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Background: Postoperative management and survival of gastric cancer is mainly determined 

by pathologic TNM stage. However, gastric cancer is a heterogeneity group, and the survival is 

quite different even when they are in the same TNM stage. Moreover, TNM stage system does 

not grasp other important clinicopathologic factors to determine the survival. The aim of the 

present study is to propose and validate prognostic score based on age, tumor size, and grade.

Materials and methods: Patients diagnosed with gastric cancer in the Surveillance, Epi-

demiology, and End Results database from 1988 to 2012 were included in the present study.  

Kaplan–Meier methods were adopted and multivariable Cox regression models were built for 

the analysis of long-term survival outcomes and risk factors.

Results: A total of 26,091 eligible patients diagnosed with noncardia gastric cancer were 

included in the study. In the univariate and multivariate survival analysis, age at diagnosis, 

tumor grade, and tumor size were validated as independent prognostic factors (P<0.05). Then, 

we proposed a prognostic score calculated from the number of risk factors, with 0, 1, and 2 

points each given for favorable, intermediate, and poor prognostic categories of age (≤50, 

50–70, and >70), grade (well, moderate, and poor differentiation), and size (≤3, 3–6, ≥7 cm). 

The prognostic score was verified as independent predictor in both univariate and multivariate 

survival analyses (P<0.001). In addition, nomograms on cause-specific survival were estab-

lished according to prognostic factor and all other significant factors, and c-index was 0.715 

(95% CI: 0.706–0.725).

Conclusion: Prognostic score based on age, tumor size, and grade is an independent predictor 

of survival after gastrectomy. The novel prognostic score can improve the accuracy of prediction 

for current TNM stage system. Patients who are with a high prognostic score should undergo 

extensive follow-up after surgery.
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Introduction
Gastric cancer is one of the deadliest malignancies, ranking as the fourth most common 

cancer in the world1 and the second most common cancer in China.2 Surgical resection 

with extensive lymphadenectomy remains the only curative treatment option for gastric 

cancer. The postoperative adjunctive therapy and prognosis is mainly decided based 

on the TNM system, which is comprehensively evaluated based on the depth of tumor 

invasion and the presence of lymph node metastasis and distant metastasis.3 However, 

gastric cancer is a heterogeneity group, and the survival is quite different even when 

they are in the same TNM stage. Moreover, TNM stage system does not grasp other 

important clinicopathologic factors to determine the survival.
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Several studies have demonstrated the clinical significance 

of some common factors as valuable predictors. Tumor size 

is significantly correlated with gastric cancer progression, 

and can be regarded as a reliable prognostic factor after 

gastrectomy. It can supply TNM stage system to improve the 

prognostic prediction accuracy for gastric cancer patients.4,5 

Moreover, age and tumor grade have been validated as inde-

pendent prognostic markers in patients with resectable gastric 

cancer.6–8 However, few reports have investigated tumor depth, 

tumor grade, and tumor size simultaneously as predictive mark-

ers for prognosis in patients with gastric cancer after surgery.

In the present study, we first use the Surveillance, Epide-

miology, and End Results (SEER) population-based cohort to 

investigate the prognostic value of tumor size, tumor grade, 

and age in gastric cancer and then develop a prognostic score 

based on these three factors in reference with previously 

published study to improve accuracy of prognostic prediction 

in gastric cancer.

Materials and methods
Data collection
The SEER database and SEER-stat software (SEER*Stat 

8.3.5) were used to search patients diagnosed with gastric 

cancer released on March 6, 2018. The inclusion criteria were 

pathologic diagnosis with gastric adenocarcinoma, muci-

nous adenocarcinoma, and signet ring cell carcinoma; with 

no distant metastases; receiving surgical resection; having 

detailed information about the depth of tumor invasion and 

lymph node metastases; with known tumor size; with intact 

follow-up information. The years were limited from 1988 to 

2012. Patients diagnosed after 2012 were excluded from the 

study to guarantee sufficient follow-up time. Figure 1 depicts 

the flowchart of the selection.

Years of diagnosis, sex, race, marital status, grade, his-

totype, and surgery performed or not, depth of tumor inva-

sion, lymph node status, survival months, and cause-specific 

survival (CSS) were extracted from the SEER database. All 

patients were restaged according to eighth TNM stage.

Ethical approval
According to the Ethical Committee and Institutional Review 

Board of the Minhang Hospital, Fudan University on Research 

involving Human Subjects, this type of study does not require 

approval from an ethics committee in our institute. All proce-

dures were conducted in accordance with the Helsinki Declara-

tion of 1964 and later versions.9 All patients were de-identified.

Statistical analysis
Age and tumor size were first treated as continuous variables, 

and incorporated into univariate and multivariable Cox 

regression analyses. After they were validated as independent 

prognostic factors, they were classified as classification vari-

ables. Age was divided into three subgroups by cutoff 50 and 

70 years. X-tile program10 was performed to select the most 

appropriate cutoff points for tumor size to stratify patients 

at different risk of cancer-related death. Analyses of years 

Figure 1 Flowchart of patients’ selection in Surveillance, Epidemiology, and End Results database.
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of diagnosis were performed for five consecutive periods of 

5 years, from 1988–1992 to 2008–2012.

The prognostic score was constructed with three patient and 

tumor characteristics (age at diagnosis, tumor grade, and tumor 

size) as previously described,11,12 and detailed information has 

been demonstrated in Figure 2. The total score was calculated by 

summing up the scores of age, grade, and tumor size together.

The primary endpoint of the study was CSS. The 5-year 

CSS was calculated by the Kaplan–Meier method. The dif-

ferences in survival between the groups were compared by 

the log-rank test. Variables that seemed to be significantly 

associated with survival on univariate analysis were entered 

into multivariate analysis, which was performed with Cox 

proportional hazard model. P-value <0.05 was considered 

significant. All analyses were conducted using SPSS® version 

23 (IBM, Armonk, NY, USA).

Nomograms for possible prognostic factors associated 

with CSS were established by R software, and the model 

performance for predicting outcome was evaluated by Har-

rell’s concordance index (c-index),13,14 which is a measure 

of discrimination. The maximum value of the c-index is 1.0, 

indicating a perfect discrimination, whereas 0.5 indicates a 

random chance to correctly discriminate outcome. In addition 

to measuring discriminative capacity by c-index, each model 

was evaluated with calibration curve in which predicted out-

comes vs observed outcomes are graphically depicted, which 

made it possible to conduct further comparison of accuracy 

in estimating prognosis.

Results
Patients’ characteristics
A total of 26,091 eligible patients diagnosed with noncardia 

gastric cancer were included in the study, of whom 16,663 

were male and 9,428 (36.1%) were female. There were 7,021 

(26.9%) patients diagnosed at stage I, 7,094 (27.2%) at stage 

II, and 11,976 (45.9%) at stage III disease. The percentage 

of well-differentiated, moderately differentiated, poorly dif-

ferentiated, and undifferentiated tumor were 5.4%, 30.9%, 

61.6%, and 2.1%, respectively. The mean age was 68 years. 

Median duration of follow-up was 51 months.

Construct prognostic score
The 5-year CSS of the cohort was 53%. In the univariate 

analysis, years of diagnosis, sex, age at diagnosis, race, tumor 

grade, histologic type, primary tumor size, TNM stage, and 

marital status were significant risk factors for survival (Table 

1). Multivariate analysis with Cox regression was performed 

and all these factors except histologic type were validated 

as independent prognostic factors for CSS in gastric cancer 

after gastrectomy (Table 1).

Then, we used X-tile program to divide the patients into 

high, middle, and low risk of cancer-related death with opti-

mal cutoff of 3 and 6 cm in terms of tumor diameters. The 

5-year CSS for patients with tumor diameter ≤3, 4–6, and 

>6 cm were 69.9%, 48.1%, and 39.9%, respectively, and the 
Figure 2 Patient prognostic score: risk stratification. 
Notes: Data from Smith et al.12

Table 1 Univariate and multivariate survival analyses for evaluating the clinicopathologic characteristics on gastric cancer cause-specific 
survival in SEER database

Univariate analysis Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value

Years of diagnosis 0.976 (0.974–0.979) <0.001 0.992 (0.989–0.995) <0.001
Sex 0.897 (0.862–0.932) <0.001 0.870 (0.835–0.907) <0.001
Age 1.003 (1.002–1.005) <0.001 1.011 (1.009–1.012) <0.001
Race 0.873 (0.852–0.893) <0.001 0.896 (0.875–0.917) <0.001
Grade 1.473 (1.428–1.520) <0.001 1.155 (1.116–1.196) <0.001
Histotype 1.095 (1.070–1.120) <0.001 1.015 (0.991–1.040) 0.226
Size 1.140 (1.133–1.148) <0.001 1.021 (1.014–1.029) <0.001
TNM stage 1.497 (1.481–1.514) <0.001 1.471 (1.453–1.490) <0.001
Marital status 1.014 (1.005–1.023) 0.003 1.025 (1.015–1.035) <0.001

Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
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difference was statistical (χ2=1443.42, P<0.001) (Figure 3). 

We also used cutoff 50 and 70 years to divide patients into 

three subgroups with score 0–2 based on prior cohort studies 

concerning the prognostic factors of age.15,16 Patients with 

poorly and undifferentiated tumor were gathered together 

and were scored 2, and those with well and moderately dif-

ferentiated were scored 0 and 1, respectively.

After summing up the score from age, tumor grade, and 

tumor size, we generate total score. There were 0.2% patients 

in score 0 subgroup, 2.2% in score 1 subgroup, 10.4% in 

score 2 subgroup, 23.6% in score 3 subgroup, 31.5% in score 

4 subgroup, 23.0% in score 5 subgroup, and 9.1% in score 

6 subgroup. For there were only 0.2% patients with score 0, 

we gathered scores 0 and 1 together to generate new score 1.

Prognostic significance of prognostic 
score
There was a gradual decrease in CSS as prognostic score 

increased. The 5-year CSS for patients with 1, 2, 3, 4, 5, 

and 6 score were 82.2%, 71.4%, 62.0%, 51.1%, 41.6%, and 

35.5%, respectively, and the difference was statistically sig-

nificant (P<0.001) (Table 2, Figure 4). Then, a multivariate 

Cox regression model was conducted to identify the variables 

that were independently associated with CSS in gastric can-

cer and it was found that years of diagnosis, sex, race, TNM 

stage, marital status, and prognostic score are independent 

prognostic factors in patients with gastric cancer, and the HRs 

gradually increased as the score increased (P<0.05) (Table 2).

Development and validation of 
nomograms for predicting prognosis for 
gastric cancer
To predict CSS of patients with gastric cancer after gas-

trectomy, nomograms were established by multivariate Cox 

regression model according to all significantly independent 

factors for CSS (Figure 5A). Nomograms can be interpreted 

by summing up the points assigned to each variable, which is 

indicated at the top of the scale. The total points can be con-

verted to predict 5-year probability of death and recurrence 

or metastasis for a patient in the lowest scale.14,17 The Harrell’s 

c-indexes for CSS were 0.715 (95% CI: 0.706–0.725), which 

is higher than the TNM stage alone (c-indexes 0.701, 95% 

CI: 0.692–0.715). Calibration curves for the nomograms 

(Figure 5B) revealed no deviations from the reference line 

and no need of recalibration.

Discussion
In our large population-based cohort study, we first assessed 

the clinical significance of age at diagnosis, tumor size, and 

grade for predicting prognosis in patients with stage I–III 

gastric cancer. We then proposed a prognostic score as a new 

predictor calculated solely from age at diagnosis, tumor size, 

and grade. Finally, we evaluated the clinical significance of 

prognostic score as a predictor of survival and developed 

nomogram-incorporated prognostic score and TNM stage to 

improve the accuracy of the prediction of survival in patients 

with stage I–III gastric cancer.

Age plays a significant role in gastric cancers. Age at diag-

nosis was not only used as an indispensable adjusted element 

in the observational or interventional studies, but also con-

tained inestimable value for prognosis. A population-based 

study including 7,762 patients with operable gastric cancer 

indicated that patients diagnosed at the age of <45 years had 

the lowest HR of CSS and the risk of death increased with 

age, being the highest for patients older than 76 years16. The 

worse survival for the elderly might be explained partly by 

inadequate treatment.18 A bad performance status cannot 

tolerate the extensive lymphadenectomy and standardized 
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Figure 3 X-tile analyses of 5-year cause-specific survival were performed by using patients’ data to determine the optimal cutoff values for tumor size.
Notes: Tumor size was treated as category variable for each 1 cm. The sample of gastric cancer patients was equally divided into training and validation sets. X-tile plots 
of training sets are shown in the left panels, with plots of matched validation sets shown in the smaller inset. The optimal cutoff values highlighted by the black circles in left 
panels are shown in histograms of the entire cohort (middle panels), and Kaplan–Meier plots are displayed in right panels. P-values were determined by using the cutoff values 
defined in training sets and applying them to validation sets. The optimal cutoff values were 3 and 6 cm (P<0.001).
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chemotherapy,19 while young patients have a good perfor-

mance status to quicker return of gastrointestinal function 

after surgery and to tolerate toxicities of standardized che-

motherapy and comprehensive treatment.18,20

Tumor differentiation is a well-known prognostic factor 

in patients with gastric cancer. Adachi et al reported that the 

overall 5-year survival rate for patients with well-differentiated 

tumor was higher than that for patients with poor-differentiated 

gastric cancer (76% vs 67%), especially for patients with ≥10 

cm tumors (42% vs 14%), and multivariate analysis indicated 

that histologic type was one of the independent prognostic fac-

tors.21 The study from Sun et al demonstrated that the clinical 

response rate in the better differentiated group was significantly 

Figure 4 Survival curve for the different prognostic scores.
Notes: Kaplan–Meier analysis was performed to evaluate the correlation of 
prognostic score and cause-specific survival. Increased prognostic score was 
correlated with worse survival (χ2=1509.64, P<0.001).

Table 2 Multivariate survival analysis for evaluating the prognostic score on gastric cancer cause-specific survival in SEER database

Variable N 5-year CCS (%) Multivariate analysis

HR (95% CI) P-value

Years of diagnosis <0.001
1988–1992 2,339 44.8 Reference
1993–1997 3,575 47.2 0.929 (0.864–0.998) 0.044
1998–2002 5,709 50.0 0.928 (0.868–0.993) 0.030
2003–2007 7,425 55.3 0.871 (0.815–0.930) <0.001
2008–2012 7,043 61.0 0.808 (0.754–0.867) <0.001
Sex <0.001
Male 16,663 51.8 Reference
Female 9,428 56.1 0.874 (0.838–0.910)
Race <0.001
White 17,457 51.2 Reference <0.001
Black 3,203 52.1 0.979 (0.924–1.037) 0.468
Othera 5,431 60.8 0.789 (0.735–0.839) <0.001
Histotype 0.713
Adenocarcinoma 20,274 54.7 Reference
Mucinous 971 47.8 0.996 (0.907–1.093) 0.925
Signet ring cell 4,846 49.0 1.019 (0.973–1.069) 0.422
TNM stage <0.001
IA 4,303 87.7 Reference
IB 2,718 76.5 1.691 (1.512–1.890) <0.001
IIA 3,782 66.0 2.401 (2.174–2.652) <0.001
IIB 3,312 51.8 3.740 (3.395–4.120) <0.001
IIIA 5,002 41.2 4.895 (4.468–5.363) <0.001
IIIB 4,749 26.6 7.165 (6.540–7.848) <0.001
IIIC 2,225 13.5 10.607 (9.611–11.706) <0.001
Marital status <0.001
Married 16,308 54.0 Reference
Unmarried 9,783 52.5 1.142 (1.097–1.189)
Score <0.001
1 608 82.2 Reference
2 2,715 71.4 1.389 (1.144–1.686) 0.001
3 6,165 62.0 1.521 (1.263–1.833) <0.001
4 8,224 51.1 1.717 (1.427–2.066) <0.001
5 5,998 41.6 1.932 (1.603–2.327) <0.001
6 2,381 35.5 2.201 (1.818–2.665) <0.001

Note: aOther includes American Indian/Alaska native, Asian/Pacific Islander, and unknown.
Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
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higher than that in the poorly differentiated group for patients 

with locally advanced gastric cancer treated with neoadjuvant 

chemotherapy.22 Not surprisingly, tumor differentiation was 

significantly associated with poor prognosis in the present study.

We used tumor size as an additional prognostic factor to 

construct prognostic score in the present study. Many stud-

ies have indicated that greater tumor size is closely related 

with the depth of tumor invasion and the number of lymph 

node metastasis.5,23,24 In the present study, we used X-tile 

program to divide the cohort into three subgroups, and the 

risk of cancer-related death increased gradually as tumor size 

increased, which suggested tumor size as a promising marker 

for predicting survival.

The most noteworthy point of the current study was that 

we developed a prognostic score derived from age at diag-

nosis, tumor size, and grade. Total score was calculated from 

the number of risk factors, with 0, 1, and 2 points each given 

for favorable, intermediate, and poor prognostic categories 

A

B

Figure 5 Nomograms convey the results of prognostic models using clinicopathologic characteristics and prognostic score to predict cause-specific survival of patients with 
gastric cancer after gastrectomy.
Notes: (A,B) Nomograms can be interpreted by summing up the points assigned to each variable, which is indicated at the top of scale. The total points can be converted 
to predict 5-year probability of death for a patient in the lowest scale. The Harrell’s c-index for survival prediction was 0.715 (95% CI: 0.706–0.725). Calibration curves 
for 5-year cause-specific survival using nomograms with clinicopathologic characteristics and prognostic score are shown. The X-axis is nomogram-predicted probability of 
survival and Y-axis is actual survival. The reference line is 45° and indicates perfect calibration.
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of age, grade, and size. Thus, total scores ranged from a 

minimum of 0 to a maximum of 6, with the best predicted 

prognosis associated with the lowest scores and the worst 

predicted prognosis the highest scores.12 The score was veri-

fied as an independent prognostic factor in multivariate Cox 

regression analysis. Importantly, the nomogram-included 

prognostic score has improved the accuracy of prediction 

when compared to TNM stage alone.

Limitations
Although we get the results from a large population-based 

study, our study still has some limitations. First, this was a 

retrospective study, which may have some inherent limitation. 

Second, the information regarding the use of neoadjuvant 

or adjuvant chemotherapy is missing. It is possible that the 

tumor may become small if patients received neoadjuvant 

therapy. And patients who received adjuvant chemotherapy 

may improve survival than those who rejected chemotherapy, 

resulting in a potential confounder in this study. Third, the 

quality of surgery is unknown, especially for those who 

underwent palliative resection, it may cause apparent con-

found to the current study. But for the patients’ number is 

very large and the study is more like a real-world study, the 

above limitations may have limited impact on our results.

Conclusion
In the current large population-based study, we proposed a 

prognostic score based on age, tumor size, and grade, and 

validated the score as an independent predictor of survival 

after gastrectomy. The novel prognostic score can improve 

the prediction accuracy for the current TNM stage system. 

Patients who are with a high prognostic score should undergo 

extensive follow-up after surgery.
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