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Abstract

Background: The aim of our study was to develop a nomogram model to predict overall survival (OS) and cancer-specific
survival (CSS) in patients with gastric signet ring cell carcinoma (GSRC). Methods: GSRC patients from 2004 to 2015 were
collected from the Surveillance, Epidemiology, and End Results (SEER) database and randomly assigned to the training and vali-
dation sets. Multivariate Cox regression analyses screened for OS and CSS independent risk factors and nomograms were
constructed. Results: A total of 7,149 eligible GSRC patients were identified, including 4,766 in the training set and 2,383 in the
validation set. Multivariate Cox regression analysis showed that gender, marital status, race, AJCC stage, TNM stage, surgery and
chemotherapy were independent risk factors for both OS and CSS. Based on the results of the multivariate Cox regression
analysis, prognostic nomograms were constructed for OS and CSS. In the training set, the C-index was 0.754 (95% CI = 0.746-
0.762) for the OS nomogram and 0.762 (95% Cl: 0.753-0.771) for the CSS nomogram. In the internal validation, the C-index for
the OS nomogram was 0.758 (95% Cl: 0.746-0.770), while the C-index for the CSS nomogram was 0.762 (95% Cl: 0.749-0.775).
Compared with TNM stage and SEER stage, the nomogram had better predictive ability. In addition, the calibration curves also
showed good consistency between the predicted and actual 3-year and 5-year OS and CSS. Conclusion: The nomogram can
effectively predict OS and CSS in patients with GSRC, which may help clinicians to personalize prognostic assessments and clinical
decisions.
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Introduction mainly originate from undifferentiated stem cells with active
proliferation of glandular neck in the lamina propria of gastric
mucosa.® GSRC is one of the types of gastric cancer with poor
tissue differentiation, which has the characteristics of low dif-
ferentiation, high invasiveness and poor prognosis.” Studies
have shown that age, TNM stage, epidermal growth factor
receptor (EGFR), surgical methods, perineural invasion (PI),

Gastric cancer is the sixth most common malignant tumor
worldwide, and its fatality rate ranks second in the world." It
is a malignant tumor that seriously threatens the health of peo-
ple in China, and its morbidity and mortality are both ranked
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the Japanese Gastric Cancer Society, gastric cancer can be
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and lymph node metastasis status are independent risk factors
for the prognosis of GSRC.'*!!

The nomogram is simplified by multivariate regression
analysis to incorporate a large number of prognostic factors
into a single short numerical estimation model to predict the
possibility of events.'> The nomogram allows clinicians to
more visually assess the health status of an individual patient
and provide personalized treatment to the patient.'> Currently,
the nomograms are commonly used for the prognosis (e.g.,
overall survival (OS), progression-free survival (PFS), or
cancer-specific survival (CSS) of cancer patients.'

Currently, the nomogram has been widely used in the prog-
nostic assessment of gastric cancer patients. Han et al'® retro-
spectively analyzed 7,954 gastric cancer patients who
underwent D2 gastrectomy and constructed a nomogram that
could predict 5-year and 10-year OS. Hirabayashi et al'®
included 39,859 patients who underwent gastric cancer surgery
at multicenter in Japan from 2001 to 2003, and constructed a
postoperative serosa-negative advanced gastric cancer (AGC)
with a 5-year OS nomogram.

The nomogram has been constructed in GSRC and have
been validated as valid and correct.'”'® However, the popu-
lation selection of the above studies were relatively limited.
In this context, we used the Surveillance, Epidemiology, and
End Results (SEER) database to analyze the clinicopatho-
logical features and prognostic factors of OS and CSS in
patients with GSRC, and developed and verified 3-year and
S-year OS and CSS prognostic nomograms of patients with
GSRC.

Materials and Methods

Patients Selection

The Surveillance, Epidemiology and final results (SEER) Data-
base is an open public database that was launched in 1973." It
comes from population registries of 18 sites and covers about
28% of the population of the United States.” SEER database
can provide clinical information of cancer patients, such as
gender, age, year of diagnosis, race, tumor primary site, tumor
size, tumor grade, tumor stage, pathological type, survival time
and cause of death. In this study, SEER*Stat software (version
8.3.6, SEER 18 Regs Custom Data (with additional treatment
fields), Nov 2018 Sub (1975-2016 varying) database) (https://
seer.cancer.gov/seerstat/) was used.

In the present study, according to the International Classifi-
cation of Diseases for Oncology (ICD-O), patients with gastric
cancer with pathological type code (8490/3: signet ring cell
carcinoma) at the primary site of stomach between 2004 and
2015 were included. A total of 12,825 GSRC patients were
included in the study. Subsequently, we excluded multiple
tumors (n = 2,613), unknown survival time (n = 21), unknown
American Joint Committee on Cancer (AJCC) stage (n = 1,013),
and unknown TNM stage (n = 2,029). In the end, 7,149 patients
were included in the final study.

Clinical Variables

We extracted the gender, age, marital status, race, origin, tumor
grade, Tumor-Node-Metastasis (TNM) stage, SEER stage,
treatment (surgery, radiotherapy and chemotherapy), survival
time, survival status and cause of death of GSRC patients from
the SEER database. The end points of the study were OS and
CSS. OS was defined as the time from diagnosis to death or last
follow-up visit, CSS was defined as the time from diagnosis to
death due to GSRC or the last follow-up.

Ethical Statement

The contents of this article are data mining from the Surveil-
lance, Epidemiology and End Results (SEER) database. The
SEER database is open and shared. The data released from the
SEER database did not require informed patient consent
because cancer is a reportable disease in every state in the US.

Statistical Analyses

In this study, the best cut-off value of age (<62 years, 62-80
years and >80 years) (Figure S1) was determined by X-tile
software (version 3.6.1, Yale University School of Medicine,
US). All patients were randomly divided into training set and
validation set according to the proportion of 2:1 using R soft-
ware. Univariate and multivariate Cox regression analysis was
used to analyze the risk factors related to OS and CSS in
patients with GSRC, and the hazard ratio (HR) and 95% con-
fidence interval (CI) were calculated. Variables with P-value <
0.05 in the univariate Cox proportional risk model were further
analyzed in the multivariate Cox proportional risk model.
Based on the results of multivariate Cox regression analysis,
the independent risk factors of OS and CSS were included, and
the prognostic nomograms of 3-year, and 5-year OS and CSS
were established. Receiver operating characteristic (ROC)
curve and decision curve analysis (DCA) curve were used to
analyze the sensitivity and specificity of the nomogram, TNM
stage and SEER stage, and determined the area under the curve
(AUC).*! In addition, the performance of the nomogram was
evaluated by the C-index and the calibration curve (1000 boot-
strap resamples). All of the above analyses were performed
using SPSS software (version 24.0, Chicago, USA) and R soft-
ware (version 3.6.2). All tests were two-sided. P-value < 0.05
(2-sided) was considered statistically significant.

Results

Demographic and Clinical Characteristics

A total of 7,149 GSRC patients were enrolled in the study, of
which 4,766 (66.7%) were assigned to the training set and
2,383 (33.3%) were included in the validation set. Table 1
shows the demographic and clinical characteristics of GSRC
patients in the entire cohort, training set, and validation set.
Among all patients, male patients were slightly higher than
female patients (52.6% vs 47.4%). Most of the patients were
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Table 1. Clinical and Demographic Characteristics of Patients With
Gastric Signet Ring Cell Carcinoma (GSRC).

Training set ~ Validation set

All patients,

Variables n (%) n (%) n (%)
Total 7149 4766 (66.7) 2383 (33.3)
Gender

Female 3391 (47.4) 2255 (47.3) 1136 (47.7)

Male 3758 (52.6) 2511 (52.7) 1247 (52.3)
Age, years

<62 3588 (50.2) 2391 (50.2) 1197 (50.2)

62-80 2844 (39.8) 1885 (39.6) 959 (40.2)

>80 717 (10.0) 490 (10.3) 227 (9.5)
Marital status

Married 4185 (58.5) 2778 (58.3) 1407 (59.0)

Unmarried 2668 (37.3) 1778 (37.3) 890 (37.3)

Unknown 296 (4.1) 210 (4.4) 86 (3.6)
Race

White 4954 (69.3) 3313 (69.5) 1641 (68.9)

Black 896 (12.5) 610 (12.8) 286 (12.0)

Others 1299 (18.2) 843 (17.7) 456 (19.1)
Origin

NSHL 5387 (75.4) 3580 (75.1) 1807 (75.8)

SHL 1762 (24.6) 1186 (24.9) 576 (24.2)
Grade

Grade | 12 (0.2) 9(0.2) 3(0.1)

Grade 11 144 (2.0) 91 (1.9) 53 (2.2)

Grade III 5700 (79.7) 3781 (79.3) 1919 (80.5)

Grade IV 203 (2.8) 146 (3.1) 57 (2.4)

Unknown 1090 (15.2) 739 (15.5) 351 (14.7)
AJCC stage

I 1902 (26.6) 1271 (26.7) 631 (26.5)

I 988 (13.8) 664 (13.9) 324 (13.6)

I 1252 (17.5) 813 (17.1) 439 (18.4)

v 3007 (42.1) 2018 (42.3) 989 (41.5)
T stage

T1 1793 (25.1) 1202 (25.2) 591 (24.8)

T2 2502 (35.0) 1654 (34.7) 848 (35.6)

T3 1550 (21.7) 1025 (21.5) 525 (22.0)

T4 1304 (18.2) 885 (18.6) 419 (17.6)
N stage

NO 3177 (44.4) 2118 (44.4) 1059 (44.4)

N1 2436 (34.1) 1621 (34.0) 815 (34.2)

N2 1008 (14.1) 666 (14.0) 342 (14.4)

N3 528 (7.4) 361 (7.6) 167 (7.0)
M stage

MO 4794 (67.1) 3192 (67.0) 1602 (67.2)

Ml 2355 (32.9) 1574 (33.0) 781 (32.8)
SEER stage

Localized 1828 (25.6) 1216 (25.5) 612 (25.7)

Regional 2641 (36.9) 1766 (37.1) 875 (36.7)

Distant 2680 (37.5) 1784 (37.4) 896 (37.6)
Surgery

Yes 4198 (58.7) 2791 (58.6) 1407 (59.0)

No/Unknown 2951 (41.3) 1975 (41.4) 976 (41.0)
Radiotherapy

Yes 2019 (28.2) 1360 (28.5) 659 (27.7)

No/Unknown 5130 (71.8) 3406 (71.5) 1724 (72.3)

(continued)

Table I. (continued)

Training set ~ Validation set

All patients,

Variables n (%) n (%) n (%)
Chemotherapy
Yes 4209 (58.9) 2814 (59.0) 1395 (58.5)
No/Unknown 2940 (41.1) 1952 (41.0) 988 (41.5)

Abbreviations: NSHL, Non-Spanish-Hispanic-Latino; SHL, Spanish-Hispanic-
Latino; AJCC, American Joint Committee on Cancer; SEER, Surveillance,
Epidemiology, and End Results.

younger (<62 years, 50.2%), married (58.5%), white (69.3%),
Non-Spanish-Hispanic-Latino (NSHL) (775.4%). The majority
of tumors were grade III (79.7%), AJCC stage IV (42.1%), T1-
2 stage (60.1%), NO stage (44.4%) and MO stage (67.1%). In
addition, more than half of the patients received surgery
(58.7%) and chemotherapy (58.9%).

Risk Factors of OS and CSS in Patients With GSRC

To examine factors associated with OS and CSS in patients with
GSRC, we conducted univariate and multivariate Cox regression
analysis in the training set. Univariate Cox regression analysis
showed that age, marital status, race, grade, AJCC stage, TNM
stage, SEER stage, surgery, radiotherapy and chemotherapy were
associated with OS (All P < 0.05) (Table 2). After incorporating
the above factors into the multivariate Cox regression analysis,
we found that age, marital status, race, AJCC stage, TNM stage,
SEER stage, surgery and chemotherapy were independent risk
factors for OS. Similarly, we found that age, marital status, race,
AJCC stage, TNM stage, surgery, radiotherapy and chemother-
apy were independent risk factors for CSS (Table 3).

Construction Nomograms

Based on the above multivariate Cox regression analysis results,
we constructed OS nomogram (Figure 1A) based on age, marital
status, race, AJCC stage, TNM stage, SEER stage, surgery and
chemotherapy, and CSS nomogram (Figure 1B) based on age,
marital status, race, AJCC stage, TNM stage, surgery, radio-
therapy and chemotherapy. We found that surgery made the largest
contribution to survival outcomes in the OS nomogram, whereas
AJCC stage made the largest contribution in the CSS nomogram.

Nomogram Validation

We validate the OS and CSS nomograms in both the training
set and the validation set. In the training set, the C-index of the
OS nomogram was 0.754 (95%CI: 0.746-0.762) and the
C-index for the CSS nomogram was 0.762 (95%CI: 0.753-
0.771). In the validation set, the C-index for the OS nomogram
was 0.758 (95%CI: 0.746-0.770) and for the CSS nomogram
was 0.762 (95%CI: 0.749-0.775). Regardless of the training set
and validation set, the C-index of OS and CSS nomograms



4 Technology in Cancer Research & Treatment

Table 2. Univariate and Multivariate Analysis of Overall Survival (OS) Rates in Training Set.

Univariate analysis Multivariate analysis®

Variables No. of patients HR (95% CI) P value HR (95% CI) P value
Gender 0.135
Female 2255 Reference
Male 2511 1.051 (0.985-1.121) 0.135
Age, years <0.001 <0.001
<62 2391 Reference Reference
62-80 1885 1.206 (1.125-1.293) <0.001 1.254 (1.168-1.346) <0.001
>80 490 1.867 (1.682-2.071) <0.001 1.692 (1.512-1.893) <0.001
Marital status <0.001 0.010
Married 2778 Reference Reference
Unmarried 1778 1.241 (1.160-1.328) <0.001 1.113 (1.038-1.193) 0.003
Unknown 210 1.086 (0.921-1.280) 0.327 1.007 (0.853-1.190) 0.933
Race <0.001 <0.001
White 3313 Reference Reference
Black 610 1.033 (0.939-1.137) 0.507 1.082 (0.982-1.193) 0.112
Others 843 0.686 (0.626-0.751) <0.001 0.816 (0.744-0.895) <0.001
Origin 0.491
NSHL 3580 Reference
SHL 1186 1.027 (0.952-1.107) 0.491
Grade <0.001 0.706
Grade 1 9 Reference Reference
Grade 1I 91 1.440 (0.581-3.569) 0.431 - 0.360
Grade III 3781 1.456 (0.605-3.500) 0.401 - 0.422
Grade IV 146 1.383 (0.564-3.388) 0.478 - 0.998
Unknown 739 2.199 (0.912-5.301) 0.079 - 0.494
AJCC stage <0.001 <0.001
I 1271 Reference Reference
II 664 1.407 (1.251-1.583) <0.001 1.418 (1.181-1.703) <0.001
I 813 1.860 (1.670-2.071) <0.001 1.620 (1.304-2.013) <0.001
v 2018 3.799 (3.470-4.159) <0.001 1.843 (1.456-2.334) <0.001
T stage <0.001 <0.001
T1 1202 Reference Reference
T2 1654 1.164 (1.064-1.275) <0.001 1.148 (1.029-1.280) 0.014
T3 1025 1.476 (1.338-1.629) <0.001 1.400 (1.227-1.598) <0.001
T4 885 2.525 (2.284-2.792) <0.001 1.413 (1.247-1.600) <0.001
N stage <0.001 <0.001
NO 2118 Reference Reference
N1 1621 1.194 (1.109-1.287) <0.001 1.047 (0.952-1.152) 0.345
N2 666 1.150 (1.043-1.268) 0.005 1.245 (1.093-1.418) 0.001
N3 361 1.487 (1.317-1.680) <0.001 1.546 (1.294-1.847) <0.001
M stage <0.001 0.001
MO 3192 Reference Reference
Ml 1574 3.028 (2.824-3.246) <0.001 1.370 (1.133-1.658) 0.001
SEER stage <0.001 0.015
Localized 1216 Reference Reference
Regional 1766 1.602 (1.460-1.757) <0.001 1.319 (1.096-1.588) 0.003
Distant 1784 3.819 (3.480-4.190) <0.001 1.316 (1.035-1.673) 0.025
Surgery <0.001 <0.001
Yes 2791 Reference Reference
No/Unknown 1975 3.436 (3.207-3.682) <0.001 3.237 (2.960-3.541) <0.001
Radiotherapy <0.001 0.901
Yes 1360 Reference Reference
No/Unknown 3406 1.420 (1.320-1.527) <0.001 - 0.901
Chemotherapy <0.001 <0.001
Yes 2814 Reference Reference
No/Unknown 1952 1.194 (1.117-1.276) <0.001 1.898 (1.759-2.048) <0.001

Abbreviations: OS, Overall survival; HR, hazard ratio; CI, confidence intervals; NSHL, Non-Spanish-Hispanic-Latino; SHL, Spanish-Hispanic-Latino;
AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results.
“Model was adjusted by age, marital status, race, grade, AJCC stage, T stage, N stage, M stage, SEER stage, surgery, radiotherapy and chemotherapy.
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Table 3. Univariate and Multivariate Analysis of Cancer-Specific Survival (CSS) Rates in Training Set.

Univariate analysis

Multivariate analysis®

Variables No. of patients HR (95% CI) P value HR (95% CI) P value
Gender 0.045 0.134

Female 2255 Reference Reference

Male 2511 0.927 (0.862-0.998) 0.045 - 0.134
Age, years <0.001 <0.001

<62 2391 Reference Reference

62-80 1885 1.106 (1.022-1.197) 0.012 1.185 (1.093-1.285) <0.001

>80 490 1.630 (1.444-1.840) <0.001 1.577 (1.384-1.798) <0.001
Marital status <0.001 0.048

Married 2778 Reference Reference

Unmarried 1778 1.204 (1.115-1.300) <0.001 1.093 (1.010-1.183) 0.028

Unknown 210 0.978 (0.805-1.189) 0.826 0.929 (0.763-1.131) 0.462
Race <0.001 0.001

White 3313 Reference Reference

Black 610 1.093 (0.982-1.217) 0.105 1.141 (1.023-1.273) 0.018

Others 843 0.742 (0.670-0.822) <0.001 0.882 (0.796-0.977) 0.017
Origin 0.004 0.149

NSHL 3580 Reference Reference

SHL 1186 1.130 (1.039-1.229) 0.004 - 0.149
Grade <0.001 0.838

Grade 1 9 Reference Reference

Grade 11 91 1.666 (0.519-5.347) 0.391 - 0.727

Grade III 3781 1.885 (0.607-5.849) 0.273 - 0.749

Grade IV 146 1.790 (0.566-5.661) 0.321 - 0.923

Unknown 739 2.745 (0.882-8.543) 0.081 - 0.694
AJCC stage <0.001 <0.001

I 1271 Reference Reference

II 664 1.464 (1.267-1.692) <0.001 1.916 (1.604-2.289) <0.001

I11 813 2.171 (1.910-2.468) <0.001 2.599 (2.170-3.113) <0.001

v 2018 4.815 (4.320-5.366) <0.001 3.077 (2.476-3.824) <0.001
T stage <0.001 <0.001

T1 1202 Reference Reference

T2 1654 1.203 (1.082-1.338) <0.001 1.137 (1.002-1.290) 0.047

T3 1025 1.609 (1.437-1.802) <0.001 1.335 (1.152-1.547) <0.001

T4 885 2.865 (2.555-3.211) <0.001 1.400 (1.219-1.609) <0.001
N stage <0.001 <0.001

NO 2118 Reference Reference

N1 1621 1.158 (1.063-1.261) 0.001 1.021 (0.925-1.127) 0.680

N2 666 1.169 (1.047-1.306) 0.006 1.195 (1.034-1.380) 0.016

N3 361 1.616 (1.415-1.846) <0.001 1.521 (1.256-1.842) <0.001
M stage <0.001 <0.001

MO 3192 Reference Reference

Ml 1574 3.490 (3.228-3.773) <0.001 1.358 (1.159-1.592) <0.001
SEER stage <0.001 0.110

Localized 1216 Reference Reference

Regional 1766 1.772 (1.585-1.982) <0.001 - 0.088

Distant 1784 4.639 (4.157-5.177) <0.001 - 0.596
Surgery <0.001 <0.001

Yes 2791 Reference Reference

No/Unknown 1975 3.407 (3.151-3.683) <0.001 2.950 (2.661-3.270) <0.001
Radiotherapy <0.001 <0.001

Yes 1360 Reference Reference

No/Unknown 3406 1.727 (1.583-1.884) <0.001 1.234 (1.117-1.362) <0.001
Chemotherapy <0.001 <0.001

Yes 2814 Reference Reference

No/Unknown 1952 1.160 (1.075-1.251) <0.001 1.808 (1.650-1.981) <0.001

Abbreviations: CSS, Cancer-specific survival; HR, hazard ratio; CI, confidence intervals; NSHL, Non-Spanish-Hispanic-Latino; SHL, Spanish-Hispanic-Latino;
AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results.
“Model was adjusted by gender, age, marital status, race, origin, grade, AJCC stage, T stage, N stage, M stage, SEER stage, surgery, radiotherapy and

chemotherapy.
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Figure 1. Nomogram predicting 3-, and 5-year OS and CSS rate of GSRC patients. A, OS rate; B, CSS rate. OS indicates overall survival;
CSS, cancer-specific survival; GSRC, gastric signet ring cell carcinoma.

Table 4. Comparison of C-Indexes Between the Nomogram, TNM
Stage and SEER Stage in Gastric Signet Ring Cell Carcinoma (GSRC)
Patients.

Training set Validation set

Characteristics HR 95% CI1 HR 95% CI1

0.746-0.770
0.641-0.671
0.624-0.652
0.749-0.775
0.658-0.690
0.638-0.668

0.746-0.762
0.648-0.668
0.629-0.649
0.753-0.771
0.669-0.691
0.643-0.665

0.758
0.656
0.638
0.762
0.674
0.653

(0N Nomogram 0.754
TNM stage 0.658
SEER stage 0.639
Nomogram 0.762
TNM stage 0.680
SEER stage 0.654

CSS

Abbreviations: HR, hazard ratio; CI, confidence interval; SEER, Surveillance,
Epidemiology, and End Results.

were significantly higher than those of TNM stage and SEER
stage (Table 4). In addition, we calibrated the 3-year and 5-year
OS and CSS nomograms for the training set and the validation
set, and found that the nomograms were very close to the ideal
curve (Figure 2 and Figure S2).

We performed ROC curves analyses for OS and CSS at
3-year and 5-year, respectively, and found that there was a high

AUC in the training set and validation set (Figure 3). In addi-
tion, we performed DCA curve analysis and ROC curve anal-
ysis on the nomogram (Table S1), TNM stage and SEER stage,
respectively (Figures 4 and 5), and found that the nomogram
performance of OS and CSS was significantly better than that
of TNM stage and SEER stage, regardless of the training set
and validation set.

Discussion

The incidence of GSRC has been increasing in recent years,
despite a decrease in the incidence of gastric cancer.’* There-
fore, it is necessary to further investigate the predictors that
may affect the long-term survival of GSRC patients and it is
important to develop valuable models to predict the prognosis
of GSRC patients. In the present study, we performed univari-
ate and multivariate Cox regression analysis based on large
clinical data to identify independent risk factors for prognosis
of OS and CSS in GSRC patients. Depend on the results of
multivariate Cox regression analysis, we first established a
prognostic nomogram of OS and CSS in GSRC patients and
validated it internally. In addition, we also found that the
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Figure 2. Calibration plot of the nomogram for predicting 3-, and 5-year OS and CSS in training cohort. A, 3-Year OS; B, 3-year CSS; C, 5-year
OS; D, 5-year CSS. OS indicates overall survival; CSS, cancer-specific survival.

predictive ability of the nomogram was more accurate than that
of TNM stage and SEER stage by examining the C-index, ROC
curves and DCA curves. And the predictive ability of the
nomogram basically consistent with the actual results. In addi-
tion, the C-index and AUC of both the OS and CSS nomograms
are greater than 0.7, indicating that the nomograms had suffi-
cient discrimination ability.

Currently, TNM stage is commonly used to predict the prog-
nosis status of cancer patients, but because it only includes
tumor size, lymph node status and metastasis, it is unclear how
other variables such as age, sex, race, marital status, tumor
grade and treatment modality affect patient prognosis.>* There-
fore, nomograms were constructed to incorporate various fac-
tors to consider the prognosis of the patients. Many studies
have shown that nomograms are more accurate than conven-
tional TNM stage in predicting the cancer patient survival.>*>
Consequently, the combination of TNM stage and other
prognosis-related factors can better predict the prognosis of
GSRC patients.

Recently, many studies have developed nomograms that
include various prognostic factors to predict the prognosis of
different gastrointestinal tumors. Based on the SEER database,
Yu and Zhang®® developed and validated a prognostic nomo-
gram for predicting OS and CSS in patients with early-onset
gastric cancer, which can promoted the clinical prognosis
assessment and personalized treatment of early-onset gastric
cancer. Hu et al*’ found that the nomogram combined with

liver fibrosis score was more effective than the TNM staging
system and clinicopathological nomogram in predicting
hepatic-specific disease-free survival (DFS) and recurrence-
free survival (RFS). In addition, Xie ef a/*® found that the
nomogram was superior to the traditional TNM staging in pre-
dicting individual disease-specific survival (DSS) in patients
with non-metastatic esophageal cancer after preoperative
radiotherapy.

Studies have constructed prognostic nomograms of
patients with GSRC, but these studies have limited population
selection. Wei ef al'® included the clinical information from
1,030 patients with locally advanced (stage II and stage III)
GSRC between 2004 and 2012, and constructed CSS prog-
nostic nomogram based on age, sex, race, marital status,
stage, registy, lymph node, location, tumor size, radiotherapy
and chemotherapy, and found that patients who received post-
operative radiotherapy had a better prognosis than patients
who underwent surgery alone. Guo et al'” collected 256
early-stage GSRC between January 2002 and December
2015, constructed a nomogram predicting lymph node metas-
tasis (LNM) and performed external validation using a data-
base of 1,273 patients from Cancer Institute Ariake Hospital
in Tokyo. Lin et al*® collected patients with gastric adenocar-
cinoma containing GSRC and constructed a gastric
adenocarcinoma-specific survival (GCSS) prognosis nomo-
gram based on age, race, grade, TN stage, pathological type
and tumor size, which can provide relatively accurate survival
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Figure 3. ROC curves for the nomogram. A, The ROC curve of nomogram with 3-year OS in training set; B, the ROC curve of nomogram with
3-year CSS in training set; C, the ROC curve of nomogram with 5-year OS in training set; D, the ROC curve of nomogram with 5-year CSS in
training set; E, the ROC curve of nomogram with 3-year OS in validation set; F, the ROC curve of nomogram with 3-year CSS in validation set;
G, the ROC curve of nomogram with 5-year OS in validation set; H, the ROC curve of nomogram with 5-year CSS in validation set. ROC
indicates receiver operating characteristic; OS, overall survival; CSS, cancer-specific survival.

predictions for patients with operable gastric adenocarcinoma marital status, race, AJCC stage, TNM stage, SEER stage,
(GA) after gastrectomy. In this study, we included all patients  surgery and chemotherapy, CSS nomogram based on age,
only diagnosed with GSRC from 2004 to 2015 and success- marital status, race, AJCC stage, TNM stage, surgery, radio-
fully constructed nomogram of OS based on 10 factors: age, therapy and chemotherapy, and the constructed nomograms
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were found to have a better prognosis than TNM stage and
SEER stage.

Although the currently constructed nomograms show high
accuracy in predicting OS and CSS in GSRC patients, the
limitations of this study should not be overlooked. First, the
SEER database lacks detailed information on surgery, radio-
therapy and chemotherapy, such as the specific type of opera-
tion, the dose of radiotherapy and the chemotherapy regimen.
Second, the physical condition of GSRC patients may also
influence their treatment choices. Final, the SEER database is
a retrospective study and further prospective studies are
needed. Despite some limitations, the results suggest that the
prognostic nomogram we constructed is a guiding model that
can provide accurate predictions of survival outcomes for
GSRC patients.

In conclusion, we have constructed and validated OS and
CSS prognostic nomograms for GSRC with a high degree of
accuracy compared to TNM stage and SEER stage, which can
help clinicians to personalize survival predictions for GSRC
patients.
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