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Background: Gastric cancer (GC) has a poor prognosis, particularly in patients with liver metastasis (LM). This study aims to
identify relevant factors associated with the occurrence of LM in GC patients and factors influencing the prognosis of gastric cancer
with liver metastasis (GCLM) patients, in addition to developing diagnostic and prognostic nomograms specifically.

Patients and Methods: Overall, 6184 training data were from the Surveillance, Epidemiology, and End Results (SEER) database from
2011 to 2015. 1527 validation data were from our hospital between January 2018 and December 2022. Logistic regression was used to
identify the risk factors associated with the occurrence of LM in GC patients, Cox regression was used to confirm the prognostic factors of
GCLM patients. Two nomogram models were established to predict the risk and overall survival (OS) of patients with GCLM. The
performance of the two models was evaluated using the area under the curve (AUC), concordance index (C-index), and calibration curves.
Results: A nomogram included five independent factors from multivariate logistic regression: sex, lymph node removal, chemother-
apy, T stage and N stage were constructed to calculate the possibility of LM. Internal and external verifications of AUC were 0.786 and
0.885, respectively. The other nomogram included four independent factors from multivariate Cox regression: surgery at primary site,
surgery at other site, chemotherapy, and N stage were constructed to predict OS. C-index for internal and external validations were
0.714 and 0.702, respectively, and the calibration curves demonstrated the robust discriminative ability of the models.

Conclusion: Based on the SEER database and validation data, we defined effective nomogram models to predict risk and OS in
patients with GCLM. They have important value in clinical decision-making and personalized treatment.
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Introduction

Gastric cancer (GC) is one of the most common types of digestive tract tumors in humans and is the fourth leading cause of cancer-
related deaths worldwide. In 2020, it was estimated that there were 1.1 million new cases of gastric cancer and 800,000 deaths
globally,' indicating significant challenges in its treatment of gastric cancer. Many patients with gastric cancer do not exhibit
significant early symptoms and are often diagnosed at advanced stages or with metastasis to other organs, which severely affects
their health and quality of life.> Therefore, understanding the status of cancer metastasis can help reduce damage to the body and
improve the prognosis of patients with cancer. Distant organ metastasis is a critical factor affecting the prognosis of patients with
gastric cancer, and the liver is one of the most common sites of distant metastasis in gastric cancer. The clinical incidence of liver
metastasis in gastric cancer can reach as high as 13.5%, which is much higher than that of other types of metastasis, such as lung or
bone metastasis.* ® Gastric cancer with liver metastasis is considered a systemic disease, and there is still considerable controversy
regarding its treatment and prognosis, with a focus on comprehensive treatment to extend patient survival.” Therefore, patients
with gastric cancer and liver metastasis, as a special population, deserve further research.
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The Tumor Node Metastasis (TNM) system proposed by American Joint Commission on Cancer (AJCC) and the
International Alliance Against Cancer is widely used to evaluate tumor staging and predict the prognosis of patients.
However, using the TNM system alone for prediction is insufficient. Patient factors such as sex, age, and surgery are also

risk factors that influence patient prognosis.®> However, most of the current research on risk factors and prognostic

11

factors for gastric cancer liver metastasis is based on small sample sizes,'”'" requiring further studies to confirm or

supplement the accuracy of the results. Prediction models are multifactorial models that can assess the probability of

1213 and they can be visualized using nomograms.'*!> Nomograms have been used as

16-18

developing a certain disease,
prediction tools to assess survival and prognosis of patients with multiple diseases, especially patients with tumors.
Additionally, the SEER database contains a large amount of data on cancer incidence and prevalence, making it an
effective method to construct a prediction model based on the SEER database and validate it with other data. This study
built two models based on the SEER database and used data from Liaoning Cancer Hospital & Institute for external
validation to analyze and explore the relevant risk factors of gastric cancer, liver metastasis and factors affecting the
prognosis. The goal is to provide evidence for the diagnosis and treatment of gastric cancer liver metastasis and improve
patient prognosis.

Materials and Methods

Data Source and Characteristics
The SEER database provides detailed information on various types of patients in different states of the United States
since 1973, including age, sex, race, year of diagnosis, marital status, insurance, tumor size, TNM stage, and distant
organ metastasis.'” Based on the publicly available data published in the SEER database, all patients are required to
remove their personal identification without the approval of the ethics committee, and since 2010, relevant information
on tumor metastasis has been improved. In this study, we used SEER * Stat 8.4.1 version and included patients with
primary gastric cancer from 2011 to 2015 in the SEER database, exclusion criteria were as follows: (1) the primary tumor
site was not located in the stomach, (2) non-malignant behavior based on ICD-O-3, (3) unknown surgery or chemother-
apy status, (4) metastasis in other parts except the liver, and (5) missing survival status or time data. Finally, 6184
patients (including 858 liver metastasis patients) as training data. A total of 1527 gastric cancer patients (including 102
liver metastasis patients) at Liaoning Cancer Hospital & Institute from January 2018 to December 2022 were selected as
validation data. The exclusion criteria were the same as those used for the SEER database, which were approved by the
ethics committee, met the requirements of the Declaration of Helsinki, and followed the principles of medical ethics.
Demographic characteristics included sex (male and female) and age at initial diagnosis (<60 and >60 years). Tumor
characteristics included American Joint Committee for Cancer T stage (T1/T2, T3/T4, TX) and AJCC N stage (NO, N1/
N2/N3, NX). Treatment-related characteristics included surgery at primary site (yes or no), surgery at other site (yes or
no), lymph node removal (yes or no), and chemotherapy (yes or no). Overall survival (OS) was defined as the time from

the initial cancer diagnosis to death or last follow-up.

Statistical Analysis

All data are presented as frequencies and percentages. Logistic regression analysis was used to analyze the risk factors
related to liver metastasis of gastric cancer, and the Cox regression proportional hazard model was used to analyze the
impact of various variables on OS. Differences were considered statistically significant at P < 0.05. Based on the results
of the logistic regression and Cox regression analyses, we constructed two nomograms to predict liver metastasis and the
2-year, 3-year, 5-year survival rates of patients with liver metastasis from gastric cancer. We then use the validation data
to validate the two models. The nomogram model based on logistic regression uses the AUC values for validation and the
nomogram model based on Cox regression uses the C-index for validation. Calibration curves were plotted for both parts
to compare predicted and observed probabilities. Statistical analyses were performed using R version 3.6.3 (R Project for
Statistical Computing, Vienna, Austria) and SPSS version 23.0 (IBM Corp., Armonk, NY, USA).
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Results

Baseline Characteristics
According to the inclusion and exclusion criteria, 6184 patients from the SEER database and 1527 patients from Liaoning

Cancer Hospital & Institute were enrolled in this study. Table 1 shows the baseline patient characteristics. Among the patients

Table | Baseline Characteristics of Patients in Training and Validation Cohorts

Characteristics

Descriptive Analysis of
SEER Data (n=6184)

Descriptive Analysis of
Validation Set (n=1527)

Sex

Male 3815(61.69%) 1001(65.55%)
Female 2369(38.31%) 526(34.45%)
Age (years)

<60 1763(28.51%) 854(55.93%)
260 4421(71.49%) 673(44.07%)
Surgery at primary site

No 3142(50.81%) 439(28.75%)
Yes 3042(49.19%) 1088(71.25%)

Surgery at other site

No 5869(94.91%) 1477(96.73%)
Yes 315(5.09%) 50(3.27%)
Lymph node removal

No 3926(63.49%) 465(30.45%)
Yes 2258(36.51%) 1062(69.55%)
Chemotherapy

No 3161(51.12%) 209(13.69%)
Yes 3023(48.88%) 1318(86.31%)

Liver metastasis

No 5326(86.13%) 1425(93.32%)
Yes 858(13.87%) 102(6.68%)

T Stage

TI/T2 2278(36.84%) 411(26.92%)
T3/T4 2551(41.25%) 1068(69.94%)
X 1355(21.91%) 48(3.14%)

N Stage

NO 3287(53.15%) 339(22.20%)
NI1/N2/N3 2389(38.64%) 943(61.76%)
NX 508(8.21%) 245(16.04%)
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in the SEER database, 3815 (61.69%) were male, 2369 (38.31%) were female, 1763 (28.51%) were aged <60 years, and 4421
(71.49%) were aged >60 years. Regarding treatment-related variables, approximately half of the patients underwent primary
site surgery (49.19%), half did not (50.81%), and most patients did not undergo surgery at other site (94.91%), with only 315
patients (5.09%) undergoing surgery at other site; 3926 (63.49%) patients did not undergo lymph node removal, while 2258
(36.51%) patients received chemotherapy (51.12%), and those who did not receive chemotherapy (48.88%) also accounted for
approximately half of them. Regarding tumor characteristics T stage T1/T2, T3/T4, and TX were found in 2278 (36.84%),
2551 (41.25%), and 1355 (21.91%), respectively, N stage NO, N1/N2/N3, and NX were found in 3287 (53.15%), 2389
(38.64%), and 508 (8.21%), respectively. There were 858 patients (13.87%) with liver metastasis, and 5326 patients (86.13%)
without liver metastasis. For patients in Liaoning Cancer Hospital & Institute, 1001 (65.55%) males and 526 (34.45%)
females; 854 (55.93%) were under the age of 60 years, and 673 (44.07%) were aged 60 years or above. Regarding treatment-
related variables, 1088 (71.25%) patients underwent primary site surgery and 439 (28.75%) did not, and the proportion of
patients was higher than that in the SEER database; only 50 (3.27%) patients underwent surgery at another site, which was
similar to the SEER database. A total of 465 (30.45%) patients did not undergo lymph node removal, 1062 (69.55%)
underwent lymph node removal, 1318 (86.31%) underwent chemotherapy, and 209 (13.69%) did not. Regarding tumor
characteristics, T stage, T1/T2, T3/T4, and TX were found in 411 (26.92%), 1068 (69.94%), and 48 (3.14%), respectively,
N stage, NO, N1/N2/N3, NX were found in 339 (22.20%), 943 (61.76%), 245 (16.04%), respectively. There were 102 patients
with liver metastasis (6.68%) and 1425 patients without liver metastasis (93.32%). The proportion of patients with liver
metastasis was slightly lower than the SEER database.

Nomogram Model Developed to Predict Liver Metastasis in Gastric Cancer Patients
and Validation

For patients with liver metastasis in gastric cancer, a consensus has been reached among most clinicians that surgery is
not typically the preferred initial treatment modality. This is attributed to its inability to address the systemic nature of the
cancer and the potential for increased risk. Instead, there is a predilection towards utilizing systemic treatment
approaches, such as chemotherapy and targeted therapy, aimed at controlling disease progression. Hence, no surgery
of primary site is a consequence of the presence of liver metastasis in gastric cancer, and it should not be considered as
a predictor. Univariate analysis showed that sex, lymph node removal, chemotherapy, T stage, and N stage were related to
liver metastasis in gastric cancer (P < 0.05). Multivariate logistic regression analysis indicated that all univariate results
were independent risk factors for liver metastasis (see Table 2). Based on this result, we constructed a nomogram to
calculate the probability of liver metastasis by accumulating the relevant variables. Figure 1 shows that being male,
having a higher T Stage and N Stage, undergoing chemotherapy, and lymph node removal were associated with a higher
risk of liver metastasis in gastric cancer patients. Internal validation was conducted using bootstrapping with 1000 self-
sampling times. The AUC values of the training and validation data were 0.786 and 0.885, respectively. The calibration
curve (Figure 2) shows that the predicted probability of the nomogram is consistent with the actual observed probability.

Nomogram Model Developed to Predict Survival of Gastric Cancer Patients with

Liver Metastasis and Validation

We conducted a prognostic analysis of patients with liver metastasis from gastric cancer. The training data consisted of
all liver metastasis data in the training dataset (858 cases), and validation data were obtained from all liver metastasis
data in the validation dataset (102 cases). The results of Cox univariate analysis showed that age, surgery of primary site,
surgery of other site, lymph node removal, chemotherapy, T stage, and N stage were associated with OS (P < 0.05), as
shown in Table 3, the factors found to be significant in univariate analysis were used in the multivariate Cox regression,
and it demonstrated that surgery at primary site, surgery at other site, chemotherapy, N stage were independently
associated with OS. Subsequently, we constructed a visual nomogram model for OS of patients at 2-years, 3-years,
and 5-years. As shown in Figure 3, patients receiving chemotherapy, primary site surgery, other site surgery, and those
with lower N stage achieved a longer survival period. We then performed internal validation of the model and used the
validation data for external validation. Internal validation was conducted using the bootstrap method with a self-service

5972  rees International Journal of General Medicine 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove An et al

Table 2 Univariate and Multivariate Analysis for Factors Associated with Liver Metastasis

Characteristics Univariate Multivariate
OR 95% CI p OR 95% ClI p
Sex <0.001 <0.001
Male | |
Female 0.634 (0.542,0.742) 0.652 (0.551,0.772)
Age (years) 0.66
<60 |
260 1.021 (0.965,1.131)
Lymph node removal <0.001 <0.001
No | |
Yes 0.113 (0.087,0.147) 0.116 (0.088,0.154)
Chemotherapy <0.001 0.001
No | |
Yes 1.382 (1.195,1.598) 1.335 (1.129,1.578)
T Stage <0.001 <0.001
TIHT2 | |
T3/T4 I.164 (0.957,1.416) 1.036 (0.834,1.286)
X 4.609 (3.824,5.555) 2.569 (2.097,3.145)
N Stage <0.001 <0.001
NO | |
NI1/N2/N3 2.028 (1.728,3.395) 2.837 (2.355,3.416)
NX 4429 (3.544,5.535) 2.182 (1.720,2.769)

sampling frequency of 1000. The calibration plots are shown in Figure 4. The C-index for the training and validation data
were 0.714 and 0.702, respectively.

Discussion

Gastric cancer is a highly invasive cancer with a 5-year overall survival rate of only approximately 5-20%.” The
prognosis of gastric cancer patients mainly depends on tumor-related information, such as the presence of lymph nodes
and other distant metastases. Currently, the AJCC staging system is the most widely used for evaluating the prognosis of
patients with cancer. However, focusing solely on the location of the primary tumor, lymph node involvement, and
distant metastasis is insufficient. Some studies have also shown that the prognosis of patients is closely related to clinical
and pathological parameters and tumor characteristics.’>?' Therefore, this study constructed logistic and Cox regression
models based on the SEER database and validated them with data from Liaoning Cancer Hospital & Institute, integrating
different clinical features to evaluate the influencing factors and prognosis of gastric cancer patients with liver metastasis,
thereby providing a reference for personalized comprehensive treatment. A visual nomogram is a graphical representation
of complex formulas. Compared with the traditional analysis mode, it has many advantages, such as high accuracy,
flexible use, and ease of promotion, and has been widely used in the medical field.”* This study established two
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Figure 2 Evaluation of calibration plots using logistic nomogram model. Training data (a), validation data (b).

nomogram models: one to predict the occurrence of gastric cancer liver metastasis, and the other to predict the OS of
patients with gastric cancer liver metastasis.

Univariate and multivariate analyses of relevant clinicopathological factors affecting liver metastasis revealed that
sex, lymph node removal, chemotherapy, T Stage, and N stage were independent risk factors for liver metastasis of
gastric cancer (P < 0.05). Consistent with Wei’s research,”> sex was an independent risk factor for liver metastasis of
gastric cancer. Men are more likely to develop liver diseases, including liver cancer, due to alcoholism and various
unhealthy lifestyle habits.>* Surgical treatments, such as lymph node dissection, can help suppress the spread of cancer
cells and effectively reduce the probability of liver metastasis. The preferred treatment for advanced gastric cancer is
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Table 3 Univariate and Multivariate Analysis for Factors Associated with OS

Characteristics Univariate Multivariate

HR 95% CI p HR 95% CI P

Sex 0.092

Male |

Female 0.878 (0.755,1.022)

Age (years) 0.004

<60 |

260 1.254 (1.076,1.462)

Surgery at primary site <0.001 <0.001

No | I

Yes 0.434 (0.336,0.560) 0.423 (0.325,0.551)

Surgery at other site <0.001 0.004

No | |

Yes 0.476 (0.324,0.700) 0.558 (0.374,0.832)

Lymph node removal <0.001

No |

Yes 0.548 (0.416,0.721)

Chemotherapy <0.001 <0.001

No | |

Yes 0.392 (0.340,0.453) 0362 (0.313,0.420)

T Stage 0.001

TI/T2 |

T3/T4 0.847 (0.698,1.027)

X 1.156 (0.972,1.375)

N Stage <0.001 0.02

NO | I

NI1/N2/N3 1118 (0.958,1.305) 1.053 (0.902,1.231)

NX 1.658 (1.359,2.203) 1319 (1.080,1.611)

chemotherapy, and liver metastasis of gastric cancer usually occurs in late stages. Therefore, during chemotherapy,
patients are usually diagnosed with advanced gastric cancer, which increases the risk of liver metastasis. T Stage and
N stage were independent influencing factors, which were consistent with the research.” Studies have pointed out a close
relationship between T Stage, N stage, and liver metastasis in gastric cancer. Patients with a higher N stage were more
likely to develop metastatic lesions because of the large number of tumor cells in the lymphatic system and blood

circulation,? %’

this is consistent with the recommendation of this study for lymph node removal.
Based on the results of survival analysis, four indicators were considered. Acceptance of primary site surgery results

in improved survival. A study on primary site surgery showed that the median cancer-specific survival (CSS) of patients
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with gastric cancer liver metastasis who underwent primary site surgery was 12 months, whereas the median CSS of
patients with gastric cancer liver metastasis who did not undergo primary site surgery was 7 months. Additionally,
primary site surgery is an independent diagnostic factor in multivariate Cox regression.”® This is consistent with our
findings. Surgery at other sites can also improve a patient's prognosis. Liao et al showed that the 1-year, 2-year, and
3-year survival rates of gastric cancer patients with liver metastasis after liver resection surgery were 69%, 40%, and
33%, respectively, which were significantly higher than the 27%, 8%, and 4% in the palliative treatment group.”
Chemotherapy is also one of the ways to improve patient prognosis, which is consistent with most studies. At the same
time,”® it was pointed out that patients who underwent both primary site surgery and chemotherapy had better OS than
those who received chemotherapy alone (22.9 vs 17 months). The results of our study showed that surgery and
chemotherapy were good factors that influenced patient prognosis. These findings suggest that active treatment provides
relatively good survival benefits to patients. Ueda et al indicated that N stage was an independent prognostic factor for
survival,’® the earlier the N stage, the better the prognosis, which is consistent with the results of this study.

Conclusion

In conclusion, we comprehensively identified factors related to the occurrence of gastric cancer in liver metastasis,
including sex, lymph node removal, chemotherapy, T stage, and N stage. We then identified prognostic factors for gastric
cancer liver metastasis, including surgery at primary site, surgery at other site, chemotherapy, and N stage. We then
establish and validate two nomograms. This study provides a reference for future clinical research.
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