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Background: To combine clinicopathological characteristics associated with lymph node metastasis for 
submucosal gastric cancer into a nomogram.
Methods: We retrospectively analyzed 262 patients with submucosal gastric cancer who underwent 
D2 gastrectomy between 1996 and 2012. The relationship between lymph node metastasis and 
clinicopathological features was statistically analyzed. With multivariate logistic regression analysis, we made 
a nomogram to predict the possibility of lymph node metastasis. Receiver operating characteristic (ROC) 
analysis was also performed to assess the predictive value of the model. Discrimination and calibration were 
performed using internal validation.
Results: A total number of 48 (18.3%) patients with submucosal gastric cancer have pathologically lymph 
node metastasis. For submucosal gastric carcinoma, lymph node metastasis was associated with age, tumor 
location, macroscopic type, size, differentiation, histology, the existence of ulcer and lymphovascular invasion 
in univariate analysis (all P<0.05). The multivariate logistic regression analysis identified that age ≤50 years 
old, macroscopic type III or mixed, undifferentiated type, and presence of lymphovascular invasion were 
independent risk factors of lymph node metastasis in submucosal gastric cancer (all P<0.05). We constructed 
a predicting nomogram with all these factors for lymph node metastasis in submucosal gastric cancer 
with good discrimination [area under the curve (AUC) =0.844]. Internal validation demonstrated a good 
discrimination power that the actual probability corresponds closely with the predicted probability. 
Conclusions: We developed a nomogram to predict the rate of lymph node metastasis for submucosal 
gastric cancer. With good discrimination and internal validation, the nomogram improved individualized 
predictions for assisting clinicians to make appropriated treatment decision for submucosal gastric cancer 
patients.
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Introduction

Gastric cancer is currently among the most common cancer 
worldwide and the second most common cause of cancer-
related death (1,2). Early gastric cancer is defined as the 
lesion confined to the mucosa or submucosa, regardless of 
the size or the presence of regional lymph node metastasis 
(3,4). The treatment of early gastric cancer includes 
endoscopic surgery, wedge resection, laparoscopy-assisted 
gastrectomy and open gastrectomy (5-7). Endoscopic 
surgical techniques, including endoscopic mucosal resection 
(EMR) and endoscopic submucosal dissection (ESD), have 
been widely accepted as an alternate treatment for early 
gastric cancer patients without lymph node metastasis, 
which can preserve gastric function with low invasiveness 
(8-10). Endoscopic resection with curative intent is 
indicated only in tumors that fulfill the endoscopic resection 
criteria, because these tumors rarely metastasize to lymph 
nodes (11,12).

Although the incidence of lymph node metastasis is low 
in early gastric cancer, it is the most important prognostic 
factor for survival in resectable gastric adenocarcinoma 
(13,14). It is true that the rate of lymph node metastasis is 
much higher in submucosal tumors than in mucosal cancers, 
and the risk factors for nodal metastasis are quite different 
between the two groups (15). Therefore, preoperative 
prediction of lymph node metastasis is more important in 
the choice of treatment modality for submucosal gastric 
cancer patients. Accurate prediction of the risk of lymph 
node metastasis in submucosal gastric cancer is crucial 
because it can select patients suitable for endoscopic 
resection. Nomograms have been developed to quantify 
risk factors of lymph node metastasis in breast cancer and 
prostate cancer (16,17). However, there is no nomogram for 
predicting the risk of lymph node metastasis in submucosal 
gastric cancer. The aim of the present study was to identify 
risk factors for lymph node metastasis into a nomogram for 
patients with submucosal gastric cancer in order to guide 
management.

Materials and methods

Patients

The inclusion criteria were patients who underwent 
surgery achieving radical (R0) resection with D2 lymph 
node dissection and pathologically confirmed to be 
submucosal gastric cancer in accordance with the rules 
of the Japanese Gastric Cancer Association (JGCA). The 

exclusion criteria were patients who had preoperative 
therapy (18). Finally, a total number of 262 patients 
were involved in this study between December 1996 and 
December 2012. The clinicopathologic characteristics 
including gender, age and information on tumor size, depth 
of invasion, macroscopic type, histology, and the existence 
of lymphovascular invasion were retrieved from medical 
records. The maximum diameter of tumor was recorded 
as tumor size. The carcinomas were classified into three 
macroscopic types: protruding type (I), superficial type 
[II, including elevated (IIa), flat type (IIb), depressed type 
(IIc)], and excavated type (III). Tumor differentiation was 
divided into two groups: the differentiated group, which 
included well or moderately differentiated adenocarcinoma, 
and the undifferentiated group, which included poorly or 
undifferentiated carcinoma. Histological type was classified 
according to the World Health Organization (WHO) 
classification for gastric cancer, including adenocarcinoma, 
signet ring cell carcinoma, mucinous adenocarcinoma and so 
on. Lymph node involvement was pathologically confirmed 
postoperatively and classified according to the 7th edition 
of the Union for International Cancer Control (UICC) pN 
category (pN0: no metastasis; pN1: 1−2 metastatic lymph 
nodes; pN2: 3−6 metastatic lymph nodes; pN3: ≥7 metastatic 
lymph nodes). Resection margins were negative in all cases. 
This study was approved by the Institutional Review Board 
of the Beijing Cancer Hospital, and informed consent was 
obtained from all individuals. 

Statistical analysis and construction of nomogram

All the statistical analyses and graphics were performed 
with the SPSS 20.0 statistical package (SPSS Inc., Chicago, 
IL, USA) and R version 2.11.1 (The R Foundation for 
Statistical Computing, Vienna, Austria). Associations 
between lymph node metastasis and clinicopathological 
parameters were analyzed using the chi-square test (or 
Fisher’s exact test when appropriate). The parameters that 
were of significance in the univariate analysis were selected 
as parameters in the logistic regression. A nomogram was 
developed as a tool for identifying patients at risk for lymph 
node metastasis, and it provided a graphical representation 
of the effect which can be used to calculate the risk of lymph 
node metastasis for an individual patient by the points 
associated with each risk factor (19,20). The predictive 
accuracy of the model was graphically displayed by the 
receiver operating characteristic (ROC) curve. Accuracy 
of the nomogram was then quantified using the area under 
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the curve (AUC) for validation. Calibration was carried out 
for the constructed nomogram and internal validation was 
analyzed from 200 additional bootstrap samples to decrease 
the overfit bias and inspect the coincidence with the actual 
situation. Bootstrapping allows for the simulation of the 
performance of the nomogram if it is applied to future 
patients and provides an estimate of the average optimism 
of the AUC. The probability of lymph node metastasis was 
estimated with 95% confidence interval (95% CI) based on 
binominal distribution. P<0.05 was considered statistically 
significant.

Results

Correlations between lymph node metastasis and 
clinicopathological features in submucosal gastric cancer 
patients

The overall data from the 262 patients with submucosal 
gastric cancer were analyzed. The study included 180 males 
and 82 females, and the mean age was 58 years old (range, 
24−82 years old). Among the submucosal gastric cancer 
patients, 48 (18.3%) were histologically shown to have 
lymph node metastasis including 34 (13.0%) with N1, 7 
(2.7%) with N2, and 7 (2.7%) with N3, and 214 (81.7%) had 
no lymph node metastasis. 

Lymph node metastasis was associated with age, tumor 
location, macroscopic type, size, differentiation, histology, 
and the existence of ulcer and lymphovascular invasion 
in submucosal gastric carcinoma (P<0.05). The patients 
younger than 50 years old have higher probability of 
lymph node metastasis than the elders (P=0.039). The 
tumor size larger than 2 cm was more likely to get lymph 
node metastasis than the smaller one (P=0.042). The 
macroscopic type I/II carcinomas have less possibility of 
lymph node metastasis than type III/mixed carcinomas 
(P=0.026). The differentiated carcinoma have low incidence 
of lymph node metastasis (P=0.014). Tumors with ulcer 
and lymphovascular invasion were association with higher 
lymph node metastasis (P=0.048, <0.001, respectively). The 
rate of lymph node metastasis in gastric adenocarcinoma 
was lower than other types (P=0.002). There was no 
significant difference between male and female in lymph 
node metastasis (Table 1). 

The  fu r the r  mu l t i v a r i a t e  l og i s t i c  r eg re s s ion 
analysis showed that age ≤50 [P=0.026, relative risk 
(RR)=2.703, 95% CI: 1.126−6.494], macroscopic type 
III/mixed (P=0.020, RR=2.713, 95% CI: 1.169−6.295), 

undifferentiated type (P=0.008, RR=3.752, 95% CI: 
1.404−10.028), and presence of lymphovascular invasion 
(P<0.001, RR=11.048, 95% CI: 4.831−25.266) were 
positively correlated to lymph node metastasis, suggesting 
that these characters were independent risk factors of lymph 

Table 1 Correlations between lymph node metastasis and 
clinicopathological features in submucosal gastric cancer 
patients

Variables
Lymph node metastasis, n (%)

P
Negative (N=214) Positive (N=48)

Gender 0.486

Male 145 (80.6%) 35 (19.4%)

Female 69 (84.1%) 13 (15.9%)

Age (year) 0.039

<50 42 (72.4%) 16 (27.6%)

≥50 172 (84.3%) 32 (15.7%)

Tumor location 0.028

Upper 1/3 36 (90.0%) 4 (10.0%)

Middle 1/3 48 (87.3%) 7 (12.7%)

Lower 1/3 117 (77.0%) 35 (23.0%)

Tumor size (cm) 0.042

<2.0 90 (88.2%) 12 (11.8%)

≥2.0 119 (78.3%) 33 (21.7%)

Macroscopic type

Protruded (I) 17 (89.5%) 2 (10.5%) 0.032

Superficial (II) 78 (86.7%) 12 (13.3%)

Excavated (III)/

mixed

97 (75.8%) 31 (24.2%)

I/II 95 (87.2%) 14 (12.8%) 0.026

III/mixed 97 (75.8%) 31 (24.2%)

Differentiation 0.014

Differentiated 84 (89.4%) 10 (10.6%)

Undifferentiated 128 (77.1%) 38 (22.9%)

Histology 0.007

Adenocarcinoma 160 (85.6%) 27 (14.4%)

Others 52 (71.2%) 21 (28.8%)

Ulcer 0.048

No 114 (86.4%) 18 (13.6%)

Yes 100 (76.9%) 30 (23.1%)

Lymphovascular invasion <0.001

Absent 184 (90.2%) 20 (9.8%)

Present 27 (49.1%) 28 (50.9%)
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Table 2 Multivariate analysis of risk factors for lymph node metastasis in submucosal gastric cancer patients

Variables
Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Gender

Male vs. female 0.781 (0.388−1.569) 0.487

Age (year)

≥50 vs. <50 2.049 (1.029−4.082) 0.041 2.703 (1.126−6.494) 0.026

Tumor location

Upper 1/3 1 0.084

Middle 1/3 0.371 (0.124−1.116) 0.078

Lower 1/3 0.488 (0.203−1.173) 0.109

Tumor size (cm)

<2.0 vs. ≥2.0 2.080 (1.017−4.252) 0.045

Macroscopic type

I/II vs. III/mixed 2.169 (1.086−4.331) 0.028 2.713 (1.169−6.295) 0.020

Differentiation

Differentiated vs. undifferentiated 2.494 (1.179−5.274) 0.017 3.752 (1.404−10.028) 0.008

Histology

Adenocarcinoma vs. others 2.393 (1.249−4.586) 0.009

Ulcer

No vs. yes 1.900 (0.999−3.614) 0.050

Lymphovascular invasion

Absent vs. present 9.541 (4.730−19.246) <0.001 11.048 (4.831−25.266) <0.001

OR, odds ratio; 95% CI, 95% confidence interval.

node metastasis in submucosal gastric cancer (Table 2). 

Nomogram for prediction of metastatic lymph nodes

Furthermore, we chose these 4 independent risk factors 
to develop a predicting nomogram for lymph node 
metastasis in submucosal gastric cancer patients (Figure 1). 
For each patient, points were assigned for each of these 
clinical variables (age, macroscopic type, differentiation, 
lymphovascular invasion), and the total score calculated 
from the nomogram corresponds to the predicted metastatic 
lymph node probability. After 200 repetitions of bootstrap 
sample corrections, we developed an ROC curve to estimate 
the predictive accuracy of the model which had an AUC of 
0.844 (95% CI: 0.785−0.904) with a good calibration curve 
related to a mean error that never exceeded 5% implying 
good concordance (P<0.001) (Figure 2). The calibration 
curve in internal validation illustrates how the predictions of 
lymph node metastasis from the nomogram compare with 

the actual outcomes for all the submucosal gastric cancer 
patients, and the overall discrimination measurement of the 
validation cohort was 0.914 (Figure 3).

Discussion

The D2 lymphadenectomy (dissection of all group I and 
group II lymph nodes) was considered to be the standard 
and optimal surgical procedure for patients with early 
gastric cancer in past ten years (21,22). With the increased 
detection of early gastric cancer and development of 
endoscopic technology, the lymph node metastasis has 
become a matter of great concern. The lymph node 
metastasis rate of early gastric cancer is reported to be 
approximately 11% to 18%, and approximately 70% to 
80% of patients will undergo overtreatment with D2 
lymphadenectomy (8,22,23). Previous studies noted that 
depth of invasion was an important predictive factor of 
lymph node metastasis in early gastric cancer (24,25), and 
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Figure 1 Nomogram for predicting the probability of metastatic lymph node involvement for patients with submucosal gastric cancer. The 
probability of metastatic lymph node involvement in submucosal gastric cancer is calculated by drawing a line to the point on the axis for 
each of the following variables: age, macroscopic type, differentiation and lymphovascular invasion. The points for each variable are summed 
and located on the total points line. Next, a vertical line is projected from the total points line to the predicted probability bottom scale to 
obtain the individual probability of metastatic lymph node involvement.

Figure 2 Receiver operating characteristics (ROC) curve of 
multivariate logistic regression model for predicting lymph node 
metastasis in patients with submucosal gastric cancer.

Figure 3 Calibration curves of preoperative nomogram in 
internal validation cohort. The X-axis is the actual probability 
from the nomogram, and the Y-axis is the predicted probability 
of lymph node metastasis in submucosal gastric cancer. The solid 
line represents performance of the ideal nomogram (predicted 
outcome perfectly corresponds with actual outcome). The green 
line represents the apparent accuracy of our nomogram without 
correction for overfit. The dashed line represents bootstrap-
corrected performance of our nomogram and 95% CI (R2 linear 
=0.914).

0               0.2             0.4              0.6              0.8             1.0

1-Specificity

S
en

si
tiv

ity

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0
0               0.2             0.4              0.6              0.8             1.0

Observed probability

E
xp

ec
te

d 
pr

ob
ab

ili
ty



Chinese Journal of Cancer Research, Vol 27, No 6 December 2015

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(6):572-579www.thecjcr.org

577

the probability of lymph node metastasis ranged from 
10.2% to 22.9% in cases of submucosal gastric cancers, 
which was much higher than mucosal tumors (26,27). 
The gold standard in the curative treatment of gastric 
cancer is radical operation generally associated with D2 
lymphadenectomy which has a high success rate in early 
cases (28). However, it is associated with some complications 
and mortality caused by this unnecessary procedure (29). 
And the postoperative complication rates of laparoscopy-
assisted gastrectomy were 10−25% and major complication 
rates were 2−5% (30,31). Recently, endoscopic therapy 
has been attempted to preserve gastric function with low 
invasiveness, reduce the damage of excessive treatment and 
promote life quality in patients with submucosal gastric 
cancers, but lymph node dissection is beyond the capability 
of endoscopic therapy (32-36). That’s just the point, for 
submucosal gastric cancer patients with high operative 
risk, ESD could be considered under cautious criteria. The 
preoperative accurate prediction of the risk of lymph node 
metastasis is crucial because can select patients appropriate 
for endoscopic resection. Therefore, endoscopic therapy 
should only be used for submucosal gastric cancers if the 
risk of lymph node metastasis is negligible and a cure is 
expected after complete local resection. 

Many cancer clinicians become more and more attracted 
to simple tools such as nomogram to improve the treatment 
of cancer. For this purpose, we analyzed retrospectively 262 
submucosal gastric cancer patients based on clinical and 
routinely definitive pathological characteristics in order 
to find some clues for medical decision. The lymph node 
metastasis rate of all early gastric cancer patients is 18.3% in 
current study, which is similar to or lower than the previous 
results (37-39). The age, macroscopic type, differentiation 
and lymphovascular invasion were independent factors for 
lymph node metastasis, and the presence of lymphovascular 
invasion is considered to be the most important predictor 
for lymph node metastasis in submucosal gastric cancer, 
which was in agreement with the results of previous 
studies (11,12,37,40-43). Fidler reported that the initial 
step of the metastatic process is regional lymphatic-
vascular invasion (44) and we also found that the presence 
of lymphovascular invasion is considered to be the most 
important predictor of lymph node metastasis. 

Since lymph node metastasis in early gastric cancer is 
a rare event especially in mucosal gastric carcinoma, our 
investigation focused on submucosal tumors. Our study has 
provided a good and handy method to evaluate the risk of 
lymph node metastasis in submucosal gastric carcinoma. 

Based on our studies and the consistent previous studies, we 
choose all these independent characteristic features in our 
nomogram to predict the rate of lymph node metastasis in 
submucosal gastric cancer. The figure calculated from this 
nomogram could be employed to estimate the likelihood of 
metastatic lymph node involvement. The nomogram seems 
to be simple and practical with a relative high area under the 
ROC curve, with good performance related to a mean error 
that never exceeds 5%, which supported our selection of 
variables for determining suitable treatment. We quantified 
the gain in predictability on the basis of an increase in the 
area under the ROC curve. Internal validation demonstrated 
good discrimination power that the actual probability 
corresponds closely with the predicted probability. And all 
of these predictors can be relatively easy to collect clinically 
from pathologic examination of endoscopic resection 
specimen. According to the nomogram, certain subgroups 
of submucosal invasive gastric cancer can be followed up 
without additional surgical resection. For example, an 
undifferentiated and excavated (III)/mix type submucosal 
gastric cancer patient with lymphovascular invasion, who is 
younger than 50 years old, has more than 80% possibility 
of lymph node metastasis without considering other factors. 
This patient is extremely suitable for radical operation 
with lymphadenectomy, or laparoscopic lymph node 
dissection following endoscopic dissection. In contrast, 
another one with opposite characteristics: differentiated 
protruded/superficial (I/II) type submucosal cancer, without 
lymphovascular invasion, older than 50 years old, has 
almost no lymph node metastasis without respect to the 
others (much less than 5%), who is considered to select only 
less invasive endoscopic treatments. Moreover, we believe 
that our nomogram will assist surgeons in the selection of 
appropriate treatment for patients with submucosal gastric 
cancer regarding to the probability of the presence of lymph 
node metastasis.

As far as we know, this is the first study providing a 
nomogram to predict the rate of lymph node metastasis for 
submucosal gastric cancer. The potential limitations of this 
study should be considered that the cohort is small for low 
incidence, and we should enlarge the samples in order to 
improve the nomogram. This is a single center retrospective 
study which need for further external validation with 
different populations. Despite these limitations, this 
nomogram offers an effective tool to predict the rate of 
lymph node metastasis for submucosal gastric cancer 
patients, with which we could select patient who are suitable 
candidates for appropriated treatment.
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Conclusions

In conclusion, the present study constructed a nomogram 
to predict the probability of lymph node metastasis 
in submucosal gastric cancer based on the data of age 
at diagnosis, macroscopic type, differentiation and 
lymphovascular invasion. This tool can assist clinicians and 
patients in quantifying the potential lymph node metastasis 
rate for making surgical decisions. Certain patients are 
suitable for radical operation or endoscopic dissection plus 
D2 lymphadenectomy, and others are selected for only ESD 
and EMR. For future study, we should expand the sample 
size, add different centers to prove this nomogram and 
determine the cutoff value of lymph node metastasis rate for 
different treatments.
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