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Background and aims: Adenocarcinoma is one of the most common pathological
types of gastric cancer. The aims of this study were to develop and validate
prognostic nomograms that could predict the probability of cancer-specific
survival (CSS) for gastric adenocarcinoma (GAC) patients at 1, 3, and 5 years.

Methods: In total, 7747 patients with GAC diagnosed between 2010 and 2015, and
4591 patients diagnosed between 2004 and 2009 from the Surveillance,
Epidemiology, and End Results (SEER) database were included in this study. The
7747 patients were used as a prognostic cohort to explore GAC-related prognostic
risk factors. Moreover, the 4591 patients were used for external validation. The
prognostic cohort was also divided into a training and internal validation sets for
construction and internal validation of the nomogram. CSS predictors were
screened using least absolute shrinkage and selection operator regression
analysis. A prognostic model was built using Cox hazard regression analysis and
provided as static and dynamic network-based nomograms.

Results: The primary site, tumor grade, surgery of the primary site, T stage, N stage,
and M stage were determined to be independent prognostic factors for CSS and
were subsequently included in construction of the nomogram. CSS was accurately
estimated using the nomogram at 1, 3, and 5 years. The areas under the curve
(AUCs) for the training group at 1, 3, and 5 years were 0.816, 0.853, and 0.863,
respectively. Following internal validation, these values were 0.817, 0.851, and
0.861. Further, the AUC of the nomogram was much greater than that of American
Joint Committee on Cancer (AJCC) or SEER staging. Moreover, the anticipated and
actual CSS values were in good agreement based on decision curves and time-
calibrated plots. Then, patients from the two subgroups were divided into high-
and low-risk groups based on this nomogram. The survival rate of high-risk
patients was considerably lower than that of low-risk patients, according to
Kaplan—Meier (K-M) curves (p<0.0001).
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Conclusions: A reliable and convenient nomogram in the form of a static
nomogram or an online calculator was constructed and validated to assist
physicians in quantifying the probability of CSS in GAC patients.

KEYWORDS

gastric adenocarcinoma (GAC), cancer-specific survival (CSS), prognostic nomogram, risk
factors, American joint committee on cancer staging (AJCC), surveillance, epidemiology,
end results database (SEER database)

1 Introduction

Gastric cancer is the fifth most prevalent cancer that is diagnosed
and the second leading cause of cancer mortality globally (1). Gastric
adenocarcinoma (GAC) is the most common type of gastric cancer
pathologically. Global gastric cancer-related incidence and mortality
rates have declined, but they have still increased in some regions
(2, 3).

Complete tumor resection with standardized D2 lymphadenectomy
remains the main treatment for gastric cancer, whereas endoscopy and
chemotherapy are the main treatment measures for early and advanced
gastric cancer (4). TNM staging is still the clinical basis of gastric cancer
treatment and prognostics based on the current NCCN guidelines (5).
However, traditional TNM staging also has its own limitations (6, 7).

The prognosis of gastric cancer often varies among individuals
because of different genotypes and molecular genetic characteristics,
which could also have an important role in prognosis and treatment
strategies (8). Different pathological types of gastric cancer have
different prognoses. Therefore, there is a need to develop a
personalized predictive model for the prognosis of GAC and to
optimize treatment strategies. Predictive models have become
widely accepted as reliable tools to help assess the prognosis and in
clinical decision-making for numerous malignancies, including
cervical cancer, esophageal cancer, and liver cancer (9-11). This
study explored prognostic factors that could predict cancer-specific
death in patients with GAC based on the Surveillance, Epidemiology
and End Results (SEER) database and constructed and validated a
practical prognostic model for optimizing clinical management and
individualized patient counseling.

2 Materials and methods
2.1 Study design and data extraction

The data were retrieved using SEER*Stat 8.4.0 software (www.
seer.cancer.gov) and analyzed retrospectively. The International
Classification of Diseases for Oncology, Third Revision (ICD-O-3)
was used to identify cases of malignant adenocarcinoma. CS16.0-16.6
comprised the primary tumor location codes, and 8140/3, 8144/3,
8210/3, 8211/3, 8255/3, 8260/3, 8261/3, 8262/3, 8263/3, 8310/3,
8323/3, 8480/3, 8481/3, and 8490/3 were the histological codes.
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Histologically confirmed malignant adenocarcinoma with its
primary site being the stomach, a diagnosis between 2010 and 2015,
and known survival months and reason for death were the inclusion
criteria. Exclusion criteria included other histological types of gastric
cancer, such as undifferentiated carcinoma, neuroendocrine tumor,
adenosquamous carcinoma, mesenchymal tumor, or mixed epithelial
and mesenchymal tumor as adenosarcoma; diagnosis by autopsy or
death certificate; unknown cause of death; and unknown duration of
follow-up or survival.

Because the SEER database is a public open database, no ethical
review board permission is necessary. The SEER program offers
signed authorizations and licenses for accessing and utilizing the
datasets. Patients diagnosed between 2010 and 2015 (n=7,747) were
utilized to investigate the prognostic characteristics associated with
cancer-specific survival (CSS). Meanwhile, all patients were
separated into training and internal validation groups at a 7:3
ratio. The following data were extracted from the SEER database:
age, race, sex, year of diagnosis, histologic subtype, grade, primary
site, SEER summary stage (local, regional, or distant), and American
Joint Committee on Cancer (AJCC) stage, tumor, lymph node,
metastasis (TNM) stage, AJCC stage, primary site surgery,
radiation therapy, chemotherapy, tumor size, number of regional
lymph nodes (LNs) examined, number of positive LNs, number of
cases of multiple primary tumors, survival time, cause of death, and
vital status.

2.2 Outcomes and predictors

The primary result of this study was mortality caused by GAC.
The survival time was measured from the date of diagnosis to the date
of death or the final follow-up consultation. Participants with
uncertain causes of death, unknown survival times, or zero survival
times were omitted from the research. T stage, N stage, M stage, AJCC
stage, primary site, primary site surgery (yes or no), radiation (yes or
no), chemotherapy (yes or no), tumor size, number of regional LNs
investigated, number of positive LNs, tumor size, and number of
multiple main tumors. These factors were included as candidate
predictors in the follow-up analysis. Finally, 13 variables with non-
zero coefficients, associated values, and the likelihood of deviation
were discovered. With a 1 standard error criteria, these variables
were included.
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2.3 Transformation of continuous variables

Nonlinear associations between continuous variables and
outcomes were detected by performing restricted cubic spline
analysis. As a result, they were transformed to categorical variables.
Age was categorized as follows: <60 and >60 years depending on the
optimal cutoff value. Tumor size was stratified into three groups
according to previous studies as follows: <20, 20-30, and >30 mm (12,
13). Referring to earlier research, the number of LNs investigated was
divided into three categories, specifically 0, 1-15, and >=16, and the
number of positive LNs was divided into three groups, 0, 1-3, and >3
(5, 14, 15). Owing to the rarity of grades IIT and IV tumors, cases with
these grades were combined into a single category. As a result, the
tumor grade was divided into two groups, grade I plus II and grade III
plus IV. The three SEER summary stages were localized, regional, and
distant. The stages of the AJCC were renamed I, II, III, and IV. The
terms T1, T2, T3, and T4; NO and N1; and MO0 and M1, respectively,
were used to denote the AJCC T, N, and M stages. There were two
categories created for the number of primary tumors, one primary
group and more than or equal to two primary groups.

2.4 Predictor selection

All variables were included in a least absolute shrinkage and
selection operator (LASSO) regression analysis using the
development cohort to discover possible risk factors for cancer-
specific mortality (CSD). Here, as the penalty increases, the
estimates of the weaker components fall toward zero and can
therefore be used to filter variables. The predictive efficacy of
models with 5-10 variables was examined to refine the model for
clinical use. When 7-10 variables were added to the model, the area
under the receiver operating characteristic (ROC) curve (AUC) was
always greater than 0.800. As a result, seven factors with
corresponding values were discovered for further analyses,
including grade, T stage, N stage, M stage, primary site, number of
positive LNs, and operation at the primary site. In a multiple
covariance analysis of the seven variables, the variance inflation
factors (VIFs) for the number of positive N stages and LNs were
4.2736 and 4.6644, respectively, whereas the VIF for the other five
variables were less than 2 (data not shown). Multicollinearity between
variables reduces the stability and accuracy of the model. Therefore,
the number of positive LNs was excluded. Six variables, including
grade, T stage, N stage, M stage, primary site, and surgery at the
primary site, were used for model construction.

2.5 Construction and validation of
prognostic nomogram

A prognostic nomogram based on Cox proportional risk
regression analysis was established. The training group was used for
nomogram construction, and the testing group was utilized for
validation. The nomogram could intuitively predict the probability
of CSS at 1, 3, and 5 years. ROC curves and calibration curves were
plotted for the 1-, 3-, and 5-year CSS. We created a free online web
calculator based on the prognostic nomogram to allow doctors to
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calculate CSS with 95% confidence intervals (CIs). The time-
dependent ROC of the nomogram was also compared to the time-
dependent ROC of AJCC staging and SEER composite staging, with a
larger AUC value suggesting superior prognostic prediction accuracy.
A Kaplan-Meier (K-M) survival curve according to the risk score of
the prognostic nomogram was also plotted for the training and testing
groups. Finally, 4591 patients diagnosed between 2004 and 2009 were
used for external validation.

2.6 Statistical analysis

All statistical analyses were carried out using R (version 4.1.2)
and SPSS 19.0. Categorical variables are presented as numbers and
percentages. CSS potential predictors were chosen using LASSO
regression analysis and multivariate Cox regression analysis. The
prognostic nomogram was created using Cox hazard regression
analysis and was presented as a static nomogram and a dynamic
network-based nomogram. Calibration, decision curve analysis,
and time-dependent ROC curves were also plotted to evaluate the
nomogram. Finally, risk scores for each patient in the training and
test groups were calculated using the nomogram. Patients in each
group were divided into high and low risk groups based on the
median risk score. K-M curves and a log-rank test were further
used to assess survival differences between high- and low-risk
groups. The R packages glmnet, caret, mctest, dcurves, pROC,
regplot, rms, survival, timeROC, survminer, and DynNom were
used for the analysis. A p-value <0.05 was considered
statistically significant.

The p-values in Tables 1, 2 were obtained from the
CreateTableOne function in the Tableone package in R software by
Chi-square test. Prognostic models were constructed based on
independent predictors using the survivor package in R software,
the regplot package to construct the nomogram, and the DynNom
package to further construct the dynamic nomogram. pROC package
was used to plot ROC curves and its AUC was used to assess the
discriminatory power of the nomogram. In addition, the timeROC
package was used to generate ROC curves over time and to compare
the AUC of different stages with the nomogram. The calibration
curves were plotted using the survival package and the rms package,
and the dcurves package was used to plot DCA. Finally, all patients
were divided into high-risk and low-risk groups based on the median
risk score predicted by the nomogram, and the survival curves were
validated for the prognostic value of the nomogram using the log-
rank test, using the survival package and the survminer package to
plot K-M curves for visualization.

3 Results
3.1 Demographic and clinical characteristics

This study included 7747 people diagnosed with GAC in the
SEER database between 2010 and 2015. The training group (n=5423)
was used to construct the nomogram, and the testing group was used
for internal validation. The baseline characteristics of all patients are
shown in Table 1.
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TABLE 1 Baseline characteristics of GAC patients.

TABLE 1 Continued

10.3389/fonc.2023.1114847

Characteristics Training group ~ Validation group p Characteristics Training group ~ Validation group p
(n=5423) (n=2324) (n=5423) (n=2324)
Age, years 0.196 N3 793 (14.60%) 358 (15.40%)
<60 1679 (31.00%) 685 (29.48%) AJCC M stage 0.942
>60 3744 (69.00%) 1639 (70.52%) Mo 4524(83.40%) 1941(83.52%)
Race 0.233 M1 899(16.60%) 383(16.48%)
Black 722 (13.30%) 312 (13.43%) Surg Prim Site 0.585
Other 1137 (21.00%) 526 (22.63%) No 1112 (20.50%) 490 (21.08%)
White 3564 (65.70%) 1486 (63.94%) Yes 4311 (79.50%) 1834 (78.92%)
Sex 0.041 Radiation 0.954
Female 2025 (37.30%) 925 (39.80%) No 3726 (68.70%) 1599 (68.80%)
Male 3398 (62.70%) 1399 (60.20%) Yes 1697 (31.30%) 725 (31.20%)
Primary Site* 0.342 Chemotherapy 0.455
C16.0 1588 (29.30%) 645 (27.75%) No 2359 (43.50%) 1033 (44.45%)
Cl6.1 234 (4.30%) 82 (3.53%) Yes 3064 (56.50%) 1291 (55.55%)
Cl6.2 694 (12.80%) 314 (13.51%) LNs examined 0.990
C16.3 1651 (30.40%) 715 (30.77%) >16 2182 (40.20%) 939 (40.40%)
Cl6.4 223 (4.10%) 111 (4.78%) 1~15 1838 (33.90%) 786 (33.82%)
Cl16.5 720 (13.30%) 312 (13.43%) None 1403 (25.90%) 599 (25.77%)
C16.6 313 (5.80%) 145 (6.24%) LNs positive 0.639
Grade 0.117 >3 1200 (22.10%) 537 (23.11%)
I-11 2026 (37.40%) 824 (35.46%) 1~3 946 (17.40%) 401 (17.25%)
1I-1IV 3397 (62.60%) 1500 (64.54%) None 3277 (60.40%) 1386 (59.64%)
SEER Stage 0.845 Tumor size, mm 0.064
Distant 1042 (19.20%) 434 (18.67%) <20 1000 (18.40%) 390 (16.78%)
Localized 1816 (33.50%) 779 (33.52%) >30 3299 (60.80%) 1478 (63.60%)
Regional 2565 (47.30%) 1111 (47.81%) 20-30 1124 (20.70%) 456 (19.62%)
AJCC Stage 0.974 Multi-primary tumors 0.474
I 1560 (28.80%) 671 (28.87%) >2 1195 (22.00%) 530 (22.81%)
i 1250 (23.00%) 526 (22.63%) 1 4228 (78.00%) 1794 (77.19%)
ol 1714 (31.60%) 744 (32.01%) Primary Site*: C16.0-cardia, NOS; C16.1-fundus of stomach; C16.2-body of stomach; C16.3-
gastric antrum; C16.4-pylorus; C16.5-lesser curvature of stomach NOS; C16.6-greater curvature
v 899 (16.60%) 383 (16.48%) of stomach NOS; LN, lymph node; AJCC, American Joint Committee on Cancer; SEER,
Surveillance, Epidemiology, and End Results.
AJCC T stage 0.690
" 1595 (29.40%) 658 (28.31%) 3.2 Predictor selection
9, 9 . . .
2 686 (12.60%) 312 (13.43%) All patients comprised a cohort to explore the relevant prognostic
T3 1945 (35.90%) 837 (36.02%) factors. To prevent variable overfitting and simplify the model,
T4 1197 (22.10%) 517 (22.25%) LASSO regression analysis was employed to penalize the absolute
values of the coefficients (Figure 1). Six variables, including grade, T
AJCC N st 0.691 . . . .

J . stage, N stage, M stage, primary site, and primary site of surgery, were
NO 2448 (45.10%) 1034 (44.49%) identified by combining the findings of LASSO and multivariate cox
NI 1379 (25.40%) 603 (25.95%) analyses. We also performed univariate and multivariate cox analyses

for comparison (Table 3). Six candidate variables were included in
N2 803 (14.80% 329 (14.16% L . . .
( ) ¢ 0 multivariate cox regression analyses, all as independent risk factors
(Continued)  for CSS.
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TABLE 2 Baselines of prognostic cohort and external cohort.

External cohort
(n=4591)

Characteristics = Prognostic cohort

(n=7747)

Age, years (%) 0.213
<=60 2364 (30.5) 1451 (31.6)
>60 5383 (69.5) 3140 (68.4)

Sex (%) 0.239
Female 2950 (38.1) 1798 (39.2)
Male 4797 (61.9) 2793 (60.8)

Primary Site* (%) <0.001
C16.0 2233 (28.8) 1099 (23.9)
Cl6.1 316 (4.1) 219 (4.8)
Cl6.2 1008 (13.0) 554 (12.1)
Cl16.3 2366 (30.5) 1524 (33.2)
Cl6.4 334 (4.3) 237 (5.2)
C165 1032 (13.3) 656 (14.3)
C16.6 458 (5.9) 302 (6.6)

Grade (%) <0.001
I~11 2850 (36.8) 1414 (30.8)
II~1v 4897 (63.2) 3177 (69.2)

T (%) <0.001
Tl 2253 (29.1) 1230 (26.8)
T2 998 (12.9) 1758 (38.3)
T3 2782 (35.9) 944 (20.6)
T4 1714 (22.1) 659 (14.4)

N (%) <0.001
NO 3482 (44.9) 1919 (41.8)
N1 1982 (25.6) 1752 (38.2)
N2 1132 (14.6) 662 (14.4)
N3 1151 (14.9) 258 (5.6)

M (%) <0.001
Mo 6465 (83.5) 3568 (77.7)
M1 1282 (16.5) 1023 (22.3)

SEER Stage (%) <0.001
Distant 1476 (19.1) 1087 (23.7)
Localized 2595 (33.5) 1250 (27.2)
Regional 3676 (47.5) 2254 (49.1)

Surg.Prim.Site (%) 0.001
No 1602 (20.7) 1072 (23.4)
Yes 6145 (79.3) 3519 (76.6)

Primary Site*: C16.0-cardia, NOS; C16.1-fundus of stomach; C16.2-body of stomach; C16.3-
gastric antrum; C16.4-pylorus; C16.5-lesser curvature of stomach NOS; C16.6-greater curvature

of stomach NOS.
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3.3 Construction of the
prognostic nomogram

Construction of the prognostic nomogram using the tumor grade, T-
stage, N-stage, M-stage, primary site, and primary site of surgery in the
training group is shown in Figure 2. A testing group was further used for
nomogram validation. The results of the multivariate cox analyses were
summarized as a forest plot showing the independent effect of predictors
of CSS on GAC patients using hazard ratios (HRs) and the 95% CI
(Figure 3). Surgery at the primary site was a favorable factor for prognosis
(HR=0.269, 95% CI: 0.248-0.292, p<0.001). The remaining five
prognostic factors were all strongly associated with poorer prognosis.
Moderately differentiated and poorly or undifferentiated tumors were
associated with a relatively poor prognosis compared to that with well
differentiated tumors (HR=1.297, 95% CI: 1.207-1.394, p<0.001).
Compared to that with T1 stage disease, the prognosis of T2 stage
gastric cancer was not significantly different, but T3 and T4 stages were
associated with a poorer prognosis (HR=1.117, 95% CI: 0.982-1.270, p =
0.091; HR=1.624, 95% CI: 1.471-1.793, p<0.001; HR=2.335, 95% CI:
2.101-2.920, p<0.001, respectively). Distant metastasis (HR=1.970, 95%
CIL: 1.814-2.139, p<0.001) was associated with a poor prognosis.
Compared to that with the cardia site, all other sites were risk factors
for gastric cancer prognosis (C16.1: HR=1.776, 95%CI: 1.522-2.072,
p<0.001; C16.2: HR=1.368, 95%CI: 1.23-1.522, p<0.001; C16.3:
HR=1.371, 95%CI: 1.26-1.492, p<0.001; C16.4: HR=1.444, 95%CI:
1.233-1.692, p<0.001; C16.5: HR=1.395, 95%CI: 1.257-1.549, p<0.001;
C16.6: HR=1.565, 95%CI: 1.365-1.796, p<0.001).

3.4 Internal validation of the nomogram

To evaluate the performance of the nomogram, we performed
internal validation of the nomogram and plotted calibration curves,
DCA, and time-dependent ROC curves. The calibration curves for
both the training group (Figures 4A-C) and testing group
(Figures 4D-F) showed that the nomogram has good calibration
capability. The DCA of the training (Figures 5A-C) and testing
groups (Figures 5D-F) showed that the nomogram has good clinical
applicability. Meanwhile, the time-dependent ROCs for the
nomogram of the two groups were also plotted. The 1-, 3-, and 5-
year AUCs of the nomogram for the training group were 0.817, 0.857,
and 0.865, respectively (Figures 6A). The AUCs of the nomogram in
the testing group were 0.815, 0.845, and 0.861, respectively
(Figures 6B). The time-dependent ROCs of the AJCC stage
(Figures 6C, D) and SEER stage (Figures 6E, F) in the training and
testing groups were also plotted. The AUC of the nomogram was
significantly better than that of the AJCC stage and SEER stage. Based
on these results, the model has reliable discriminatory capability.

Prognosis was separated into high- and low-risk groups based on
the median value of the prognostic score generated by the prognostic
nomogram to further examine the viability and validity of the
prediction model. The K-M survival curves showed substantially
different prognoses (p<0.001), demonstrating that the model can
identify individuals at high risk of cancer-specific mortality
(Figure 7). The K-M survival curves revealed that high-risk patients
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TABLE 3 The results of Univariate and multivariate Cox analysis.

Characteristics

Univariate Cox analysis

10.3389/fonc.2023.1114847

Multivariate Cox analysis

P 95%(Cl P 95%(Cl
Grade
I~1I Reference Reference
III~1V 1.826 0.000 1.703-1.959 1.273 0.000 1.185-1.369
T
T1 Reference Reference
T2 1.256 0.000 1.107-1.425 1.117 0.091 0.982-1.270
T3 2.147 0.000 1.961-2.351 1.624 0.000 1.471-1.793
T4 4.140 0.000 3.772-4.544 2335 0.000 2.101-2.594
N
NO Reference Reference
N1 2114 0.000 1.947-2.294 1.275 0.000 1.167-1.393
N2 2.237 0.000 2.036-2.458 1.686 0.000 1.523-1.866
N3 3.654 0.000 3.349-3.987 2.643 0.000 2.393-2.920
M
Mo Reference Reference
M1 4.827 0.000 4.498-5.18 1.970 0.000 1.814-2.139
Primary Site*
Cl16.0 Reference Reference
Cl6.1 1.776 0.000 1.522-2.072 1.637 0.000 1.401-1.912
Cl6.2 1.368 0.000 1.230-1.522 1.452 0.000 1.301-1.620
Cl6.3 1.371 0.000 1.260-1.492 1.593 0.000 1.456-1.742
Cl6.4 1.444 0.000 1.233-1.692 1.705 0.000 1.451-2.005
Cl16.5 1.395 0.000 1.257-1.549 1.407 0.000 1.264-1.567
Cl16.6 1.565 0.000 1.365-1.796 1.688 0.000 1.468-1.940
Surg Prim Site
No Reference Reference
Yes 0.230 0.000 0.215-0.246 0.231 0.000 0.213-0.251

Primary Site*: C16.0-cardia, NOS; C16.1-fundus of stomach; C16.2-body of stomach; C16.3-gastric antrum; C16.4-pylorus; C16.5-lesser curvature of stomach NOS; C16.6-greater curvature of

stomach NOS.

had considerably poorer CSS than low-risk individuals. Finally, we
further generated an online dynamic nomogram to facilitate the
clinical application of the nomogram, and Figure 8 illustrates the
operational interface of the dynamic nomogram.

3.5 External validation of the nomogram

The Table 2 shows the baseline of important variables between the
two cohorts. In the external validation, the ROC (Figures 9A-C) and
DCA (Figures 9D-F) shown that the nomogram robust calibration
capabilities and clinical value. The AUCs of 1-, 3-, and 5-year time-
dependent ROC for nomogram were 0.798, 0.837, and 0.850
(Figure 10A). Meanwhile, the K-M curves indicate statistically
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significant differences in CSS between high and low risk
group (Figure 10B).

4 Discussion

The discovery of independent prognostic markers and the
creation of reliable prediction models are critical for counseling,
better treatment planning, and follow-up for patients with GAC.
This study used SEER data to identify the tumor grade, T stage,
primary site, N stage, M stage, and surgery at the primary site as
independent prognostic variables for GAC and created a new
nomogram to predict 1-, 3-, and 5-year survival. The prediction
nomogram performed well and had good discriminating power.
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FIGURE 1

Predictor selection for LASSO regression analysis. (A) The mean—squared error was plotted versus log lambda. The left vertical dotted line shows the
optimal values with the fewest criteria, whereas the right vertical dotted line reflects the single standard error criterion. (B) LASSO coefficient profiles of

the 15 variables. LASSO, least absolute shrinkage and selection operator.

Furthermore, the calibration curves, DCA, and time-dependent ROC
curve validation results revealed that the model has great
discriminative capacity and good agreement between anticipated
and actual observed outcomes. Overall, the results of this study
show that the prognostic nomogram has high predictive
performance based on both training and testing groups. Each
prognostic feature was measured and presented via a static
nomogram, allowing the 1-, 3-, and 5-year GAC-specific survival
probabilities to be predicted individually. For easier application of the
model, we created a calculator based on a network of the static
nomogram (https://glfl993823.shinyapps.io/ GAC_CSS/), which
allows for the likelihood of survival, with the 95% CI, to be
calculated by entering the values of the six variables. Clinicians will

Points

Log Lambda

be able to use our prediction model to assess individual risk based on a
variety of known characteristics and to acutely individualize therapy
and follow-up for GAC patients. Because individuals classed as high
risk are more likely to succumb to CSD, they should be treated
completely and constantly monitored. The prognostic nomogram
contributes predictive value when combined with primary site
surgery, the primary site, and tumor grade when compared to that
of the AJCC and SEER staging systems, indicating that it can have a
complementary role.

Although this study was not the first to explore a GAC-related
prognostic nomogram, its predictive performance was significantly
better than that of other predictive models. Shi et al. (16) constructed
a prognostic nomogram for gastric cancer based on 11 variables,
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FIGURE 2
The prognostic nomogram for GAD patients.
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FIGURE 3
Forest plot of multivariate cox analysis.

including sex, age, marital status, race, SEER stage, grade, T stage, N
stage, M stage, tumor size, and surgery, with the AUCs for CSS being
0.700 and 0.706 in the training and validation group, respectively. Yu
et al. (17) established a prognostic nomogram based on the tumor
size, SEER stage, and primary site for young gastric cancer patients,
with the AUCs for 3- and 5- year CSS being approximately 0.725-

0.773 in both the training and testing groups. With the development
of medical technology, the application of molecular diagnosis in
malignant tumors is becoming increasingly widespread. In addition,
an increasing number of molecular mechanisms and sequencing
technologies are being used to facilitate the study of tumors (18-
20). Related molecular mechanisms and sequencing technologies are
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FIGURE 4

Calibration curves for nomogram. The 1-(A), 3-(B), and 5-year (C) calibration curves for nomogram in the training group. The 1-(D), 3-(E), and 5-year (F)

calibration curves for nomogram in the validation group.
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expected to play an important role in the prognosis of cancer patients.
The immune infiltration score (21), DNA methylation (22), and
LncRNAs (23, 24) are all closely related to the prognosis of gastric
cancer. Although research at the molecular level can provide an
individualized diagnosis and treatment basis for gastric cancer
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The DCA for nomogram. The 1-(A), 3-(B), and 5-year (C) DCA for nomogram in the training group. The 1-(D), 3-(E), and 5-year (F) DCA for nomogram in
the validation group. DCA, Decision analysis curve.

0%

patients, it is still difficult to implement tests at the molecular level
in clinical practice.

Many studies have also investigated the prognostic factors
associated with gastric cancer. It has been shown that patients with
gastric cancer in the greater curvature have a longer overall survival

FIGURE 6
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The time-dependent ROC curves for nomogram, SEER stage and AJCC stage. The time-dependent ROC curves 1-,3-and 5-year for nomogram in the
training group (A) and validation group (B). The time-dependent ROC curves 1-,3-and 5-year for SEER stage in the training group (C) and validation
group (D). The time-dependent ROC curves 1-,3-and 5-year for the AJCC stage in the training group (E) and validation group (F).
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The K-M curves for nomogram. (A) The K-M curve for nomogram in the training group. (B) The K-M curve for nomogram in the validation group.

than those with the sinus, gastroesophageal junction, and lesser
curvature as the primary sites (25). In addition, cardia cancer is
positively associated with bone metastasis, among gastric cancers,
which is one of its independent risk factors (26). This primary site was
also found to be an independent prognostic factor for GAC in this
study. Moreover, tumor size, tumor stage, and tumor grade are all
prognostic factors for gastric cancer patients (27). Surgery is also an
important prognostic factor for gastric cancer patients (28). The
following characteristics were found to be independent predictive
factors in this study and were incorporated in the model: tumor grade,
stage T, stage N, stage M, primary location, and surgery at
primary site.

In this study, a new prognostic nomogram for GAC patients was
developed based on the SEER database, and the internal and external
validation results showed that the model provides a more
personalized assessment of GAC prognosis than the AJCC staging
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FIGURE 8
The interface for dynamic homogram.
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system. However, the present study has several limitations. First, the
model is based on a retrospective analysis and inevitably suffers from
selection bias. Second, the SEER database does not contain
information on some potential independent prognostic variables,
such as laboratory tests and imaging data, and these indicators
could further affect the predictive performance of the model.
Finally, the model still requires validation with external data,
especially in Asian medical institutions, to increase applicability of
the model.

Moreover, the small percentage of patients with gastric cancer
with metastasis in this study, and the presence of some patients with
conversion surgery in the SEER database cannot be excluded. The
presence of these factors may have a potential impact. It has been
shown that palliative surgery at the primary site does not prolong
survival in patients with metastatic gastric cancer (29). Related studies
also suggest that surgery may be a feasible option in liver metastases in

Survival piot  Predicted Survival
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gastric cancer (30), but further studies with large sample data are
still needed.

5 Conclusion

Ultimately, this study identified the tumor grade, T stage, N stage,
M stage, tumor primary site, and surgery at primary site as
independent prognostic factors and constructed a new nomogram
to predict 1-, 3-, and 5-year CSS for patients with GAC. Nomogram
showed good discriminatory power and clinical applicability. The
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static nomogram or online prediction tool will assist clinicians in
quantifying the risk of death and calculating the probability of death
to develop individualized treatment and follow-up strategies.
However, further validation of this prediction model is needed
based on large prospective multicenter studies.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: https://seer.cancer.gov/.

frontiersin.org


https://seer.cancer.gov/
https://doi.org/10.3389/fonc.2023.1114847
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Nie et al.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance with the
national legislation and the institutional requirements.

Author contributions

GN and HLZ conceived and designed the study. DX, HJZ, and JY
performed a literature search. GN and HLZ wrote the manuscript. XL
critically reviewed the manuscript. All authors contributed to the
article and approved the submitted version.

Funding

This study was supported in part by the Gansu Province Health
Industry Project (GSWSKY2016-27).

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin (2021) 71:209-49. doi: 10.3322/caac.21660

2. Sitarz R, Skierucha M, Mielko J, Offerhaus G, Maciejewski R, Polkowski WP. Gastric
cancer: Epidemiology, prevention, classification, and treatment. Cancer Manag Res (2018)
10:239-48. doi: 10.2147/CMAR.S149619

3. Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer incidence and mortality rates
and trends-an update. Cancer Epidemiol Biomarkers Prev (2016) 25:16-27. doi: 10.1158/
1055-9965.EPI-15-0578

4. Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. Gastric cancer:
Epidemiology, risk factors, classification, genomic characteristics and treatment
strategies. Int J Mol Sci (2020) 21. doi: 10.3390/ijms21114012

5. Ajani JA, D’Amico TA, Bentrem DJ, Chao ], Cooke D, Corvera C, et al. Gastric
cancer, version 2.2022, NCCN clinical practice guidelines in oncology. ] Natl Compr Canc
Netw (2022) 20:167-92. doi: 10.6004/jnccn.2022.0008

6. Sano T, Coit DG, Kim HH, Roviello F, Kassab P, Wittekind C, et al. Proposal of a
new stage grouping of gastric cancer for TNM classification: International gastric cancer
association staging project. Gastric Cancer (2017) 20:217-25. doi: 10.1007/s10120-016-
0601-9

7. Shu P, Qin J, Shen K, Chen W, Liu F, Fang Y, et al. The IGCA staging system is more
accurate than AJCC7 system in stratifying survival of patients with gastric cancer in stage
III. BMC Cancer (2017) 17:238. doi: 10.1186/s12885-017-3235-3

8. Zhang XY, Zhang PY. Gastric cancer: Somatic genetics as a guide to therapy. ] Med
Genet (2017) 54:305-12. doi: 10.1136/jmedgenet-2016-104171

9. NiX, MaX, QiuJ, Zhou S, Cheng W, Luo C. Development and validation of a novel
nomogram to predict cancer-specific survival in patients with uterine cervical
adenocarcinoma. Ann Transl Med (2021) 9:293. doi: 10.21037/atm-20-6201

10. Wang Q, Sun Z, Xu X, Ma X, Zhao X, Ye Q. The evaluation of a SEER-based
nomogram in predicting the survival of patients treated with neoadjuvant therapy
followed by esophagectomy. Front Surg (2022) 9:853093. doi: 10.3389/fsurg.2022.853093

11. Guo-Le Nie WL, Jun Yan HWL. Construction of predictive and prognostic
nomograms for distant metastases in hepatocellular carcinoma based on SEER
database. Cancer Screen Prev (2022). doi: 10.14218/CSP.2022.00006

12. Wang Z, LiuJ, Luo Y, Xu Y, Liu X, Wei L, et al. Establishment and verification of a
nomogram for predicting the risk of lymph node metastasis in early gastric cancer. Rev
Esp Enferm Dig (2021) 113:411-7. doi: 10.17235/reed.2020.7102/2020

13. Oh YJ, Kim DH, Han WH, Eom BW, Kim YI, Yoon HM, et al. Risk factors for
lymph node metastasis in early gastric cancer without lymphatic invasion after
endoscopic submucosal dissection. Eur J Surg Oncol (2021) 47:3059-63. doi: 10.1016/
j.€js0.2021.04.029

Frontiers in Oncology

10.3389/fonc.2023.1114847

Acknowledgments

We would like to thank Editage (www.editage.cn) for English
language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

14. Zhao L, Niu P, Zhao D, Chen Y. Regional and racial disparity in proximal gastric
cancer survival outcomes 1996-2016: Results from SEER and China national cancer center
database. Cancer Med (2021) 10:4923-38. doi: 10.1002/cam4.4033

15. Wang J, Wang L, Li S, Bai F, Xie H, Shan H, et al. Risk factors of lymph node
metastasis and its prognostic significance in early gastric cancer: A multicenter study.
Front Oncol (2021) 11:649035. doi: 10.3389/fonc.2021.649035

16. Shi X, Xu L, Ma B, Wang S. Development and validation of a nomogram to predict
the prognosis of patients with gastric cardia cancer. Sci Rep (2020) 10:14143. doi: 10.1038/
541598-020-71146-z

17. Yu C, Zhang Y. Development and validation of prognostic nomogram for young
patients with gastric cancer. Ann Transl Med (2019) 7:641. doi: 10.21037/
atm.2019.10.77

18. Liu P, Wang Z, Ou X, Wu P, Zhang Y, Wu S, et al. The FUS/circEZH2/KLF5/
feedback loop contributes to CXCR4-induced liver metastasis of breast cancer by
enhancing epithelial-mesenchymal transition. Mol Cancer (2022) 21:198. doi: 10.1186/
§12943-022-01653-2

19. Zou Y, Ye F, Kong Y, Hu X, Deng X, Xie J, et al. The single-cell landscape of
intratumoral heterogeneity and the immunosuppressive microenvironment in liver and
brain metastases of breast cancer. Adv Sci (Weinh) (2022):2203699. doi: 10.1002/
advs.202203699

20. Kumar V, Ramnarayanan K, Sundar R, Padmanabhan N, Srivastava S, Koiwa M,
et al. Single-cell atlas of lineage states, tumor microenvironment, and subtype-specific
expression programs in gastric cancer. Cancer Discov (2022) 12(3):670-91. doi: 10.1158/
2159-8290.CD-21-0683

21. Jiang Y, Zhang Q, Hu Y, Li T, Yu J, Zhao L, et al. ImmunoScore signature: A
prognostic and predictive tool in gastric cancer. Ann Surg (2018) 267:504-13.
doi: 10.1097/SLA.0000000000002116

22. Bai Y, Wei C, Zhong Y, Zhang Y, Long J, Huang S, et al. Development and
validation of a prognostic nomogram for gastric cancer based on DNA methylation-
driven differentially expressed genes. Int ] Biol Sci (2020) 16:1153-65. doi: 10.7150/
ijbs.41587

23. Zhao Z, Liu H, Zhou X, Fang D, Ou X, Ye J, et al. Necroptosis-related IncRNAs:
Predicting prognosis and the distinction between the cold and hot tumors in gastric
cancer. ] Oncol (2021) 2021:6718443. doi: 10.1155/2021/6718443

24. Nie K, Deng Z, Zheng Z, Wen Y, Pan J, Jiang X, et al. Identification of a 14-IncRNA
signature and construction of a prognostic nomogram predicting overall survival of
gastric cancer. DNA Cell Biol (2020) 39:1532-44. doi: 10.1089/dna.2020.5565

25. Korivi BR, Faria S, Aly A, Sun J, Patnana M, Jensen CT, et al. Intestinal and diffuse

gastric cancer: A retrospective study comparing primary sites. Clin Imaging (2019) 56:33-
40. doi: 10.1016/j.clinimag.2019.03.002

frontiersin.org


http://www.editage.cn
https://doi.org/10.3322/caac.21660
https://doi.org/10.2147/CMAR.S149619
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.3390/ijms21114012
https://doi.org/10.6004/jnccn.2022.0008
https://doi.org/10.1007/s10120-016-0601-9
https://doi.org/10.1007/s10120-016-0601-9
https://doi.org/10.1186/s12885-017-3235-3
https://doi.org/10.1136/jmedgenet-2016-104171
https://doi.org/10.21037/atm-20-6201
https://doi.org/10.3389/fsurg.2022.853093
https://doi.org/10.14218/CSP.2022.00006
https://doi.org/10.17235/reed.2020.7102/2020
https://doi.org/10.1016/j.ejso.2021.04.029
https://doi.org/10.1016/j.ejso.2021.04.029
https://doi.org/10.1002/cam4.4033
https://doi.org/10.3389/fonc.2021.649035
https://doi.org/10.1038/s41598-020-71146-z
https://doi.org/10.1038/s41598-020-71146-z
https://doi.org/10.21037/atm.2019.10.77
https://doi.org/10.21037/atm.2019.10.77
https://doi.org/10.1186/s12943-022-01653-2
https://doi.org/10.1186/s12943-022-01653-2
https://doi.org/10.1002/advs.202203699
https://doi.org/10.1002/advs.202203699
https://doi.org/10.1158/2159-8290.CD-21-0683
https://doi.org/10.1158/2159-8290.CD-21-0683
https://doi.org/10.1097/SLA.0000000000002116
https://doi.org/10.7150/ijbs.41587
https://doi.org/10.7150/ijbs.41587
https://doi.org/10.1155/2021/6718443
https://doi.org/10.1089/dna.2020.5565
https://doi.org/10.1016/j.clinimag.2019.03.002
https://doi.org/10.3389/fonc.2023.1114847
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Nie et al.

26. Liang C, Chen H, Yang Z, Han C, Ren C. Risk factors and prognosis of bone
metastases in newly diagnosed gastric cancer. Future Oncol (2020) 16:733-48.
doi: 10.2217/fon-2019-0728

27. Wei ], Yang P, Huang Q, Chen Z, Zhang T, He F, et al. Proximal versus total
gastrectomy for proximal gastric cancer: A surveillance, epidemiology, and end results
program database analysis. Future Oncol (2021) 17:1185-95. doi: 10.2217/fon-2020-1071

28. Ge XY, Ge F, Wang Z, Wang YL, Lei LW, Liu QR, et al. Analysis of risk factors of
stage IV gastric cancer from the SEER database. Ann R Coll Surg Engl (2020) 102:355-62.
doi: 10.1308/rcsann.2020.0031

Frontiers in Oncology

13

10.3389/fonc.2023.1114847

29. Fujitani K, Yang HK, Mizusawa ], Kim YW, Terashima M, Han SU, et al.
Gastrectomy plus chemotherapy versus chemotherapy alone for advanced gastric
cancer with a single non-curable factor (REGATTA): a phase 3, randomised
controlled trial. Lancet Oncol (2016) 17(3):309-18. doi: 10.1016/S1470-2045(15)
00553-7

30. Kawahara K, Makino H, Kametaka H, Hoshino I, Fukada T, Seike K, et al.
Outcomes of surgical resection for gastric cancer liver metastases: a
retrospective analysis. World J Surg Oncol (2020) 18(1):41. doi: 10.1186/
s12957-020-01816-9

frontiersin.org


https://doi.org/10.2217/fon-2019-0728
https://doi.org/10.2217/fon-2020-1071
https://doi.org/10.1308/rcsann.2020.0031
https://doi.org/10.1016/S1470-2045(15)00553-7
https://doi.org/10.1016/S1470-2045(15)00553-7
https://doi.org/10.1186/s12957-020-01816-9
https://doi.org/10.1186/s12957-020-01816-9
https://doi.org/10.3389/fonc.2023.1114847
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Construction and validation of a novel nomogram to predict cancer-specific survival in patients with gastric adenocarcinoma
	1 Introduction
	2 Materials and methods
	2.1 Study design and data extraction
	2.2 Outcomes and predictors
	2.3 Transformation of continuous variables
	2.4 Predictor selection
	2.5 Construction and validation of prognostic nomogram
	2.6 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Predictor selection
	3.3 Construction of the prognostic nomogram
	3.4 Internal validation of the nomogram
	3.5 External validation of the nomogram

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


