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Abstract

BACKGROUND

Gastric signet ring cell carcinoma (GSRC) represents a specific subtype of gastric
cancer renowned for its contentious epidemiological features, treatment
principles, and prognostic factors.

AIM

To investigate the epidemiology of GSRC and establish an improved model for
predicting the prognosis of patients with locally advanced GSRC (LAGSRC) after
surgery.

METHODS

The annual rates of GSRC incidence and mortality, covering the years 1975 to
2019, were extracted from the Surveillance, Epidemiology, and End Results
(SEER) database to explore the temporal trends in both disease incidence and
mortality rates using Joinpoint software. The clinical data of 3793 postoperative
LAGSRC patients were collected from the SEER database for the analysis of
survival rates. The Cox regression model was used to explore the independent
prognostic factors for overall survival (OS). The risk factors extracted were used to
establish a prognostic nomogram.

RESULTS
The overall incidence of GSRC increased dramatically between 1975 and 1998,
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followed by a significant downward trend in incidence after 1998. In recent years, there has been a similarly
optimistic trend in GSRC mortality rates. The trend in GSRC showed discrepancies based on age and sex. Receiver
operating characteristic curves, calibration curves, and decision curve analysis for 1-year, 3-year, and 5-year OS
demonstrated the high discriminative ability and clinical utility of this nomogram. The area under the curve
indicated that the performance of the new model outperformed that of the pathological staging system.

CONCLUSION
The model we established can aid clinicians in the early prognostication of LAGSRC patients, resulting in
improved clinical outcomes by modifying management strategies and patient health care.

Key Words: Signet ring cell carcinoma; Locally advanced gastric cancer; Adjuvant chemotherapy; Nomogram; Epidemiology;
Overall survival

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the United States, there has been a downward trend in the incidence and mortality rates of gastric signet ring cell
carcinoma (GSRC) over time, and these optimistic trends may be credited to the implementation of cancer screenings and
the advancements in novel treatment approaches in the past few decades. Additionally, the model we established can help
clinicians in early identification of the prognosis of locally advanced GSRC patients, resulting in enhanced clinical outcomes
by modifying management strategies and patient healthcare.

Citation: Yu ZH, Zhang LM, Dai ZQ, Zhang MN, Zheng SM. Epidemiology and prognostic nomogram for locally advanced gastric
signet ring cell carcinoma: A population-based study. World J Gastrointest Oncol 2024; 16(6): 2610-2630

URL: https://www.wjgnet.com/1948-5204/full/v16/i6/2610.htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i6.2610

INTRODUCTION

Gastric cancer (GC) is a formidable disease that poses a significant threat to human health. According to multipopulation
observations conducted by the GLOBOCAN 2020, it ranks fifth in terms of incidence and fourth in terms of mortality
among all cancers worldwide[1]. Gastric adenocarcinoma (GA) is the predominant histological subtype of GC, consti-
tuting approximately 95% of all diagnosed cases[2]. Gastric signet ring cell carcinoma (GSRC) belongs to the diffuse-type
GA category and is distinguished by the presence of signet-ring cells. These cells possess an abundance of mucin, which
displaces the nucleus to the cell periphery. GSRC arises from undifferentiated stem cells situated in the glandular neck
region of the mucosal epithelium. Disruption of cell-cell adhesion complexes occurs due to the loss of E-cadherin, a
calcium-dependent cell adhesion protein encoded by the tumor suppressor gene CDH1. Consequently, the infiltration of
GSRC into both the mucosal layer and submucosal layer occurs gradually. However, once the submucosal layer is
breached, swift dissemination and metastasis of cancer cells ensue[3].

Despite significant advancements in understanding the epidemiology, pathology, molecular mechanisms, and
treatment alternatives and approaches associated with GSRC, the diagnostic and therapeutic challenges remain
substantial. Recent studies have shown that GSRC represents a significant proportion, ranging from approximately 35%
to 45%, of GA cases in Asia, the United States, and Europe[4]. Moreover, the majority of individuals with GSRC often
present with a locally progressive stage upon initial diagnosis and typically manifest an advanced disease state involving
invasion of lymph nodes and adjacent organs, and a significant proportion of patients experience recurrence or complic-
ations subsequent to surgical resection[5,6].

Although prior studies have substantiated the increasing incidence of GSRC between 1973 and 2000[7,8], attributed to
several factors including alterations in dietary patterns and Helicobacter pylori infection, a comprehensive investigation
into the precise epidemiology of GSRC subsequent to 2000 has been noticeably lacking. The present study endeavors to
address this knowledge gap by providing an in-depth examination of the subject matter. In addition to identifying and
evaluating the epidemiology of GSRC, this study aimed to develop a dynamic prognostic nomogram for patients with a
postoperative pathological stage of locally advanced GSRC (LAGSRC, i.e., T1-2N+MO or T3-4bNxMO, as defined by the
AJCC/UICC 8™ edition TNM staging of GC, combined with anatomical definitions[9,10]). Although current management
guidelines for GA propose surgery supplemented with adjuvant chemotherapy, predicting patient outcomes under this
regimen remains a conundrum. A dynamic nomogram, a predictive tool that provides individualized risk assessment,
could significantly aid in developing personalized treatment strategies and predicting patient survival, thus improving
overall patient management.
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MATERIALS AND METHODS

Trends in incidence and mortality

The incidence data and age-adjusted incidence-based mortality rates of GSRC patients from 1975 to 2019 were obtained
through an extensive analysis and interpretation of the Surveillance, Epidemiology, and End Results (SEER) 8 region
database. The demographic data, including sex and age (i.e., < 60 years/60-69 years/> 70 years) at the time of diagnosis,
were retrieved from the SEER database. The same method was used to collect data on GA for further comparative
analysis with GSRC. The SEER program, initiated in 1973, has been committed to collecting cancer-related information
from across the United States, thereby offering comprehensive and detailed insights into cancer, including incidence,
survival rates, mortality rates, treatment approaches, and demographic statistics. This extensive and widely utilized
database holds significant importance in the medical field, particularly in the realm of epidemiological research. It serves
as a valuable reference and guide, facilitating the development of preventive, diagnostic, and therapeutic strategies for
cancer.

All rates were age-adjusted based on the 2000 United States standard population. The annual percentage change (APC)
and corresponding 95% confidence intervals (95%Cls) were calculated using Joinpoint software (version 4.9). In 2000,
Kim et al[11], pioneered the Joinpoint regression model. This model fundamentally maps out segmented regression
constructed on the temporal characteristics seen in disease distribution. This is achieved by partitioning the study period
into different intervals through various junction points, followed by trend fitting and optimization for each interval.
Therefore, this approach allows for a comprehensive evaluation of the unique evolutions in disease patterns across
different segments within a total time frame. A t test was conducted to ascertain whether the APC differed significantly
from zero. The estimates were deemed statistically significant at a = 0.05.

Data source and extraction

This investigation meticulously complied with the provisions presented in the Transparent Reporting of a Multivariable
Prediction Model for Individual Prognosis or Diagnosis statement, aiming to guarantee transparency and comprehens-
iveness in the reporting of its research outcomes. The data pertaining to the studied patients with GSRC were acquired
from the SEER database encompassing the period from January 1, 2000 to December 31, 2015. According to the Interna-
tional Classification of Diseases for Oncology (ICD-O), Third Edition, GSRC patients were identified. The ICD-O
topography code for GSRC is C16, which corresponds to the location in the stomach. The histological subtype was signet
ring cell carcinoma (ICD-O histology codes: 8490/2, 8490/3). The exclusion criteria were as follows: (1) Unclear survival
time or incomplete follow-up information, as well as mortality within 30 days of diagnosis; (2) absence of surgical
resection for the primary tumor; (3) simultaneous occurrence of tumors in multiple sites; (4) inability to determine
pathological staging, and not meeting the criteria of T1-2N+MO0 or T3-4bNxMO0; and (5) onset of disease at an age younger
than 18 years. In this study, we included the following covariates for analysis: age, year of diagnosis, sex, race,
histological grade, involved lymph node count, tumor infiltration depth, tumor size, tumor site, positive lymph node
count, pathological staging, chemotherapy, radiation therapy, survival status, cause of death, and survival time.

Statistical analyses

The differences in the distributions of clinicopathological characteristics between the chemotherapy group and the
nonchemotherapy group were compared using chi-square tests and independent sample ¢ tests/Mann-Whitney U-tests.
Survival analyses were conducted considering both overall survival (OS) and cancer-specific survival (CSS), with Kaplan-
Meier survival curves being generated, and the associated P values were determined using the log-rank test. Cox
regression analysis was utilized to conduct multifactorial survival analysis, aiming to assess the influence of individual
covariates on survival time. The resulting impact was typically quantified in terms of hazard ratios (HRs). To facilitate a
more intuitive portrayal of these HRs, along with their associated confidence levels, we generated a forest plot
incorporating the 95% confidence intervals.

Development and validation of the nomogram

LAGSRC patients who underwent radical surgery for primary tumors were randomly allocated to a training set or an
internal test set at a ratio of 7:3. The backward stepwise selection method within the Cox regression model was applied to
the training cohort, facilitating the identification of pertinent variables. Utilizing these established prognostic factors, we
devised a nomogram to ascertain the probabilities of 1-year, 3-year, and 5-year OS for LAGSRC patients. The model
underwent internal validation using the bootstrap method with 1000 repetitions. Subsequently, the calibration curve was
utilized to calibrate the established nomogram. The evaluation of the model included the concordance index (C-index),
area under the receiver operating characteristic (ROC) curve (AUC), and decision curve analysis (DCA). The observed
results were compared to the predicted probabilities using the calibration curve. Additionally, this study included
patients who were diagnosed with LAGSRC from 2018 to 2019 to serve as a temporal validation group for assessing the
generalizability of this prognostic model. Figure 1 presents a visual framework.

RESULTS

Comparative analysis of incidence and mortality trends
The incidence trends of GSRC and GA can be seen in Figure 2A and B. From 1975 to 1998, the incidence of GSRC
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Figure 1 Steps involved in developing the models and a flowchart outlining the study procedure. GSRC: Gastric signet ring cell carcinoma;
LAGSRC: Locally advanced gastric signet ring cell carcinoma; AUC: Area under the receiver operating characteristic curve; DCA: Decision curve analysis.

increased (APC: 6.5, 95%CI: 5.8 to 7.2). Then, the incidence decreased from 1998 to 2017 (APC: -2.1, 95%CI: -2.7 to -1.6),
and it continued to decrease, at a faster rate, during 2017-2019 (APC: -19.9, 95%Cl: -35.4 to -0.7). The incidence rate of GA
decreased from 7.42 per 100000 person-years in 1975 to 2.93 per 100000 person-years in 2019. In the period spanning from
1975 to 1988, the incidence rate of GA decreased (APC: -0.9, 95%ClI: -1.4 to -0.4). This decreasing trend persisted and even
accelerated from 1988 to 2001 (APC: -4.0, 95%CI: -4.6 to -3.5). Nevertheless, a deceleration in the rate of decrease was
noted from 2001 to 2019 (APC: -1.6, 95%CI: -2.0 to -1.3). Figure 2C and D illustrates the trends in incidence rates stratified
by sex indicating a markedly greater proportion of females in the GSRC group than in the GA group. The overall trend of
incidence rates between males and females was generally similar. Furthermore, the age-stratified analysis of the incidence
rate trends for GSRC and GA can be observed in Figure 3.

The incidence-based mortality rate trends for GSRC and GA are shown in Figure 4A and B. During the 1975-1977
timeframe, the mortality rate for GSRC exhibited a notably greater increase (APC: 80.8, 95%ClI: -22.6 to 322.2) than that
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Figure 2 Joinpoint analysis of the incidence of gastric signet ring cell carcinoma and gastric adenocarcinoma. A: Overall gastric signet ring
cell carcinoma (GSRC); B: Overall gastric adenocarcinoma (GA); C: GSRC by sex; D: GA by sex. 'Indicates that the annual percentage change (APC) is significantly
different from zero at the alpha = 0.05 level. Final Selected Model: 2 Joinpoints. %Indicates that the APC is significantly different from zero at the alpha = 0.05 level.
Final Selected Model: Male -2 Joinpoints, Female - 2 Joinpoints. Rejected Parallelism. APC: Annual percentage change.

during the 1977-2000 period (APC: 6.1, 95%CI: 5.3 to 6.9). Nonetheless, a significant reduction in the mortality rate for
GSRC was observed during the period spanning from 2000 to 2019 (APC: -2.8, 95%CI: -3.4 to -2.2). There were 4 trends
with 3 Joinpoints in the mortality rate of GA. Between 1975 and 1977, there was an increase in the mortality rate for GA
(APC: 31.4, 95%CI: 14.9 to 50.2). Subsequently, from 1977 to 2019, a decrease in the mortality rate for GA was observed,
with a decrease from 5.67 per 100000 person-years in 1977 to 2.72 per 100000 person-years in 2019. Similarly, the results of
the mortality rate analysis stratified by sex and age are shown in Figure 4C and D and Figure 5. Comparatively, the male-
to-female mortality ratio in the GSRC was more closely aligned.

Characteristics of the study population at baseline

Of the 3793 LAGSRC patients included in the analysis, 2583 (68.1%) received gastrectomy combined with adjuvant
chemotherapy and 1210 (31.9%) did not receive adjuvant chemotherapy after surgery. As indicated in Table 1, significant
differences were observed with respect to age, sex, year of diagnosis, tumor site, T-stage, number of lymph nodes
examined, and postoperative radiation therapy status between patients receiving chemotherapy and those not receiving
chemotherapy. The data were arbitrarily distributed into a training set and an internal test set (7:3 ratio). Table 2 describes
the clinical and pathological features of the training set and internal test set, and shows that the deviations were purely
random.

Table 1 Baseline clinical characteristics of postoperative locally advanced gastric signet ring cell carcinoma patients

LAGSRC (n = 3793)
Characteristic P value?
Untreated/unknown n = 1210’ Chemotherapy, n = 2583'
Age (yr) 66 (14) 57 (13) <0.001
Sex 0.039
Female 621 (51) 1233 (48)
Male 589 (49) 1350 (52)
Year of diagnosis <0.001
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2000-2003
2004-2007
2008-2011
2012-2015

Race

White

Black

Other

Tumor size (cm)
<2

2-5

>5

Unknown
Grade

G1/G2

G3/G4
Unknown
Primary site
Body

Cardia

Fundus

Gastric antrum
Greater curvature
Lesser curvature
Pylorus
Overlapping lesion
Unknown

PT 8

T1

T2

T3

T4a

T4b

PN g*

NoO

N1

N2

N3a

N3b

Pathologic stage
1B

A

1B
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411 (34)
388 (32)
246 (20)

165 (14)

832 (69)
139 (11)

239 (20)

59 (4.9)
440 (36)
495 (41)

216 (18)

42 (3.5)
1101 (91)

67 (5.5)

118 (9.8)
116 (9.6)
26 (2.1)
364 (30)
46 (3.8)
171 (14)
68 (5.6)
139 (11)

162 (13)

55 (4.5)
65 (5.4)
392 (32)
387 (32)

311 (26)

220 (18)
234 (19)
243 (20)
324 (27)

189 (16)

33 (2.7)
152 (13)

159 (13)

2615

582 (23)
742 (29)
656 (25)

603 (23)

1718 (67)
304 (12)

561 (22)

134 (5.2)
937 (36)
1035 (40)

477 (18)

63 (2.4)
2378 (92)

142 (5.5)

257 (9.9)
371 (14)
66 (2.6)

690 (27)
160 (6.2)
330 (13)
129 (5.0)
317 (12)

263 (10)

103 (4.0)
171 (6.6)
954 (37)
838 (32)

517 (20)

398 (15)
466 (18)
596 (23)
731 (28)

392 (15)

64 (2.5)
307 (12)

340 (13)
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0.34

0.92

0.19

<0.001

<0.001

0.067

0.5
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IIIA 257 (21) 622 (24)

I11B 334 (28) 703 (27)

i@ 275 (23) 547 (21)

Lymph node count 17 (13) 19 (13) <0.001
Radiation status <0.001
No/unknown 1120 (93) 983 (38)

Yes 90 (7.4) 1600 (62)

IMean (SD); 1 (%).

2Welch Two Sample ¢ test; Pearson's chi-squared test.

For race, ‘other” includes American Indian, AK Native, Asian, and Pacific Islander.

LAGSRC: Locally advanced gastric signet ring cell carcinoma; PT: Pathological tumor stage; PN: Pathological node stage.

Table 2 Baseline clinical characteristics of postoperative locally advanced gastric signet ring cell carcinoma patients in the training and

test sets

LAGSRC (n = 3793)

Characteristics P value?
Train set (n = 2655)' Internal test set (n = 1138)’

Age (yr) 61.0 (13) 59.5 (13) 0.33

Sex 0.96

Female 1299 (48.9) 555 (48.8)

Male 1356 (51.1) 583 (51.2)

Year of diagnosis 0.87

2000-2003 687 (25.9) 306 (26.9)

2004-2007 788 (29.7) 342 (30.1)

2008-2011 638 (24) 264 (23.2)

2012-2015 542 (20.4) 226 (19.9)

Race 0.57

White 1771 (66.7) 779 (68.5)

Black 316 (11.9) 127 (11.2)

Other 568 (21.4) 232 (20.4)

Tumor size (cm) 0.81

<2 140 (5.3) 53 (4.7)

2-5 962 (36.2) 415 (36.5)

>5 1063 (40) 467 (41)

Unknown 490 (18.5) 203 (17.8)

Grade 0.26

G1/G2 81 (3.1) 24 (2.1)

G3/G4 2426 (91.4) 1053 (92.5)

Unknown 148 (5.6) 61 (5.4)

Primary site 0.88

Body 258 (9.7) 117 (10.3)

Cardia 335 (12.6) 152 (13.4)

Fundus 63 (2.4) 29 (2.5)

Gastric antrum 755 (28.4) 299 (26.3)
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Greater curvature 147 (5.5) 59 (5.2)

Lesser curvature 353 (13.3) 148 (13)

Pylorus 131 (4.9) 66 (5.9)

Overlapping lesion 314 (11.8) 142 (12.5)

Unknown 299 (11.3) 126 (11.1)

pT 8" 0.67
T1 118 (4.4) 40 (3.5)

T2 142 (5.3) 94 (8.3)

T3 976 (36.8) 370 (32.5)

T4a 851 (32.1) 374 (32.9)

T4b 568 (21.4) 260 (22.8)

PN 8" 0.84
NO 423 (15.9) 195 (17.1)

N1 497 (18.7) 203 (17.8)

N2 585 (22) 254 (22.3)

N3a 737 (27.8) 318 (27.9)

N3b 413 (15.6) 168 (14.8)

Pathologic stage 0.11
1B 78 (2.9) 19 (1.7)

ITA 322 (12.1) 137 (12)

1B 337 (12.7) 162 (14.2)

A 599 (22.6) 280 (24.6)

1B 742 (27.9) 295 (25.9)

mc 577 (21.7) 245 (21.5)

Lymph node count 16 (13) 16 (14) 0.52
Chemotherapy status 0.18
No/unknown 865 (32.6) 345 (30.3)

Yes 1790 (67.4) 793 (69.7)

Radiation status 0.45
No/unknown 1461 (55) 289 (37)

Yes 1194 (45) 486 (63)

"Mean (SD); 1 (%).

2Welch Two Sample ¢ test; Pearson's chi-squared test.

For race, ‘other’ includes American Indian, AK Native, Asian, and Pacific Islander.

LAGSRC: Locally advanced gastric signet ring cell carcinoma; PT: Pathological tumor stage; PN: Pathological node stage.

Survival benefit of postoperative adjuvant chemotherapy

The 1-year, 3-year, and 5-year CSS rates for LAGSRC patients who received postoperative chemotherapy were 72.7%
(95%ClI: 70.9% to 74.5%), 35.9% (95%CI: 34.0% to 37.9%), and 25.8% (95%CI: 24.1% to 27.7%), respectively. The 1-year, 3-
year, and 5-year CSS rates for the surgery-only group were 51.6% (95%CI: 48.6% to 54.7%), 20.48% (95%CI: 18.1% to
23.1%), and 14.6% (95%CI: 12.6% to 17.0%), respectively. For CSS, the median survival times in the two groups were 22
months and 13 months respectively, with a log-rank test P < 0.001 (Figure 6A). The 1-year, 3-year, and 5-year OS rates for
LAGSRC patients who underwent postoperative chemotherapy were 73.0%, 36.5%, and 26.3%, respectively, compared
with 53.0%, 22.6%, and 16.1%, respectively, for the surgery-only group (log-rank test P < 0.001; Figure 7A).

Further analysis was conducted to evaluate the impact of postoperative adjuvant chemotherapy on the survival of
LAGSRC patients stratified by various pathological stages. Among patients with stage I disease, the groups receiving
postoperative adjuvant chemotherapy exhibited 1-year, 3-year, and 5-year CSS rates of 96.4%, 76.4%, and 72.5%
respectively. Conversely, the CSS rates for the surgery-only group at 1 year, 3 years, and 5 years were 69.2%, 61.5%, and
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Figure 3 Joinpoint analysis of the incidence of gastric signet ring cell carcinoma and gastric adenocarcinoma by age. A: Age < 60 years with
gastric signet ring cell carcinoma (GSRC); B: Age < 60 years with gastric adenocarcinoma (GA); C: Age 60-69 years with GSRC; D: Age 60-69 years with GA; E: Age
> 70 years with GSRC; F: Age > 70 years with GA. "Indicates that the annual percentage change (APC) is significantly different from zero at the alpha = 0.05 level.
Final Selected Model: 2 Joinpoints. 2indicates that the APC is significantly different from zero at the alpha = 0.05 level. Final Selected Model: 1 Joinpoints. APC:
Annual percentage change.

57.4%, respectively. Based on the log-rank test for CSS, there was no statistically significant difference among the groups,
with a p-value of 0.152 (Figure 6B). Similar results were obtained for OS (Figure 7B). Among LAGSRC patients with stage
II/11I disease, significant differences were observed based on the log-rank test for both CSS (P < 0.001) and OS (P < 0.001).
Figure 6C and D and Figure 7C and D depict the trends in survival rates for stage II/III patients, showing nonover-
lapping survival curves between the two groups. At any follow-up time point, the surgical combined with chemotherapy
group exhibited significantly greater survival rates than did the surgery-only group.

This study comprehensively assessed the survival benefits conferred by postoperative chemotherapy in patients
diagnosed with LAGSRC across various diagnostic years. This study included a cohort of patients diagnosed with
LAGSRC between 2000 and 2015, during which multiple adjustments were made to the chemotherapy regimens. To
account for the potential influence of diagnostic year variations, an analysis was conducted employing Cox proportional
hazards models with adjustments for multiple covariates. Figure 8 illustrates the trends in HRs of adjuvant chemotherapy
for LAGSRC after adjusting for confounding factors such as age, sex, histological differentiation, tumor location, tumor
size, pathological stage, and adjuvant radiotherapy. In this context, the HR of adjuvant chemotherapy for LASRC patients
in terms of CSS decreased with increasing diagnostic years, and this decrease was statistically significant (P = 0.033). For
OS, the HR of adjuvant chemotherapy for LASRC patients also decreased with increasing years, but the difference did not
reach statistical significance (P = 0.056). In addition, based on the multivariable Cox regression, the forest plot illustrates
the effect estimates and confidence intervals of the survival benefits from postoperative adjuvant chemotherapy in
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Figure 4 Joinpoint analysis of the incidence-based mortality of gastric signet ring cell carcinoma and gastric adenocarcinoma. A: Overall
gastric signet ring cell carcinoma (GSRC); B: Overall gastric adenocarcinoma (GA); C: GSRC by sex; D: GA by sex. 'Indicates that the annual percentage change
(APC) is significantly different from zero at the alpha = 0.05 level. Final Selected Model: 2 Joinpoints. 2Indicates that the APC is significantly different from zero at the
alpha = 0.05 level. Final Selected Model: 3 Joinpoints. *Indicates that the APC is significantly different from zero at the alpha = 0.05 level. Final Selected Model: Male
- 2 Joinpoints, Female - 2 Joinpoints, failed to reject Parallelism. APC: Annual percentage change.

different subgroups, along with potential statistical significance (Figure 9).

Development and internal validation of the nomogram

Using the stepwise regression method in Cox regression modeling, several independent prognostic factors were
identified, including age, race, tumor size, tumor site, pathological stage, number of lymph nodes examined,
postoperative chemotherapy and radiation therapy status (Table 3). This comprehensive analysis highlighted the key
factors that significantly impacted prognosis, and these key factors were utilized to construct a prognostic nomogram
with the aim of predicting OS probabilities in LAGSRC patients at 1, 3, and 5 years (Figure 10). We subsequently plotted
ROC curves for both the training and test sets. For the 1-, 3-, and 5-year intervals within the training set, the AUC values
were 0.735, 0.771, and 0.781, respectively (Figure 11A). On the other hand, within the test set, the designated AUC values
revealed a sequential pattern of 0.704, 0.759, and 0.767, respectively, for the same time intervals (Figure 12A). The C-index
of this OS nomogram was 0.745 in the training set and 0.712 in the test set. According to the calibration curves of this
prediction model, the estimated survival rates closely aligned with the actual observed values, indicating a high level of
concordance (Figure 11B and 12B). The DCA curves confirmed the clinical value of this nomogram (Figure 11C and 12 C).

Table 3 Cox regression with stepwise variable reduction

Dependent: Survival (time, status) HR (univariable) HR (multivariable)
Age Mean (SD) 1.02 (1.01-1.02, P < 0.001) 1.01 (1.01-1.02, P < 0.001)
Sex Female - -
Male 1.00 (0.93-1.07, P = 0.999) -
Race White - -
Black 0.91 (0.82-1.02, P = 0.109) 0.89 (0.75-1.05, P = 0.165)
Other 0.77 (0.71-0.85, P < 0.001) 0.84 (0.73-0.96, P = 0.009)
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Tumor size <2
2-5
>5
Unknown
Grade G1/G2
G3/G4
Unknown
Primary site Body
Cardia
Fundus
Gastric antrum
Greater curvature
Lesser curvature
Pylorus
Overlapping lesion
Unknown
Pathologic stage 1B
A
1B
IIA
1B
IIC
Lymph node count Mean (SD)
Chemotherapy status No/unknown
Yes
Radjiation status

No/unknown

Yes

1.27 (1.07-1.52, P = 0.008)
1.98 (1.66-2.36, P < 0.001)
2.24 (1.86-2.70, P < 0.001)
1.11 (0.89-1.37, P = 0.348)
1.16 (0.90-151, P = 0.245)
1.16 (1.00-1.35, P = 0.051)
1.07 (0.83-1.38, P = 0.608)
1.11 (0.97-1.26, P = 0.135)
1.02 (0.84-1.23, P = 0.878)
0.90 (0.78-1.05, P = 0.190)
1.07 (0.88-1.30, P = 0.492)
1.53 (1.32-1.78, P < 0.001)
1.45 (1.24-1.69, P < 0.001)
1.37 (1.01-1.85, P = 0.045)
1.94 (1.44-2.61, P < 0.001)
5.54 (4.14-7.40, P < 0.001)
2.73 (2.05-3.65, P < 0.001)
3.83 (2.87-5.10, P < 0.001)
0.99 (0.99-1.00, P < 0.001)

0.64 (0.59-0.69, P < 0.001)

0.63 (0.59-0.68, P < 0.001)

1.08 (0.83-1.40, P = 0.558)
1.41 (1.09-1.82, P = 0.009)

1.69 (1.29-2.22, P < 0.001)

1.23 (0.98-153, P = 0.071)
1.14 (0.78-1.65, P = 0.503)
1.06 (0.87-1.30, P = 0.551)
1.25 (0.96-1.64, P = 0.103)
1.00 (0.79-1.27, P = 0.972)
1.09 (0.82-1.46, P = 0.545)
1.38 (1.10-1.73, P = 0.005)
1.34 (1.06-1.69, P = 0.014)
1.59 (0.98-2.59, P = 0.062)
2.37 (1.47-3.84, P < 0.001)
341 (2.13-5.44, P < 0.001)
4.86 (3.05-7.76, P < 0.001)
7.42 (4.62-11.92, P < 0.001)

0.98 (0.98-0.98, P < 0.001)

0.69 (0.62-0.77, P < 0.001)

For race, ‘other’ includes American Indian, AK Native, Asian, and Pacific Islander. HR: Hazard ratio.

To further explore the rationality of this nomogram, time-dependent ROC curve analysis was performed, and the
results showed that the nomogram model had greater predictive accuracy and discriminatory ability than did
pathological staging across various observation time intervals (Figure 13A and B). In addition, we calculated the total
score for each patient based on the nomogram and divided them into a high-risk group (total score > 217.4), an
intermediate-risk group (total score 185.9-217.4), and a low-risk group (total score < 185.9) according to the tertile distri-
bution. Subsequently, we conducted Kaplan-Meier survival analysis to explore potential variations in survival outcomes
among these three patient cohorts (Figure 13C and D).

Temporal validation of the nomogram

To temporally validate this nomogram model, we collected data from a total of 232 LAGSRC patients who underwent
surgical procedures between 2018 and 2019. The findings indicated that the model yielded elevated AUC values of
specifically 0.83 and 0.79 for 1-year and 2-year predictive accuracy, respectively. According to the nomogram, each
patient's total score was calculated. Patients were then classified into three risk strata, including high (total score > 217.4),
middle (total score 185.9-217.4), and low (total score < 185.9), based on their total scores. Subsequently, a survival analysis
was performed. The results demonstrated significant differences in survival among these three categories (Figure 14).

Online application for OS prediction

We have successfully developed a user-friendly web application, accessible via the URL https:/ /idealeimingzhang.
shinyapps.io/DynNomapp/. By inputting pertinent patient characteristics, an immediate estimation of survival
probability can be obtained. This online prediction tool shows exceptional convenience for implementation in clinical
practice.
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Figure 5 Joinpoint analysis of the incidence-based mortality of gastric signet ring cell carcinoma and gastric adenocarcinoma by age. A:
Age < 60 years with GSRC; B: Age < 60 years with GA; C: Age 60-69 years with gastric signet ring cell carcinoma (GSRC); D: Age 60-69 years with GA; E: Age > 70
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DISCUSSION

According to previous studies, the incidence rate of GSRC ranged from 15.1% to 34.9% among cases of GA, and the
incidence of GSRC in the United States gradually increased from 0.3 cases per 100000 people in 1973 to 1.8 cases per
100000 people in 2000[8]. It is worth noting that previous studies have predominantly focused on GSRC incidence up to
2000[7,8], and limited information is available for this period thereafter. The novelty of our study lies in extending the
analysis up to 2019, thus providing insights into the more recent trends in GSRC incidence. The findings of this study
revealed a sustained downward trend in the incidence of GA in the United States since 1975, with a particularly
noteworthy decrease observed between 1988 and 2001 (APC: -4.0, 95%CI: -4.6 to -3.5). Remarkably, an unexpected decline
in the occurrence of GSRC was also observed in the United States after 1998 (1998 to 2017 APC -2.1, P < 0.05; 2017 to 2019
APC -19.9, P < 0.05). In this study, we analyzed the incidence of GSRC by sex and age and found several distinct trends.
First, the incidence rate of GSRC was greater in males than in females, but the male-female ratio of incidence was close to
1:1. Second, we observed that the decrease in the incidence rate was more pronounced in males than in females. Third, in
patients under the age of 60 years, there was no significant decline in the incidence rate over the studied period.
However, in patients aged over 60 years, there was a significant decrease in morbidity. This indicates that current
preventive measures, early detection, and treatment strategies may be more effective in older individuals. This could be
attributed to several factors, including more frequent and comprehensive tumor screening protocols and increased
awareness of risk factors among the older population.
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Figure 6 Kaplan-Meier estimate of cancer-specific survival by pathologic stage. A: Overall; B: Stage I; C: Stage II; D: Stage Ill.

We also conducted an analysis of incidence-based mortality rate trends for GSRC patients from 1975 to 2019. The
research findings indicate a striking similarity between the trends in mortality rates and incidence rates, with a notable
decline observed in the overall incidence-based mortality rate of GSRC in the United States after 2000. When analyzing
the incidence-based mortality rates of GSRC stratified by sex and age, several noteworthy trends emerged. First, the
mortality rate among males was found to be greater than that among females. Second, both sexes exhibited similar
patterns of mortality rate fluctuations over time. Third, the rate of decline in mortality was relatively slower for GSRC
patients under the age of 60 years than for those aged over 60 years.

The decreasing trend in the incidence and mortality rates of GSRC can largely be attributed to advancements in
precision prevention and GC screening based on novel biomarkers[12]. Precision prevention strategies based on novel
biomarkers contribute to the identification of individuals at high risk for GSRC and provide them with more targeted
preventive measures. Personalized prevention guidance can be developed by understanding individual genetic factors,
environmental exposures, and lifestyle factors, including improving dietary habits and reducing exposure to carcinogens.
Furthermore, advancements in genetic diagnostics can directly impact the mortality rate of GC patients. The molecular
characteristics of human epidermal growth factor receptor 2 (HER2) expression in GC can guide anti-HER?2 targeted
therapy[13]. These methods can effectively reduce the overall mortality rate of GC patients. Screening methods, including
imaging, electronic endoscopy, and magnetically controlled capsule endoscopy, have also demonstrated their significant
role in the diagnosis and management of GC[14,15].

In Western countries, a significant majority of GCs are diagnosed in advanced stages[16]; however, a vast majority of
these cases involve patients with locally advanced disease who are still amenable to surgical resection[10]. The paradigm
for treating LAGC has evolved from a single surgical strategy to a comprehensive, surgery-centered multidisciplinary
approach. However, numerous gaps remain. Currently, definitive, internationally endorsed standard treatment protocols
are still lacking in several aspects, including preoperative staging, indications and selection of neoadjuvant and adjuvant
therapies, and handling of unresectable LAGC. In this study, from the perspective of different pathological stages,
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Figure 9 Forest plot for subgroup analysis of the impact of adjuvant chemotherapy. A: Cancer-specific survival; B: Overall survival. HR: Hazard
ratios; 95%Cl: 95% confidence interval.

adjuvant chemotherapy following surgery significantly prolonged the CSS and OS of patients with stage II/III GSRC,
however, it did not provide protective benefits for patients with stage I GSRC. These findings aligned with the results of
several large randomized controlled clinical trials, such as ACTS-GC, CLASSIC and JACCOR GC-07[17-19]. Considering
that the SEER database research cohort spans from 2000 to 2015 and incorporates multiple improvements in GC treatment
strategies, this study conducted a comprehensive evaluation of the survival advantages derived from postoperative
chemotherapy in patients diagnosed with LAGSRC. Linear regression analysis revealed that the HR of CSS after adjuvant
chemotherapy significantly decreased with increasing diagnostic year, indicating an enhanced protective effect. In part,
this observation signifies that in recent years, the survival rate of patients with GSRC may have improved owing to the
standardized utilization of mainstream chemotherapy regimens, such as the combination of fluorouracil and platinum-
based drugs.

In this study, we employed backward stepwise selection to systematically eliminate factors with minimal impact,
ultimately retaining only the predictive variables that exert a substantial influence on the model. Among these variables,
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Figure 12 Validation of the nomogram's test set. A: Receiver operating characteristic curves for 1-, 3- and 5-year overall survival (OS) in the test set; B:
Calibration curves for 1-, 3- and 5-year OS in the test set; C: Decision curves of the nomogram for predicting 1-, 3- and 5-year OS in the test set. AUC: Area under the
receiver operating characteristic curve; OS: Overall survival; TP: True positive rate; FP: False positive rate.

the extent of lymph node dissection held crucial predictive value for survival prognosis. Both the CSCO (Chinese Society
of Clinical Oncology) 2020 and the 5" edition JGCA (Japanese Gastric Cancer Association) guidelines for the diagnosis
and treatment of GC have the same principles for lymph node dissection in advanced GC; that is, patients with T2 or N+
disease are recommended for standard D2 lymph node dissection[20]. However, the scope of lymph node dissection for
LAGC remains controversial in Europe and the United States. Considering the need for extensive training and expertise
in D2 lymphadenectomy, along with the execution of standard surgery in well-versed medical centers, the National
Comprehensive Cancer Network guidelines in the United States recommend that patients with LAGC undergo D1 or
modified D2 lymph node dissection[21]. Despite this study's findings suggesting a survival advantage for patients with
LAGSRC undergoing postoperative chemoradiotherapy, as opposed to receiving only adjuvant chemotherapy after
surgery, the clinical utility of postoperative adjuvant chemoradiotherapy in GC management continues to elicit
substantial debate. The American INT0116 study revealed that the use of fluorouracil combined with radiotherapy after
DO0/D1 surgery significantly improved patient survival compared to surgery alone[22]. However, the results of the
Korean ARTIST and ARTIST 2 studies showed that there were no survival benefits with adjuvant chemoradiation
compared to adjuvant chemotherapy after D2 surgery alone[23,24]. This disparity may be related to the different lymph
node dissection methods used for radical GC surgery in Eastern and Western countries.

In the realm of clinical practice, it is customary for physicians and researchers to utilize postoperative pathological
staging as the benchmark approach to appraise tumor prognoses and identify suitable treatment strategies[25]. Despite
the acknowledgment of postoperative pathological staging as a significant predictive variable, it may not be the sole
determinant and needs to be considered in conjunction with other significant clinical, pathological, and biological charac-
teristics to comprehensively assess and predict patient survival outcomes. The nomogram survival prediction model
represents an invaluable predictive instrument developed by leveraging a wealth of clinical variables and individual
patient characteristics. Through the application of mathematical functions, this model adeptly converts the values of each
feature into their respective survival prediction probabilities. Thus, it provides physicians and patients with more
comprehensive decision support, enabling informed clinical judgments and treatment strategies[26,27]. GSRC poses
significant challenges in terms of treatment and prognosis evaluation. Although prognostic models for GC exist, they
often neglect the unique characteristics of GSRC, especially in predicting the prognosis of locally advanced patients who
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Figure 13 Comparison of area under the receiver operating characteristic curves for the nomogram and pathological staging using time-

dependent receiver operating characteristic curves. A: In the training set; B: In the test set. Kaplan-Meier survival curves of the high-risk, middle-risk and
low-risk groups; C: In the training set; D: In the test set.
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Figure 14 Kaplan-Meier survival curves of patients in the high-risk, middle-risk and low-risk locally advanced gastric signet ring cell
carcinoma groups diagnosed between 2018 and 2019.

require a surgery-centered multidisciplinary approach. Our study sought to bridge this knowledge gap by developing an
innovative computational tool for predicting patient survival outcomes. Furthermore, we established an online prediction
tool to facilitate the widespread clinical implementation of this model.

There are some issues and limitations in our research that deserve further discussion. First, we focused exclusively on
the changing trends in the incidence and mortality rates of GSRC within the United States, and additional research and
exploration are necessary to understand the global trends in incidence and mortality rates. Further international
comparative studies will enhance our understanding of the epidemiological characteristics of this cancer and its evolving
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global burden. Second, our study employed a retrospective study design, which inherently presents certain limitations
such as information bias. Therefore, future prospective studies will provide more profound and reliable validation of our
findings, providing clinical practice with more robust evidence. Third, the SEER database we utilized does not encompass
certain specific biochemical parameters, such as CEA and CA19-9. Finally, despite conducting temporal validation of our
nomogram, spatial and domain validation are still warranted to evaluate the generalizability of the model.

CONCLUSION

This study utilized an innovative Joinpoint regression method to investigate and unveil novel trends in the incidence and
mortality rates of GSRC in recent years. Our findings shed light on the evolving patterns of GSRC incidence and mortality
rates over different time periods, offering valuable insights into the epidemiological characteristics of this disease.
Additionally, our study successfully established a prognostic survival model for individuals with LAGSRC. This model
enabled us to accurately predict the survival duration of LAGSRC patients and furnish pivotal decision-making resources
for health care professionals and individuals affected by this condition.
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