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Abstract

Background—Previous comparisons of gastric cancer between the West and the East have 

focused predominantly on Japan and Korea, where early gastric cancer is prevalent, and have not 

included the Chinese experience, which accounts for approximately half the world’s gastric 

cancer.

Methods—Patient characteristics, surgical procedures, pathologic information, and survival were 

compared among gastric cancer patients who underwent curative intent gastrectomy at two large 

volume cancer centers in China and the US between 1995 and 2005.

Results—Median age and body mass index were significantly higher in US patients. The 

proportion of proximal gastric cancer was comparable. Gastric cancer patients in China had larger 

tumors and a later stage at presentation. The median number of positive lymph nodes was higher 

(5 vs 4, p<0.02) despite a lower lymph node retrieval (16 vs 22, p<0.001) in Chinese patients. The 

probability of death due to gastric cancer in Chinese patients was 1.7 fold of that in the US 

(p<0.0001) after adjusting for important prognostic factors.

Conclusions—Even after adjusting for important prognostic factors Chinese gastric cancer 

patients have a worse outcome than US gastric cancer patients. The differences between Chinese 

and US gastric cancer are a potential resource for understanding the disease.
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INTRODUCTION

Despite a worldwide decline in the incidence of gastric cancer, Chinese incidence (29.9 new 

diagnoses per 100,000 people) remains high. Every year there are an estimated 221,478 

deaths due to gastric cancer in China, nearly half of the world’s gastric cancer deaths.[1] 

Though Japan and Korea have overall gastric cancer outcomes that are superior to those in 

the United States, when early stage cancers are compared head to head, survival is similar.

[2] The overall difference in survival is due to earlier stage at presentation, fewer proximal 

and gastroesophageal junction (GEJ) lesions in Asian countries, and histologic and genetic 

differences.[3–5] The outcome of Chinese gastric cancer has never been compared to 

Japanese, Korean, or Western gastric cancer.

We present data from two large cohorts of gastric cancer patients following curative intent 

resection in China and the US. This was a challenge, because, since 2005, it has become 

standard in most United States centers to treat advanced stage patients (T3 or N+ on pre-

operative endoscopic ultrasound) with neoadjuvant chemotherapy, and this is not current 

practice in China. As a result of these different treatment strategies, we compared patients 

from 1995 – 2005 who did not receive neoadjuvant therapy with at least five years of 

survival followup (through 2010). To our knowledge is the only such large scale comparison 

between Chinese and US gastric cancer patients.

PATIENTS AND METHODS

Patients

Following IRB approval at both centers, gastric cancer patients diagnosed and treated in 

Memorial Sloan-Kettering Cancer Center (MSKCC) and Beijing Cancer Hospital (BCH) 

from 1995 to 2005 were compared. Patients were included if they underwent curative intent 

gastrectomy without pre-operative chemotherapy or radiation. Curative intent resection was 

defined as an R0 resection (microscopically negative margin) of the gastric tumor and 

associated lymph nodes. Those who underwent wedge resection or endoscopic resection 

were excluded. Both institutions maintain prospective gastric cancer databases that collect 

variables including age, sex, height, weight, family history, tumor size, location, 

differentiation, Lauren classification, extent of gastrectomy, extent of lymph node 

dissection, depth of invasion, T stage, number of positive nodes and retrieved lymph nodes, 

N stage, and status at follow-up. TNM stage was reconfirmed with original information 

according to the sixth edition of the TNM staging system (AJCC/UICC, 2002) to facilitate 

comparison with previous reports.[3] Disease status at last follow-up was based on a recent 

updates of institutional prospective database with review of medical records, telephone 

interviews, and mail correspondence. At MSKCC, review of the Social Security Death Index 

was done. Disease status was categorized as DOD (death of disease), DOC (death of other 

causes), NED (no evidence of disease), and LOF (loss of follow-up). DOD and DOC are 
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determined prospectively by clinicians and researchers at each institution, and overall 

survival (OS) was defined as the time from resection to death from any cause or last follow-

up.

Surgical procedures and pathological examination

Curative resection was performed with a negative margin, generally 4cm or more. Frozen 

section pathology was selectively utilized. Intraoperative finding of peritoneal metastasis 

indicated palliative resection. Lymph nodes along named perigastric arteries were removed 

as required for D2 lymphadenectomy. At both centers pathological review is performed by 

dedicated gastric cancer pathologists.

There were some differences in surgical approach. At MSKCC the extent of 

lymphadenectomy was documented at the time op operation. Patients with proximal gastric 

cancer received either a total gastrectomy with Roux-en-Y reconstruction or a proximal 

gastrectomy. Generally, distal gastrectomy patients in whom >50% of the stomach was 

resected were reconstructed with a Roux-en-Y, while patients with a lesser resection 

received a Billroth II reconstruction. Surgical specimens were examined by specialized 

pathologists for primary tumor analysis and lymph node analysis.

In BCH, a non-touch maneuver was utilized. Proximal gastrectomy was attempted if a 

histologically negative distal margin could be achieved; otherwise total gastrectomy was 

performed; in all cases a histologically negative esophageal margin was required to be 

included in this study. When distal gastrectomy was performed, reconstruction was 

generally a Billroth I gastroduodenostomy. Gastrojejunostomy was adopted instead of 

gastroduodenostomy only when a histologically negative margin could not be achieved. 

Exposure of main perigastric arteries to dissect associated lymph nodes was done in most 

cases, but sorting lymph nodes during the operation was not routine. Dissection of lymph 

nodes from the specimens was done by rotating pathologists or surgeons in the pathology 

department.

Adjuvant treatment and follow-up

Patients with stage III or more advanced disease, and some stage II patients, were 

recommended to receive adjuvant chemotherapy with 5-Fluororacil containing regimens for 

six months. Radiation was only recommended for those with positive surgical margins in 

China. Most patients completed the full course of chemotherapy, although the complete 

details of how many patients completed their course was not recorded. At MSKCC, patients 

had follow-up every 3–6 months for the first 3 years, then annually for at least 5 years. At 

BCH, patients had 3 month follow-up for the first two years, every six months for the next 3 

years, and then annually or as needed. Abdominal ultrasonography was used more often in 

BCH for routine follow-up while computed tomography was the routine at MSKCC.

Statistical Analysis

The primary end point of our study was death due to gastric cancer, defined as the time from 

resection to death due to disease or last follow-up. Disease status is recorded prospectively 

at both centers. Mortality rate was defined as death within 30 days or in-hospital mortality 
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when admitted beyond 30 days. Overall survival (OS) was defined as the time from 

resection to death from any cause or last follow-up. Patient demographic, surgical and 

pathological variables were compared using the chi square test or the Wilcoxon rank sum 

test. OS was estimated using the Kaplan-Meier method and survival curves were compared 

using the log-rank test. Methods of competing risk survival analysis were used to estimate 

and compare the cumulative incidence of disease-specific death, with death due to other or 

unknown causes treated as a competing factor. Gray’s method was used to compare the 

cumulative incidence curves predicting the probability of death due to gastric cancer.[6] 

Multivariate competing risk analysis was used to assess the effect of country on probability 

of death due to gastric cancer after controlling for factors from an internationally validated 

prognostic gastric cancer nomogram[7], and were used to compare these results to a similar 

analysis of Korean gastric cancer patients. P values less than 0.05 were considered 

statistically significant. All analyses were performed using SAS 9.2 (SAS institute, Cary, 

NC) or the cmprsk package in R 2.11.

RESULTS

Patient characteristics

A total of 1,027 United States and 1,173 Chinese patients who underwent R0 resection 

between 1995 and 2005 were identified. Of these, 316 US patients (who received 

neoadjuvant chemotherapy) and 215 Chinese patients (2 with other cancers, 69 neoadjuvant 

chemotherapy, and 144 with no survival status) were excluded. In total we compared 711 

MSKCC patients to 958 BCH patients.

Table 1 shows patient demographics of patients in our study by center. The majority of our 

patients were male. Patients at MSKCC had a median age of 69 years, eight years older than 

those at BCH, and more than 25% of MSKCC patients were older than 75. At both centers, 

only one percent of patients were younger than 30. The median body mass index (BMI) of 

MSKCC patients was significantly larger that of BCH patients, and the proportion of obese 

patients (BMI>30kg/m2) at MSKCC was more than tenfold higher than at BCH. More than 

20 percent of the patients at BCH had a BMI less than 20kg/m2.

Surgical characteristics

Table 2 shows clinical and pathologic characteristics. Total gastrectomy was performed 

more frequently at MSKCC (22% vs 10%). Proximal gastrectomy was performed in 40 

percent of the patients in BCH compared with 30 percent at MSKCC, and the proportion of 

patients with thoracotomy was comparable between two centers.

Major complications occurred in 236 patients at MSKCC (33%) with a 30-day mortality of 2 

percent, similar to other reports.[3,8] At BCH, major complications defined as bleeding, 

leak, obstruction (including ileus, anastomotic obstruction, and gastroparesis), perforation, 

intra-abdominal abscess, reoperation, and fistula occurred in 87 patients (9.1%). Nine 

patients died, with the mortality rate of 0.9 percent in this series.
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Pathological characteristics

There were significant differences in terms of tumor location, Lauren classification, tumor 

size, T stage, N stage, TNM stage, and lymph node retrieval between the two sites (Table 2).

While the proportion of proximal gastric cancer was similar at the two centers (39% and 

40%), there were more distal lesions at BCH. Intestinal type classification predominated in 

both groups, but there were many more patients with a diffuse classification at MSK than 

there were at BCH (29% vs 7%). Early stage gastric cancer was 11 percent at BCH and 36 

percent at MSKCC. Patients in BCH had larger tumor size, were thicker, and more 

frequently node positive. The median size was 4.5cm vs 3.5cm. Fifty-nine percent had 

tumors larger than 4cm at BCH compared to 45 percent at MSKCC. Nearly 50% of BCH 

patients were locally advance at presentation (as compared to 30% of MSKCC patients). 

More patients at BCH (22%) than at MSKCC (43%) had fewer than 15 lymph nodes 

retrieved. The median number of positive lymph nodes at the two centers was similar (5 and 

4), while the proportion of N2 and N3 tumors was higher in BCH (28% vs 18%).

Survival analysis

The median and maximum follow-up among survivors was similar in both groups, and the 

maximum time of follow-up was 13.1 years. Five year survival at MSKCC was 58%, 

compared to 46% at BCH. We performed a competing risk analysis to address potential 

underestimation of the risk of death when death from other causes was censored (Table 3). 

At MSKCC the probability of death due to other causes was higher than at BCH (10% vs 

2%) and the probability of death due to gastric cancer was lower (32% vs 53%).

The probability of death due to gastric cancer by subcategories is shown in table 4. Patients 

with tumors at a later T stage, higher N stage, diffuse type tumors, and undifferentiated 

histologies had a higher probability of death due to gastric cancer. When compared stage by 

stage, the probability of death due to gastric cancer at MSKCC was significantly lower than 

at BCH for stages 0/I to III (Figure 1). This held true for N0 or N1 tumors, Laurent 

classification, differentiated or undifferentiated tumors, or T2 tumors. At both centers, 

tumors involving the whole stomach, the upper third and the GEJ had worse outcomes when 

compared to distal tumors. For tumors at either location, a significantly lower probability of 

death due to gastric cancer was found at MSKCC. The five year death probability of 

upper/GEJ tumors at MSKCC was comparable to that of distal lesions in BCH, with 

proximal lesions at BCH carrying the worst prognosis in our cohort.

By multivariate analysis, the hazard ratio of death due to gastric cancer in BCH was eighty 

percent higher than that at MSKCC when controlling for factors from an internationally 

validated nomogram[7] (HR 1.8, p<.0001) (Table 5). Incorporating additional factors such 

as BMI, family history, lymphadenectomy, differentiation, and operation into the model 

revealed similar results (HR 1.7, p<.0001). In contrast, the hazard ratios of death due to 

gastric cancer in a high-volume gastric cancer hospital in Korea versus MSKCC were 0.8 

(p=0.05) and 0.7 (p=0.09) from the nomogram model and the nomogram with additional 

factors model, respectively.[3]
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DISCUSSION

With a direct comparison of large cohorts from two high-volume gastric cancer hospitals in 

the United States and China, we found significant differences in gastric cancer outcomes 

following curative resection. After 2005 the proportion of cases treated at MSKCC with 

neoadjuvant chemotherapy rises dramatically, while no such treatment change occurs at 

BCH. As a result cases with neoadjuvant chemotherapy were excluded to provide the least 

biased comparison and to account for country practice differences, which explains in part 

the relatively high incidence of early gastric cancer at MSKCC. The proportion of proximal 

lesions was comparable (40% in both groups) while other East/West comparisons have 

noted a greater prevalence of proximal or GEJ lesions in the West. Gastric cancer in China 

was more often advanced with larger tumors, thicker tumors, and more node positive 

tumors, suggestive of a later diagnosis. The outcome of gastric cancer in China is 

consistently worse than that in the US with a 70 to 80 percent increase in probability of 

death due to gastric cancer, even following curative resection.

The large proportion of Chinese patients with proximal gastric cancer is in stark contrast to 

the Japanese and Korean experience.[3–5] Data from the Gastric Cancer Registry of Japan 

demonstrated that the proportion of upper third gastric cancers did not exceed 20 percent 

from 1975 to 1989.[9] A recent review of 12,026 gastric cancer patients in Korea reported 

an increase of upper third cancer from 5.3 percent in 1980s to 14.0 percent in 2000s [10], 

and the incidence of GEJ tumors is steadily rising in Europe and America. In our Chinese 

cohort, the proportion of proximal gastric cancer was extremely high and a selection bias 

must be considered as proximal gastric cancers with early symptoms more often underwent 

curative resection. Data from the Chinese National Gastric Cancer Registry demonstrate that 

primary cardia cancers accounted for 22 percent of all gastric cancers and 39% of the 

diagnoses made in high incidence areas.[11] The proportions of proximal gastric cancer 

were approximately one third in several large hospital-based series from China.[12–14]

These tumors tend to be more aggressive subtypes with poorer prognosis, and the factors 

associated with GEJ adenocarcinoma in Western countries are different from those in China. 

[15–19] Recent genome-association studies also provided new hints of genetic susceptibility 

to proximal gastric cancer [20,21], upon which in China are superimposed epidemiological 

risk factors such as spicy or salty food, and dietary deficiency in certain vitamins and 

minerals [15]. As China is in a period of socioeconomic transformation, risk factors of GEJ 

adenocarcinoma are steadily increasing in urban areas [22] while those for primary cardia 

cancer in rural areas remain unchanged. Further studies regarding prevention of both types 

of proximal gastric cancer are needed.

The combination of later stage and diagnosis and a high rate of proximal tumors likely 

accounts for the majority of poor outcomes in our China cohort. Furthermore, unlike our 

prior comparison with Korean gastric cancer patients, in China there were fewer distal 

gastric cancers. This subtype of gastric cancer is known to have a better prognosis and with 

fewer of such gastric cancer subtypes in the Chinese patients, survival also more closely 

mirrored Western statistics. In addition to the 30% of Chinese gastric cancer patients who 

present with metastatic disease and were excluded from this study, approximately 44% of 
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patients in our Chinese cohort presented with stage III disease. In the US cohort, early stage 

gastric cancers accounted for 36 percent of patients, much higher than 11 percent in Chinese 

patients. Excluding patients who received neo-adjuvant chemotherapy enriched our sample 

for early stage cancer and partially explains this disparity. The high proportion of early 

gastric cancers generally attributed to Eastern disease reflects the Korean and Japanese 

experience, but is not reflective of China.

Early stage gastric cancer harbors a probability of death of less than 10 percent in both sites. 

A recent comparison of Filipino-Americans and the Philippine resident population 

highlighted the importance of the access to, and utilization of, diagnostic and therapeutic 

facilities in developing countries.[23] A socioeconomic analysis among Japanese patients 

suggests that improved survival is associated with more gastric cancer detection.[24] 

Unfortunately, Chinese, especially those in rural areas, are reluctant to see the doctor until 

the presence of severe symptoms.

Surgical technique did not contribute significantly to the differences in survival between the 

two groups once curative resection was achieved. More than 84 percent of the patients 

underwent D2 lymphadenectomy. Major changes in surgical and pathologic procedures at 

BCH have implemented, but they began after 2005 and were not captured in this series. 

While there were more total gastrectomies at MSKCC (22% vs 10%), this is unlikely to 

account for a difference in survival, as at total gastrectomy is not associated with a survival 

benefit compared to proximal gastrectomy.[25,26] About one quarter of the patients 

underwent thoracotomy for proximal lesions. Most studies do not support a survival benefit 

between thoracotomy or laparotomy, [27,28] but there is less morbidity with a 

subdiaphragmatic resection.[29]

We did not include adjuvant chemotherapy in our survival analysis as only 10% of US 

patients received adjuvant therapy, compared to 86.4% of Chinese patients. This is partially 

due to the exclusion of patients who received neoadjuvant therapy (who also usually 

received adjuvant treatment)[3], the fact adjuvant treatment was not included in the 

international nomogram we used, [7] and that many MSKCC patients receive adjuvant 

therapy at other institutions after receiving their definitive surgical resection at MSKCC, and 

as a result the details of their chemotherapy treatment are not always captured.

Overall, the probability of death due to gastric cancer in Chinese patients within the first five 

post-operative years is higher than that for the American or Korean patients. This 

observation raises an important question: are there biological differences between US and 

Chinese gastric cancer not currently explained? While some previous studies do not support 

this idea, [30–32] the data is conflicting. When compared to British gastric cancer samples, 

Japanese samples have more nm23, more x-erb-B2 expression, and a higher PCNA index.

[33] Immigration epidemiological studies shown decreasing incidence of gastric cancer in 

Chinese Americans.[34] In Japanese Americans, gastric cancer presented with only some of 

the characteristics seen in the West.[35] These changes suggest that environmental risk 

factors influence a background of ethnic and genetic risk factors to define different 

biological behavior.
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In addition to similar prevalence of H. pylori infection, a known carcinogen[36], Korea and 

China share similar dietary habits with high amounts of salty foods, carbohydrates, and 

higher intake of cooked than fresh vegetables. Interestingly, Korean patients with gastric 

cancer have a much better outcome than Chinese patients (Table 5), a phenomenon likely 

explained by the high proportion of early gastric cancer, predominantly distal disease,2 and 

easy access to medical service in highly urbanized Korea.

There are distinct differences in outcome of gastric cancer following curative resection 

between the US and China. To account for the differences between our two populations we 

adjusted for important prognostic factors from an internationally validated nomogram, and 

even after this adjustment the survival differences remain. Understanding these differences 

will not only shed light on the biology of gastric cancer but may also provide clues to 

treating Chinese gastric cancer, which accounts for half of the world’s gastric cancer.
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GEJ Gastroesophageal junction

BMI Body Mass Index

DOD Dead of Disease

DOC Dead Unknown Cause

NED No Evidence of Disease

LOF Lost to followup

MSKCC Memorial Sloan Kettering Cancer Center

BCH Beijing Cancer Hospital

Hp Helicobacter pylori

WHO World Health Organization

GERD Gastroesophageal reflux disease
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Synopsis

Chinese gastric cancer patients presented with different characteristics and poorer 

outcome compared to the US. The different gastric cancer behaviors and presentations 

between the US and China warrants further study.
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Figure 1. 
Gastric cancer-specific probability of death by stage in China and the US cohorts. P value 

represents log-rank analysis of survival.
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Table 1

Patient Demographics 1995–2005

Country

P-valueChina United States

No. of Patients 958 711

 Male 699 (73%) 425 (60%) <.0001*

 Female 259 (27%) 286 (40%)

Age (yr) <.0001*

 <30 10 (1%) 6 (1%)

 30–75 899 (94%) 518 (73%)

 >75 49 (5%) 187 (26%)

 Median (Range) 61 (22 – 87) 69 (22 – 96) <.0001‡

BMI (kg/m2) <.0001*

 <25 648 (68%) 303 (43%)

 25–30 231 (24%) 185 (26%)

 >30 20 (2%) 146 (21%)

 Unknown 59 (6%) 77 (11%)

 Median (Range) † 22.8 (14 – 35.1) 25.4 (14.1 – 47.6) <.0001‡

Race

 Caucasian -- 538 (76%)

 Black -- 45 (6%)

 Asian 958 (100%) 74 (10%)

 Hispanic -- 53 (7%)

 Other -- 1 (0%)

Family History 0.0009*

 No 766 (80%) 579 (81%)

 Yes 192 (20%) 92 (13%)

 Unknown -- 40 (6%)

Statistical tests based on available data

*
Chi-square test used for categorical variables.

‡
Wilcoxon rank sum test used for continuous variables

†
n=899 (China), n=634 (United States)
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Table 2

Pathologic and surgical characteristics

Country

P-value*
China
N=958

United States
N=711

Tumor location 0.0003

 Upper and GE Junction 379 (40%) 277 (39%)

 Middle 194 (20%) 189 (27%)

 Lower 376 (39%) 232 (33%)

 Total 5 (1%) 13 (2%)

 Unknown 4 (0%) --

Differentiation 0.4

 Differentiated 506 (53%) 361 (51%)

 Undifferentiated 441 (46%) 342 (48%)

 Unknown 11 (1%) 8 (1%)

Lauren classification <.0001

 Intestinal 708 (74%) 419 (59%)

 Diffuse 71 (7%) 203 (29%)

 Mixed -- 79 (11%)

 Undefined 179 (19%) 10 (1%)

Tumor size (cm) <.0001

 <4 350 (37%) 382 (54%)

 4–7 445 (46%) 222 (31%)

 >7 123 (13%) 98 (14%)

 Unknown 40 (4%) 9 (1%)

 Median (Range) 4.5 (0.1 – 18.5) 3.5 (0 – 21) <.0001‡

T stage <.0001

 T0/1 110 (11%) 252 (36%)

 T2 477 (50%) 235 (33%)

 T3 326 (34%) 207 (29%)

 T4 41 (4%) 17 (2%)

 Unknown 4 (0%) --

N stage <.0001

 N0 320 (33%) 367 (52%)

 N1 351 (37%) 219 (31%)

 N2 189 (20%) 90 (13%)

 N3 72 (8%) 35 (5%)

 Unknown 26 (3%) --

Stage <.0001

 0/Ia 95 (10%) 209 (29%)

 Ib 173 (18%) 147 (21%)

 II 253 (26%) 141 (20%)
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Country

P-value*
China
N=958

United States
N=711

 IIIa 216 (23%) 114 (16%)

 IIIb 96 (10%) 54 (8%)

 IV 102 (11%) 46 (6%)

 Unknown 23 (2%) --

Lymph node retrieval <.0001

 0–14 411 (43%) 156 (22%)

 15–30 412 (43%) 345 (49%)

 >30 107 (11%) 209 (29%)

 Unknown 28 (3%) 1 (0%)

 Median (Range) 16 (1 – 71) 22 (1 – 72) <.0001‡

Positive lymph nodes (N+ only)

 Median (Range)§ 5 (1 – 53) 4 (1 – 63) 0.02‡

Operation <.0001

 Total gastrectomy 97(10%) 155(22%)

 Distal gastrectomy 477 (50%) 340 (48%)

 Proximal gastrectomy 384(40%) 216 (30%)

Lymphadenectomy <.0001

 D1 29 (3%) 109 (15%)

 D2 929 (97%) 597 (84%)

 Unknown - 5 (1%)

*
Chi-square test used for categorical variables unless otherwise noted.

‡
Wilcoxon rank sum test used for continuous variables

§
N+ patients only
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