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ARTICLE INFO ABSTRACT
Keywords: Background: Intestinal-type gastric adenocarcinoma, representing 95 % of gastric malignancies,
Intestinal type gastric adenocarcinoma originates from the malignant transformation of gastric gland cells. Despite its prevalence,

Prognosis analysis existing methods for prognosis evaluation of this cancer subtype are inadequate. This study aims

ggmogram to enhance patient-specific prognosis evaluation by analyzing the clinicopathological character-
css istics and prognostic risk factors of intestinal-type gastric adenocarcinoma patients using data

from the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer
Institute (NCI).

Methods: We extracted clinical data for patients diagnosed with intestinal-type gastric adeno-
carcinoma between 2010 and 2015 from the SEER database, selecting 257 cases based on pre-
defined inclusion and exclusion criteria. Independent risk factors for overall survival (OS) and
cancer-specific survival (CSS) were identified using a Cox regression model. A nomogram
model for predicting OS or CSS was developed from the Cox risk regression analysis and validated
through the consistency index (C-index), ROC curve, and calibration curve.

Results: Age, primary tumor resection, chemotherapy, lymph node metastasis, and tumor size
were identified as independent prognostic factors for OS and CSS (P < 0.05). The nomogram
model, constructed from these indicators, demonstrated superior predictive consistency for OS
and CSS compared to the AJCC-TNM staging system. ROC curve analysis confirmed the model’s
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higher accuracy, and calibration curve analysis indicated good agreement between the nomo-
gram’s predictions and actual observed outcomes.
Conclusion: The nomogram model derived from SEER database analyses accurately predicts OS
and CSS for patients with intestinal-type gastric adenocarcinoma. This model promises to facil-
itate more tailored treatments in clinical practice.

1. Introduction

Gastric cancer, a prevalent malignancy within the digestive system, is characterized by its high invasiveness, poor prognosis, and
significant threat to human health. GLOBOCAN 2020 reports rank its global incidence and mortality rates as the fifth and fourth
highest, respectively [1]. The Asian population experiences the highest incidence rates worldwide [2,3]. Key risk factors include
dietary habits, smoking history, Helicobacter pylori infection, and genetic mutations [4-8]. The early stages of gastric cancer often
present with diverse and subtle symptoms, leading to frequent underdiagnosis and progression to advanced stages by the time of
diagnosis [9-11], culminating in a dismal five-year survival rate of approximately 20 % [12]. Gastric cancer demonstrates consid-
erable heterogeneity in histological patterns and treatment response rates [13,14]. Notably, gastric adenocarcinoma constitutes about
90 % of all gastric cancer cases [15]. Statistics reveal that 46 % of patients undergoing gastric cancer resection experience recurrence,
with 53 % of these recurrences occurring in patients with intestinal-type gastric adenocarcinoma and 47 % in those with diffuse or
mixed types [16].

Current clinical practice predominantly relies on the American Joint Committee on Cancer (AJCC) staging guidelines for risk
stratification and prognostic survival assessment [17]. These guidelines incorporate pathological indicators such as tumor depth,
lymph node metastasis count, and extent of organ invasion. However, they overlook dynamic factors crucial for personalized prog-
nosis, including age, surgical interventions, and chemotherapy, thereby limiting their prognostic utility. In contrast, the nomogram
prediction model offers a more nuanced approach by quantitatively integrating multiple independent prognostic factors into a
comprehensive statistical model, allowing for a more detailed prognostic survival estimation [18-20]. To date, there has been a lack of
research specifically addressing the prognosis and survival evaluation of enteric gastric adenocarcinoma.

Accordingly, this study leverages data from the Surveillance, Epidemiology, and End Results (SEER) database to systematically
analyze 257 cases of enteric gastric adenocarcinoma, focusing on clinical characteristics and prognostic factors. The aim is to develop a
prognostic evaluation model for enteric gastric adenocarcinoma, thereby offering a valuable tool for enhancing the accuracy of
treatment and prognosis assessment in patients.

2. Methods
2.1. Data collection

SEER database [21] has meticulously documented patient incidences, pathology, treatments, and prognoses in various states and
counties across the United States since 1973. Characterized by a vast array of cases and comprehensive clinical data, this study utilized

the SEER*Stat software version 8.4.3 to extract data on patients diagnosed with enteric gastric adenocarcinoma between 2010 and
2015.

The patients first diagnosed as intestinal-type
gastric adenocarcinoma between 2010 and2015
from SEER database

(N=20886) ary tumor location in the stomach;
(2) Di is of | gastric ad. i confirmed
Inclusion hrough pathological inati
(3) Classification of intestinal gastric adenocarcinoma according
to the International Classification of Diseases for Oncology, Third
Edition (ICD-0-3);
1220 patients included (4) ilability of complete clinical, pathological
Exclusion (1) Di is of any cancer type other than gastric cancer;
(2) Incomplete clinical data.

The final cohort
(N=257)

Fig. 1. Inclusion and exclusion of patient flow chart.
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2.2. Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) Primary tumor location in the stomach; (2) Diagnosis of intestinal gastric adenocarcinoma
confirmed through pathological examination; (3) Classification of intestinal gastric adenocarcinoma according to the International
Classification of Diseases for Oncology, Third Edition (ICD-O-3); (4) Availability of complete clinical, pathological, and follow-up data:
(1) Diagnosis of any cancer type other than gastric cancer; (2) Incomplete clinical data. The patient inclusion and exclusion flow chart
is shown in Fig. 1.

2.3. Variables analyzed

The analysis encompassed the following variables: patient sex, age at diagnosis, primary tumor site, histologic type, ICD-O-3 code,
stage (7th Edition), surgical treatment at primary site (RX Summ-Surg Prim Site), radiation therapy status (Radiation Recode),
chemotherapy status (Chemotherapy Recode), number of regional nodes examined, tumor size, SEER-specific cause of death classi-
fication, other causes of death according to SEER, survival time in months, vital status, indicator of first malignant primary, race/
ethnicity recode, AJCC T stage, and AJCC N stage.

2.4. Indicators analyzed

The study analyzed a comprehensive set of variables, encompassing 10 key indicators: gender, age, race, location of the tumor,
tumor T stage, tumor N stage, utilization of radiotherapy, chemotherapy, primary surgery, presence of lymph node metastasis, survival
status, cause of death, and duration of survival. Tumor staging was conducted in accordance with the 7th edition of the American Joint
Committee on Cancer (AJCC) TNM staging criteria.

2.5. Statistical analysis

For statistical analysis, R software version 3.6.3 was employed. The chi-square (y2) test was utilized to assess differences in the
composition ratios of variables across all groups. To evaluate the impact of each variable on overall survival (OS) and cancer-specific
survival (CSS), Cox proportional hazards regression models and other relevant regression analyses were applied. Furthermore, survival
curves for each variable were generated using Kaplan-Meier estimates and the Log-rank test, facilitated by R software.

Table 1
Basic characteristics of patients with intestinal-type gastric adenocarcinoma included in the study.

Variables No chemotherapy group (N = 100) Chemotherapy group (N = 157) P value

Genders Male 56(56.0 %) 98(62.4 %) 0.361
Female 44(44.0 %) 59(37.6 %)

Age (years) >75 58(58.0 %) 36(22.9 %) <0.001
65-74 18(18.0 %) 46(29.3 %)
55-64 17(17.0 %) 51(32.5 %)
45-54 5(5.0 %) 19(21.1 %)
<45 2(2.0 %) 5(3.2 %)

Races White 49 (49.0 %) 88 (56.1 %) 0.272
Black 16 (16.0 %) 29 (18.5 %)
Other 35 (35.0 %) 40 (25.5 %)

Surgical Recommended but not performed 2(2.0 %) 2(1.3 %) 0.439
Surgeries 48(48.0 %) 63(40.1 %)
No surgery 50(50.0 %) 92(58.6 %)

Chemotherapy Post- - 46(29.3 %) -
Pre- - 9(5.7 %)
Pre- and Post- - 12(7.6 %)
No - 90(57.3 %)

Radiotherapy Yes 1(1.0 %) 8(5.1 %) 0.16
No 99(99.0 %) 149(94.9 %)

T stage T4 47(47.0 %) 56(35.7 %) 0.198
T3 18(18.0 %) 33(21.0 %)
T2 3(3.0 %) 13(8.3 %)
T1 11(11.0 %) 25(15.9 %)
TX 21(21.0 %) 30(19.1 %)

N stage N3 20(20.0 %) 29(18.5 %) 0.259
N2 22(22.0 %) 23(14.6 %)
N1 58(58.0 %) 105(66.9 %)

M stage M1 100(100 %) 157(100 %) -

*Pre-: Preoperative Chemotherapy; Post-: Postoperative Chemotherapy; Pre- and Post-: Preoperative and Postoperative Chemotherapy.
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3. Results
3.1. Patient characteristics
Clinical baseline characteristics of patients: According to the study’s inclusion criteria, 257 patients diagnosed with intestinal-type

gastric adenocarcinoma were enrolled, comprising 154 males and 103 females. These patients were categorized into two groups based
on whether they received chemotherapy. Table 1 presents the baseline characteristics of these patients. Comparative analysis revealed

Table 2
Cox regression analysis affecting patients’ OS and CSS.

variables ~ OS-Cox regression analysis CSS-Cox regression analysis
one-way survival analysis multifactorial Cox regression one-way survival analysis ~ multifactorial Cox regression
analysis analysis
HR (95 % CI) P value HR (95 % CD) P value HR (95 % CI) P value HR (95 % CD) P value
Genders  Male 0.892(0.688,1.157)  0.39 0.892 0.785 0.870 0.313
(0.394,2.020) (0.665,1.14)
Reference Female Female
Age (years) >75 0.978 (0.453, 2.112) 0.955 0.671 0.332 0.829 0.636 0.583 (0.271,1.365) 0.196
(0.300,1.502) (0.382,1.800)
65-74 0.695 (0.317, 1.523) 0.363 0.397 0.028° 0.657 0.296 0.373 (0.181,0.951) 0.020"
(0.175,0.904) (0.299,1.444)
55-64 0.582 (0.265, 1.276) 0.176 0.299 0.005** 0.563 0.152 0.288 (0.136,0.732) 0.005 **
(0.128,0.701) (0.256,1.24)
45-54 0.480 (0.202,1.139) 0.096 0.291 0.008** 0.479 0.095 0.286 0.007 **
(0.117,0.720) (0.202,1.136) (0.131,0.807)
Reference <45 <45
Races White 1.150 (0.806,1.641) 0.836 1.157 0.452 1.109 0.581 1.112 0.596
(0.536,1.221) (0.769,1.599) (0.751,1.206)
Other 0.959 (0.648,1.420) 0.441 0.809 0.312 0.938 0.756 0.789 0.273
(0.791,1.692) (0.626,1.405) (0.516,1.206)
Reference  Black Black
Surgical Recommended but not 1.021 0.971 0.940 (0.291, 0.918 1.083 0.892 0.948 0.930
performed (0.324,3.216) 3.037) (0.3436,3.4135) (0.292,3.076)
Surgeries 0.630 0.001***  0.554 0.010"  0.58972 0.001 0.467 0.002
(0.484,0.818) (0.352,0.871) (0.4482,0.7759) ok (0.291,0.751) i
Reference No surgery No surgery
Chemotherapy  Post- 0.491 4.65e-05 0.498 0.0015 0.466 3.77e-05 0.481 0.002
(0.349,0.692) ok (0.324,0.766)  ** (0.3241,0.6701)  *** (0.305,0.758)  **
Pre- 0.473 0.053 0.866 0.742 0.509 0.082 0.973 0.951
(0.221,1.011) (0.369,2.032) (0.2378,1.0897) (0.411,2.305)
Pre- and 0.376 0.003 ** 0.410 0.016° 0.4086 0.006** 0.497 0.065
Post- (0.198,0.714) (0.199,0.847) (0.2149,0.7768) (0.237,1.043)
Reference No chemotherapy No chemotherapy
Radiotherapy Yes 0.606 (0.299,1.231) 0.166 0.892 0.784 0.6538 0.241 0.905 0.813
(0.394,2.020) (0.3216,1.329) (0.397,2.066)
Reference No No
T stage T3 0.761 (0.486,1.189) 0.230 0.637 0.056 0.6477 0.075 0.553 0.019"
(0.401,1.012) (0.402,1.044) (0.337,0.906)
T2 0.4366 (0.235,0.810) 0.009 ** 0.562 0.080 0.386 0.005 ** 0.499 0.049°
(0.295,1.071) (0.199,0.749) (0.250,0.996)
T1 0.496 (0.329,0.747) 0.001 *** 0.520 0.008 ** 0.4708 0.001 *** 0.533 0.012°
(0.321,0.843) (0.308,0.720) (0.325,0.873)
TX 0.686 (0.484,0.973) 0.034" 0.883 0.578 0.6857 0.038" 0.974 0.906
(0.570,1.369) (0.480,0.980) (0.624,1.519)
Reference T4 T4
N stage N2 1.042 (0.738,1.470) 0.816 1.788 0.008 ** 1.0162545 (0.708,1.458) 0.930 1.796 0.011°
(1.161,2.751) (1.145,2.821)
N3 0.996 (0.715,1.387) 0.980 2.016 0.001 ** 0.9997223 (0.709,1.409) 0.999 2.140 0.001 ***
(1.309,3.104) (1.370,3.343)
Reference N1 N1

@ Pre-: Preoperative Chemotherapy; Post-: Postoperative Chemotherapy; Pre- and Post-: Preoperative and Postoperative Chemotherapy.
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Fig. 2. Effect of major variables on OS and CSS in patients with intestinal-type gastric adenocarcinoma.
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no significant disparities in gender, race, local tumor surgery, radiotherapy, T stage, and N stage between the groups receiving
chemotherapy and those not receiving it (P > 0.05). However, a notable variance was observed in the age distribution.

3.2. Analysis of the variables affecting patients’ OS and CSS

Univariate Cox regression analysis identified significant correlations between OS and several factors, including primary tumor
surgery, chemotherapy (both preoperative and postoperative, as well as postoperative only), T stage, and N stage in patients with
intestinal-type gastric adenocarcinoma (P < 0.05). Subsequent multivariate Cox regression analysis confirmed these factors, along
with age, as significant independent predictors of OS in this patient population (P < 0.05), as detailed in Table 2. Survival curves for
these key independent predictors were generated using the Kaplan-Meier method and analyzed with the Log-rank test, as illustrated in
Fig. 2. Further multivariate analysis highlighted a notably poorer prognosis for patients younger than 45 or older than 75 years
compared to those aged 45-74 years (Table 2). Significant survival advantages were observed in patients who underwent primary
tumor resection and/or chemotherapy, with those diagnosed at an earlier T-stage showing better outcomes, and those with advanced
lymph node involvement exhibiting poorer prognoses. The findings for CSS mirrored those for OS, as demonstrated in Table 2.

3.3. Construction of the nomogram model for prognostic survival

Utilizing the outcomes from the Cox analysis in the modeling cohort, variables identified as statistically significant in multivariate
Cox regression were integrated into the nomogram for predicting OS in patients with intestinal-type gastric adenocarcinoma. Simi-
larly, variables significant in the competing risk analyses were included in the nomogram for CSS prognosis. This comprehensive
nomogram aims to forecast 1- and 5-year survival rates for these patients, as depicted in Fig. 3.

3.4. Validation of the nomogram predictive model

The nomogram underwent internal validation using designated modeling and validation cohorts, demonstrating high predictive
accuracy for OS and CSS in gastric cancer lymph node metastasis (GCLM) patients. Notably, the concordance indices (C-indices) for OS
in both cohorts surpassed those of the traditional TNM staging system (0.706 vs. 0.560; 0.670 vs. 0.554), as did the C-indices for CSS
(0.769 vs. 0.534; 0.744 vs. 0.518), detailed in Table 3. Receiver Operating Characteristic (ROC) curve analysis further confirmed the
superior accuracy of the nomogram models, with larger areas under the curve indicating enhanced predictive capability, shown in
Fig. 4. To mitigate overfitting of the C-index, a correction was applied. The study focused on the 1-year survival predictions, generating
correction curves that closely aligned with the diagonal, illustrating the nomogram’s precise congruence with actual 1-year survival
rates. This alignment, highlighted in Fig. 5, underscores the model’s exceptional discrimination and accuracy.

4. Discussion

Intestinal-type gastric adenocarcinoma, a malignancy characterized by severe outcomes, often leads to metastasis at diagnosis due
to the subtlety of early symptoms [22,23]. Recent advancements in surgical and adjuvant therapies have established multidisciplinary
treatment as the cornerstone for managing this cancer type, significantly enhancing patient survival rates. Research indicates a strong
association between patient prognosis and factors such as the clinical management approach, disease stage, and others [10].
Consequently, optimizing treatment strategies and prognostic tools necessitates the integration of all pertinent metrics. This study
presents a novel, effective tumor prognosis assessment model derived from an extensive clinical case dataset, aimed at facilitating
personalized and precise patient care. Firstly, our prognostic model can assist clinicians in more accurately assessing patients’
prognosis and devising personalized treatment plans for each individual. By incorporating patients’ individual and tumor charac-
teristics, physicians can estimate patients’ survival rates more precisely, thus providing more targeted guidance for treatment de-
cisions. This helps to avoid overtreatment or undertreatment and maximizes treatment efficacy. Secondly, our research results also
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Fig. 3. Predictive model for OS/CSS at 1 and 5 years in patients with intestinal-type gastric adenocarcinoma by nomograms.
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Table 3

Heliyon 10 (2024) e32238

Comparison of heterogeneity indices between the column chart evaluation model and the AJCC-TNM

evaluation system.
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provide clinicians with more comprehensive information support, aiding in optimizing clinical decision-making. By understanding the
prognosis of different patient subgroups, physicians can better assess patients’ disease risks and tailor treatment strategies accordingly.
Nomograms [24], innovative statistical tools for forecasting, offer a more objective and systematic approach to prognosis than
traditional indices and have gained widespread application across various cancers, including liver [25], lung [26], and pediatric
tumors [27]. Our study developed nomogram models to predict OS and CSS in patients with intestinal-type gastric adenocarcinoma.
The models’ accuracy and reliability were validated through concordance indices, receiver operating characteristic (ROC) curves, and
calibration curve analysis, affirming their efficacy in prognosticating OS and CSS and underscoring their robustness and reliability.
This study identified age, tumor size, T-grade, lymph node metastasis, primary site surgery, and adjuvant chemotherapy as in-
dependent risk factors influencing survival outcomes in patients with intestinal-type gastric adenocarcinoma, incorporating these
factors into the prognostic columnar graph model. Specifically, diagnosis at ages below 45 or above 75 years was associated with
poorer outcomes, with no significant differences observed across racial (white, black, and other) or gender (male and female) groups.
This may be attributed to poor lifestyle choices and delayed screening in younger individuals, whereas diminished physiological
resilience and increased palliative care reliance may affect older patients. Treatment predominantly involves surgery (either radical or
palliative), adjuvant chemotherapy (pre and postoperative), and radiation, yet the application of these modalities remains under
debate. A surgical approach combined with other treatments is considered optimal [28,29]. This study’s findings underscore the
significant impact of primary site surgery on prognostic survival (OS: 0.62958, P = 0.000543; CSS: 0.58972, P = 0.000162),



S. Liu et al. Heliyon 10 (2024) e32238

highlighting the crucial role of postoperative and perioperative chemotherapy in enhancing prognosis, unlike preoperative chemo-
therapy alone. Ballhausen et al. [30] multicenter retrospective analysis corroborates the beneficial effects of perioperative chemo-
therapy on disease-free survival (DFS) and OS in this patient group. Our study findings are consistent with those of Ballhausen et al.
demonstrating the positive impact of perioperative chemotherapy on the prognosis of gastric cancer patients. Additionally, our
research aligns with other relevant studies [31,32], indicating that perioperative chemotherapy significantly improves both the sur-
vival rates and disease progression of gastric cancer patients. The consistency of these findings further emphasizes the importance of
perioperative chemotherapy in gastric cancer treatment and underscores its potential impact on patient prognosis. Although our study
results are consistent with previous research, there are some differences in sample size, study design, and analytical methods.

However, our study had several limitations, including ambiguities in disease metastasis details, unspecified chemotherapeutic
regimens, the retrospective study design, and absence of external validation. Data limitations in our study prevented the inclusion of
factors such as genetic mutations and biomarkers, which could have influenced the survival prognosis of patients with intestinal-type
gastric adenocarcinoma. Subsequent research should investigate the influence of these potential prognostic factors on patient survival
outcomes. Therefore, future research should prioritize the additional validation and refinement of the model. Initially, we will actively
seek collaborations with other institutions to acquire multicenter datasets for external validation. Moreover, we will explore the use of
prospective cohort study designs to enhance the assessment of the model’s performance in actual clinical environments. These en-
deavors aim to validate and refine the model further, thereby bolstering its utility in clinical practice. It is important to note that the
model’s predictions should be used in conjunction with clinical judgment and patient preferences, rather than as a standalone tool.

In summary, this research leveraged clinicopathological data from the SEER database to analyze prognostic factors in patients with
intestinal gastric adenocarcinoma, developing a nomogram prediction model. This model, significant for its clinical applicability,
enables precise survival prognoses assessment in terms of OS and CSS. Thus, it serves as a valuable adjunct tool for the clinical
management of this condition. Furthermore, our study also has potential implications for health policy and resource allocation. For
instance, within healthcare systems, resources can be adjusted based on individual characteristics determined by our prognostic
model, thereby optimizing resource allocation strategies and enhancing the distribution of personalized treatment methods.
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