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Abstract: To develop nomogram models for predicting the overall survival (OS) and cancer-specific survival (CSS)
of early-onset gastric cancer (EOGC) patients. A total of 1077 EOGC patients from the Surveillance, Epidemiology,
and End Results (SEER) database were included, and an additional 512 EOGC patients were recruited from the
Fourth Hospital of Hebei Medical University, serving as an external test set. Univariate and multivariate Cox regres-
sion analyses were performed to identify independent prognostic factors. Based on these factors, two nomogram
models were established, and web-based calculators were developed. These models were validated using receiver
operating characteristics (ROC) curve analysis, calibration curves, and decision curve analysis (DCA). Multivariate
analysis identified gender, histological type, stage, N stage, tumor size, surgery, primary site, and lung metastasis as
independent prognostic factors for OS and CSS in EOGC patients. Calibration curves and DCA curves demonstrated
that the two constructed nomogram models exhibited good performance. These nomogram models demonstrated
superior performance compared to the 7th edition of the AJCC tumor-node-metastasis (TNM) classification (internal
validation set: 1-year OS: 0.831 vs 0.793, P = 0.072; 1-year CSS: 0.842 vs 0.816, P = 0.190; 3-year 0S: 0.892 vs
0.857, P =0.039; 3-year CSS: 0.887 vs 0.848, P = 0.018; 5-year 0S: 0.906 vs 0.880, P = 0.133; 5-year CSS: 0.900
vs 0.876, P = 0.109). In conclusion, this study developed two nomogram models: one for predicting OS and the other
for CSS of EOGC patients, offering valuable assistance to clinicians.
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Introduction

Gastric cancer is a significant global health
challenge, with high incidence and mortality
rates observed in East Asia, Eastern Europe,
and South America [1]. East Asia has the high-
est age-standardized incidence rate (ASR) of
22.4/100,000 population, followed by Central
and Eastern Europe (ASR 11.3/100,000) and
South America (ASR 8.7/100,000) [2].

Early-onset gastric cancer (EOGC), which
accounts for 2.7-10% of all gastric cancers, has

distinct clinical, pathological, and genetic char-
acteristics compared to late-onset gastric can-
cer, including diffuse lesions, genetic altera-
tions, and poor differentiation grade [3].
According to the Surveillance, Epidemiology,
and End Results (SEER) program of the National
Cancer Institute, the incidence of non-cardia
gastric cancer declined in all racial and age
groups from 1977 to 2006, except for an
increase in the incidence among white individu-
als aged 25 to 39 years [4]. The treatment for
early-stage gastric cancer currently doesn’t dif-
fer much from the treatment for common gas-
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tric cancer. It mainly includes complete surgical
resection, supplemented by neoadjuvant or
adjuvant chemotherapy, with or without radio-
therapy [5].

Nomogram models are valuable tools for pre-
dicting outcomes. The Memorial Sloan Kettering
Cancer Center (MSKCC) nomogram model,
established in 2003, is a well-known and clas-
sic model for predicting gastric cancer out-
comes [6]. Nomogram models have gained
popularity in oncology due to their accuracy,
practicality, and nuanced ability to discriminate
between different outcomes [7, 8]. While the
American Joint Committee on Cancer (AJCC)
tumor-node-metastasis (TNM) staging system
is prevalent in clinical practice, its predictive
scope is somewhat constrained, which can hin-
der its effectiveness in prognostic prediction
[8]. Although Liu et al. previously developed a
nomogram model to predict cancer-specific
survival (CSS) in postoperative EOGC patients,
their model was specific to patients who under-
went surgery without addressing overall surviv-
al (0S) in EOGC patients [9]. Therefore, there is
an urgent need to construct widely applicable
nomogram prediction models for OS and CSS
in EOGC patients to further improve their prog-
nosis and treatment outcomes. Based on the
SEER database and data from the Fourth
Hospital of Hebei Medical University, this study
aims to establish two more precise nomogram
models for predicting the OS and CSS progno-
sis of EOGC patients. Additionally, we sought to
create two web-based calculators to offer reli-
able decision-making support for personalized
clinical treatment. Furthermore, we compared
these nomogram models with the AJCC staging
system to assess the advantages of these
nomogram models in prognostic prediction.

Methods and materials
Patient selection

This study sourced data on EOGC patients from
the SEER program of the National Cancer
Institute in the United States during the period
of 2010-2015. SEER collects and publishes
population-based cancer registry data, includ-
ing incidence rates, treatment information, and
survival data, covering over 28% of the U.S.
population. The collected data includes
detailed information on demographics, diagno-
sis, and tumor characteristics [10]. Since the
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SEER database is publicly available, analyzing
the collected patient data does not require
informed consent or institutional review.

For data extraction and analysis, this study uti-
lized SEER*Stat software version 8.4.2.
Histologically confirmed signet ring cell carci-
noma, diffuse carcinoma, and linitis plastica
were classified as diffuse type; gastric adeno-
carcinoma, intestinal type; and other types
included neoplasm, malignant; large cell neuro-
endocrine carcinoma; small cell carcinoma;
squamous cell carcinoma; carcinoid tumor;
neuroendocrine carcinoma; and neuroendo-
crine carcinoma [11].

Inclusion and exclusion criteria

Inclusion criteria for this study were: (1) patients
diagnosed with gastric cancer (Site recode of
ICD-0-3/WHO 2008: C16.0-C16.9); (2) age at
diagnosis < 40 years; (3) diagnosed between
2010 and 2015; (4) complete survival and fol-
low-up data. Exclusion criteria were: (1) cases
diagnosed through autopsy or death certificate
confirmation; and (2) cases with incomplete
data. In total, 1077 cases were screened out
from the SEER database.

Additionally, we collected data on EOGC
patients diagnosed at the Fourth Hospital of
Hebei Medical University and aged younger
than 40 between 2016 and 2018 as an exter-
nal test dataset. The inclusion and exclusion
criteria for this dataset were the same as those
for the SEER dataset. This study is a popula-
tion-based cohort study based on data from
the SEER database and the Fourth Hospital of
Hebei Medical University.

Clinical and pathological parameters

We used the R software to randomly split
the dataset of SEER database into a training
set and a validation set with a ratio of 7:3.
The training set was used for risk factor analy-
sis and constructing nomogram models, while
the validation set was used to evaluate the
models. Nineteen major clinical and pathologi-
cal factors were extracted from the SEER
database, including age, sex, race, year of
diagnosis, histological type, grade, stage, T
stage, N stage, M stage, tumor size, surgery,
chemotherapy, radiation, tumor site, bone
metastasis, lung metastasis, brain metastasis,
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and liver metastasis. In the external test data-
set, 15 major clinical and pathological factors
were extracted, including age, sex, histological
type, grade, stage, T stage, N stage, M stage,
tumor size, surgery, tumor site, bone metasta-
sis, lung metastasis, brain metastasis, and
liver metastasis. The OS and CSS of the col-
lected data, were set as the endpoint time of
this study.

Statistical analyses

Statistical analyses were performed using R
software version 4.3.2. Variable comparisons
were conducted using chi-square tests and
independent sample t-tests. Cox proportional
hazards regression models were used for uni-
variate analysis of OS and CSS, and variables
with significant differences in the univariate
Cox regression analysis were included in the
multivariate Cox regression analysis to identify
independent prognostic factors. Based on the
independent prognostic factors, nomogram
models were constructed, and web-based cal-
culators were developed for visualization. The
performance of these prediction models was
evaluated using time-dependent receiver oper-
ating characteristics (ROC) curves, and the con-
sistency between predicted survival rates and
actual survival rates was assessed through
calibration curves. The clinical utility of models
was measured using decision curve analysis
(DCA) to quantify the net benefit at different
threshold probabilities. Comparisons were ma-
de between the constructed nomogram mod-
els and the AJCC staging system. The Delong
test was employed to compare the AUC values
between the training set and internal validation
set, as well as between the internal validation
set and external test set. Subsequently, we uti-
lized X-tile software to determine the optimal
cutoff value based on the predicted overall
scores from the nomogram models of the train-
ing set. The patients were then divided into
“high-risk”, “intermediate-risk”, and “low-risk”
groups. Kaplan-Meier (KM) survival analysis
and Log-rank test were employed to plot the
survival curves for OS and CSS, stratified by
risk level, for both the internal validation set
and the external test set of EOGC patients. A
p-value < 0.05 was considered statistically
significant.
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Results

Clinical pathological baseline characteristics
comparison of EOGC patients

In this study, we screened EOGC patients regis-
tered in the SEER database from 2010 to 2015
using predefined inclusion and exclusion crite-
ria. The process of conducting research and
statistical analysis is depicted in Figure 1. From
the SEER database, a total of 1,331 gastric
cancer patients under 40 years old diagnosed
between 2010 and 2015 were initially identi-
fied. After excluding cases with missing data on
various study indicators (249 cases) and cases
confirmed through autopsy or death certificate
(5 cases), a final dataset of 1,077 patients was
included. The patients from the SEER database
were randomly divided into a training set (753
cases) and a validation set (324 cases) ina 7:3
ratio. In the training set, there were 587
patients (78.0%) aged 30-39, 489 patients
(64.9%) with Grade lll tumors, and 293 patients
(38.9%) who underwent surgical treatment. In
the validation set, there were 251 patients
(77.5%) aged 30-39, with Grade Ill tumors being
the most prevalent (227 cases, 70.1%), and
124 patients (38.3%) underwent surgical treat-
ment. Results indicated no statistical differ-
ences in age, gender, race, age at diagnosis,
histological subtype, etc., between the internal
training and internal validation sets (all P >
0.05). In the external test set, there were 442
patients (86.3%) aged 30-39, 489 patients
(64.9%) with Grade Ill tumors, and 460 patients
(61.1%) who underwent surgical treatment.
Comparison between the internal training and
external testing sets revealed statistical differ-
ences in histological subtype, stage, tumor
size, surgery, tumor location (Table 1).

Survival across clinicopathological risk factors

Based on the Kaplan-Meier and Log-rank test
methods, survival curves for overall survival
(0OS) (Eigure S1) and cancer-specific survival
(CCS) (Figure S2) were plotted for various vari-
ables including grade, stage, T stage, N stage,
M stage, histological subtype, lung metastasis,
liver metastasis, bone metastasis, brain metas-
tasis, tumor location, tumor size, gender, age,
surgery, chemotherapy, and radiotherapy. The
results showed that older age and later stage
were associated with higher OS risk and CSS
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A total of 1331 patients younger than 40 years old with gastric cancer diagnosed between 2010 and

2015 were included from the seer database

Exclusion criteria:
1.Missing data (N=249)
2.Autopsy, death certificate (N=5)

Young patients with gastric
cancer (N=1077)

v

v

70% of the patients were
divided into training set
(N=753)

30% of the patients were
divided into validation set
(N=324)

The Fourth Hospital of Hebei
Medical University as external
test set (N=512)
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Calibration
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curves

(2.1-4.0, P = 0.012, HR =
0.539, 95% Cl = 0.333-0.871;
4.1-6.0, P = 0.04, HR = 0.607,
95% ClI=0.377-0.977), surgery
(Yes, P < 0.001, HR = 0.37,
95% CI = 0.288-0.476), prima-
ry tumor site (Lesser curvature,
P =0.004, HR = 0.592, 95% Cl
= 0.413-0.848), and lung me-
tastasis (Yes, P < 0.001, HR =
1.964, 95% Cl = 1.481-2.606)
were independent prognostic
factors for OS in patients with
EOGC (Table 2). For more
detailed information, please
refer to Table 2.

Cox regression analysis of the

Figure 1. Flowchart of the study and statistical analysis process. SEER, Sur-
veillance, Epidemiology and End Results; ROC, receiver operating charac-
teristics; DCA, decision curve analysis; TNM, tumor-node-metastasis.

risk. Gastric cancer patients with bone, lung,
brain, or liver metastasis had significantly lower
0OS and CCS. Patients who underwent radio-
therapy or surgical resection of the primary
tumor had better OS and CCS, while chemo-
therapy did not show this advantage. Tumors
sized 0-1 cm displayed the worst OS and CCS,
whereas tumors sized 2.1-4.0 cm showed the
best OS and CCS. Females had better OS and
CCS compared to males.

Cox regression analysis of the OS of the train-
ing set

Univariate regression analysis showed that 15
variables, including gender, histological sub-
type, grade, stage, T stage, N stage, M stage,
tumor size, surgery, radiotherapy, tumor loca-
tion, bone metastasis, lung metastasis, brain
metastasis, and liver metastasis, were signifi-
cantly associated with OS. Multivariate Cox
regression analysis revealed that sex (male, P <
0.001, HR = 1.305, 95% Cl = 1.126-1.514), his-
tological type (other, P = 0.001, HR = 0.592,
95% Cl = 0.438-0.799), stage (I, P < 0.001, HR
= 2.918, 95% Cl = 1.683-5.06; IIl, P < 0.001,
HR = 3.788, 95% Cl = 2.233-6.428; IV, P <
0.001, HR = 6.435, 95% CI = 3.918-10.568;
Unknown, P = 0.011, HR = 2.122, 95% CI =
1.188-3.788), N stage (N2, P = 0.027, HR =
1.458, 95% Cl = 1.043-2.037; N3, P = 0.001,
HR =1.698, 95% Cl = 1.246-2.313), tumor size
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CSS of the training set

The single-factor regression
analysis revealed that 15 vari-
ables, including gender, histo-
logical subtype, grade, stage, T
stage, N stage, M stage, tumor size, surgery,
radiotherapy, primary tumor site, bone metas-
tasis, lung metastasis, brain metastasis, and
liver metastasis, were significantly associated
with CSS. The multi-factor Cox regression anal-
ysis showed that the following eight variables
were independent prognostic factors for CSS in
EOGC patients: sex (male, P = 0.001, HR =
1.281, 95% Cl = 1.102-1.489), histological type
(other, P < 0.001, HR = 0.567, 95% CI = 0.417-
0.771), stage (ll, P < 0.001, HR = 3.069, 95% CI
=1.763-5.343; lll, P < 0.001, HR = 4.005, 95%
Cl = 2.352-6.819; IV, P < 0.001, HR = 6.804,
95% Cl = 4.13-11.21; Unknown, P = 0.008, HR
=2.208, 95% Cl = 1.23-3.963), N stage (N2, P
=0.046,HR =1.41, 95% Cl = 1.006-1.975; N3,
P=0.001, HR = 1.665, 95% Cl = 1.218-2.276),
tumor size (2.1-4.0, P =0.017, HR = 0.551, 95%
Cl = 0.338-0.9), surgery (Yes, P < 0.001, HR =
0.371, 95% CI = 0.288-0.477), primary tumor
site (Lesser curvature, P = 0.005, HR = 0.594,
95% Cl = 0.414-0.852), and lung metastasis
(Yes, P < 0.001, HR = 1.898, 95% CI = 1.426-
2.526) (Table 3). For more detailed information,
please refer to Table 3.

Construction of nomogram prediction models
for survival prognosis in EOGC patients

We constructed two nomogram models to pre-
dict the 1-year, 3-year, and 5-year overall sur-
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Table 1. Baseline clinical and pathological characteristics of early-onset gastric cancer (EOGC) pa-

tients
Variable (;ri";'gg) \(/Elfzt;r; P-value (erlr;lgg) (N le;tlz) P-value
Age group (years old)
14-19 17 (2.3%) 7 (2.2%) 1 17 (2.3%) 7 (1.4%) 0.959
20-29 149 (19.8%) 66 (20.4%) 149 (19.8%) 63 (12.3%)
30-39 587 (78.0%) 251 (77.5%) 587 (78.0%) 442 (86.3%)
Sex
Female 377 (50.1%) 157 (48.5%) 0.889 377 (50.1%) 208 (40.6%) 0.093
Male 376 (49.9%) 167 (51.5%) 376 (49.9%) 304 (59.4%)
Race
Black 80 (10.6%) 35 (10.8%) 0.322 80 (10.6%) /
Other 127 (16.9%) 73 (22.5%) 127 (16.9%) /
Unknown 10 (1.3%) 1 (0.3%) 10 (1.3%) /
White 536 (71.2%) 215 (66.4%) 536 (71.2%) /
Year
2010-2011 241 (32.0%) 114 (35.2%) 0.522 241 (32.0%) /
2012-2013 258 (34.3%) 93 (28.7%) 258 (34.3%) /
2014-2015 254 (33.7%) 117 (36.1%) 254 (33.7%) /
Histologic type
Diffuse type 383 (50.9%) 169 (52.2%) 0.196 383 (50.9%) 380 (74.2%) 0.036
Intestinal type 291 (38.6%) 136 (42.0%) 291 (38.6%) 42 (8.2%)
Others 79 (10.5%) 19 (5.9%) 79 (10.5%) 90 (17.6%)
Grade
Grade | 17 (2.3%) 6 (1.9%) 0.777 17 (2.3%) 11 (2.1%) 0.728
Grade Il 2 (9.6%) 21 (6.5%) 2 (9.6%) 56 (10.9%)
Grade llI 489 (64.9%) 227 (70.1%) 489 (64.9%) 437 (85.4%)
Grade IV 3(1.7%) 8 (2.5%) 3(1.7%) 8 (1.6%)
Unknown 162 (21.5%) 62 (19.1%) 162 (21.5%) /
Stage
I 61 (8.1%) 30 (9.3%) 0.857 61 (8.1%) 58 (11.3%) 0.029
Il 64 (8.5%) 31 (9.6%) 64 (8.5%) 109 (21.3%)
I 140 (18.6%) 53 (16.4%) 140 (18.6%) 282 (55.1%)
v 414 (55.0%) 188 (58.0%) 414 (55.0%) 63 (12.3%)
Unknown 74 (9.8%) 22 (6.8%) 74 (9.8%) /
T Stage
T1-T2 171 (22.7%) 74 (22.8%) 0.993 171 (22.7%) 146 (28.5%) 0.082
13-T4 343 (45.6%) 152 (46.9%) 343 (45.6%) 366 (71.5%)
Unknown 239 (31.7%) 98 (30.2%) 239 (31.7%) /
N Stage
NO 257 (34.1%) 118 (36.4%) 0.73 257 (34.1%) 114 (22.3%) 0.288
N1-N3 358 (47.5%) 158 (48.8%) 358 (47.5%) 398 (77.7%)
Unknown 138 (18.3%) 48 (14.8%) 138 (18.3%) /
M Stage
MO 339 (45.0%) 136 (42.0%) 0.653 339 (45.0%) 425 (83.0%) 0.086
M1 414 (55.0%) 188 (58.0%) 414 (55.0%) 87 (17.0%)
Tumor size (cm)
0-1 28 (3.7%) 8 (2.5%) 0.906 28 (3.7%) 2 (0.39%) 0.007
1.1-2.0 73 (9.7%) 23 (7.1%) 73 (9.7%) 4 (0.78%)
1751 Am J Cancer Res 2024;14(4):1747-1767
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2.1-4.0 96 (12.7%)
4.1-6.0 79 (10.5%)
6.1+ 65 (8.6%)

44 (13.6%)
42 (13.0%)
33 (10.2%)

Unknown 412 (54.7%) 174 (53.7%)
Surgery

No 460 (61.1%) 200 (61.7%)

Yes 293 (38.9%) 124 (38.3%)
Chemotherapy

No 206 (27.4%) 83 (25.6%)

Yes BAT (72.6%) 241 (74.4%)
Radiotherapy

No 582 (77.3%) 241 (74.4%)

Yes 171 (22.7%) 83 (25.6%)
Primary Site

Lower 135 (17.9%) 62 (19.1%)

Middle 186 (24.7%) 67 (20.7%)

Other 252 (33.5%) 109 (33.6%)

Upper 180 (23.9%) 86 (26.5%)
Bone metastasis

No 697 (92.6%) 295 (91.0%)

Yes 56 (7.4%) 29 (9.0%)
Lung metastasis

No 710 (94.3%) 294 (90.7%)

Yes 43 (5.7%) 30 (9.3%)
Liver metastasis

No 661 (87.8%) 275 (84.9%)

Yes 92 (12.2%) 49 (15.1%)
Brain metastasis

No 746 (99.1%) 318 (98.1%)

Yes 7 (0.9%) 6 (1.9%)

96 (12.7%)
79 (10.5%)

93 (18.16%)
337 (65.82%)

65 (8.6%) 76 (14.84%)
412 (54.7%) /

0.981 460 (611%) 99 (19.3%) 0.022
203 (38.9%) 413 (80.7%)

0.84 206 (27.4%) /
547 (72.6%) /

0.588 582 (77.3%) /
171 (22.7%) /

0.881  135(17.9%) 353 (68.9%)  0.021
186 (24.7%) 123 (24.0%)
180 (23.9%) /
252 (33.5%) 36 (7.0%)

0.7 697 (92.6%) 479 (93.6%) 0.282
56 (7.4%) 33 (6.4%)

0105 710 (94.3%) 504 (98.4%) 0.165
43 (5.7%) 8 (1.6%)

0.432 661 (87.8%) 468 (91.4%) 0.451
92 (12.2%) 44 (8.6%)

0.446  746(99.1%) 510 (99.6%) 0.736

7 (0.9%) 2 (0.4%)

vival (OS) and cancer-specific survival (CSS) of
EOGC patients based on independent prognos-
tic factors identified through multifactor Cox
regression analysis on the training dataset
(Figures 2A-C, 3A-C).

Internal validation of the nomogram models
for survival prognosis in EOGC patients

We performed the internal validation of the
constructed nomogram models using the train-
ing set and internal validation set established
by 7:3 randomization in the SEER database.
DCA revealed that the nomogram models exhib-
ited substantial clinical utility in predicting OS
and CSS prognosis for EOGC patients (Figures
2D-l, 3D-l). In the training dataset, the nomo-
gram models showed significantly higher AUC
values for l-year OS (0.835 vs 0.780, P <
0.001), 1-year CSS (0.835vs 0.777, P < 0.001),
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3-year OS (0.881 vs 0.836, P = 0.0003), 3-year
CSS (0.890 vs 0.837, P < 0.001), 5-year OS
(0.900 vs 0.853, P = 0.0002), and 5-year CSS
(0.904 vs 0.848, P < 0.001) compared to the
TNM staging system (Table S1). In the internal
validation dataset, the nomogram models also
showed significantly higher AUC values for
1-year OS (0.831 vs 0.793, P = 0.072), 1-year
CSS (0.842 vs 0.816, P = 0.190), 3-year OS
(0.892 vs 0.857, P = 0.039), 3-year CSS (0.887
vs 0.848, P = 0.018), 5-year OS (0.906 vs
0.880, P = 0.133), and 5-year CSS (0.900 vs
0.876, P = 0.109) compared to the TNM stag-
ing system (Table S1). Furthermore, the Delong
analysis of the ROC curves for the training and
internal validation datasets revealed that the
nomogram models had larger areas under the
curve (AUC) for evaluating OS and CSS in
patients (all > 0.8), indicating better accuracy
of these models (Table S1).

Am J Cancer Res 2024;14(4):1747-1767
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Table 2. Cox regression analysis of overall survival (OS) in the training set

Variable

OS-Univariate

OS-Multivariate

HR.95 CI p_value HR.95 CI p_value
Age group (years old)
14-19 1 (reference)
20-29 1.575 (0.927-2.676) 0.093
30-39 1.636 (0.98-2.731) 0.059
Sex
Female 1 (reference) 1 (reference)
Male 1.186 (1.034-1.359) 0.015 1.305 (1.126-1.514) P <0.001
Race
Black 1 (reference)
Other 0.774 (0.598-1.002) 0.052
Unknown 0.401 (0.148-1.092) 0.074
White 0.875 (0.703-1.088) 0.230
Year
2010-2011 1 (reference)
2012-2013 1.031 (0.869-1.222) 0.729
2014-2015 1.066 (0.902-1.26) 0.452
Histologic type
Diffuse type 1 (reference) 1 (reference)
Intestinal type 0.996 (0.863-1.149) 0.955 0.876 (0.739-1.038) 0.126
Others 0.563 (0.428-0.741) P <0.001 0.592 (0.438-0.799) 0.001
Grade
Grade | 1 (reference) 1 (reference)
Grade Il 1.82 (0.961-3.446) 0.066 0.879 (0.455-1.7) 0.702
Grade llI 2.558 (1.408-4.649) 0.002 1.285 (0.69-2.394) 0.43
Grade IV 2.045 (0.949-4.408) 0.068 1.43 (0.648-3.154) 0.376
Unknown 2.832(1.539-5.213) 0.001 1.327 (0.697-2.526) 0.389
Stage
Stage | 1 (reference) 1 (reference)
Stage Il 2.477 (1.509-4.068) P <0.001 2.918 (1.683-5.06) P <0.001
Stage Il 4.359 (2.801-6.783) P <0.001 3.788 (2.233-6.428) P <0.001
Stage IV 13.188 (8.636-20.139) P <0.001 6.435 (3.918-10.568) P <0.001
Unknown 3.927 (2.422-6.366) P <0.001 2.122(1.188-3.788) 0.011
N Stage
NO 1 (reference) 1 (reference)
N1 1.514 (1.273-1.801) P <0.001 1.196 (0.981-1.458) 0.077
N2 1.013 (0.776-1.322) 0.927 1.458 (1.043-2.037) 0.027
N3 1.269 (1.004-1.605) 0.046 1.698 (1.246-2.313) 0.001
Unknown 1.622 (1.323-1.99) P <0.001 1.059 (0.833-1.345) 0.64
T Stage
TO 1 (reference) 1 (reference)
T1 0.132 (0.032-0.537) 0.005 0.533 (0.119-2.388) 0.411
T2 0.139 (0.034-0.573) 0.006 0.526 (0.116-2.377) 0.404
T3 0.15 (0.037-0.608) 0.008 0.405 (0.091-1.806) 0.236
T4 0.27 (0.067-1.089) 0.066 0.596 (0.134-2.64) 0.495
Tis 0.164 (0.015-1.817) 0.141 0.791 (0.065-9.602) 0.854
Unknown 0.323 (0.08-1.304) 0.113 0.517 (0.116-2.298) 0.386
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M Stage
MO
M1
Tumor size (cm)
0-1
1.1-2.0
2.1-4.0
4.1-6.0
6.1+
Unknown
Primary Site
Antrum
Body
Cardia
Fundus of stomach
Greater curvature
Lesser curvature
Overlapping
Pylorus
Surgery
None/Unknown
Yes
Chemotherapy
None/Unknown
Yes
Radiotherapy
None/Unknown
Yes
Bone metastasis
NO
Yes
Lung metastasis
NO
Yes
Liver metastasis
NO
Yes
Brain metastasis
NO
Yes

1 (reference)
4.292 (3.677-5.01)

1 (reference)
0.699 (0.441-1.107)
0.478 (0.305-0.749)
0.779 (0.499-1.215)
0.766 (0.485-1.208)
1.426 (0.954-2.131)

1 (reference)
1.241 (0.953-1.616)
1.119 (0.892-1.404)
1.035 (0.695-1.541)
1.202 (0.845-1.709)
0.782 (0.554-1.106)
1.487 (1.206-1.833)
0.619 (0.362-1.057)

1 (reference)
0.264 (0.226-0.308)

1 (reference)
1.084 (0.92-1.278)

1 (reference)
0.734 (0.624-0.864)

1 (reference)
2.974 (2.341-3.778)

1 (reference)
3.888 (3.021-5.002)

1 (reference)
2.472 (2.049-2.983)

1 (reference)
2.581 (1.491-4.47)

1 (reference)

P <0.001 NA(NA-NA) NA
1 (reference)
0.127 0.842 (0.517-1.371) 0.489
0.001 0.539 (0.333-0.871) 0.012
0.27 0.607 (0.377-0.977) 0.04
0.251 0.68 (0.418-1.104) 0.119
0.084 0.748 (0.482-1.161) 0.196
1 (reference)
0.109 0.993 (0.757-1.303) 0.96
0.33 0.772 (0.597-1) 0.05
0.866 0.886 (0.587-1.339) 0.566
0.306 0.9 (0.625-1.295) 0.569
0.164 0.592 (0.413-0.848) 0.004
0 0.947 (0.758-1.182) 0.628
0.079 0.713 (0.413-1.23) 0.224
1 (reference)
P < 0.000 0.37 (0.288-0.476) P <0.001
0.334
1 (reference)
P <0.001 1.046 (0.867-1.261) 0.642
1 (reference)
P < 0.001 1.195 (0.922-1.55) 0.178
1 (reference)
P <0.001 1.964 (1.481-2.606) P <0.001
1 (reference)
P <0.001 1.136 (0.909-1.419) 0.262
1 (reference)
0.001 0.986 (0.543-1.789) 0.963

HR, hazard ratio; Cl, confidence interval.

To minimize the overfitting of AUC values, cali-
bration curves were constructed for 1-year,
3-year, and 5-year OS and CSS in EOGC
patients. The calibration curves demonstrated
a high degree of concordance between the pre-
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dicted survival rates by the nomogram models
and the observed survival rates, as indicated
by their proximity to the diagonal line. This sug-
gests good consistency between the actual
observations and the survival probabilities pre-
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Table 3. Cox regression analysis of cancer-specific survival (CSS) in the training set

Variable

CSS-Univariate

CSS-Multivariate

HR.95 CI p_value HR.95 CI p_value
Age group (years old)
14-19 1 (reference)
20-29 1.542 (0.907-2.622) 0.109
30-39 1.613 (0.966-2.693) 0.067
Sex
Female 1 (reference) 1 (reference)
Male 1.18 (1.027-1.356) 0.019 1.281 (1.102-1.489) 0.001
Race
Black 1 (reference)
Other 0.774 (0.595-1.006) 0.055
Unknown 0.318 (0.101-1.003) 0.051
White 0.876 (0.703-1.093) 0.241
Year
2010-2011 1 (reference)
2012-2013 1.033 (0.869-1.229) 0.71
2014-2015 1.079 (0.911-1.278) 0.38
Histologic type
Diffuse type 1 (reference) 1 (reference)
Intestinal type 0.994 (0.859-1.149) 0.931 0.858 (0.721-1.02) 0.082
Others 0.553 (0.418-0.731) P <0.001 0.567 (0.417-0.771) P <0.001
Grade
Grade | 1 (reference) 1 (reference)
Grade Il 1.806 (0.952-3.427) 0.071 0.922 (0.476-1.787) 0.81
Grade llI 2.528 (1.391-4.593) 0.002 1.304 (0.699-2.432) 0.404
Grade IV 1.997 (0.917-4.348) 0.082 1.58 (0.708-3.527) 0.264
Unknown 2.742 (1.488-5.053) 0.001 1.351 (0.708-2.577) 0.362
Stage
Stage | 1 (reference) 1 (reference)
Stage I 2.474 (1.507-4.063) P <0.001 3.069 (1.763-5.343) P <0.001
Stage Il 4.328 (2.781-6.736) P <0.001 4.005 (2.352-6.819) P <0.001
Stage IV 13.13 (8.594-20.06) P <0.001 6.804 (4.13-11.21) P < 0.001
Unknown 3.856 (2.373-6.267) P <0.001 2.208 (1.23-3.963) 0.008
N Stage
NO 1 (reference) 1 (reference)
N1 1.501 (1.26-1.789) P < 0.0001 1.166 (0.955-1.424) 0.131
N2 1.005 (0.768-1.314) 0.971 1.41 (1.006-1.975) 0.046
N3 1.258 (0.993-1.594) 0.058 1.665 (1.218-2.276) 0.001
Unknown 1.585 (1.285-1.955) P <0.001 1.042 (0.813-1.336) 0.745
T Stage
TO 1 (reference) 1 (reference)
T1 0.128 (0.031-0.523) 0.004 0.527 (0.117-2.37) 0.404
T2 0.138 (0.033-0.568) 0.006 0.497 (0.11-2.251) 0.364
T3 0.151 (0.037-0.611) 0.008 0.384 (0.086-1.717) 0.21
T4 0.267 (0.066-1.078) 0.064 0.56 (0.126-2.485) 0.445
Tis 0.165 (0.015-1.826) 0.142 0.742 (0.061-9.04) 0.815
Unknown 0.322(0.08-1.301) 0.112 0.492 (0.111-2.191) 0.352
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M Stage
MO 1 (reference)
M1 4.31 (3.686-5.04)
Tumor size (cm)
0-1 1 (reference)
1.1-2.0 0.727 (0.456-1.161)
2.1-4.0 0.493 (0.313-0.779)
4.1-6.0 0.804 (0.512-1.264)
6.1+ 0.793 (0.498-1.262)
Unknown 1.466 (0.972-2.209)
Primary Site
Antrum 1 (reference)
Body 1.244 (0.951-1.627)
Cardia 1.133 (0.9-1.425)

Fundus of stomach
Greater curvature
Lesser curvature

1.039 (0.69-1.567)
1.147 (0.797-1.649)
0.794 (0.561-1.123

( )

Overlapping 1.482 (1.199-1.832)

Pylorus 0.596 (0.343-1.036)
Surgery

None/Unknown 1 (reference)

Yes 0.264 (0.226-0.309)
Chemotherapy

None/Unknown 1 (reference)

Yes 1.095 (0.927-1.295)
Radiotherapy

None/Unknown 1 (reference)

Yes 0.734 (0.623-0.866)

Bone metastasis
NO
Yes

Lung metastasis
NO

1 (reference)
2.968 (2.329-3.783)

1 (reference)

Yes 3.84 (2.973-4.959)
Liver metastasis

NO 1 (reference)

Yes 2.486 (2.057-3.005)

Brain metastasis
NO
Yes

1 (reference)
2.62 (1.513-4.538)

1 (reference)

P <0.001 NA(NA-NA) NA
1 (reference)
0.182 0.866 (0.527-1.423) 0.571
0.002 0.551 (0.338-0.9) 0.017
0.345 0.619 (0.381-1.005) 0.053
0.327 0.716 (0.436-1.176) 0.187
0.068 0.778 (0.496-1.219) 0.274
1 (reference)
0.111 1.018 (0.772-1.341) 0.902
0.287 0.785 (0.606-1.019) 0.069
0.853 1.002 (0.656-1.53) 0.992
0.461 0.848 (0.582-1.234) 0.389
0.193 0.594 (0.414-0.852) 0.005
P <0.001 0.938 (0.749-1.175) 0.576
0.067 0.691 (0.394-1.212) 0.197
1 (reference)
P <0.001 0.371 (0.288-0.477) P <0.001
0.286
1 (reference)
P <0.001 1.05 (0.867-1.271) 0.62
1 (reference)
P < 0.001 1.179 (0.907-1.533) 0.219
1 (reference)
P <0.001 1.898 (1.426-2.526) P <0.001
1 (reference)
P <0.001 1.127 (0.899-1.414) 0.3
1 (reference)
0.001 1.005 (0.554-1.824) 0.987

dicted by the nomogram models, indicating the
models possess robust discriminatory capabili-
ties (Figures 2J-0, 3J-0).

External validation of the nomogram models
for survival prognosis in EOGC patients

We included EOGC patients from the Fourth
Hospital of Hebei Medical University as an
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external test set to validate these constructed
nomogram models. The time-dependent ROC
curve showed lower accuracy in predicting OS
and CSS prognosis for EOGC patients using
these nomogram models (Figure 4A, 4H). AUC
for the internal validation set and the external
test set showed no statistical differences
between the external testing set and the inter-
nal validation set (1-year 0S: 0.831 vs 0.686, P
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Figure 2. Construction and validation of the nomogram model for predicting overall survival (OS). A prognostic nomogram for predicting the 1-year, 3-year, and 5-year
0S of Early-onset gastric cancer (EOGC) patients (A). The receiver operating characteristics (ROC) curves of the nomogram for the 1-year, 3-year, and 5-year OS in
the training set (B). The ROC curves of the nomogram for the 1-year, 3-year, and 5-year OS in the validation set (C). The decision curve analysis (DCA) of 1-year (D),
3-year (E), and 5-year (F) OS in the training set. The DCA of 1-year (G), 3-year (H), and 5-year (1) OS in the validation set. The calibration curves for 1-year (J), 3-year
(K), and 5-year (L) OS in the training set. The calibration curves for 1-year (M), 3-year (N), and 5-year (O) OS in the validation set.

1757 Am J Cancer Res 2024;14(4):1747-1767



Nomogram models for survival prediction in early-onset gastric cancer

COX reggresion B C
Points 6 5 £ % % Tbo e |
No ° - <
LungM*** es. 2
Upper Other
Primary.Site** [ Jrower 3
Middle « S
s Yes S
sw 5 =
Unknown
N 2.1-4.0 1.1-2.0
tumor.size = > ©
= e, Z .| > 2
61+ 2 & £
N.Stage Unknown [ﬂm»m ‘@ =
S 7]
I 4 d‘-’; c
Stage*** o - |
= wndon En 3 » S
diffuse.type
Histologic.type* Qnors m
infestial.
e o |
Sex remalezl El Male 3 A s P
. —— train 1 year AUC (95%Cl) = 0.835 (0.805 ~ 0.864; —— Validation 1 year AUC (95%CI) = 0.842 (0.797 - 0.887.
R —— train 3 year AUC (95%Cl) = 0.890 (0.861 ~ 0.920 ~— Validation 3 year AUC (95%CI) = 0.887 (0.846 - 0.928
Total points _ e —aa i ~N . . _
160 750 20 7% 750 %0 %0 366 £ ET 30 s | —— train 5 year AUC (95%Cl) = 0.904 (0.875 - 0.933 2 | Validation 5 year AUC (95%CI) = 0.900 (0.864 - 0.937)
Pr( time < 60) = T T T T T 7 T T T T T
02 02 04 06 0385 098 0898 0.0 02 04 06 0.8 10 0.0 0.2 04 06 08 1.0
Pr(time <36 ), 5 (kP 02 0 06 085 088 0098 1-Specificity 1-Specificity
Prtime <12) 55 556 o 7z e 6 55 5565 0des

04 0s 0s 04 04 0s
s s & s & &
2 02 2 02 2 02 2 02 2 02 2 02
8 § H 8 H §
8 8 8 8 8 a
3 3 3 3 3 3
2 2 2 2 2 2
00 0o 00 00 00 0o
02 02 02 02 02 02
T2 0 o5 0% om0k 0% DNGE 0% ok o i 0% ok o b 05 ok o 1bo
Risk Threshold Risk Threshold Risk Threshold Risk Threshold Risk Threshold Risk Threshold

[
10

8

-

0

L
10

Z

08

|

L

= g = ~ 2
€ s € = = =
§ = | £ § = T o= 5 S
£ s ! 5 o | ; £ s g s / 2 e 1 £ 24 1
g g ° g g g ° g
g o & [ I & s g =
& s T 8 31 & 31 & & S
F 4 g < 5 1 t 5 3 § o
£, ! 5 ° £ e g 4] e £ 24 ,
L / 3 b S s / s b
] o ] o T o s S
g2 1 gs 35 LIER IS g° I 3. /
< ! g 2 t < s
i i ! 1= s
o | o | o |§- o | o | ¥ o |y
° T T T T T T ° T T T T T ° T T T T T T ° T T T T T T ° T T T T T ° T T T T T T T
00 02 04 08 08 10 0o 02 04 06 08 0o 02 04 08 08 10 00 02 04 06 08 10 00 02 04 06 08 00 0.1 02 03 04 05 08
Nomogram-Predicted Probability of 1-Year Nomogram-Predicted Probability of 3-Year Nomogram-Predicted Probability of 5-Year Nomogram~-Predicted Probability of 1-Year Nomogram-Predicted Probability of 3-Year Nomogram-~Predicted Probability of 5-Year

Figure 3. Construction and validation of the nomogram model for predicting CSS. A prognostic nomogram for predicting the 1-year, 3-year, and 5-year CSS of EOGC
patients (A). The ROC curves of the nomogram for the 1-year, 3-year, and 5-year CSS in the training set (B). The ROC curves of the nomogram for the 1-year, 3-year,
and 5-year CSS in the validation set (C). The DCA of 1-year (D), 3-year (E), and 5-year (F) CSS in the training set. The DCA of 1-year (G), 3-year (H), and 5-year (I) CSS
in the validation set. The calibration curves for 1-year (J), 3-year (K), and 5-year (L) CSS in the training set. The calibration curves for 1-year (M), 3-year (N), and 5-year
(0) CSS in the validation set.
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Figure 4. External testing of nomograms. ROC curves of the nomogram predicting 1-, 3-, and 5-year OS in the exter-
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1-year (E), 3-year (F), and 5-year (G) OS in the external test set. ROC curves of the nomogram predicting 1-, 3-, and
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The calibration curves for 1-year (L), 3-year (M), and 5-year (N) CSS in the external test set.

= 0.483; CSS: 0.842 vs 0.697, P = 0.469.
3-year 0S: 0.892 vs 0.661, P = 0.896; CSS:
0.887vs 0.672, P =0.868. 5-year 0S: 0.906 vs
0.717, P = 0.336; CSS: 0.900 vs 0.732, P =
0.381), indicating that the external adaptability
of the models needs improvement (Table S2).
The DCA curves for the external testing set
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demonstrated that the constructed nomo-
gram models possess notable clinical utility.
Calibration curves for 1-year, 3-year, and 5-year
0OS and CSS were developed using external
testing set data. The nomogram models exhib-
ited strong consistency between observed and
predicted survival probabilities in the external
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Figure 5. Online calculator of nomogram model for predicting OS in EOGC (A); Online calculator of nomogram model

for predicting CSS in EOGC (B).

testing set. This indicates that the constructed
nomogram models maintain robust discrimina-
tory capabilities for external data as well (Figure
4B-G, 4I-N).

Construction of online calculators for the sur-
vival prognosis nomogram models for EOGC
patients

We developed an online calculator for the 0OS
nomogram model of EOGC patients (https://
nxm156.shinyapps.io/DynNomYoungGCQOS/)
(Figure 5A) to visualize the model. Similarly, we
created an online calculator for the CSS nomo-
gram model of EOGC patients (https://nxm156.
shinyapps.io/DynNomapp/) (Figure 5B) to pro-
vide a more intuitive display of the model.

Risk stratification system for predicting the
prognosis of EOGC patients using nomogram
models

Using X-tile software, EOGC patients in the
training set were stratified into three risk groups
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(Figure 6A) based on the total score of overall
survival (0OS) predicted by the nomogram
model: low risk (score < 142.5), intermediate
risk (score: 142.5-207.0), and high risk (>
207.0) groups. Kaplan-Meier curves for these
groups were then generated to provide both the
overall and stratified analysis across the valida-
tion set and external test sets (Figure 6B-0).
Kaplan-Meier survival analysis revealed that
the low-risk and intermediate-risk groups had
better OS compared to the high-risk group.
Additionally, the nomogram model demonstrat-
ed excellent discriminatory ability among the
three risk groups (P < 0.05). Similarly, using
X-tile software, EOGC patients in the training
set were divided into three risk groups (Figure
7A) based on the cancer-specific survival (CSS)
scores predicted by the nomogram model: low
risk (score < 131.1), intermediate risk (score:
131.1-217.3), and high risk (> 217.3) groups.
Kaplan-Meier curves were plotted for the over-
all and stratified analysis of the validation set

Am J Cancer Res 2024;14(4):1747-1767
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and external test set, and showed that the low-
risk and intermediate-risk groups had better
CSS compared to the high-risk group (Figure
7B-0). Furthermore, the nomogram model
exhibited excellent discriminatory ability among
the three risk groups (P < 0.05).

Discussion

The average age at gastric cancer diagnosis is
typically above 60, with only a small percentage
(6-7%) of patients being diagnosed before the
age of 50, and an even smaller percentage (2%)
diagnosed before the age of 40 [12]. While the
global incidence of gastric cancer is decreas-
ing, there is a rising trend in the incidence of
EOGC [4]. Studies have indicated that most
EOGC patients are diagnosed at an advanced
stage, often with a diffuse histological subtype
[13], which aligns with the findings of our study
(diffuse type: 59.3% vs intestinal type: 39.6%).
Younger patients with gastric cancer tend to
exhibit faster tumor growth, increased metas-
tasis, poorer prognosis, and higher resistance
to traditional chemotherapy. Pathologically,
these patients often present with poorly differ-
entiated tumors, signet ring cell carcinoma,
and the diffuse type [14]. In our study, older age
at diagnosis was associated with later stage,
higher OS risk, and higher CSS risk. Patients
with bone, lung, brain, and liver metastases
had significantly lower OS and CSS rates.
Interestingly, patients with tumors measuring
0-1 cm showed the worst OS and CSS rates,
emphasizing the importance of early detection
in this subgroup. A study [15] reported a global
increase in gender disparity in gastric cancer
from 1990 to 2017, with the male-to-female
age-standardized incidence ratio (ASR) rising
from 1.86 to 2.20. However, our study did not
observe significant gender differences in EOGC
patients (males: 50.4% vs females: 49.6%).

The nomogram model, incorporating several
informative variables, serves as an intuitive
and easily accessible tool for physicians to
make accurate diagnoses and predict survival
outcomes [16]. In our study, we developed two
nomogram models specifically for EOGC
patients, utilizing independent prognostic fac-
tors identified through Cox regression analysis.
The internal validation of these models con-
ducted using ROC curves, calibration curves,
and decision curve analysis (DCA), demonstrat-
ed high accuracy. When compared to the AJCC
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guidelines, the nomogram models exhibited
superior predictive performance. External vali-
dation of the OS and CSS nomogram models
on test sets showed moderate adaptability,
although the AUC values were slightly lower
than those obtained in the internal validation
sets, suggesting the potential for further
improvement in predictive accuracy.

Studies have reported that in addition to com-
mon risk factors shared with ordinary gastric
cancer, such as genetic susceptibility expressed
through single nucleotide polymorphisms, vari-
ous acquired mutations (chromosomal instabil-
ity, microsatellite instability, somatic gene
mutations, epigenetic changes), and environ-
mental factors (e.g., Helicobacter pylori infec-
tion, diet, smoking, and Epstein-Barr virus
infection), EOGC may be more closely associat-
ed with molecular susceptibility and genetic
background [17]. Another study reported a sig-
nificant association between the rs10052016
locus on 5p15 and gastric cancer risk, particu-
larly early-onset gastric cancer, with a greater
protective effect of the rs10052016-G allele
observed in young individuals [18]. Sugimoto et
al. [19] first described a de novo large genomic
deletion in the CDH1 gene associated with
early onset diffuse gastric cancer, suggesting
that clinicians should consider CDH1 germline
mutations when encountering relatively young
patients with multiple signet ring cell carcino-
mas. Bacani et al. [20] discovered microsatel-
lite instability in at least one marker in 30% of
EOGC cases, with approximately 1% of EOGC
patients having germline MMR mutations. In a
study by Milne et al. [21], it was suggested that
genetic factors may have a greater influence on
young patients compared to older patients,
with a relatively smaller impact from environ-
mental carcinogens. Therefore, future research
should further investigate the inclusion of
genetic factors in prognostic analysis.

Compared to elderly patients, there is still lim-
ited data available regarding the treatment of
early-onset gastric cancer (EOGC) patients.
Joshi et al. mentioned in their review that treat-
ment options for gastric cancer include system-
ic chemotherapy, radiation therapy, surgery,
immunotherapy, and targeted therapy. However,
the choice of treatment depends primarily on
the patient’s physical condition, comorbidities,
and the potential toxic side effects of the treat-
ment plan [22, 23]. Analyzing the SEER data-
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Figure 7. Risk stratification based on the total score of the nomogram model in the training set (A). Using the Kaplan-Meier and log-rank test methods, survival
curves for the CSS in different risk groups in the validation set were plotted, including all patients with EOGC (B), female patients (C), male patients (D), diffuse-type
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external test set were plotted, including all patients with EOGC (1), female patients (J), male patients (K), diffuse-type patients (L), intestinal-type patients (M), NO
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base, Al-Refaie et al. [24] found that EOGC
patients were more likely to undergo surgical
treatment compared to elderly gastric cancer
patients. They also observed a significant cor-
relation between increasing age and decreased
use of adjuvant radiotherapy among patients
who underwent surgery. A study conducted in
China [25] analyzed data and showed that che-
motherapy provided greater survival benefits
for elderly patients compared to younger and
middle-aged patients with stage Il and Il gas-
tric cancer, indicating potential overuse of che-
motherapy in the young group. Another study
[26] found that EOGC patients had similar long-
term survival outcomes with surgery alone, sur-
gery plus radiation therapy or chemotherapy,
and surgery plus chemoradiotherapy. There
was no significant statistical difference in sur-
vival outcomes among these three treatment
approaches, indicating that additional radiation
therapy, chemotherapy, or chemo-radiotherapy
did not provide coordinated survival benefits.
Consistent with previous research conclusions,
our study revealed that patients who under-
went radiation therapy or surgical resection of
the primary lesion had better OS and CSS,
while chemotherapy did not demonstrate this
advantage. Therefore, the choice of treatment
for EOGC patients, particularly chemotherapy,
should be thoroughly evaluated based on the
patient’s physical condition and the potential
toxic side effects of chemotherapy regimens.
Therefore, when it comes to the choice of treat-
ment for EOGC patients, especially regarding
chemotherapy, it is crucial to evaluate the
patient’s physical condition and the toxic side
effects of chemotherapy regimens comprehen-
sively and thoroughly. This evaluation is neces-
sary to provide individualized treatment and
improve the patient’s overall survival benefits.

It has been reported [27] that when tumors in
stage IV gastric cancer patients are unresect-
able, receiving various combination chemother-
apy regimens followed by radical gastrectomy
can lead to favorable survival outcomes.
Radical conversion surgery for unresectable
stage IV gastric cancer, when RO resection can
be achieved, significantly improves survival
rates [27, 28]. Cox regression analysis conduct-
ed by Morgagni et al. [29] found that radical
conversion surgery is an independent factor
positively correlated with survival rates. Solaini
et al. also found that unresectable stage IV gas-
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tric cancer patients who undergo radical sur-
gery after chemotherapy achieve longer surviv-
al periods [30]. Crew et al. mentioned that
patients with tumors in higher positions often
have a worse prognosis and higher surgical
mortality rates [31]. This may be attributed to
the surgical procedure itself. In total gastrecto-
my, the difficulty of esophago-jejunal anasto-
mosis is higher, and postoperative complica-
tions such as anastomotic stenosis and leak-
age may occur, leading to poorer prognosis for
these patients [32]. Therefore, for patients with
tumors located in higher positions, thorough
preoperative assessment, careful selection of
surgical approaches, and proactive manage-
ment of postoperative complications are cru-
cial to achieve better survival outcomes.

Although the nomogram models developed in
this study exhibited favorable prognostic pre-
dictive performance, there are certain limita-
tions. Firstly, due to the retrospective nature of
our study, there may be some missing key infor-
mation that could impact the accuracy of prog-
nostic predictions. Additionally, the SEER
database lacks specific details regarding surgi-
cal procedures and chemotherapy regimens,
which could further affect the accuracy of prog-
nostic predictions for gastric cancer patients.
Secondly, it has been demonstrated that pa-
tients who undergo more extensive lymph node
examination tend to have higher survival rates,
and the examination of examined lymph nodes
(ELN) is an independent prognostic factor for
gastric cancer [33]. However, our prognostic
prediction models did not incorporate postop-
erative clinical and pathological indicators such
as lymph node examination. Thirdly, factors
such as marital status, economic conditions,
and living environment (rural or urban) were not
included in the regression analysis, potentially
introducing bias into our study. Fourthly, stud-
ies have indicated that early-onset gastric can-
cer is more likely to be associated with Epstein-
Barr virus or genomic stable subtype, while
late-onset gastric cancer is more likely to be
associated with microsatellite instability sub-
type [34]. Furthermore, alternative splicing has
been reported to play an important role in
EOGC, including the regulation of specific pro-
tein modifications and the reshaping of the
cancer immune microenvironment [35]. How-
ever, the predictive models developed in this
study did not incorporate genetic and molecu-
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lar biology characteristics. Therefore, in future
research, we aim to incorporate social factors,
specific treatment information, postoperative
clinical and pathological indicators, molecular
biology information, and other relevant factors
into the predictive models to further enhance
its accuracy.

Conclusion

In conclusion, we found that gender, histologi-
cal subtype, stage, lymph node involvement,
tumor size, surgery, tumor location, and lung
metastasis are independent prognostic factors
for overall survival (OS) and cancer-specific sur-
vival (CSS) in patients with EOGC. Additionally,
we have developed stable nomogram models
using the SEER database that can predict the
1-year, 3-year, and 5-year OS and CSS of EOGC
patients. These models have demonstrated
good predictive performance in internal valida-
tion and have shown some adaptability in exter-
nal validation, providing more personalized and
convenient assistance for survival prediction
and clinical decision-making for EOGC patients.
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Figure S1. Kaplan-Meier (KM) curves of overall survival (0OS) for early-onset gastric cancer
(EOGC) patients in different variable groups. Based on the Kaplan-Meier and log-rank test
methods, we plotted the OS curves for Grade classification (A), Stage classification (B), T stage
classification (C), N stage classification (D), M stage classification (E), histological type (F), lung
metastasis (G), liver metastasis (H), bone metastasis (l), brain metastasis (J), primary tumor
site (K), tumor size (L), sex (M), age (N), surgery (0), radiotherapy (P), and chemotherapy (Q)

in EOGC patients.
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Figure S2. KM curves of cancer-specific survival (CSS) for EOGC patients in different
variable groups. Based on the Kaplan-Meier and log-rank test methods, we plotted CSS
curves for Grade classification (A), Stage classification (B), T stage classification (C), N
stage classification (D), M stage classification (E), histological type (F), lung metastasis
(G), liver metastasis (H), bone metastasis (), brain metastasis (J), primary tumor site (K),
tumor size (L), sex (M), age (N), surgery (0), radiotherapy (P), and chemotherapy (Q) in
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Nomogram models for survival prediction in early-onset gastric cancer

Table S1. The AUC of nomogram models and AJCC-TNM evaluation system

) Train Validation
Variable P
AUC 95% CI AUC 95% Cl

1-year OS
Nomogram 0.835 0.806-0.864 0.831 0.786-0.877 0.700#
AJCC-TNM 0.780 0.746-0.815 0.793 0.740-0.847 0.740%
P-Value <0.001" 0.072%

1-year CSS
Nomogram 0.835 0.805-0.864 0.842 0.797-0.887 0.965*
AJCC-TNM 0.777 0.741-0.813 0.816 0.768-0.865 0.608*
P-Value <0.001" 0.190%

3-year OS
Nomogram 0.881 0.851-0.911 0.892 0.851-0.934 0.650%
AJCC-TNM 0.836 0.800-0.871 0.857 0.808-0.907 0.743*%
P-Value 0.0003" 0.039%

3-year CSS
Nomogram 0.890 0.861-0.920 0.887 0.846-0.928 0.570%
AJCC-TNM 0.837 0.801-0.873 0.848 0.802-0.895 0.999¢#
P-Value <0.001" 0.018%

5-year OS
Nomogram 0.900 0.872-0.929 0.906 0.869-0.944 0.617#
AJCC-TNM 0.853 0.817-0.888 0.880 0.833-0.927 0.674#
P-Value 0.0002" 0.133%

5-year CSS
Nomogram 0.904 0.875-0.933 0.900 0.864-0.937 0.496*
AJCC-TNM 0.848 0.810-0.885 0.876 0.835-0.918 0.835%
P-Value < 0.001" 0.109%

Note: #, Delong test for predicting the area under the curve (AUC) area for overall survival (OS) and cancer-specific survival
(CSS) in patients in the training and validation sets; *, Delong test for predicting AUC area for OS and CSS of patients in the
training set using Nomogram prediction model with American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM)

staging system; &, Delong test for predicting AUC area for OS and CSS of patients in the validation set using Nomogram predic-

tion model with TNM staging system. Cl, confidence interval.

Table S2. Comparison of AUCs of nomogram models between internal validation and external data

Variable Validation Test p
AUC 95% CI AUC 95% Cl

1-year OS

Nomogram 0.831 0.786-0.877 0.686 0.618-0.753 0.483*
1-year CSS

Nomogram 0.842 0.797-0.887 0.697 0.628-0.765 0.469%
3-year OS

Nomogram 0.892 0.851-0.934 0.661 0.610-0.713 0.896"
3-year CSS

Nomogram 0.887 0.846-0.928 0.672 0.619-0.724 0.868*
5-year OS

Nomogram 0.906 0.869-0.944 0.717 0.672-0.761 0.336*
5-year CSS

Nomogram 0.900 0.864-0.937 0.732 0.687-0.777 0.381*

Note: #, Delong test for predicting AUC area for OS and CSS in patients in the validation and test sets.



