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Abstract: Objective: To establish nomogram models for predicting the overall survival (OS) and cancer-specific sur-
vival (CSS) of gastric cancer liver metastasis (GCLM) patients. Methods: Data from the Surveillance, Epidemiology,
and End Results (SEER) database for 5,451 GCLM patients diagnosed between 2010 and 2015 were analyzed. The
cohort was divided into a training set (3,815 cases) and an internal validation set (1,636 cases). External validation
included 193 patients from the Fourth Hospital of Hebei Medical University and 171 patients from the People’s Hos-
pital of Shijiazhuang City, spanning 2016-2018. Multivariable Cox regression analysis identified eight independent
prognostic factors for OS and CSS in GCLM patients, including age, histological type, grade, tumor size, surgery,
chemotherapy, bone metastasis, and lung metastasis. Two nomogram models were developed based on these fac-
tors and evaluated using time-dependent receiver operating characteristic curve analysis, calibration curves, and
decision curve analysis. Results: Internal validation showed that the nomogram models outperformed the American
Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging system in predicting 1-year, 2-year, and
3-year OS and CSS in GCLM patients (1-year 0S: 0.801 vs. 0.593, P < 0.001; 1-year CSS: 0.807 vs. 0.598, P <
0.001; 2-year 0S: 0.803 vs. 0.630, P < 0.001; 2-year CSS: 0.802 vs. 0.633, P < 0.001; 3-year 0S: 0.824 vs. 0.691,
P < 0.001; 3-year CSS: 0.839 vs. 0.692, P < 0.001). Conclusion: This study developed and validated nomogram
models using SEER database data to predict OS and CSS in GCLM patients. These models offer improved prognostic
accuracy over traditional staging systems, aiding in clinical decision-making.
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Introduction

Gastric cancer, a prevalent malignant tumor
of the digestive tract, poses a significant
global health burden [1-3]. According to the
GLOBOCAN 2020 report from the International
Agency for Research on Cancer, it ranks fifth
in incidence and second in mortality among
all cancers globally [4]. The late detection of
gastric cancer often results in unfavorable
outcomes, with liver metastasis being a fre-
quent complication [5-7]. Between 5-14% of
patients develop liver metastasis, and this

rate rises to 13.5-30% among those undergo-
ing radical surgery, leading to high mortality
[8-10].

Despite advancements in tumor therapy, the
prognosis for patients with gastric cancer liver
metastasis (GCLM) remains grim, emphasizing
the need for effective, personalized treatment
strategies and comprehensive prognostic as-
sessments [11]. While systemic chemotherapy
is a treatment option, primary tumor resection
has shown benefits for the survival of GCLM
patients. Additionally, liver resection and radio-
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frequency ablation have also demonstrated
certain advantages [12, 13].

Current clinical prognostic assessments pre-
dominantly adhere to the American Joint
Committee on Cancer (AJCC) staging system,
primarily focused on pathological features such
as tumor invasion depth and lymph node me-
tastases [14-16]. However, these guidelines
overlook crucial individual factors like age, gen-
der, tumor differentiation, and additional treat-
ments, limiting their ability to provide personal-
ized prognoses.

The nomogram model, leveraging big data and
multivariate analysis, emerges as a promising
clinical forecasting tool [17]. By integrating vari-
ous independent prognostic factors, it quanti-
fies individual survival risks, offering more
nuanced assessments. Nevertheless, resear-
ch on prognostic factors for GCLM remains in
flux, often constrained by limited sample sizes.
Dong et al. developed two nomogram models
to predict overall survival (OS) and cancer-spe-
cific survival (CSS) in GCLM patients, yet their
data was confined to the SEER database with-
out external validation [18]. Existing models
lack the efficiency and comprehensiveness to
integrate multiple prognostic factors for accu-
rate survival prognosis in GCLM patients [19].

A comprehensive and precise prognostic model
is urgently needed. This model should integrate
traditional pathological indicators with emerg-
ing biomarkers, taking into account individual
patient variations such as genetic background,
lifestyle, and socioeconomic status [20, 21].
Such an approach would foster a holistic under-
standing of factors influencing GCLM patient
survival, thereby enhancing clinical treatment
precision and improving patient outcomes.

This study aims to investigate the clinical char-
acteristics and survival-related factors of GCLM
patients. Utilizing the extensive Surveillance,
Epidemiology, and End Results (SEER) data-
base, renowned for its broad clinical coverage
and rich data, we systematically analyzed vari-
ous clinical features of GCLM patients. Our pri-
mary objective is to develop nomogram-based
prognostic models for GCLM, thereby enhanc-
ing the accuracy of individualized prognosis
assessments and informing clinical decision-
making.
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Methods and materials
Patient selection

The SEER database, maintained by the National
Cancer Institute, is a publicly available reposi-
tory that has been collecting data on cancer
patients from various U.S. states and counties
since 1973. It comprises comprehensive
patient demographics (e.g., age, gender) and
detailed tumor-related information (such as
stage, pathology, and post-treatment survival).
The comprehensive scope and vast sample
size render the SEER database an invaluable
resource for cancer research [22]. Given the
public and anonymized nature of the data, eth-
ics committee approval was not required for
this study.

We utilized the SEER*Stat software version
8.4.2 to extract and analyze data, focusing on
GCLM cases diagnosed between 2010 and
2015 via imaging or pathology. The analyzed
data encompassed gender, age, race, diagno-
sis year, ICD-0-3 malignant behavior code, pri-
mary site, differentiation grade, AJCC 7th edi-
tion staging, tumor size, reasons for avoiding
cancer-directed surgery, treatment modalities
(chemotherapy, radiotherapy), marital status,
and metastasis status in bone, lung, liver, and
brain. Vital status, survival months, and SEER-
specific cause of death were also included.
Histological types were grouped into diffuse
(including signet ring cell carcinoma, diffuse
carcinoma, and leathery stomach) and intesti-
nal types (gastric carcinoma, adenocarcinoma,
tubular adenocarcinoma, and intestinal type).

Inclusion and exclusion criteria

The detailed inclusion and exclusion criteria for
GCLM patients in this study are:

Inclusion criteria: 1. Initial tumor located in the
stomach. 2. Diagnosis between 2010 and
2015. 3. Gastric cancer with liver metastases
(SEER Combined Mets at DX-liver). 4. Complete
clinical and pathological information, including
primary site, histology, differentiation degree,
primary tumor resection, and AJCC 7th edition
staging. 5. ICD-0-3 malignant behavior classifi-
cation: C16.0-C16.9. 6. Comprehensive clini-
cal, pathological, follow-up, and prognostic
data.
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Exclusion criteria: 1. Multiple primary tumors.
2. Metastatic gastric cancer originating from
non-gastric sites. 3. Absence of liver metasta-
sis. 4. Cases solely confirmed by autopsy or
death certificate. 5. Incomplete or significantly
missing data.

In addition, this study incorporated an external
test set comprising 193 cases from the Fourth
Hospital of Hebei Medical University and 171
cases from Shijiazhuang People’s Hospital, all
diagnosed with GCLM between 2016 and
2018. The diagnoses in both the SEER data-
base and the external cohort were confirmed
through imaging or pathology. The inclusion
and exclusion criteria for these additional cases
were identical to those applied to the SEER
dataset, except for the year of diagnosis.
Follow-up data for these patients encompass-
ed postoperative survival status, 0S, CSS,
cause of death, and treatment efficacy. This
study represents a population cohort study
leveraging data from the SEER database, the
Fourth Hospital of Hebei Medical University,
and Shijiazhuang People’s Hospital.

Clinical and pathological parameters

For the purposes of analysis, the study com-
prehensively evaluated several key indicators,
encompassing fundamental demographic data,
tumor attributes such as location, number, his-
tology, differentiation grade, and AJCC TNM
staging, treatment modalities, and prognostic
factors like OS, CSS, cause of mortality, and
duration of survival.

Statistical analyses

Statistical analyses were conducted using R
software version 4.3.2. Variable comparisons
were made using the chi-square test and inde-
pendent sample t-tests. For survival analyses,
we employed Cox proportional hazards regres-
sion models for both univariate and multivari-
ate assessments of OS and CSS. Utilizing the
results from the multivariable Cox regression
analysis, we developed nomogram models to
predict 1-year, 2-year, and 3-year OS and CSS
for GCLM patients. These nhomogram models
integrated independent prognostic factors
identified during the analysis.

Our patient cohort from the SEER database
was randomly split into a training set (70%) and
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a validation set (30%). The training set was
used for constructing the nomogram models,
while the validation set assessed the models’
accuracy. Additionally, we collected GCLM pa-
tient data from the Fourth Hospital of Hebei
Medical University and Shijiazhuang People’s
Hospital as an external test set to validate the
constructed models externally.

We evaluated model performance using the
area under the curve (AUC) and calibration
curves. Calibration curves were employed to
compare predicted and actual risks, thereby
assessing predictive accuracy. Furthermore,
decision curve analysis measured the model’s
clinical utility by determining the net benefit at
various thresholds. We also compared the con-
structed nomogram models with the AJCC stag-
ing system. The Delong test was utilized to com-
pare AUC values between the training set and
internal validation set, as well as between the
internal validation set and external test set.
Statistical significance was set at a P-value less
than 0.05.

Results

Comparison of clinical baseline characteristics
of patients with GCLM

In this study, we applied the defined inclusion
and exclusion criteria to identify GCLM patients
registered in the SEER database from 2010
to 2015. The selection process is illustrated in
Figure 1. Ultimately, 5,451 GCLM patients were
selected from SEER and randomly assigned to
a training set (3,815 cases) and an internal
validation set (1,636 cases) in a 7:3 ratio.
Additionally, GCLM patients admitted between
2016 and 2018 from the Fourth Hospital of
Hebei Medical University (193 cases) and
Shijiazhuang People’s Hospital (171 cases)
were compiled as external test sets, using the
same criteria (Figure 1).

Demographic analysis revealed a male-to-
female ratio of 2,667:1,148 (69.9% vs. 30.1%)
in the training set, 1,166:470 (71.3% vs. 28.7%)
in the validation set, and 246:118 (67.6% vs.
32.4%) in the test set. Statistical analysis indi-
cated no significant gender disparities among
the three groups (P=0.601). Table 1 summariz-
es the detailed baseline clinical characteristics
of all patients.
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between 2010 and 2015 from SEER
database
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Development of nomogram
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Figure 1. Flowchart of the screening procedure for patients with GCLM. GCLM, gastric cancer liver metastasis;

SEER, the Surveillance, Epidemiology and End Results.

Analysis of multivariate effects on patients’ OS
and establishment of nomogram models

Utilizing multivariate Cox regression analysis,
we identified several independent factors sig-
nificantly affecting the OS of patients with
GCLM. Specifically, age (HR=1.356, 95% CI:
1.133-1.624, P=0.001), type of pathology
(HR=0.593, 95% CI: 0.523-0.673, P < 0.001),
pathological grade (HR=1.393, 95% CI: 1.152-
1.683, P=0.001), tumor size (HR=0.795, 95%
Cl: 0.650-0.973, P=0.026), surgical removal of
the primary focus (HR=0.508, 95% CI: 0.453-
0.568, P < 0.001), administration of chemo-
therapy (HR=0.324, 95% Cl: 0.305-0.344, P <
0.001), presence of bone metastasis (HR=
1.145, 95% Cl: 1.043-1.256, P=0.004), and
coexistence with lung metastasis (HR=1.335,
95% Cl: 1.239-1.437, P < 0.001) were found to
be significant predictors (Table 2).

Based on these statistically significant vari-
ables, we constructed nomogram models for
predicting OS in GCLM patients. These nomo-
grams integrate all the independent predictors
and provide prognostic estimates for 1-year,
2-year, and 3-year OS (Figure 2A-C).
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Analysis of multivariate effects on patients’
CSS and establishment of nomogram models

Using multivariate Cox regression analysis, we
identified several independent factors that sig-
nificantly impact CSS in patients with GCLM.
These factors include age (HR=1.362, 95% ClI:
1.136-1.633, P=0.001), type of pathology
(HR=0.585, 95% CI: 0.515-0.665, P < 0.001),
pathological grade (HR=1.386, 95% Cl: 1.146-
1.677, P=0.001), tumor size (HR=0.794, 95%
Cl: 0.648-0.972, P=0.026), surgical removal of
the primary focus (HR=0.509, 95% CI: 0.454-
0.571, P < 0.001), administration of chemo-
therapy (HR=0.323, 95% Cl: 0.304-0.343,
P < 0.001), presence of bone metastasis
(HR=1.139, 95% CI: 1.038-1.250, P=0.006),
and coexistence with lung metastasis (HR=
1.359, 95% Cl: 1.262-1.465, P < 0.001) (Table
3).

The eight variables that demonstrated statisti-
cal significance in the multivariate Cox regres-
sion analysis were incorporated into a nomo-
gram model for predicting CSS in GCLM pa-
tients. This nomogram integrates all the inde-
pendent predictors and enables prognostic
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Table 1. Baseline characteristics of patients with GCLM

Variable Train (N=3815) Validation (N=1636) Test (N=364) P
Age group (years old) 1.000
15-39 116 (3.0%) 9 (3.0%) 17 (4.7%)
40-59 981 (25.7%) 421 (25.7%) 101 (27.7%)
60-79 1991 (52.2%) 853 (52.1%) 196 (53.8%)
80+ 727 (19.1%) 313 (19.1%) 50 (13.7%)
Sex 0.601
Female 1148 (30.1%) 470 (28.7%) 118 (32.4%)
Male 2667 (69.9%) 1166 (71.3%) 246 (67.6%)
Histologic type 0.876
Diffuse 323 (8.5%) 133 (8.1%) 40 (11.0%)
Intestinal 2867 (75.2%) 1252 (76.5%) 222 (61.0%)
Others 625 (16.4%) 102 (28.0%) 102 (28.0)
Grade 0.680
I 86 (2.3%) 3 (3.2%) 14 (3.8%)
Il 930 (24.4%) 384 (23.5%) 88 (24.2%)
I 1793 (47.0%) 752 (46.0%) 153 (42.0%)
v 77 (2.0%) 8 (2.3%) 38 (10.5%)
Unknown 929 (24.3%) 409 (25.0%) 71 (19.5%)
N stage 0.102
NO 1462 (38.3%) 564 (34.5%) 109 (29.9%)
N1-N3 1660 (43.5%) 744 (45.5%) 255 (70.1%)
Unknown 693 (18.2%) 328 (20.0%) 0 (0.0%)
T stage 0.815
T1-T2 879 (23.0%) 357 (21.8%) 98 (26.9%)
T3-T4 1127 (29.5%) 507 (31.0%) 266 (73.1%)
Unknown 1809 (47.4%) 772 (47.2%) 0 (0.0%)
Tumor size (cm) 0.949
0-1 98 (2.6%) 51 (3.1%) 12 (3.3%)
1.1-2.0 230 (6.0%) 99 (6.1%) 42 (11.5%)
2.1-4.0 454 (11.9%) 195 (11.9%) 95 (26.1%)
4.1-6.0 480 (12.6%) 228 (13.9%) 128 (35.2%)
6.1+ 409 (10.7%) 161 (9.8%) 87 (23.9%)
Unknown 2144 (56.2%) 902 (55.1%) 0 (0.0%)
Surgery 0.138
None/Unknown 3507 (91.9%) 1477 (90.3%) 1477 (90.3%)
Yes 308 (8.1%) 159 (9.7%) 159 (9.7%)
Chemotherapy 1.000
No/Unknown 1737 (45.5%) 745 (45.5%) 62 (17.0%)
Yes 2078 (54.5%) 891 (54.5%) 302 (83.0%)
Radiotherapy 0.824
None/Unknown 3289 (86.2%) 1400 (85.6%) 342 (94.0%)
Yes 526 (13.8%) 236 (14.4%) 22 (6.0%)
Marital status 0.999
Married 2167 (56.8%) 922 (56.4%) 284 (78.0%)
Other 1047 (27.4%) 454 (27.8%) 65 (17.9%)
Singled 601 (15.8%) 260 (15.9%) 15 (4.1%)
2276 Am J Cancer Res 2024;14(5):2272-2286
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Primary Site 0.446
Lower 564 (14.8%) 204 (12.5%) 106 (29.1%)
Middle 656 (17.2%) 298 (18.2%) 81 (22.2%)
Upper 1681 (44.1%) 748 (45.7%) 158 (43.4%)
Other 914 (24.0%) 386 (23.6%) 19 (5.2%)
Bone metastasis 0.829
No/Unknown 3433 (90.0%) 1481 (90.5%) 352 (96.7%)
Yes 382 (10.0%) 155 (9.5%) 12 (3.3%)
Lung metastasis 0.574
No/Unknown 3181 (83.4%) 1345 (82.2%) 359 (98.6%)
Yes 634 (16.6%) 291 (17.8%) 5 (1.4%)
Brain metastasis 0.947
No/Unknown 3752 (98.3%) 1611 (98.5%) 363 (98.5%)
Yes 63 (1.7%) 25 (1.5%) 1 (0.3%)
GCLM, gastric cancer liver metastasis.
Table 2. Cox analysis of factors for OS in patients with GCLM
0S-Univariate 0S-Multivariate
Variable HR 95% Cl 95% Cl P value HR 95% Cl  95% Cl P value
lower upper lower upper
Age group (years old)
15-39 1 1.000
40-59 1.181 0.995 1.401 0.057 1.048 0.882 1.245 0.595
60-79 1.429 1.209 1.688 < 0.001 1.181 0.997 1.400 0.054
80+ 2.153 1.809 2561 <0.001 1.356 1.133 1.624 0.001
Sex
Female 1
Male 1.060 0.998 1.125 0.058
Race
American Indian 1
Asian or Pacific Islander ~ 0.992 0.757 1.300 0.955
Black 0.955 0.731 1.246 0.733
Unknown 0.522 0.259 1.054 0.070
White 1.028 0.793 1.332 0.834
Histologic type
Diffuse 1 1.000
Intestinal 0.877 0.794 0.968 0.009 0.934 0.843 1.034 0.188
Others 0.503 0.446 0.566 <0.001 0.593 0.523 0.673 <0.001
Grade
I 1 1.000
Il 1.511 1.255 1.820 < 0.001 1.393 1.152 1.683 0.001
1 1.949 1.624 2.338 < 0.001 1.879 1.560 2.264 <0.001
vV 1.375 1.06 1.784 0.016 2.205 1.695 2.869 <0.001
Unknown 1.462 1.214 1.761 <0.001 1.450 1.202 1.750 <0.001
N Stage
NO 1 1.000
N1-N3 1.090 1.026 1.159 0.006 1.063 0.997 1.134 0.061
Unknown 1.585 1.468 1.713 <0.001 1.246 1.149 1.351 < 0.001
2277 Am J Cancer Res 2024;14(5):2272-2286
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T Stage

T1-2 1

T3-T4 0.852 0.79

Unknown 1.125 1.050
Tumor size (cm)

0-1 1

1.1-2.0 0.686 0.562

2.1-4.0 0.762 0.635

4.1-6.0 0.868 0.724

6.1+ 0.792 0.658

Unknown 1.075 0.908
Surgery

None/Unknown 1

Yes 0.493 0.444
Chemotherapy

None/Unknown 1

Yes 0.351 0.332
Radiotherapy

None/Unknown 1

Yes 0.990 0.916
Marital status

Married 1

Other 1.137 1.068

Singled 1.077 0.996
Primary Site

Lower 1

Middle 0.953 0.864

Other 1.055 0.963

Upper 0.974 0.896
Bone metastasis

No 1

Yes 1.318 1.204
Lung metastasis

No 1

Yes 1.446 1.346
Brain metastasis

No 1

Yes 1.144 0.923

0.92
1.205

0.838
0.915
1.041
0.954
1.273

0.546

0.371

1.070

1.211
1.164

1.051
1.157
1.059

1.442

1.554

1.418

1.000
<0.001 1.011 0.934 1.095 0.785
0.001 0.978  0.909 1.051  0.544
1.000
<0.001 0.795 0.650 0.973 0.026
0.004 0.724 0.602 0.869 0.001
0.126 0.841 0.701 1.009  0.063
0.014 0.767 0.636  0.924  0.005
0.403 0.879 0.741 1.042  0.138
1.000
<0.001 0508 0453 0.568 <0.001
1.000
<0.001 0324 0305 0.344 <0.001
0.807
1.000
<0.001 0950 0.891 1.014 0.121
0.062 1.066  0.984 1.155 0.115
1.000
0.330 0.956 0.866 1.056 0.377
0.250 1.057 0.964 1.160 0.239
0.538 0.981  0.902 1.067 0.656
1.000
<0.001 1145 1.043 1.256  0.004
1.000
<0.001 1335 1.239 1.437 <0.001
0.218

GCLM, gastric cancer liver metastasis; OS, overall survival.

estimates for 1-year, 2-year, and 3-year CSS
survival (Figure 3A-C).

Internal validation of the prediction models of
the nomogram

Based on the randomized 7:3 split of GCLM
patients from the SEER database into train-
ing and internal validation sets, the developed
nomogram models underwent rigorous internal
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validation. The results demonstrated that the
nomogram models for predicting OS and CSS in
GCLM patients exhibited high predictive accu-
racy (Figures 2D-I, 3D-l). Specifically, the train-
ing set showed significantly higher AUC values
for 1-, 2-, and 3-year OS and CSS compared to
the traditional TNM staging system (1-year OS:
0.788 vs. 0.604, P < 0.001; 1-year CSS: 0.785
vs. 0.592, P < 0.001; 2-year 0S: 0.795 vs.
0.644, P < 0.001; 2-year CSS: 0.792 vs. 0.631,
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set. Calibration curves for 1-year (J), 2-year (K), and 3-year (L) survival for the nomogram model of OS in patients with GCLM in the training set. Calibration curves
for 1-year (M), 2-year (N), and 3-year (O) survival for the nomogram model of OS in GCLM patients in the validation set. GCLM, gastric cancer liver metastasis; OS,
overall survival; CSS, cancer-specific survival; ROC, receiver operating characteristics; DCA, decision curve analysis; AUC, the area under the curve.
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Table 3. Cox analysis of factors for CSS in patients with GCLM

CSS-Univariate CSS-Multivariate

variable HR SR Sﬁ;ecr' Pvalve  HR 200 ¢ ?%e‘i' P value
Age group (years old)

15-39 1.000 1.000

40-59 1.190 1.002 1.414 0.048 1.052 0.884 1.251 0.568

60-79 1.444 1.221 1.708 <0.001 1.193 1.005 1.414 0.043

80+ 2.172 1.823 2.587 <0.001 1.362 1.136 1.633 0.001
Sex

Female 1.000

Male 1.055 0.993 1.120 0.082
Race

American Indian 1.000

Asian or Pacific Islander 1.002 0.765 1.314 0.987

Black 0.954 0.730 1.245 0.727

Unknown 0.436 0.199 0.954 0.038

White 1.026 0.792 1.330 0.843
Histologic type

Diffuse type 1.000 1.000

Intestinal type 0.871 0.788 0.963 0.007 0.930 0.839 1.031 0.167

Others 0.500 0.443 0.564 <0.001 0.585 0.515 0.665 <0.001
Grade

I 1.000 1.000

Il 1.497 1.242 1.805 < 0.001 1.386 1.146 1.677 0.001

1 1.936 1.612 2.325 <0.001 1.871 1.552 2.255 <0.001

% 1.365 1.052 1.772 0.019 2.202 1.692 2.866 < 0.001

Unknown 1.446 1.200 1.743 <0.001 1.452 1.202 1.753 <0.001
N Stage

NO 1.000 1.000

N1-N3 1.087 1.022 1.156 0.008 1.058 0.992 1.129 0.086

Unknown 1.575 1.457 1.702 <0.001 1.238 1.141 1.344 <0.001
T Stage

T1-2 1.000 1.000

T3-T4 0.855 0.792 0.922 <0.001 1.013 0.935 1.098 0.749

Unknown 1.129 1.053 1.210 0.001 0.980 0.911 1.054 0.589
Tumor size (cm)

0-1 1.000 1.000

1.1-2.0 0.698 0.570 0.854 <0.001 0.794 0.648 0.972 0.026

2.1-4.0 0.771 0.641 0.928 0.006 0.719 0.597 0.865 < 0.001

4.1-6.0 0.869 0.723 1.044 0.133 0.825 0.686  0.992 0.041

6.1+ 0.798 0.662 0.963 0.019 0.755 0.626  0.912 0.004

Unknown 1.080 0.910 1.281 0.380 0.868 0.73 1.032 0.108
Surgery

None/Unknown 1.000 1.000

Yes 0.492 0.443 0.546 <0.001 0.509 0.454 0.571 <0.001
Chemotherapy

None/Unknown 1.000 1.000

Yes 0.350 0.330 0.370 < 0.001 0.323 0.304 0.343 <0.001
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Radiotherapy

None/Unknown 1.000

Yes 0.990 0.915
Marital status

Married 1.000

Other 1.147 1.077

Singled 1.079 0.997
Primary Site

Lower 1.000

Middle 0.956 0.863

Other 1.057 0.964

Upper 0.981 0.902
Bone metastasis

No 1.000

Yes 1.317 1.204
Lung metastasis

No 1.000

Yes 1.462 1.360
Brain metastasis

No 1.000

Yes 1.144 0.923

1.070

1.222
1.167

1.053
1.160
1.067

1.442

1.572

1.418

0.791
1.000
<0.001 0.962 0901 1.026  0.239
0.059 1.074 0.990 1164  0.085
0.372
0.234
0.656
1.000
<0.001 1.139 1.038 1.250  0.006
1.000
<0.001 1.359 1.262 1.465 <0.001
0.218

GCLM, gastric cancer liver metastasis; CSS, cancer-specific survival.

P < 0.001; 3-year 0S: 0.818 vs. 0.694, P <
0.001; 3-year CSS: 0.809 vs. 0.679, P < 0.001),
as detailed in Table S1). Similarly, the internal
validation sets also displayed superior AUC val-
ues (1-year 0S: 0.801 vs. 0.593, P < 0.001;
1-year CSS: 0.807 vs. 0.598, P < 0.001; 2-year
0S: 0.803 vs. 0.630, P < 0.001; 2-year CSS:
0.802 vs. 0.633, P < 0.001; 3-year 0S: 0.824
vs. 0.691, P < 0.001; 3-year CSS: 0.839 vs.
0.692, P < 0.001).

Delong’s analysis of the receiver operating
characteristic (ROC) curves further confirmed
that both OS and CSS nomogram models exhib-
ited larger AUC values, indicating superior accu-
racy compared to the TNM staging system
(Table S1). To mitigate potential overfitting of
the AUC, calibration curves were constructed
using the 1-, 2-, and 3-year OS and CSS data of
GCLM patients. These curves revealed a high
degree of agreement between the predicted
and observed survival probabilities, indicating
excellent discriminatory power and accuracy
of the developed nomogram models (Figures
2J-0, 3J-0).

External validation of nomogram models

An external test set comprising GCLM patients
from the Fourth Hospital of Hebei Medical
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University and the People’s Hospital of Shijia-
zhuang was established to validate the con-
structed nomogram models. The results con-
firm that both nomogram models, intended for
predicting the OS and CSS of GCLM patients,
exhibit considerable external validity (Figure
4A, 4H). Analysis of the AUC values of the ROC
curves for OS and CSS at 3.5 years (0S: 0.816
vs. 0.648, P=0.268; CSS: 0.833 vs. 0.637,
P=0.155), 4 years (0S: 0.820 vs. 0.657, P=
0.110; CSS: 0.834 vs. 0.659, P=0.141), and
4.5 years (0S: 0.850 vs. 0.672, P=0.100; CSS:
0.855 vs. 0.672, P=0.056) on the external test
set revealed no significant statistical differenc-
es between the external test set and the inter-
nal validation set This finding suggests that the
two nomogram models possess a certain level
of generalization capability (Table S2).

To mitigate potential overfitting, the AUC was
recalibrated using the OS and CSS data of
GCLM patients at 1, 2, and 3 years. The calibra-
tion curves revealed a high degree of agree-
ment between the predicted and observed
survival probabilities, indicating that the nomo-
gram models accurately predict both OS and
CSS (Figure 4B-G, 4I-N). This demonstrates
the excellent discriminatory ability and accura-
cy of the constructed models.
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Figure 3. Construction and validation of a diagnostic nomogram. A prognostic nomogram for predicting the CSS of GCLM patients for the 1 year, 2 years, and 3
years (A); the receiver operating characteristic curve of the nomogram for the 1 year, 2 years, and 3 years in the training set (B); calibration cure of the nomogram
predicting 1 year, 2 years and 3 years overall survival (C) in the validation set; Training DCA curves for 1-year (D), 2-year (E), and 3-year (F) survival for the nomogram
model of CSS in patients with centralized GCLM. DCA curves for 1-year (G), 2-year (H), and 3-year (I) survival for the nomogram model of CSS in GCLM patients in
the validation set. Calibration curves for 1-year (J), 2-year (K), and 3-year (L) survival for the nomogram model of CSS in patients with GCLM in the training set. Cali-
bration curves for 1-year (M), 2-year (N), and 3-year (O) survival for the nomogram model of CSS in GCLM patients in the validation set. GCLM, gastric cancer liver
metastasis; OS, overall survival; CSS, cancer-specific survival; ROC, receiver operating characteristics; DCA, decision curve analysis; AUC, the area under the curve.
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Figure 4. External testing of diagnostic nomograms. Receiver operating characteristic curves of the nomogram
predicting 1-, 2-, and 3-year OS in the test set (A); DCA curves of the OS histogram predicting 1-year (B), 2-year
(C), and 3-year (D) survival for the model in the test set GCLM patients. Calibration curves for 1-year (E), 2-year (F),
and 3-year (G) survival for the OS histogram prediction model for GCLM patients in the test set. Receiver operating

characteristic curves (H) for the nomogram prediction of 1-, 2-

,and 3-year CSS in the test set; DCA curves for 1-year

(), 2-year (J), and 3-year (K) survival for the CSS histogram prediction model in the GCLM patients in the test set.
Calibration curves for 1-year (L), 2-year (M), and 3-year (N) survival for the CSS histogram prediction model for GCLM
patients in the test set. GCLM, gastric cancer liver metastasis; OS, overall survival; CSS, cancer-specific survival;
ROC, receiver operating characteristics; DCA, decision curve analysis; AUC, the area under the curve.

Discussion

GCLM is often associated with a poor progno-
sis. However, advancements in medical tech-
nology, the integration of multiple disciplines in
treatment, and the development of new adju-
vant drugs have significantly improved the sur-
vival period of GCLM patients [23, 24]. Previous
studies have linked survival predictions to clini-
cal characteristics, pathological features, and
tumor biology [22, 23]. Therefore, considering
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these indicators is crucial for optimizing treat-
ment and enhancing prognostic accuracy. This
study leverages extensive clinical data to de-
velop a prognostic model for GCLM, offering
personalized treatment recommendations.

In statistical prediction, the nomogram model,
an innovative approach, demonstrates superior
accuracy and flexibility compared to traditional
methods. This model, now prevalent in various
cancer types, was employed in our study to pre-
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dict OS and CSS in GCLM patients [24, 25]. We
evaluated its effectiveness using a validation
set and assessed model performance with con-
sistency indices, ROC curves, and calibration
curves. The models exhibited good predictive
capabilities for OS and CSS and outperformed
the AJCC-TNM staging system.

Our analysis identified eight key independent
risk factors affecting GCLM patient survival
prognosis: age, pathological classification, gra-
de, tumor size, primary site surgery, chemo-
therapy, and bone and lung metastases. The
nomogram models incorporated these factors.
Notably, age is an important predictive factor in
the OS model, indicating that older patients
receive less treatment or no treatment at all,
leading to factors such as a weakened immune
system, which negatively impact prognosis [26,
271].

Treatment options for GCLM currently encom-
pass surgical resection, systemic chemothera-
py, ablation therapy, and radiation therapy.
Although there’s ongoing debate regarding their
applicability, systemic chemotherapy is widely
acknowledged as the primary adjuvant treat-
ment [28-30]. Chang et al. categorized patients
into palliative resection and non-palliative re-
section groups [31]. Their study revealed that
surgical resection combined with chemothera-
py might offer survival benefits, particularly
when metastasis is confined to a single site
[31]. Recent clinical research underscores the
significance of palliative care alongside radical
primary site resection, although evidence is
still evolving.

The primary lesion can create a tumor microen-
vironment that enhances invasion and growth.
For example, primary tumor stem cells can
upregulate VEGF expression, promoting neo-
vascularization and tumor progression [32, 33].
Additionally, inflammatory factors within prima-
ry lesions, like IFN-Y and IL-10, may indirectly
modulate tumor progression, suggesting that
primary tumor resection could modify these
factors and improve survival prognosis [34].

The two nomogram models developed in this
study, utilizing comprehensive clinical and pa-
thological data from the SEER database, repre-
sent valuable clinical tools for assessing the
OS and CSS of GCLM patients. These models
contribute significantly to treatment decision-
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making. However, limitations of the SEER data-
base, such as missing critical information and
lack of detail, may introduce bias and restrict
research in certain areas. Li et al.’s analysis of
gene activity in a mouse model of gastric can-
cer revealed that MAPK4 promotes MIF degra-
dation in gastric cancer cells. They also noted a
significant correlation between MAPK4 down-
regulation in gastric cancer patients and liver
metastasis, along with a poor prognosis [19].
Yu et al. demonstrated notable differences in
gut microbiota composition between gastric
cancer patients and healthy individuals, identi-
fying Streptococcus as a potential biomarker
for early gastric cancer and GCLM prediction
[35].

Our study has limitations, including the absence
of specific molecular markers for liver metasta-
sis, lack of detailed descriptions of surgical and
chemotherapy protocols, genetic information
related to gastric cancer with liver metastasis,
and relevant information on gut microbiota.
Therefore, further clinical research is neces-
sary to validate and bolster these findings.

In conclusion, this study utilized the SEER data-
base to develop nomogram prediction models
for 1-year, 2-year, and 3-year OS and CSS in
GCLM patients. These models serve as valu-
able clinical tools for evaluating GCLM patient
prognosis, enhancing the accuracy of individu-
alized prognosis assessment, and providing
a foundation for clinical decision-making by
healthcare professionals.
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Nomogram models for predicting survival in GCLM patients

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

) Train Validation
Variable p
AUC 95% Cl AUC 95% Cl

1-year OS
Nomogram 0.788 0.773-0.804 0.801 0.778-0.824 0.960#
AJCC-TNM 0.604 0.583-0.625 0.593 0.560 - 0.626 0.630#
P < 0.0001" < 0.0001%

1-year CSS
Nomogram 0.785 0.768 -0.800 0.807 0.784 -0.830 0.020*
AJCC-TNM 0.592 0.571-0.614 0.598 0.566 - 0.631 0.549¢#
P < 0.0001" < 0.0001%

2-year OS
Nomogram 0.795 0.774 - 0.816 0.803 0.771-0.835 0.941*
AJCC-TNM 0.644 0.616-0.672 0.630 0.588-0.673 0.469%
P < 0.0001" < 0.0001%

2-year CSS
Nomogram 0.792 0.771-0.813 0.802 0.769 - 0.835 0.319%
AJCC-TNM 0.631 0.602 - 0.660 0.633 0.592-0.675 0.951#
P < 0.0001" < 0.0001%

3-year OS
Nomogram 0.818 0.792-0.844 0.824 0.782-0.866 0.934#
AJCC-TNM 0.694 0.660-0.728 0.691 0.641-0.741 0.347¢#
P < 0.0001" < 0.0001%

3-year CSS
Nomogram 0.809 0.783-0.836 0.839 0.800-0.879 0.294#*
AJCC-TNM 0.679 0.643-0.714 0.692 0.645-0.740 0.386*
P < 0.0001" < 0.0001%

Note: #, Delong test for predicting AUC area for OS and 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 TNM staging system;
&, Delong test for predicting AUC area for OS and CSS of patients in the validation set using Nomogram prediction model with
TNM staging system. AUC, the area under the curve; OS, overall survival; CSS, cancer-specific survival; AJCC, the American
Joint Committee on Cancer; TNM, tumor-node-metastasis; Cl, confidence interval.

Table S2. AUC of predictive performance between internal and external data of nomogram models

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

3.5-year 0OS

Nomogram 0.816 0.771-0.861 0.648 0.570-0.726 0.268
3.5-year CSS

Nomogram 0.833 0.787-0.878 0.637 0.568-0.726 0.155
4-year OS

Nomogram 0.820 0.771-0.869 0.657 0.513-0.742 0.110
4-year CSS

Nomogram 0.834 0.784-0.884 0.659 0.504-0.734 0.141
4.5-year OS

Nomogram 0.850 0.795-0.904 0.672 0.540-0.793 0.100
4.5-year CSS

Nomogram 0.855 0.802-0.907 0.672 0.537-0.796 0.056




