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Introduction

Early gastric cancer (EGC) has been defined as a gastric 
carcinoma confined to the mucosa and/or submucosa, 
regardless of the size or presence of lymph node metastasis. 
EGCs have a low incidence of lymph node metastasis and 
a favorable outcome after surgery (1,2). Treatment options 
for EGC include endoscopic mucosal resection (EMR) or 
endoscopic submucosal dissection (ESD), wedge resection, 
laparoscopically assisted gastrectomy and open gastrectomy 
(3,4). Endoscopic dissection is a widely accepted treatment 
for EGC in patients with appropriate criteria, of which the 
absence of lymph node metastasis is a necessary prerequisite 
(5,6). Patients with EGC generally have an excellent 
prognosis after curative resection (R0), with 5- and 10-year 

survival rates of more than 90% and 85-90%, respectively 
(7-9). However, recurrence can still occur after curative 
resection of EGC, with a rate of 1.3-13.8% reported in 
previous studies (10,11). Lymph node metastasis is one of 
the most important factors in determining the prognosis of 
patients with EGC (12,13). Thus, identifying those patients 
with lymph node metastasis is crucial for the selection of 
appropriate treatments and the implications for prognosis.

In the light of these considerations, we carried out this 
study to clarify the relationship between clinicopathological 
features and the incidence of lymph node metastasis and to 
propose the potential indications of lymph node metastasis 
for prognosis purposes and for the likelihood of tumor 
recurrence/metastasis in EGC patients.
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Materials and methods

Study population

We enrolled 226 patients with EGC pathologically proven 
after gastrectomy with lymph node dissection in Beijing 
Cancer Hospital between December 1996 and December 
2011. The standard operative procedures were performed 
for EGC: distal subtotal or total gastrectomy, depending 
on the location of gastric cancer, with D2 or more 
extended lymphadenectomy. The inclusion criteria for such 
procedures were as follows: the gastric tumor invasion was 
limited to the mucosa or submucosa; no less than D1 lymph 
node dissection was performed; and no patient had received 
neoadjuvant therapy before surgery. We gathered patient 
data relating to: age and sex, tumor location, macroscopic 
type, size, histological type and depth of invasionand 
extent of lymphovascular invasion. The classification of the 
dissected lymph nodes was verified by surgeons reviewing 
the excised specimens after surgery based on the TNM 
Classification of Malignant Tumors (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).The depth of tumor invasion was classified as 
mucosal or submucosal invasion, and the maximum diameter 
of the tumor was recorded as the tumor size. We classified 
the carcinomas into three macroscopic types: protruded 
type [(I), superficial type (II, including elevated (IIa), flat 
type (IIb) and depressed type (IIc)], and excavated type (III). 
Follow up of the entire study population was conducted 
until death or the follow-up date, by means of outpatient 
clinic consultation and/or communication with patients 
and their relatives via telephone or letter. We recorded data 
concerning clinical and pathological features and all follow-
up information, and then calculated 5- and 10-year survival 
rates. This study was approved by the Ethics Committee 
of the Beijing Cancer Hospital, and informed consent was 
obtained from all individuals. 

Statistical analysis

We performed all the statistical analyses using the SPSS 
20.0 statistical package (SPSS Inc., Chicago, IL, USA). We 
analyzed associations between lymph node metastasis and 
clinicopathological parameters using the chi-square test (or 
Fisher’s exact test when appropriate). In multivariate analysis, 
logistic regression analysis was applied to identify the 
independent clinicopathological factors correlating to lymph 

node metastasis. We estimated the probability of lymph 
node metastasis with 95% confidence interval (95% CI) 
based on binominal distribution. Overall survival rates were 
determined using the Kaplan-Meier estimator, an event being 
defined as death from cancer-related cause. We used the log-
rank test to identify differences between the survival curves, 
and we performed multivariate prognosis analysis using the 
Cox proportional hazards model, selecting a forward stepwise 
procedure. Hazard ratio and 95% CI were calculated. We 
statistically analyzed the relationship between lymph node 
metastasis and tumor recurrence/metastasis using the chi-
square test (or Fisher’s exact test when appropriate). For all 
analyses, P<0.05 was considered statistically significant.

Results

Clinicopathological characteristics of EGC

We analyzed the overall data from the 226 patients, 
comprising 156 men and 70 women. The mean age was 
59 years old (range, 24-82 years). The mean number of 
metastatic lymph nodes was 1 (range, 1-25). Among the 
EGC patients, 17 (7.5%) were histologically shown to have 
lymph node metastasis, including 11 (4.8%) categorized as 
N1, 2 (0.9%) as N2, and 4 (1.8%) as N3, and 209 (92.5%) 
had no lymph node metastasis (N0).

Lymph node metastasis was significantly associated 
with tumor differentiation, lymphovascular invasion and 
depth of invasion (P=0.022, 0.000, and 0.001, respectively). 
Cases of undifferentiated carcinoma, lymphovascular and/
or submucosal invasion were associated with higher lymph 
node metastasis. Tumors larger than 2 cm and excavated 
type (III) tumors had a higher probability of lymph node 
metastasis, but they did not reach statistical significance 
(P>0.05). There were no significant differences between 
gender, age, location and histology characteristics (Table 1).

Further multivariate logistic regression analysis showed 
that differentiation [P=0.039; relative risk (RR) 2.031; 95% 
CI, 1.035-3.986], lymphovascular invasion (P=0.003; RR 
6.102; 95% CI, 1.846-20.170) and depth of invasion (P=0.035; 
RR 4.237; 95% CI, 1.107-16.222) were independent risk 
factors for lymph node metastasis in EGC (Table 2).

Survival analyses of EGC patients after surgery

The median survival time was 69.55 months (range, 3.45-
195.85 months) in the present study. Survival analysis is 
shown in Table 3. Of all 226 EGC patients, 207 (91.6%) 
were still alive in our study. Overall, the 5- and 10-year 
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survival rates were significantly lower in the cases with 
lymph node metastasis than in those without lymph node 
metastasis (P=0.000, 68.8% vs. 96.9%, 45.8% vs. 85.6%, 
respectively, Figure 1A), while the patients with more than 
2 lymph node metastases had even lower survival rates 
(16.7%). In addition, the survival status was also significantly 

correlated with tumor size (P=0.023; ≥2.0 cm vs. <2.0 cm; 
5-year survival rate, 94.1% vs. 95.5%; 10-year survival rate, 
68.7% vs. 91.8%, respectively). However, there were no 
significant differences in survival rates between different 
genders, ages, macroscopic types, differentiation, histology, 
lymphovascular invasion and depth of invasion (all P>0.05). 
Furthermore, the patients with lymph node metastases had 
shorter progression-free survival times after surgery than 
those without lymph node metastases (P=0.000, Figure 1B).  
Multivariate analysis identified lymph node metastasis 
(P=0.000; RR 6.451; 95% CI, 2.432-17.111) and tumor size 
(P=0.041; RR 2.934; 95% CI, 1.044-8.247) as independent 
prognostic factors for EGC (Table 4).

Clinicopathological features according to recurrence or 
metastasis after curative surgery

The recurrence or metastasis rate after curative surgery was 
6.6% (15/226) in the present study. There were no significant 
differences in gender, tumor location, tumor size, macroscopic 
type, differentiation, histology, lymphovascular invasion, and 
depth of invasion between the recurrence/metastasis group 
and the non-recurrence/ non-metastasis group. Lymph node 
metastasis was considered to be a significant factor for cancer 
metastasis/recurrence (P=0.018, Table 5). Half of the patients 
with more than 2 lymph node metastases had metastasis/
recurrence, as opposed to only 5.3% of those with less than 
2 lymph node metastases. Multivariate analysis showed that 
the status of lymph node metastasis was a significant factor 
for predicting cancer metastasis or recurrence (P=0.001; RR 
18.006; 95% CI, 3.085-105.104).

Discussion

The survival of patients with gastric cancer is still poor 
although the 5-year survival rate has improved owing to 
early detection, standardized radical operations and several 
modified therapeutic modalities (5). Although EGC has 
an excellent prognosis, previous reports reveal that the 
prognosis of these patients was mostly affected by lymph 
node metastasis (13-15). The most important factor to 
consider when selecting correct treatment modalities for 
EGC is the presence of lymph node metastasis. According 
to the increasing number of EGC diagnoses and endoscopic 
resections, accurate evaluation of the associated risk factors 
of lymph node metastasis and the status of the lymph nodes 
in prognosis is critical for subsequent decisions regarding 
EGC treatment after the initial curative treatment.

Table 1 The correlations between lymph node metastasis and 
clinicopathological features of EGC patients

Clinicopathological 
features

Lymph node metastasis
P

Negative (n=209) Positive (n=17)

Gender 0.885

Male 144 (92.3%) 12 (7.7%)

Female 65 (92.9%) 5 (7.1%)

Age (year) 0.860

<60 106 (92.2%) 9 (7.8%)

≥60 103 (92.8%) 8 (7.2%)

Tumor location 0.955

Upper 1/3 29 (93.5%) 2 (6.5%)

Middle 1/3 56 (91.8%) 5 (8.2%)

Lower 1/3 124 (92.5%) 10 (7.5%)

Macroscopic type 0.106

I/II 139 (94.6%) 8 (5.4%)

III/Mixed 70 (88.6%) 9 (11.4%)

Size (cm) 0.319

<2.0 100 (94.3%) 6 (5.7%)

≥2.0 109 (90.8%) 11 (9.2%)

Histology 0.783

Adenocarcinoma 147 (91.9%) 13 (8.1%)

Other types* 62 (93.9%) 4 (6.1%)

Differentiation 0.022

Differentiated 97 (97.0%) 3 (3.0%)

Undifferentiated 112 (88.9%) 14 (11.1%)

Ulcer 0.721

Absent 179 (92.7%) 14 (7.3%)

Present 30 (90.9%) 3 (9.1%)

Lymphovascular invasion 0.000

Absent 194 (95.1%) 10 (4.9%)

Present 15 (68.2%) 7 (31.8%)

Depth of invasion 0.001

Mucosa 124 (97.6%) 3 (2.4%)

Submucosa 85 (85.9%) 14 (14.1%)

EGC, early gastric cancer; *, signet-ring cell carcinoma, 
mucinous adenocarcinoma and et al.
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In the present study, the incidence of lymph node 
metastasis was 7.5% among the EGC patients, which is 
similar to that of an earlier study. Differentiated carcinoma, 
without lymphovascular or submucosal invasion, had 
less probability of lymph node metastasis, which was 
comparable with the findings of previous studies (16,17). 
Other clinical and pathological factors, such as ulcerated 
lesions, histological type and tumor size, have been shown 
to aid in the assessment of risk of nodal metastasis, as in 
our study (6,18,19). Moreover, the 5- and 10-year overall 
survival rate or progression-free survival rate and metastasis/
recurrence rate were associated with the status of lymph 
node metastasis, which were consistent with that of earlier 
studies (10,11). Tumor size is a controversial factor in the 
prognosis of EGC. Kunisaki et al. noted that tumor size in 
gastric cancer is a reliable prognostic factor, as we found in 
the present study (20), so it could be a suitable candidate for 
use in the staging system. However, other authors suggested 

that tumor size was not an independent prognostic factor (21). 
Although previous studies have noted that the recurrence of 
EGC was significantly higher in patients with submucosal, 
node-positive and undifferentiated tumors (22), we observed 
that only lymph node metastasis was the most significant 
risk factor for tumor recurrence or metastasis after curative 
operation. However, as Kikuchi et al. (23) reported, in our 
study submucosal cancers do not recur more frequently 
than mucosal cancers. Tumor angiogenesis plays a critical 
role in tumor progression of a variety of malignancies 
and is crucial in the choice of therapeutic strategy (24). In 
contrast to angiogenesis in other tumors, previous studies 
have found that peritumoral lymphatic vessel density was 
correlated with lymph node metastasis and survival in 
gastrointestinal carcinoma (25,26), which supports our 
viewpoint in molecular biology.

Based on our study, EGC patients with undifferentiated 
carcinoma, lymphovascular and/or submucosal invasion 

Table 2 Univariate and multivariate analyses of lymph node metastasis risk factors of EGC

Clinicopathological features
Univariate analysis Multivariate analysis

RR (95% CI) P RR (95% CI) P

Gender

Male vs. female 0.923 (0.312-2.728) 0.885

Age (year)

<60 vs. ≥60 0.915 (0.340-2.462) 0.860

Tumor location

Upper 1/3 1.000 0.955

Middle 1/3 0.855 (0.178-4.115) 0.845

Lower 1/3 1.107 (0.362-3.390) 0.858

Macroscopic type

I/II vs. III/Mixed 2.234 (0.826-6.041) 0.113

Size (cm)

<2.0 vs. ≥2.0 1.682 (0.600-4.716) 0.323

Histology

Adenocarcinoma vs. other types* 0.730 (0.229-2.325) 0.594

Differentiation

Differentiated vs. undifferentiated 2.010 (1.062-3.805) 0.032 2.031 (1.035-3.986) 0.039

Ulcer

Absent vs. present 1.279 (0.347-4.717) 0.712

Lymphovascular invasion

Absent vs. present 9.053 (3.015-27.183) 0.000 6.102 (1.846-20.170) 0.003

Depth of invasion

Mucosa vs. submucosa 6.808 (1.898-24.415) 0.003 4.237 (1.107-16.222) 0.035

EGC, early gastric cancer; RR, relative risk; *, signet-ring cell carcinoma, mucinous adenocarcinoma and et al.
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Table 3 Overall survival related to clinicopathological features of EGC patients

Clinicopathological features Patients (n) Events (n) 5-year OS rate 10-year OS rate P

Gender 0.097

Male 156 16 0.930 0.775

Female 70 3 0.971 0.901

Age (year) 0.128

<60 115 6 0.964 0.912

≥60 111 13 0.921 0.744

Tumor location 0.434

Upper 1/3 31 1 0.968 0.968

Middle 1/3 61 5 0.951 0.841

Lower 1/3 134 13 0.943 0.771

Macroscopic type 0.274

I/II 147 10 0.949 0.851

III/Mixed 79 9 0.931 0.771

Size (cm) 0.023

<2.0 106 5 0.958 0.918

≥2.0 120 14 0.941 0.687

Histology 0.714

Adenocarcinoma 160 13 0.947 0.826

Other types* 66 6 0.929 0.800

Differentiation 0.589

Differentiated 100 10 0.946 0.786

Undifferentiated 126 9 0.939 0.858

Ulcer 0.734

Absent 193 16 0.951 0.835

Present 33 3 0.938 0.626

Lymphovascular invasion 0.279

Absent 204 16 0.958 0.816

Present 22 3 0.864 0.864

Depth of invasion 0.459

Mucosa 127 12 0.932 0.858

Submucosa 99 7 0.970 0.775

Lymph node metastasis

No 209 13 0.969 0.856 0.000

Yes 17 6 0.688 0.458

N0-1 220 14 0.964 0.838 0.000

N2-3 6 5 0.167 0.167

EGC, early gastric cancer; OS, overall survival; *, signet-ring cell carcinoma, mucinous adenocarcinoma and et al.

should be carefully assessed for appropriate treatment on 
account of the higher probability of lymph node metastasis. 
A combination of local resection of primary tumor using 
EMR/ESD with subsequent D2 lymphadenectomy or 

laparoscopic lymph node dissection would be a suitable 
treatment choice. Moreover, patients with a high risk of 
lymph node metastasis may additionally need adjuvant 
radiotherapy and/or chemotherapy after initial curative 
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Figure 1 Kaplan-Meier survival analysis of lymph node metastasis in early gastric cancer (EGC) patients. (A) Overall survival analysis was 
performed according to lymph node metastasis in EGC patients; (B) Progress-free survival analysis was performed according to lymph node 
metastasis in EGC patients.

Table 4 Cox proportional hazards regression model analysis of EGC patients

Clinicopathological features
Univariate analysis Multivariate analysis

RR (95% CI) P RR (95% CI) P

Gender

Male vs. female 0.366 (0.106-1.260) 0.111

Age (year)

<60 vs. ≥60 2.088 (0.792-5.504) 0.136

Tumor location

Upper 1/3 1.000 0.464

Middle 1/3 0.304 (0.040-2.326) 0.251

Lower 1/3 0.719 (0.255-2.024) 0.532

Macroscopic type

I/II vs. III/Mixed 1.645 (0.668-4.055) 0.279

Size (cm)

<2.0 vs. ≥2.0 3.120 (1.114-8.734) 0.030 2.934 (1.044-8.247) 0.041

Histology

Adenocarcinoma vs. other types* 1.199 (0.455-3.158) 0.714

Differentiation

Differentiated vs. undifferentiated 0.883 (0.563-1.387) 0.590

Ulcer

Absent vs. present 1.239 (0.360-4.265) 0.734

Lymphovascular invasion

Absent vs. present 1.953 (0.568-6.710) 0.288

Depth of invasion

Mucosa vs. submucosa 0.704 (0.277-1.790) 0.462

Lymph node metastasis

No vs. yes 6.891 (2.599-18.268) 0.000 6.451 (2.432-17.111) 0.000

EGC, early gastric cancer; RR, relative risk; *, signet-ring cell carcinoma, mucinous adenocarcinoma and et al.
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therapy. Close follow-up is quite essential. In recent years, 
the evidence-based approach of sentinel node biopsy (SNB) 
is necessary and indispensible for stomach and function-
preserving surgery and better quality of life for long-term 
survival (27). Therefore, SNB after initial endoscopic surgery 
is another less extensive surgery compared with D2 resection. 
Given the good prognosis of patients with early-stage 
gastric cancer without lymph node metastasis, SNB may be 
appropriated for patients who have early-stage gastric cancer 
which is undifferentiated, and/or with lymphovascular/
submucosal invasion. If the result is positive for lymph node 
metastasis, the patient is committed to having a D2 resection. 
In contrast, the patient who has EGC but the primary 
tumor is differentiated mucosal invasion, and/or without 
lymphovascular invasion, is usually less likely to have lymph 
node metastasis, and for them endoscopic resection is an 
enough suitable treatment. In spite of the small single cohort, 
we spent a very long time observing the clinical biological 
behavior of EGC, and discovered the importance of lymph 
node metastasis in prognosis and recurrence/metastasis after 
surgery in EGC, which is helpful for future clinical practice.

In conclusion, the present study indicates that 
undifferentiated carcinoma and tumor with lymphovascular 
and submucosal invasion were associated with higher lymph 
node metastasis in EGC. D2 lymphadenectomy or laparoscopic 
lymph node dissection should be performed after endoscopic 
treatment in these patients. Moreover, patients with a poor 
prognosis and high recurrence/metastasis rate should have more 
rigorous follow-up or additional chemotherapy or radiation 
after D2 gastrectomy. Further investigations are needed to 
enlarge the cohort to a multicenter study in order to explain the 
differences in survival rates with different treatments.
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