the most promising way
to improve clinical management [15]. To our knowledge, there are no studies containing only preoperative factors to predict the probability of LNM in
EGC.
Therefore, the present study aimed to analyze risk factors for LNM and develop a nomogram which contained
preoperative factors, including gastroscopy features,
pathologic characteristics, tumor biomarkers, and radiology findings for individualized preoperative prediction
of LNM in EGC patients.

Materials and methods
Patients

Data of this retrospective study was collected from
Shanghai Changhai Hospital, China, which is a tertiary
teaching hospital with approximately 2600 beds serving
140,000 inpatients and 2,200,000 outpatients and emergencies each year. Changhai Hospital is one of the largest national gastric carcinoma research centers in
China with over 2000 GC patients treated per year.
From 1 January 2015 to 1 January 2019, a total of 5201
GC patients were performed with radical gastrectomy
and lymphadenectomy in our hospital, among which 872
patients with pT1a or pT1b in postoperative pathology
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were retrospectively analyzed in our study (Fig. 1). In
total, 823 EGC patients were enrolled in the study,
which included 596 EGC patients from 1 January 2015
to 31 December 2017 as the training cohort, and 227 patients from 1 January 2018 to 31 January 2019 as the independent validation cohort. Inclusion criteria were as
follows: (a) patients who underwent surgery for GC with
curative intent, (b) lymph nodes dissection performed,
(c) preoperative gastroscopy findings available, (d)
preoperative biopsy-proven histology differentiation and
immunohistochemistry available, (e) plasma tumor biomarkers were tested within 10 days before surgical resection, and (f) standard contrast-enhanced computed
tomography (CT) performed fewer than 10 days before
surgical resection. Patients who had any one of the following features were excluded: (a) insufficient number of
retrieved lymph nodes (< 15), (b) history of gastrectomy,
(c) comorbid with cirrhosis, (d) synchronous and metachronous malignancies, (e) comorbid with severe inflammation, (f) comorbid with severe bleeding or diseases of
the immune system, and (g) history of preoperative
chemotherapy or irradiation. The number of patients excluded by each category was 2, 14, 2, 4, 2, 5, and 20
respectively.
Clinicopathologic characteristics

Preoperative gastroscopy was performed with the goal of
determining the location, size, and macroscopy features
of the tumor, and the results were recorded in standardized tables. The location of tumor was categorized as
cardia, corpus/fundus, and antrum/angularis/pylorus.
Tumor size which means the maximum diameter of
tumor was recorded with continuous variable, then converted to a classification variable with the threshold
value < 2.20 cm and ≥ 2.20 cm, analyzed by optimal binning, which was consistent with previous studies [14,
16]. The macroscopic feature was classified into three
groups: elevated type (types I and IIa), flat type (type
IIb), or depressed type (types IIc and III). Multiple biopsies were performed to provide adequate material for
histologic interpretation. Histology differentiation was
classified as well, moderated or poorly. Immunohistochemistry of the biopsy included Topo II, P53, and Ki67.
The percentage of positive tumor cells > 10% were defined as positivity [16–18]. Routine preoperative laboratory measurements of tumor markers including
carcinoembryonic antigen (CEA), carbohydrate antigen
72-4 (CA72-4), and carbohydrate antigen 19-9 (CA19-9)
were recorded in our study, among which CA19-9 was
converted to a classification variable with the threshold
value < 36.78 U/mL and ≥ 36.78 U/mL, analyzed by optimal binning, which was exactly the normal value (37
U/mL) in our center. CEA and CA72-4 were unable to
create bins because of weak or no association and then
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Fig. 1 Flow diagram of patients enrollment and study design. *Patients admitted from 1 January 2015 to 31 December 2017 were included into
the training cohort and from 1 January 2018 to 31 January 2019 into the validation cohort. GC: gastric cancer, LN: lymph node, LNM: lymph
node metastasis

were converted to a classification variable by a normal
range. Standard contrast-enhanced CT was performed
less than 10 days before surgical resection, and predictions of the presence of LNM by CT scans were
recorded.
Statistical analysis

All of the data were analyzed using the SPSS 23.0 statistical package (SPSS Inc., Chicago, IL, USA) and R software (version 3.5.2; http://www.Rproject.org). The
significance level for all of the statistical tests was set at
0.05. All statistical tests were two-sided.
Continuous values were analyzed with mean and
standard deviation. Student’s t test was applied to
compare continuous variables, and chi-square test (or
Fisher’s exact test in specific condition) was applied to
analyze categorical variables when comparing differences
among various groups. Binary logistic regression modeling technique was applied to analyze risk factors for
LNM. All variables that had a p value of < 0.05 in

univariate analysis were selected into the multivariable
logistic analysis to further identify independent risk
factors. In multivariable logistic analysis, variables with a
p value of < 0.05 were identified to be independent risk
factors and selected into the final model and those without statistical significance were excluded from the final
model automatically.
Development and validation of the nomogram

To develop a quantitative and relatively accurate tool to
predict the individual probability of LNM, a nomogram
was developed on the basis of all independent risk factors identified by multivariable logistic analysis in the
training cohort via using the rms package of R software.
Only independent risk factors identified by multivariable
logistic analysis were selected into the final model to
build the nomogram and variables which were statistically significant in univariate analysis but were not statistically significant in multivariable analysis were not
selected during the nomogram development. In the
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Table 1 Characteristics of patients in the training and validation cohorts
Variables

Training cohort
Overall (n = 596)

Validation cohort
LNM(+) (n = 98)

LNM(−) (n = 498)

Overall (n = 227)

LNM(+) (n = 35)

LNM(−) (n = 192)

Age, no. (%)
< 60 years

271 (45.5)

44 (44.9)

227 (45.6)

104 (45.8)

16 (15.7)

88 (45.8)

≥ 60 years

325 (54.5)

54 (55.1)

271 (54.4)

123 (54.2)

19 (54.3)

104 (54.2)

39 (6.5)

12 (12.2)

27 (5.4)

18 (7.9)

1 (2.9)

17 (8.9)

≥ 18.5 kg/m , < 25 kg/m

373 (62.6)

57 (58.2)

316 (63.5)

145 (63.9)

26 (74.3)

119 (62.0)

≥ 25 kg/m2

184 (30.9)

29 (29.6)

155 (31.1)

64 (28.2)

8 (22.9)

54 (29.2)

Female

179 (30.0)

30 (30.6)

149 (29.9)

72 (31.7)

8 (22.9)

64 (33.3)

Male

417 (70.0)

68 (69.4)

349 (70.1)

115 (68.3)

27 (77.1)

128 (66.7)

BMI, no. (%)
< 18.5 kg/m2
2

2

Gender, no. (%)

Tumor size level, no. (%)
< 2.20 cm

390 (65.4)

42 (42.9)

348 (69.9)

154 (67.8)

20 (57.1)

134 (69.8)

≥ 2.20 cm

206 (34.6)

56 (57.1)

150 (30.1)

73 (32.2)

15 (42.9)

58 (30.2)

69 (11.6)

4 (4.1)

65 (13.1)

26 (11.5)

0 (0)

26 (13.5)

Tumor location, no. (%)
Cardia
Corpus/fundus

121 (20.3)

24 (24.5)

97 (19.5)

48 (21.1)

9 (25.7)

39 (20.3)

Antrum/angularis/pylorus

406 (68.1)

70 (71.4)

336 (67.4)

153 (67.4)

26 (74.3)

127 (66.1)

Elevated type (I + IIa)

113 (19.0)

18 (18.4)

95 (19.1)

33 (14.5)

3 (8.6)

30 (15.6)

Flat type (IIb)

201 (33.7)

20 (20.4)

181 (36.3)

73 (32.2)

7 (20.0)

66 (34.4)

Depressed type (IIc + III)

282 (47.3)

60 (61.2)

222 (44.6)

121 (53.3)

25 (71.4)

96 (50.0)

58 (9.7)

1 (1.0)

57 (11.4)

19 (8.4)

1 (2.9)

18 (9.4)

Macroscopic appearance, no. (%)

Histology differentiation, no. (%)
Well
Moderate

319 (53.5)

42 (42.9)

277 (55.6)

127 (55.9)

16 (45.7)

111 (57.8)

Poorly

219 (36.7)

55 (56.1)

164 (32.9)

81 (35.7)

18 (51.4)

63 (32.8)

Negative

248 (41.6)

46 (49.6)

202 (40.6)

88 (38.8)

18 (51.4)

70 (36.5)

Positive

348 (58.4)

52 (53.1)

296 (59.4)

139 (61.2)

17 (48.6)

122 (63.5)

Topo II, no. (%)

P53, no. (%)
Negative

353 (59.2)

47 (48.0)

306 (61.4)

138 (60.8)

14 (40.0)

124 (64.6)

Positive

342 (40.8)

51 (52.0)

192 (38.6)

89 (39.2)

21 (60.0)

68 (35.4)

Negative

18 (3.0)

1 (1.0)

17 (3.4)

9 (4.0)

1 (2.9)

8 (4.2)

Positive

578 (97.0)

97 (99.0)

481 (96.6)

218 (96.0)

34 (97.1)

184 (95.8)

Ki67, no. (%)

CEA, no. (%)
<5 ng/mL

551 (92.4)

86 (87.8)

465 (93.4)

210 (92.5)

30 (85.7)

180 (93.8)

≥ 5 ng/mL

45 (7.6)

12 (12.2)

33 (6.6)

17 (7.5)

5 (14.3)

12 (6.3)

<36.78 U/mL

570 (95.6)

81 (82.7)

489 (98.2)

219 (96.5)

29 (82.9)

190 (99.0)

≥ 36.78 U/mL

26 (4.4)

17 (17.3)

9 (1.8)

8 (3.5)

6 (17.1)

2 (1.0)

CA19-9 level, no. (%)

CA72-4, no. (%)
<9.8 U/mL

502 (84.2)

81 (82.7)

421 (84.5)

199 (87.7)

29 (82.9)

170 (88.5)

≥ 9.8 U/mL

94 (15.8)

17 (17.3)

77 (15.5)

28 (12.3)

6 (17.1)

22 (11.5)
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Table 1 Characteristics of patients in the training and validation cohorts (Continued)
Variables

Training cohort
Overall (n = 596)

Validation cohort
LNM(+) (n = 98)

LNM(−) (n = 498)

Overall (n = 227)

LNM(+) (n = 35)

LNM(−) (n = 192)

CT-reported LN status, no. (%)
Negative

475 (79.7)

60 (61.2)

415 (83.3)

184 (81.1)

25 (71.4)

159 (82.8)

Positive

121 (20.3)

38 (38.8)

83 (16.7)

43 (18.9)

10 (28.6)

33 (17.2)

24.980 ± 7.803

26.163 ± 8.891

24.747 ± 7.559

25.282 ± 8.384

26.571 ± 9.172

25.047 ± 8.236

LN retrieved, mean ± SD, no.

BMI body mass index, CA19-9 carbohydrate antigen 19-9, CA72-4 carbohydrate antigen 72-4, CEA carcinoembryonic antigen, CT computed tomography, LN lymph
node, LNM lymph node metastasis, SD standard deviation

nomogram, the regression coefficient of each independent risk factor in multivariate logistic regression was
proportionally converted to a specific number within a
0- to 100-point scale. To evaluate the internal and external discrimination performance of the nomogram, bootstrapping validation (1000 bootstrap resamples) was
carried out based on the training and validation cohort,
separately. The discrimination which represented the
predictive accuracy of the nomograms was evaluated by
concordance index (C index) and the calibration curves
for both internal and external validation.

Results
Clinicopathological features of patients

The clinicopathological features of EGC patients in both
the training and validation cohorts are exhibited in
Table 1. LNM rate in the training cohort was 16.4%, and
it was 15.4% in validation cohort (P = 0.752). No significant differences was observed in terms of the basic clinical characteristics between training and validation
cohort, either within the lymph node-positive or the
lymph node-negative group, which verified the training
and validation cohorts had homogeneous baseline data.
In training cohort, the tumor size was 2.048 ± 1.253
cm, 34.6% in larger size tumors (≥ 2.20 cm). In total,
11.6%, 20.3%, and 68.1% of the tumors were located in
the cardia, corpus/fundus, and antrum/angularis/pylorus
respectively. In the macroscopic appearance, 19.0% was
elevated type, 33.7% was flat type, and 47.3% was depressed type. In histology differentiation, the ratios of
well, moderate, and poorly grade were 9.7%, 53.5% and
36.7%, respectively. The ratios of Topo II (+), P53 (+),
and Ki67 (+) were 41.6%, 59.2%, and 3.0%, respectively.
The ratios of CEA, CA19-9, and CA72-4 above the normal range were 7.6%, 4.4%, and 15.8%, respectively. CTreported lymph node positive status was 20.3%.

P53, CA19-9, and CT-reported lymph node status
showed P values of less than 0.05.
In multivariable analysis, seven risk factors aforementioned were included in the logistic regression model.
Finally, the larger tumor size (OR 3.22, 95% CI, 1.93–
5.35), P53 (OR 5.46, 95% CI, 2.47–12.07), higher CA19-9
level (OR 9.25, 95%CI, 3.66–23.34), and CT-reported LN
status (OR 2.79, 95%CI, 1.63–4.78) were proved to be
independent risk factors for LNM. And moderate differentiation (OR 7.43, 95%CI, 0.95–58.06) and poor differentiation (OR 26.02, 95%CI, 3.30–205.41) were identified
as risk factors compared to well differentiation. Meanwhile, flat type (OR 0.55, 95%CI, 0.27–1.23) and
depressed type (OR = 1.27, 95%CI, 0.66–2.44) were protective and risk factors respectively compared to elevated
type.
Development and validation of the nomogram for the
prediction of LNM

Six independent risk factors were enrolled to develop
LNM prediction nomogram (Fig. 2). When applying the
nomogram, the point for each predictor was analyzed
through drawing a straight line upward from each predictor with the specific status to the “Point” axis. The
total points for an individual patient were calculated by
summing up all the separate points for the six predictors. The estimated incidence of LNM in EGC patients
can be finally determined by drawing a straight line
down from the “Total Point” axis to the “Probability of
LNM” axis.
Furthermore, an internal calibration curve was developed (Fig. 3a) to validate the nomogram model and the
C-index was 0.82 (95%CI, 0.78 to 0.86), which showed a
good discrimination and calibration. The predictive accuracy of the nomogram was then evaluated by the validation cohort (Fig. 3b). In this external validation, the
C-index was 0.77 (95%CI, 0.60 to 0.94), implying a good
concordance.

Predictors for LNM in EGC patients

The univariate and multivariable logistic regression analyses are summarized in Table 2. In univariate analysis,
seven variables, which included tumor size, tumor location, macroscopic appearance, histology differentiation,

Discussion
This is the first and the only study which developed a
nomogram to predict the probability of LNM in EGC
patients according to preoperative factors as far as we
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Table 2 Predictive factors for LNM in EGC patients (596 cases)
Predictors

n (%)

P
Age, no. (%)

Multivariable analysis*

Univariate analysis
OR (95% CI)

P

OR (95% CI)

0.901

< 60 years

271 (45.5)

Reference

≥ 60 years

325 (54.5)

1.03 (0.67–1.59)

BMI, no. (%)

0.052

< 18.5 kg/m2

39 (6.5)

2.38 (1.08–5.22)

≥ 18.5 kg/m , < 25 kg/m

373 (62.6)

0.96 (0.59–1.57)

≥ 25 kg/m2

184 (30.9)

Reference

2

2

Gender, no. (%)

0.891

Female

179 (30.0)

Male

417 (70.0)

Tumor size level, no. (%)

Reference
0.97 (0.61–1.55)
< 0.001

< 0.001

< 2.20 cm

390 (65.4)

Reference

Reference

≥ 2.20 cm

206 (34.6)

3.09 (1.99–4.82)

3.18 (1.91–5.30)

Tumor location, no. (%)
Cardia

0.046
69 (11.6)

Reference

Corpus/fundus

121 (20.3)

4.02 (1.33–12.13)

Antrum/angularis/pylorus

406 (68.1)

3.39 (1.19–9.60)

Macroscopic feature, no. (%)
Flat type (IIb)

0.005
201 (33.7)

0.027
Reference

Reference

Elevated type (I + IIa)

113 (19.0)

1.72 (0.87–3.40)

1.80 (0.85–3.80)

Depressed type (IIc + III)

282 (47.3)

2.45 (1.42–4.21)

2.29 (1.25–4.20)

Histology grades, no. (%)
Well

< 0.001
58 (9.7)

< 0.001
Reference

Reference

Moderate

319 (53.5)

8.64 (1.17–64.09)

8.75 (1.11–68.78)

Poorly

219 (36.7)

19.12 (2.59–141.32)

30.76 (3.85–245.97)

Topo II, no. (%)

0.243

Negative

248 (41.6)

Positive

348 (58.4)

P53, no. (%)

Reference
0.77 (0.50–1.19)
0.014

< 0.001

Negative

353 (59.2)

Reference

Reference

Positive

342 (40.8)

1.73 (1.12–2.67)

3.32 (1.93–5.72)

Ki67, no. (%)

0.234

Negative

18 (3.0)

Positive

578 (97.0)

CEA, no. (%)

Reference
3.43 (0.45–26.07)
0.058

< 5 ng/mL

551 (92.4)

Reference

≥ 5 ng/mL

45 (7.6)

1.97 (0.98–3.96)

CA19-9 level, no. (%)

< 0.001

< 36.78 U/mL

570 (95.6)

≥ 36.78 U/mL

26 (4.4)

CA72-4, no. (%)

< 0.001
Reference

Reference

11.40 (4.92–26.45)

9.63 (3.75–24.72)

0.640

< 9.8 U/mL

502 (84.2)

≥ 9.8 U/mL

94 (15.8)

1.15 (0.65–2.04)
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Table 2 Predictive factors for LNM in EGC patients (596 cases) (Continued)
Predictors

n (%)

P
CT-reported LN status, no. (%)

Multivariable analysis*

Univariate analysis
OR (95% CI)

< 0.001

P

OR (95% CI)

< 0.001

Negative

475 (79.7)

Reference

Reference

Positive

121 (20.3)

3.17 (1.98–5.07)

2.91 (1.69–5.00)

*
In multivariable analysis, tumor size, tumor location, macroscopic appearance, histology differentiation, P53, CA19-9, and CT-reported lymph node status were
adjusted in the multivariable analyses
BMI body mass index, CA19-9 carbohydrate antigen 19-9, CA72-4 carbohydrate antigen 72-4, CEA carcinoembryonic antigen, CT computed tomography, LN lymph
node, LNM lymph node metastasis

know. Tumor size, macroscopic appearance, histology
differentiation, P53, CA19-9, and CT could all be easily
obtained from preoperative routine examinations.
Tumor size and macroscopic appearance were observed
and measured by gastroscopy. Histology differentiation
could be obtained by pathological examination of biopsy,
and P53 was obtained by immunohistochemistry. CA199 was the regular tumor marker from plasma. CT was
also the regular examination in EGC patients. All these
factors were easy and convenient to obtain in EGC patients, so this model had good application in clinical
practice. This nomogram could predict the incidence of
LNM for every individual patient, which could help both
clinicians and patients to make a wise and customized
decision in clinical treatment. For the development of

nomogram, firstly we analyzed the clinical characteristics
of the training cohort. This nomogram was verified to
have good discrimination both in the training cohort (Cindex, 0.82) and validation cohort (C-index, 0.77).
Lager tumor size, depressed type, and poor differentiation were proved to be independent risk factors in the
present study which coincides with previous studies
[19–21]. Lager tumor size, depressed type, and poor differentiation indicated worse biological behavior, which
might also indicate higher probability of LNM.
Three immunohistochemical markers were analyzed to
explore the relationship between LNM and tumor
markers in EGC. However, only P53, an important
tumor suppressor gene, turned out to be an independent
risk factor of LNM in EGC. The mutation of P53 results

Fig. 2 Nomogram for preoperative prediction of lymph node metastasis in early gastric cancer. The probability of lymph node metastasis
involvement in early gastric cancer is calculated by (1) drawing a line to an axis on each of the following variables: tumor size, macroscopic
appearance, histologic differentiation, P53, CA19-9, and CT-reported lymph node status, (2) adding the points of each variable and locate them
on the total point line, then (3) obtaining the individual probability of lymph node metastasis by projecting the vertical line from the total point
line to the bottom scale of the prediction probability. CA19-9: carbohydrate antigen 19-9, CT: computed tomography, LN: lymph node, LNM:
lymph node metastasis

Yin et al. World Journal of Surgical Oncology

(2020) 18:2

Page 8 of 10

Fig. 3 a, b Validity of the predictive performance of the nomogram in estimating the risk of lymph node metastasis in early gastric cancer
patients. a Internal calibration curve to validate the nomogram model and the C-index was 0.82 (95%CI, 0.78 to 0.80). b External calibration curve
to validate the nomogram model and the C-index was 0.77 (95%CI, 0.60 to 0.94)

in the change of its spatial conformation, and the loss of
the function of regulation of cell growth, apoptosis and
DNA repair [16]. Several studies had already proved that
P53 was related to carcinogenesis and poor prognosis in
patients with GC [22, 23]. It was reported that Topo II
and Ki67 could reflect the proliferation activity of cancer
cells and affect the postoperative recurrence in breast
cancer [24]. However, several studies had proved that
Topo II was not associated with LNM [16, 25]. And the
value of Ki67 in predicting LNM of EGC varies differently in some articles [26, 27]. In our study, the results
revealed that Topo II and Ki67 were insignificantly associated with LNM in EGC.
Tumor biomarkers, which can reflect the occurrence
and development of tumors, can also be easily obtained.
A previous study had demonstrated that CEA and
CA19-9 were independent predictive factors of liver metastasis of colorectal cancer through LNM [28]. Also,
several studies had illustrated there was association between elevation of the CA19-9 and CA72-4 levels and
presence of LNM in EGC patients, and elevation of the
CEA level was proved to be an independent predictor
for the poor prognosis of EGC [29, 30]. However, a
study indicated that CEA was unrelated to LNM in EGC
[31]. In this study, only CA19-9 was associated with
LNM in EGC.
CT scan is commonly used to evaluate the lymph
nodes status, which appears to be one of the most
reliable tools in clinical practice. Previous studies reported the accuracy rate of CT evaluation was around
60% [28, 32]. Recent studies suggested that magnetic
resonance imaging (MRI) might be beneficial for treatment response assessment and systemic diseases;
however, it was no better in the diagnosis of regional
LNM than CT [33, 34]. The sensitivity of positron emission tomography-computed tomography (PET-CT) in

evaluating regional LNM in EGC still remained controversial [35, 36]. However, since the cost of PET-CT was
expensive, it was not a regular examination for patients.
Thus, CT is still the most reliable tool in current practice [19]. In our study, CT was proved to be an independent predictor of LNM in EGC.
In previous studies, several nomograms had been built
for this purpose, but some factors they used were not
preoperatively available information which could only be
obtained postoperatively. This might have limited the
application of those nomograms from previous studies
in clinical practice. In our study, we obtained six preoperative factors from regular examinations and developed a new kind of nomogram to predict LNM in EGC
patients. This nomogram model was convenient to
apply, and it was also proved to have a high discrimination for predicting LNM in EGC patients.
Several limitations exist in the present study. Firstly,
this is a retrospective study in which the patients were
from a single center. Though we had 596 patients in the
training cohort and 227 patients in the validation cohort,
more data are needed, especially from other centers, to
evaluate the applicability of the results from this study in
an external population. Secondly, because of the histological heterogeneity which was one of the distinctive
features of GC, discrepancy often exists between preoperative and postoperative histology results. Usually,
the amount of tissues, mainly from the mucosa, obtained
by biopsy is limited. However, the reported percentage
of histological differences in EGC was between 9.4 and
16.3% [37–39], which was acceptable. Thirdly, it was not
easy to develop a cutoff to stratify patients with a high
rate LNM. A false negative outcome was much more
dangerous than a false positive outcome. Underestimating the risk of tumor led to a more serious outcome
than overestimating the risk of tumor. So before making
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treatment decision, we recommend a careful discussion
with patients. The cutoff point depended on how the patients and doctors reject risk. Therefore, this nomogram
is more useful to provide patients and doctors with evidence than stratification. Finally, there was a selection
bias because EGC patients who underwent ESD included
those required subsequent surgery only.

Conclusion
Our study presents a new nomogram which incorporated only preoperative factors, which could be used to
identify EGC patients with the high risk of LNM, hence
helping clinicians and patients make a wise choice before
operation.
Abbreviations
CA19-9: Carbohydrate antigen 19-9; CA72-4: Carbohydrate antigen 72-4;
CEA: Carcinoembryonic antigen; CT: Computed tomography; EGC: Early
gastric cancer; EMR: Endoscopic mucosal resection; ESD: Endoscopic
submucosal dissection; GC: Gastric cancer; LNM: Lymph node metastasis;
MRI: Resonance imaging; OR: Odds ratio; PET-CT: Positron emission
tomography-computed tomography
Acknowledgements
We are grateful to Professor Xiao-fei Ye, Health Statistics Department of Second Military Medical University, for his guidance in statistics.
Authors’ contributions
XYY, TP, and YL participated in the acquisition, analysis, and interpretation of
data, as well as in the manuscript drafting; HTC, THL, and ZML participated in
data acquisition and manuscript drafting; GEF and XCX contributed to the
conception, design, and data interpretation, as well as revised the
manuscript for important intellectual content. All authors read and approved
the final manuscript.
Funding
This work was supported by the National Natural Science Foundation of
China (Grants No. 81372048 and 81671886).
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
All procedures followed were in accordance with the ethical standards of
the responsible committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1964 and later versions. The
retrospective study was approved by the Ethics Committee of Changhai
Hospital. The informed consent requirement was waved.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of General Surgery, Changhai Hospital, The Second Military
Medical University, 168 Changhai Road, Shanghai 200433, China.
2
Department of Gastroenterology, Changhai Hospital, The Second Military
Medical University, Shanghai 200433, China.

Page 9 of 10

Received: 11 September 2019 Accepted: 27 December 2019

References
1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin
DM, Forman D, Bray F. Cancer incidence and mortality worldwide:
sources, methods and major patterns in globocan 2012. Int J Cancer.
2015;136:E359–86.
2. Colquhoun A, Arnold M, Ferlay J, Goodman KJ, Forman D, Soerjomataram I.
Global patterns of cardia and non-cardia gastric cancer incidence in 2012.
Gut. 2015;64:1881–8.
3. Nashimoto A, Akazawa K, Isobe Y, Miyashiro I, Katai H, Kodera Y, Tsujitani S,
Seto Y, Furukawa H, Oda I, Ono H, Tanabe S, Kaminishi M. Gastric cancer
treated in 2002 in Japan: 2009 annual report of the JGCA nationwide
registry. Gastric Cancer. 2013;16:1–27.
4. May A, Gunter E, Roth F, Gossner L, Stolte M, Vieth M, Ell C. Accuracy of
staging in early oesophageal cancer using high resolution endoscopy and
high resolution endosonography: a comparative, prospective, and blinded
trial. Gut. 2004;53:634–40.
5. Kim JK, Kim GH, Lee BE, Park CH, Jeon HK, Baek DH, Song GA. Endoscopic
submucosal dissection for esophagogastric junction tumors: a single-center
experience. Surg Endosc. 2018;32:760–9.
6. Hahn KY, Park CH, Lee YK, Chung H, Park JC, Shin SK, Lee YC, Kim HI,
Cheong JH, Hyung WJ, Noh SH, Lee SK. Comparative study between
endoscopic submucosal dissection and surgery in patients with early gastric
cancer. Surg Endosc. 2018;32:73–86.
7. Gu L, Khadaroo PA, Chen L, Li X, Zhu H, Zhong X, Pan J, Chen M.
Comparison of long-term outcomes of endoscopic submucosal dissection
and surgery for early gastric cancer: A systematic review and meta-analysis.
J Gastrointest Surg. 2019.
8. Suzuki S, Gotoda T, Hatta W, Oyama T, Kawata N, Takahashi A, Yoshifuku Y,
Hoteya S, Nakagawa M, Hirano M, Esaki M, Matsuda M, Ohnita K,
Yamanouchi K, Yoshida M, Dohi O, Takada J, Tanaka K, Yamada S, Tsuji T, Ito
H, Hayashi Y, Shimosegawa T. Survival benefit of additional surgery after
non-curative endoscopic submucosal dissection for early gastric cancer: a
propensity score matching analysis. Ann Surg Oncol. 2017;24:3353–60.
9. Huang JY, Xu YY, Li M, Sun Z, Zhu Z, Song YX, Miao ZF, Wu JH, Xu HM. The
prognostic impact of occult lymph node metastasis in node-negative
gastric cancer: a systematic review and meta-analysis. Ann Surg Oncol.
2013;20:3927–34.
10. Ono H, Yao K, Fujishiro M, Oda I, Nimura S, Yahagi N, Iishi H, Oka M, Ajioka
Y, Ichinose M, Matsui T. Guidelines for endoscopic submucosal dissection
and endoscopic mucosal resection for early gastric cancer. Dig Endosc.
2016;28:3–15.
11. Association. JGC, Japanese gastric cancer treatment guidelines 2014 (ver. 4).
Gastric Cancer. 2017;20:1–19.
12. Takizawa K, Ono H, Yamamoto Y, Katai H, Hori S, Yano T, Umegaki E, Sasaki
S, Iizuka T, Kawagoe K, Shimoda T, Muto M, Sasako M. Incidence of lymph
node metastasis in intramucosal gastric cancer measuring 30 mm or less,
with ulceration; mixed, predominantly differentiated-type histology; and no
lymphovascular invasion: a multicenter retrospective study. Gastric Cancer.
2016;19:1144–8.
13. Sekiguchi M, Oda I, Taniguchi H, Suzuki H, Morita S, Fukagawa T, Sekine
S, Kushima R, Katai H. Risk stratification and predictive risk-scoring
model for lymph node metastasis in early gastric cancer. J
Gastroenterol. 2016;51:961–70.
14. Bausys R, Bausys A, Vysniauskaite I, Maneikis K, Klimas D, Luksta M,
Strupas K, Stratilatovas E. Risk factors for lymph node metastasis in early
gastric cancer patients: report from eastern europe country- lithuania.
BMC Surg. 2017;17:108.
15. Huang YQ, Liang CH, He L, Tian J, Liang CS, Chen X, Ma ZL, Liu ZY.
Development and validation of a radiomics nomogram for preoperative
prediction of lymph node metastasis in colorectal cancer. J Clin Oncol.
2016;34:2157–64.
16. Wang YW, Zhu ML, Wang RF, Xue WJ, Zhu XR, Wang LF, Zheng LZ.
Predictable factors for lymph node metastasis in early gastric cancer
analysis of clinicopathologic factors and biological markers. Tumour Biol.
2016;37:8567–78.
17. Gonçalves AR, Carneiro AJ, Martins I, Faria PA, Ferreira MA, Mello EL, Fogaça
HS, Elia CC, Souza HS. Prognostic significance of p53 protein expression in
early gastric cancer. Pathology oncology research : POR. 2011;17:349–55.

Yin et al. World Journal of Surgical Oncology

(2020) 18:2

18. Cen B, Lang JD, Du Y, Wei J, Xiong Y, Bradley N, Wang D, Dubois RN.
Prostaglandin e2 induces mir675-5p to promote colorectal tumor metastasis
via modulation of p53 expression. Gastroenterology. 2019.
19. Nakagawa M, An JY, Chung H, Seo SH, Shin HB, Bang HJ, Li S, Kim HI,
Cheong JH, Hyung WJ, Noh SH. Difficulty of predicting the presence of
lymph node metastases in patients with clinical early stage gastric cancer: a
case control study. BMC cancer. 2015;15:943.
20. Guo CG, Zhao DB, Liu Q, Zhou ZX, Zhao P, Wang GQ, Cai JQ. A nomogram
to predict lymph node metastasis in patients with early gastric cancer.
Oncotarget. 2017;8:12203–10.
21. Zheng Z, Zhang Y, Zhang L, Li Z, Wu X, Liu Y, Bu Z, Ji J. A nomogram for
predicting the likelihood of lymph node metastasis in early gastric patients.
BMC cancer. 2016;16:92.
22. Yildirim M, Kaya V, Demirpence O, Gunduz S, Bozcuk H. Prognostic
significance of p53 in gastric cancer: a meta- analysis. Asian Pac J Cancer
Prev. 2015;16:327–32.
23. Zheng Y, Wang L, Zhang JP, Yang JY, Zhao ZM, Zhang XY. Expression of
p53, c-erbb-2 and ki67 in intestinal metaplasia and gastric carcinoma. World
J Gastroenterol. 2010;16:339–44.
24. Sun G, Wang S, Wang Y. Expressions of topo iialpha and ki67 in breast
cancer and its clinicopathologic features and prognosis. Pak J Med Sci.
2019;35:715–20.
25. Li Y, Tan BB, Fan LQ, Zhao Q, Liu Y, Wang D. Heterogeneity of cox-2 and
multidrug resistance between primary tumors and regional lymph node
metastases of gastric cancer. Tumori. 2012;98:516–22.
26. Lim MS, Lee HW, Im H, Kim BS, Lee MY, Jeon JY, Yang DH, Lee BH.
Predictable factors for lymph node metastasis in early gastric cancer-analysis
of single institutional experience. J Gastrointest Surg. 2011;15:1783–8.
27. Goishi H, Tanaka S, Haruma K, Yoshihara M, Sumii K, Kajiyama G, Shimamoto
F. Predictive value of cathepsin d and ki-67 expression at the deepest
penetration site for lymph node metastases in gastric cancer. Oncol Rep.
2000;7:713–8.
28. Hatate K, Yamashita K, Hirai K, Kumamoto H, Sato T, Ozawa H, Nakamura T,
Onozato W, Kokuba Y, Ihara A, Watanabe M. Liver metastasis of colorectal
cancer by protein-tyrosine phosphatase type 4a, 3 (prl-3) is mediated
through lymph node metastasis and elevated serum tumor markers such as
cea and ca19-9. Oncol Rep. 2008;20:737–43.
29. Feng F, Tian Y, Xu G, Liu Z, Liu S, Zheng G, Guo M, Lian X, Fan D, Zhang H.
Diagnostic and prognostic value of cea, ca19-9, afp and ca125 for early
gastric cancer. BMC Cancer. 2017;17:737.
30. Sun ZQ, Ma S, Zhou QB, Yang SX, Chang Y, Zeng XY, Ren WG, Han FH, Xie
X, Zeng FY, Sun XT, Wang GX, Li Z, Zhang ZY, Song JM, Liu JB, Yuan WT.
Prognostic value of lymph node metastasis in patients with t1-stage
colorectal cancer from multiple centers in china. World J Gastroenterol.
2017;23:8582–90.
31. Chen S, Nie RC, Ouyang LY, Li YF, Xiang J, Zhou ZW, Chen Y, Peng JS.
Nomogram analysis and external validation to predict the risk of lymph
node metastasis in gastric cancer. Oncotarget. 2017;8:11380–8.
32. Saito T, Kurokawa Y, Takiguchi S, Miyazaki Y, Takahashi T, Yamasaki M,
Miyata H, Nakajima K, Mori M, Doki Y. Accuracy of multidetector-row ct in
diagnosing lymph node metastasis in patients with gastric cancer. Eur
Radiol. 2015;25:368–74.
33. Zhong J, Zhao W, Ren F, Qi S, Wang X, Lv T, Su Z, Yin H, Ren J, Huan Y.
Lymph node metastasis in patients with gastric cancer: a multi-modality,
morphologic and functional imaging study. Am J Transl Res. 2016;8:5601–9.
34. Sohn KM, Lee JM, Lee SY, Ahn BY, Park SM, Kim KM. Comparing mr
imaging and ct in the staging of gastric carcinoma. AJR Am J
Roentgenol. 2000;174:1551–7.
35. Park K, Jang G, Baek S, Song H. Usefulness of combined pet/ct to assess
regional lymph node involvement in gastric cancer. Tumori. 2014;100:201–6.
36. Staniuk T, Malkowski B, Srutek E, Szlezak P, Zegarski W. Comparison of
flt-pet/ct and cect in gastric cancer diagnosis. Abdom Radiol (NY). 2016;
41:1349–56.
37. Soh JS, Lim H, Kang HS, Kim JH, Kim KC. Does the discrepancy in histologic
differentiation between a forceps biopsy and an endoscopic specimen
necessitate additional surgery in early gastric cancer? World J Gastrointest
Oncol. 2017;9:319–26.
38. Takao M, Kakushima N, Takizawa K, Tanaka M, Yamaguchi Y, Matsubayashi
H, Kusafuka K, Ono H. Discrepancies in histologic diagnoses of early gastric
cancer between biopsy and endoscopic mucosal resection specimens.
Gastric Cancer. 2012;15:91–6.

Page 10 of 10

39. Min BH, Kang KJ, Lee JH, Kim ER, Min YW, Rhee PL, Kim JJ, Rhee JC, Kim KM.
Endoscopic resection for undifferentiated early gastric cancer: Focusing on
histologic discrepancies between forceps biopsy-based and endoscopic
resection specimen-based diagnosis. Dig Dis Sci. 2014;59:2536–43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

