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Significant Differences in the Clinicopathological 
Characteristics and Survival of Gastric Cancer Patients from 

Two Cancer Centers in China and Korea
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Purpose: To compare the clinicopathological data and long-term survival of gastric cancer patients in China and Korea.
Materials and Methods: Patients who had undergone gastrectomy for gastric cancer between 1998 and 2009 in 2 high-volume institu-
tions in both China (n=1,637) and Korea (n=2,231) were retrospectively evaluated. Clinicopathological variables, overall survival (OS), 
progression-free survival (PFS), and surgery-related complications were assessed for all patients and compared between the 2 institu-
tions.
Results: Chinese patients included in the study were significantly older and had a significantly lower body mass index (BMI) than the 
Korean patients. Esophagogastric junction tumors were more frequent in Chinese patients. However, the number of patients with stage 
I gastric cancer, the number of harvested lymph nodes, and the number of total gastrectomies were significantly higher in the Korean 
population. Korean patients also presented with fewer undifferentiated tumors than Chinese patients. Furthermore, Korean patients had 
prolonged OS and PFS for stage III cancers only. BMI, tumor-node-metastasis (TNM) stage, tumor invasion, number of positive lymph 
nodes, and distant metastases were all independent factors affecting OS and PFS.
Conclusions: Although China and Korea are neighboring Asian countries, the clinicopathological characteristics of Chinese patients are 
significantly different from those of Korean patients. Korean gastric cancer patients had longer OS and PFS than Chinese patients. Influ-
encing factors included TNM stage, tumor invasion, and lymph node metastasis.
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Introduction

Gastric cancer is the third most common cause of cancer-

related death worldwide.1 The highest incidence rates are in East 

Asia, Eastern Europe, and South America.2-5 Studies have shown 

that the clinicopathological presentation of gastric cancer, including 

histology, location, environmental exposure, and dietary factors, 

varies widely between Eastern and Western countries.6-8 Moreover, 

the 5-year survival rate after curative gastrectomy for gastric can-

cer is lower in the West than in the East.9-11 It is well known that 

many diseases in Korea and Japan share similar clinicopathological 

characteristics; these countries also have similar treatment policies 

and screening programs for gastric cancer, and achieve comparable 
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Table 1. Pathological characteristics of gastric cancer patients

Variable China (n=1,637) Korea (n=2,231) P-value

Gender
    Male 1,108 (67.7) 1,484 (66.5) 0.430
    Female 529 (32.3) 747 (33.5)
Age (yr) 65 (17~93) 59 (18~91) <0.001*
BMI (kg/m2) 21.9 (13.5~33.5) 22.9 (13.7~35.9) <0.001*
Family history of cancer 0.322
    Yes 134 (8.2) 203 (8.1)
    No 1,503 (91.8) 2,028 (91.9)
Family history of gastric cancer 71 (4.4) 104 (4.7) 0.328
Location of tumor <0.001*
    EG junction 90 (5.5) 12 (0.5)
    Upper 168 (10.3) 249 (11.2)
    Middle 326 (19.9) 800 (35.8)
    Lower 988 (60.3) 1,157 (51.9)
    Whole 65 (4.0) 13 (0.6)
Differentiation <0.001*
    Differentiated 431 (26.3) 1,015 (45.5)
    Undifferentiated 1,206 (73.7) 1,216 (54.5)
Tumor size (cm) 5.5 (0.3~25.0) 3.5 (0.3~22.5) <0.001*
T-stage <0.001*
    T1 197 (12.0) 1,222 (54.8)
    T2 234 (14.3) 557 (24.9)
    T3 515 (31.5) 402 (18.2)
    T4 691 (42.2) 50 (2.1)
N-stage <0.001*
    N0 489 (29.9) 1,420 (63.7)
    N1 241 (14.7) 294 (9.1)
    N2 354 (21.6) 204 (13.2)
    N3 553 (33.8) 313 (14.0)
Stage <0.001*
    I 260 (15.9) 1,436 (64.4)
    II 373 (22.8) 386 (17.3)
    III 896 (54.7) 348 (15.6)
    IV 108 (6.6) 61 (2.7)
LNs harvested <0.001*
    Overall 19 (2~69) 39 (2~115) <0.001*
    0~14 311 (19.0) 57 (2.6) <0.001*
    15~20 743 (45.4) 134 (6.0) <0.001*
    >20 583 (35.6) 2,040 (91.4) <0.001*
Lymph node status
    Positive LNs 6 (1~42) 4 (1~42) 0.655
    Positive LNs/total harvested 0.22 (0~1) 0.12 (0~1) <0.001*

Values are presented as number (%) or median (range). BMI = body mass index; EG = esophagogastric; LN = lymph node. *P<0.05.
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results.12-14 In contrast, there are little data on the differences in the 

clinicopathological characteristics of gastric cancer between China 

and other Asian countries.15

The aim of this study was to compare the clinicopathologi-

cal variables and outcomes between 2 high-volume gastric cancer 

centers in China and Korea. The goal of this work was to identify 

critical clinicopathological differences between Chinese and Korean 

patients and consequently improve treatment for gastric cancer pa-

tients.

Materials and Methods

Patients diagnosed with gastric cancer and eligible for curative 

resection (R0) at either Peking University People’s Hospital, China 

or Seoul St. Mary’s Hospital, Korea between 1998 and 2009 were 

included in this study. We analyzed patient demographics, tumor 

factors, surgical factors, and survival. Patients who underwent R0 

resection but who had no other history of cancer were included. 

Patients were excluded if they underwent neoadjuvant chemo-

therapy, wedge resection, or endoscopic mucosal resection. tumor-

node-metastasis (TNM) classification was based on the 7th edition 

of the American Joint Committee on Cancer staging system. D1 

or D1+ lymphadenectomy was performed for early gastric cancer. 

D2 or D2+ (D2+14v, or +12p, or +8p, or +16a) lymphadenectomy 

was performed for advanced cancer. The criteria for follow-up and 

recurrence were similar for both Korean and Chinese patients. Fol-

low-up evaluation was repeated every 3 months for 2 years, every 6 

months from the third to fifth post-operative year, and every year 

thereafter. The follow-up rates were 92.5% and 94.8% for Chinese 

patients and Korean patients, respectively.

1. Statistical analysis

The Statistical Package for the Social Sciences (SPSS) version 

17.0 (SPSS Inc., Chicago, IL, USA) was used. The chi-square 

test was employed to assess differences in the categorical clinico-

pathological variables. The independent t-test was used to evalu-

ate differences in continuous variables. Overall survival (OS) was 

calculated from the time of surgery to the last follow-up or date 

of death. For patients who experienced recurrence, progression-

free survival (PFS) was calculated as the time from surgery to the 

time of first recurrence; for those with no recurrence, PFS was 

defined as the time from surgery to the last follow-up or death. 

Univariate survival analysis of OS and PFS was estimated using 

the Kaplan-Meier method. The Cox proportional hazards model 

Fig. 1. Comparison of the overall survival (OS) of gastric cancer patients in both China and Korea. (A) Comparison of the OS of gastric cancer 
patients with all disease stages. (B) Comparison of the OS of stage I gastric cancer patients. (C) Comparison of the OS of stage II gastric cancer pa-
tients. (D) Comparison of the OS of stage III gastric cancer patients. (E) Comparison of the OS of stage IV gastric cancer patients. Cum = culmula-
tive.
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was used for multivariate analysis. Variables in the model included 

patient group, gender, age, body mass index (BMI), family history 

of cancer, operation type, digestive tract reconstruction methods, 

lymphadenectomy type, tumor location, tumor size, tumor dif-

ferentiation, TNM stage, adjuvant chemotherapy, and number of 

harvested lymph nodes. P-values＜0.05 were considered statisti-

cally significant.

Results

1. Demographic data of gastric cancer patients

A total of 1,637 Chinese and 2,231 Korean gastric cancer pa-

tients were identified and compared. The age of the Chinese pa-

tients was significantly higher than that of the Korean patients (P

＜0.001). The BMI of the Chinese patients was significantly lower 

than that of the Korean patients (P＜0.001). There was no signifi-

cant difference in family history of any type of cancer, including 

gastric cancer, between the 2 institutions (Table 1).

2. Surgical characteristics of gastric cancer patients

Korean surgeons performed significantly more total gastrec-

tomies, multivisceral resections, and Billroth II digestive tract re-

constructions compared with their Chinese counterparts, and less 

postoperative chemotherapy was administered in Korea (P＜0.001; 

Fig. 2. Comparison of the overall survival (OS) of gastric cancer patients with different T and N stages in both China and Korea. (A) Comparison 
of the OS of stage T1 gastric cancer patients. (B) Comparison of the OS of stage T2 gastric cancer patients. (C) Comparison of the OS of stage T3 
gastric cancer patients. (D) Comparison of the OS of stage T4 gastric cancer patients. (E) Comparison of the OS of stage N0 gastric cancer patients. (F) 
Comparison of the OS of stage N1 gastric cancer patients. (G) Comparison of the OS of stage N2 gastric cancer patients. (H) Comparison of the OS 
of stage N3 gastric cancer patients. Cum = culmulative.
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Supplementary Table 1). D2+ lymphadenectomy was performed 

in 79% of advanced cases in Korea (797/1,009), but was not per-

formed in any of the Chinese cases in this study (0/1,440).

There were no significant differences in the incidence of major 

surgery-related complications between the 2 institutions (P=0.42). 

These complications included anastomotic leakage, anastomotic 

stenosis, intra-abdominal bleeding, postoperative ileus, and post-

operative intra-abdominal infection (Supplementary Table 2).

3. Pathological characteristics of gastric cancer pa

tients

Chinese gastric cancer patients had more tumors located in the 

esophagogastric (EG) junction and whole stomach (P＜0.001), and 

a greater number of undifferentiated tumors (P＜0.001) compared 

with Korean patients. Tumors in Chinese patients were generally 

larger than those in Korean patients (P＜0.001).

There were more gastric cancer patients with relatively early-

stage disease including T1, T2, N0, and stage I, in Korea than in 

China (P＜0.001).

More lymph nodes were harvested from Korean patients than 

from Chinese patients (P＜0.001). The ratio of positive lymph 

nodes to total nodes examined was significantly higher in China 

than in Korea (P＜0.001; Table 1).

4. Survival analysis

1) Overall survival

The OS of Korean patients was longer than that of Chinese 

patients (P＜0.001), especially for stage III disease (P＜0.001). 

Analysis based on T and N stages showed that the OS for Korean 

patients with stages T3 (P=0.011) and T4 (P=0.036) or N2 (P=0.002) 

and N3 (P＜0.001), but not T1 (P=0.299) and T2 (P=0.085) or N0 

(P=0.062) and N1 (P=0.090), was significantly longer than that of 

Chinese patients with an equivalent disease stage (Fig. 1, 2).

2) Progressionfree survival

Korean patients with either stage III (P＜0.001) or stage IV 

(P=0.106), but not stage I or II disease, had a longer PFS than 

Chinese patients with the same disease stage. Korean patients with 

stages T3 (P=0.001), T4 (P=0.002), N2 (P＜0.001), or N3 (P＜0.001), 

but not T1 (P=0.726), T2 (P=0.075), N0 (P=0.226), or N1 (P=0.485), 

had a significantly longer PFS than Chinese patients (Fig. 3, 4).

Fig. 3. Comparison of the progression-free survival (PFS) of gastric cancer patients in both China and Korea. (A) Comparison of the PFS of gastric 
cancer patients with all disease stages. (B) Comparison of the PFS of stage I gastric cancer patients. (C) Comparison of the PFS of stage II gastric 
cancer patients. (D) Comparison of the PFS of stage III gastric cancer patients. (E) Comparison of PFS of stage IV gastric cancer patients. Cum = 
culmulative.
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3) Independent factors affecting overall survival and 

progressionfree survival

The Cox proportional hazards model showed that patient group, 

age, and TNM stage were independent risk factors affecting both 

OS and PFS, whereas BMI was an independent risk factor for OS 

but not PFS (Supplementary Table 3).

Discussion

To date, there has been little research comparing the differ-

ent gastric cancer characteristics in Korea and China. Our study 

showed that Chinese patients were older than Korean patients and 

had lower BMI values. These findings can be partly explained by 

the nationwide screening system that was introduced in Korea in 

1999 as part of the National Cancer Screening Program,16-18 which 

ensured early cancer detection.19-21

Korean and Chinese institutions have different surgical poli-

cies.22 Our data showed that Korean surgeons performed more total 

gastrectomies for tumors located in the proximal part of the stom-

ach than their Chinese counterparts. They also preferred extensive 

surgery for T4 gastric cancer, in contrast to most Chinese surgeons 

who follow the National Comprehensive Cancer Network guide-

Fig. 4. Comparison of the progression-free survival (PFS) of gastric cancer patients with different T and N stages in both China and Korea. (A) 
Comparison of the PFS of stage T1 gastric cancer patients. (B) Comparison of the PFS of stage T2 gastric cancer patients. (C) Comparison of the 
PFS of stage T3 gastric cancer patients. (D) Comparison of the PFS of stage T4 gastric cancer patients. (E) Comparison of the PFS of stage N0 gas-
tric cancer patients. (F) Comparison of the PFS of stage N1 gastric cancer patients. (G) Comparison of the PFS of stage N2 gastric cancer patients. (H) 
Comparison of the PFS of stage N3 gastric cancer patients. Cum = culmulative.
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lines and prefer pre-operative chemotherapy followed by radical 

resection of the tumor for these patients.

Interestingly, our results showed that the rate of EG junction 

cancer was significantly higher in Chinese than in Korean patients. 

Patients in Western countries have more EG junction tumors than 

those in Asian countries.23 Data from the Memorial Sloan-Ket-

tering Cancer Center8 showed that 18% of all gastric cancers were 

located at the EG Junction. In this study, we found that Chinese 

patients had significantly more EG junction tumors than Korean 

patients, but fewer EG junction tumors than those in the US.24 Al-

though both China and Korea are in Asia, the countries have very 

different diets, which may contribute to clinicopathological differ-

ences. Chinese food is typically oily and resembles a Western-style 

diet.

Korean patients with advanced-stage cancer had longer OS 

and PFS compared to Chinese patients. We hypothesized that this 

difference might be due to different treatment policies, while the 

longer OS of Korean patients might be partially related to their 

younger age. Korean surgeons traditionally prefer extended surgery, 

especially D2+ lymphadenectomy, for advanced gastric cancer. D2+ 

lymphadenectomy was performed in 79% of advanced cases in 

Korea, but was not performed in any of the Chinese cases in this 

study. However, the overall percentage of D2+ lymphadenectomies 

was lower in Korean patients due to the lower ratio of advanced 

gastric cancer in this group. In fact, the benefit of extended D2 

lymphadenectomy for gastric cancer remains unclear, although 

some studies have proposed its use.25-27 However, other researchers 

have contrasting opinions.28-30 While the number of lymph nodes 

harvested in Korean patients was significantly greater than that in 

Chinese patients, multivariate analysis showed that this was not 

an independent risk factor affecting OS and PFS. Therefore, we 

speculated that the number of lymph nodes harvested and extent 

of lymphadenectomy might be important for the survival of gastric 

cancer patients, especially those with non-metastatic advanced 

gastric cancers such as stage III; however, it is probably irrelevant 

for early stage (stage I, II) and metastatic cancers (stage IV). More-

over, the poorer survival of Chinese patients, particularly those with 

stage III disease, might also be partially attributed to downstaging31 

because of the insufficient number of lymph nodes harvested (ap-

proximately 20% of patients had ＜15 lymph nodes harvested).

The number of lymph nodes harvested is dependent on both 

surgical technique and the pathologist’s experience. A multidis-

ciplinary team (MDT) could improve communication between 

surgeons and pathologists, and ensure that the lymph nodes are 

checked by pathologists.32 In this study, a MDT was established 

in the Chinese institution in 2010. For patients with fewer than 15 

lymph nodes harvested, accurate staging might be accomplished 

by dividing by the metastatic lymph node ratio,33 referred to in the 

TNM staging system, but more evidence is needed to support this 

strategy.

In summary, we find that some clinicopathological variables 

are different between Korean and Chinese gastric cancer patients. 

Korean gastric cancer patients have longer OS and PFS compared 

to Chinese patients with advanced disease stages. This study may 

guide the future direction of gastric cancer research in both China 

and Korea, and may provide evidence to influence surgical treat-

ment policies in both countries.
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Supplementary Table 1. Surgical characteristics of gastric cancer patients

Characteristic China (n=1,637) Korea (n=2,231) P-value

Operation <0.001*

    Total gastrectomy 183 (11.1) 654 (29.4)

    Distal subtotal gastrectomy 1,245 (76.1) 1,577 (70.6)

    Proximal gastrectomy 209 (12.8) 0 (0.0)

Multivisceral combined resection 51 (3.1) 183 (8.2)

Reconstruction of digestive tract <0.001*

    Billroth I 497 (30.4) 218 (9.8)

    Billroth II 723 (44.2) 1,302 (58.4)

    Roux-en-Y (Stomach-Jejunum) 25 (1.5) 57 (2.6)

    Roux-en-Y (Esophagus-Jejunum) 183 (11.2) 654 (29.2)

    Esophagogastrostomy 209 (12.7) 0 (0.0)

Lymphadenectomy <0.001*

    <D2 223 (13.6) 643 (28.8)

    ≥D2 1,414 (86.4) 1,588 (71.2)

Surgery-related major complications 96 (5.8) 133 (6.0) 0.899

Postoperative chemotherapy 975 (59.6) 864 (38.7) <0.001*

Values are presented as number (%). *P<0.05. 

Supplementary Table 2. Major surgery-related complications

Major surgery-related  
complications

China  
(n=1,637)

Korea 
(n=2,231)

Anastomotic leakage 15 (0.9) 35 (1.6)

Anastomotic stenosis 24 (1.5) 20 (0.9)

Intra-abdominal bleeding 12 (0.7) 13 (0.6)

Postoperative ileus 34 (2.1) 52 (2.3)

Intra-abdominal infection 10 (0.6) 13 (0.6)

Total cases 95 (5.8) 133 (6.0)

Values are presented as number (%).
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Supplementary Table 3. Cox proportional hazards model for OS and PFS

Variable
OS DFS 

P-value HR 95% CI for HR P-value HR 95% CI for HR

Group 0.001* 2.006 1.337~3.010 0.003* 1.775 1.220~2.582

Age 0.041* 1.012 1.000~1.024 0.012* 1.015 1.003~1.026

TNM stage <0.001* 2.948 2.440~3.562 <0.001* 2.819 2.359~3.368

BMI 0.021* 0.964 0.934~0.995 0.069 0.972 0.942~1.002

Family history of cancer 0.221 0.471 0.141~1.573 0.123 0.383 0.113~1.295

Operation type 0.869 0.983 0.800~1.207 0.768 0.971 0.800~1.179

Reconstruction of digestive tract 0.881 1.011 0.879~1.163 0.813 1.016 0.888~1.164

Tumor location 0.604 0.953 0.793~1.144 0.442 0.933 0.782~1.113

Tumor size 0.713 0.990 0.940~1.043 0.702 1.010 0.962~1.060

Postoperative chemotherapy 0.509 1.129 0.787~1.620 0.583 1.102 0.779~1.558

Differentiation 0.742 0.947 0.685~1.309 0.602 0.923 0.683~1.247

Lymph nodes harvested 0.287 0.994 0.982~1.005 0.181 0.992 0.981~1.004

OS = overall survival; PFS = progression-free survival; CI = confidence interval; HR = hazard ratio; TNM = tumor-node-metastasis; BMI = body 
mass index. *P<0.05. Reference variables: group, Korean patients; age, younger patients; TNM stage, stage I; BMI, lower BMI; family history of 
cancer, positive family history of cancer; operation type, distal gastrectomy; reconstruction of digestive tract, Billroth I; tumor location, EJ junction; 
tumor size, smaller; postoperative chemotherapy, without chemotherapy; differentiation, undifferentiated; lymph nodes harvested, low harvest.


