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Abstract
BACKGROUND 
Research on gastrointestinal mucosal adenocarcinoma (GMA) is limited and controversial, and there is no reference 
tool for predicting postoperative survival.

AIM 
To investigate the prognosis of GMA and develop predictive model.

METHODS 
From the Surveillance, Epidemiology, and End Results database, we collected clinical information on patients with 
GMA. After random sampling, the patients were divided into the discovery (70% of the total, for model training), 
validation (20%, for model evaluation), and completely blind test cohorts (10%, for further model evaluation). The 
main assessment metric was the area under the receiver operating characteristic curve (AUC). All collected clinical 
features were used for Cox proportional hazard regression analysis to determine factors influencing GMA’s 
prognosis.

RESULTS 
This model had an AUC of 0.7433 [95% confidence intervals (95%CI): 0.7424-0.7442] in the discovery cohort, 0.7244 
(GMA: 0.7234-0.7254) in the validation cohort, and 0.7388 (95%CI: 0.7378-0.7398) in the test cohort. We packaged it 
into Windows software for doctors’ use and uploaded it. Mucinous gastric adenocarcinoma had the worst pro-
gnosis, and these were protective factors of GMA: Regional nodes examined [hazard ratio (HR): 0.98, 95%CI: 0.97-
0.98, P < 0.001)] and chemotherapy (HR: 0.62, 95%CI: 0.58-0.66, P < 0.001).

CONCLUSION 
The deep learning-based tool developed can accurately predict the overall survival of patients with GMA postoper-
atively. Combining surgery, chemotherapy, and adequate lymph node dissection during surgery can improve pat-
ient outcomes.

Key Words: Deep learning; Gastrointestinal mucous adenocarcinoma; Overall survival; Surgery; Clinical tool

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

Core Tip: After surgery, some patients can be diagnosed with gastrointestinal mucous adenocarcinoma (GMA) by pathology, 
a rare subtype cancer. However, research on GMA is limited and controversial, and there is no reference tool for their 
postoperative survival prediction. We searched Surveillance, Epidemiology, and End Results database and collected 11390 
GMA patients’ clinical information. Then we constructed a deep learning-based tool to predict GMA patients’ overall 
survival after surgery, and the tool has been uploaded. After our analysis, combining surgery, chemotherapy, and adequate 
lymph node dissection during surgery can improve patient outcomes.

Citation: Song J, Yan XX, Zhang FL, Lei YY, Ke ZY, Li F, Zhang K, He YQ, Li W, Li C, Pan YM. Unveiling the secrets of 
gastrointestinal mucous adenocarcinoma survival after surgery with artificial intelligence: A population-based study. World J 
Gastrointest Oncol 2024; 16(6): 2404-2418
URL: https://www.wjgnet.com/1948-5204/full/v16/i6/2404.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i6.2404

INTRODUCTION
Gastrointestinal cancer is one of the most common fatal tumors in the United States, and colorectal cancer is the third 
most frequent malignant tumor and the third most deadly tumor[1,2]. Surgery is one of the most popular therapies[3,4]. 
However, after surgery, some patients can be pathologically diagnosed with gastrointestinal mucous adenocarcinoma 
(GMA), a rare subtype represented by mucinous gastric adenocarcinoma (MGA), mucinous duodenal adenocarcinoma 
(MDA), and mucinous colorectal adenocarcinoma (MCA). Figure 1 shows typical endoscopic and pathological images of 
the GMA, including the MGA, MDA, and MCA. To further identify GMA, immunohistochemistry is used frequently, and 
common antibody combinations include MUC-2, CK-20, CDX-2, and CK-7[5,6]. Taking the MCA as an example, MUC-2, 
CK-20, and CDX-2 were positive, whereas CK-7 was negative (Figure 1C).

mailto:peterfpan2020@mail.ccmu.edu.cn
https://www.wjgnet.com/1948-5204/full/v16/i6/2404.htm
https://dx.doi.org/10.4251/wjgo.v16.i6.2404
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Figure 1 The endoscopic, hematoxylin-eosin staining, and immunohistochemistry photos of gastrointestinal mucous adenocarcinoma. A: 
The endoscopic photos of gastrointestinal mucous adenocarcinoma (GMA), including mucinous gastric adenocarcinoma (MGA), mucinous duodenal adenocarcinoma 
(MDA), and mucinous colorectal adenocarcinoma (MCA). MGA, ulcer lesions on the posterior wall of the gastric body, with white coating and jelly-like material on the 
surface. MDA, duodenal bulb ulcer bleeding with accumulation of transparent jelly-like material. MCA, the electronic colonoscope was inserted 90 cm through the 
anus. There was a raised lesion with a diameter of about 5 cm, and the surface was covered with yellow and white coating; B: Hematoxylin-eosin staining of GMA; C: 
Immunohistochemistry results of MCA, MUC-2, CK-20, and CDX-2 were positive while CK-7 was negative. MGA: Mucinous gastric adenocarcinoma; MDA: Mucinous 
duodenal adenocarcinoma; MCA: Mucinous colorectal adenocarcinoma.

Research on the GMA remains limited, and some conclusions from related studies are contradictory[7,8]. For example, 
there is conflicting information in the literature regarding the prognosis and overall survival (OS) of patients with MCA 
in the literature[7]. Consequently, awareness of GMA among doctors and researchers is limited, including some 
necessary expertise, such as a dearth of pertinent research to support additional preoperative or postoperative treatment 
for GMA. Large-scale clinical data analyses are required, particularly in randomized controlled clinical trials with high 
levels of evidence. The postoperative prognosis is another matter that concerns doctors, patients, and their families. 
Prognostic information currently available for GMA is scarce, especially because an individualized survival prediction 
system is lacking.

The Surveillance, Epidemiology, and End Results (SEER) database is the largest tumor database in the United States, 
with over 50 years of history. It covers approximately 48.0% of the American population. It is especially well-suited for 
studies on uncommon illnesses and cancer epidemiology surveys because of its wide coverage and authority.

In this study, we searched the SEER database, retrospectively analyzed the clinical data of patients with GMA using a 
large amount of clinical data, developed an OS prediction model for patients with GMA based on deep learning 
algorithms, and packaged it for simple usage by clinicians. In addition, we conducted statistical analyses and reviewed 
studies on the GMA to identify the risk and protective factors related to prognosis.
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MATERIALS AND METHODS
Data source
We searched the SEER database and collected the clinical information of patients with GMA. Data originated from SEER 
Research Plus Data, 18 Registries, Nov 2020 Sub (2000-2018) sub-database, which covers approximately 27.8% of the 
American population. Detailed inclusion and exclusion criteria were as follows: (1) ICD-O-3 Hist/behav was 8480/3: 
Mucinous adenocarcinoma; (2) primary sites were gastrointestinal tract (C16.0-Cardia, NOS, C16.1-Fundus of stomach, 
C16.2-Body of stomach, C16.3-Gastric antrum, C16.4-Pylorus, C16.5-Lesser curvature of stomach NOS, C16.6-Greater 
curvature of stomach NOS, C16.8-Overlapping lesion of stomach, C16.9-Stomach, NOS, C17.0-Duodenum, C17.1-
Jejunum, C17.2-Ileum, C17.8-Overlapping lesion of small intestine, C17.9-Small intestine, NOS, C18.0-Cecum, C18.1-
Appendix, C18.2-Ascending colon, C18.3-Hepatic flexure of colon, C18.4-Transverse colon, C18.5-Splenic flexure of colon, 
C18.6-Descending colon, C18.7-Sigmoid colon, C18.8-Overlapping lesion of colon, C18.9-Colon, NOS, C19.9-Rectosigmoid 
junction or C20.9-Rectum, and NOS); (3) patients have gotten surgery; (4) complete American Joint Committee on Cancer 
TNM stage and other clinical features needed; and (5) no missing values (Table 1).

Study design
This retrospective study was designed for diagnostic testing. After screening according to the inclusion and exclusion 
criteria, all patients were randomly assigned to the discovery (70%), validation (20%), and test (10%) cohorts. The 
discovery cohort was used to train the deep learning survival model, which was evaluated in the validation cohort and 
another completely blind test cohort. The primary outcome was the OS of the patients with GMA (Figure 2).

The data for this research came from the publicly accessible SEER database, and patients’ information was anonymized 
and untraceable. Consequently, this study was exempt from ethical approval and written permission.

Predictive variables
Age, sex, tumor site, history of malignant tumors, and TNM stage are potential risk factors for gastrointestinal cancer[7,9-
11]. A larger tumor diameter or more positive lymph nodes generally indicates a more advanced tumor stage, and 
additional lymph node examinations can help determine this stage. Therefore, they are also considered conceivable 
predictors. Radiotherapy and chemotherapy are the most commonly used treatment strategies in addition to surgery.

The variables listed above were entered into the least absolute shrinkage and selection operator (LASSO) regression 
with 10-fold cross-validation to find the lowest lambda value. Clinical features with nonzero coefficients in the regression 
model were selected as final predictor variables based on this lambda value.

According to SEER rules, tumors with a diameter of 989 mm or larger are still recorded as 989 mm. Patients older than 
100 years were listed as such. The tumor sites were merged according to their records. Those who survived for less than 
one month were still regarded as one month.

Model training, evaluation, and packaging
The training process was completed in python 3.9 (using Pytorch, Torchtuples, Sklearn, Pandas, Numpy, and Pycox). 
Unlike the typical classification, survival prediction has two variables: Survival time and status. This model was built 
based on DeepSuvr theory[12]. To obtain a better training effect, we transformed categorical clinical features (sex, malig-
nant tumor history, tumor site, T, N, M, and stage, radiotherapy, and chemotherapy) to number labels (Supplementary 
Table 1). In contrast, numerical clinical features (age, tumor size, regional nodes positive, and regional nodes examined) 
were standardized (also known as the z-score, calculated by subtracting the population mean from an individual raw 
score and then dividing the difference by the population standard deviation; Supplementary Table 2). Batch training 
(using 2048 samples for training per epoch) was performed to obtain a better fit. A batch normalization layer and dropout 
layer were used to avoid overfitting. The Adam optimizer was adopted by setting the learning rate at 0.05. An early 
stopping function was used, which could terminate training automatically if the model had been trained for numerous 
rounds (setting 30); however, its performance improved slightly. The ultimate output of the model was a group of 
numbers (no bias). After sigmoid conversion, the values were between 0 and 1, the predicted survival probabilities for 
different months.

Model performance was evaluated using the area under the receiver operating characteristic curve (AUC). The closer 
the AUC is to 1.0, the better the model performance. The closer the AUC is to 0.5, the more inclined the model is toward 
random guessing. The bootstrap method was used to obtain the AUC and 95% confidence interval (CI). The model was 
truncated at 1, 3, and 5 years to obtain a more comprehensive assessment. Other evaluation metrics included specificity, 
sensitivity, accuracy, positive predictive value (PPV), and negative predictive value (NPV). We also used a Cox propor-
tional hazards (CPH) model using the same clinical features for comparison.

Finally, the model was packaged into a Windows tool that doctors could use more conveniently. This process was 
completed in Pycharm, using the pyside6 and pyinstaller package.

Survival analysis
We compared the prognosis of GMA at different sites using Kaplan-Meier curves and log-rank tests. All collected clinical 
features were utilized to conduct multivariate CPH regression to identify the protective and risk factors for GMA. Some 
clinical features (T, N, M, and stage) were reintegrated before this process.

https://f6publishing.blob.core.windows.net/e0c1a083-8277-48cd-a281-8b95ef70b37c/WJGO-16-2404-supplementary-material.zip
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Figure 2 Flowchart for this research. SEER: Surveillance, Epidemiology, and End Results.

Statistical analysis
All statistical analyses were performed using R version 4.2.0. The Chi-square test was used for categorical variables, and 
the Kruskal-Wallis test was used for continuous variables with a non-normal distribution. A two-sided P value less than 
0.05 was considered statistically significant. The following R packages were used for data analysis and visualization: 
glmnet, pROC, ggsci, ggplot2, survminer, survival, forest model, epiDisplay, circlize, and ggridge.

RESULTS
Demographic characteristics
Ultimately, 11390 patients were included in the study. They were then randomly assigned to one of the three cohorts. 
There were 7972 patients in the discovery cohort, 2392 in the validation cohort, and 1026 in the test cohort. There were no 
significant differences among the three cohorts. The median ages of the discovery and test cohorts were 69 years, whereas 
that of the validation cohort was 70 years. Among the three cohorts, most patients with GMA were female among three 
cohorts and had no history of malignant tumors. In the three cohorts, the most common GMA tumor sites were the other 
parts of the colon (not the rectum and rectosigmoid junction, or the cecum and appendix). Most patients were evaluated 
as T3, N0, or M0; therefore, most patients were staged as IIA. The median tumor size was 53.5 mm in the discovery 
cohort, 53.0 mm in the validation cohort, and 51.0 mm in the test cohort. The median number of positive regional nodes in 
the three cohorts was 0. The median number of regional nodes examined was 18 in the discovery and validation cohorts 
and 17 in the test cohort. Most patients did not receive radiotherapy or chemotherapy. The median survival time in the 
discovery and validation cohorts was 45 months, while test cohort patients had a 48-month median survival time. Almost 
50% of the patients in the three groups were alive at the end of the follow-up period (Table 2).
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Table 1 Data filtering condition

Option in SEER Value

Database SEER Research Plus Data, 18 registries. Nov 2020 Sub (2000-2018)

ICD-O-3 Hist/behav 8480/3: Mucinous adenocarcinoma

Primary site-labeled C16.0-Cardia, NOS

C16.1-Fundus of stomach

C16.2-Body of stomach

C16.3-Gastric antrum

C16.4-Pylorus

C16.5-Lesser curvature of stomach NOS

C16.6-Greater curvature of stomach NOS

C16.8-Overlapping lesion of stomach

C16.9-Stomach, NOS

C17.0-Duodenum

C17.1-Jejunum

C17.2-Ileum

C17.8-Overlapping lesion of small intestine

C17.9-Small intestine, NOS

C18.0-Cecum

C18.1-Appendix

C18.2-Ascending colon

C18.3-Hepatic flexure of colon

C18.4-Transverse colon

C18.5-Splenic flexure of colon

C18.6-Descending colon

C18.7-Sigmoid colon

C18.8-Overlapping lesion of colon

C18.9-Colon, NOS

C19.9-Rectosigmoid junction

C20.9-Rectum, NOS

Other Receive surgery and records without missing value

SEER: The Surveillance, Epidemiology, and End Results; ICD-O-3: The International Classification of Diseases for Oncology, Third Edition; NOS: Not 
otherwise specified.

The characteristics of all three cohorts of patients were visually displayed in Figure 3, including categorical (Figure 3A) 
and numerical variables (Figure 3B). They described the sources and general distribution of GMA at different tumor sites.

Variable filtering process
LASSO Cox regression was used to filter the collected clinical features. After 10-fold cross-validation, the minimum 
lambda value was 0.0031 (Supplementary Figure 1A). The model’s variable coefficients were examined with this lambda 
value, and none was equal to zero (Supplementary Table 3). This means that age, sex, malignant tumor history, tumor 
site, TNM stage, tumor size, regional lymph node positivity, regional lymph nodes examined, radiotherapy, and 
chemotherapy could predict the OS of patients with GMA. Therefore, they were all used in subsequent modeling.

Model training and performance
After 100 epochs, the early stopping function abruptly terminated training. The training curves are presented in Supple-
mentary Figure 1B. Finally, the deep learning model had 14 layers. It included a linear layer (13 × 32), an activation layer 
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Table 2 Clinical features of patients, n (%)

Discovery cohort (n = 
7972)

Validation cohort (n = 
2392)

Test cohort (n = 
1026)

Statistical test 
method

P 
value

Age Kruskal-Wallis 0.5211

Median (IQR) 69 (58, 79) 70 (59, 79) 69 (58, 80)

Sex Chi-square 0.4781

Female 4029 (50.54) 1219 (50.96) 539 (52.53)

Male 3943 (49.46) 1173 (49.04) 487 (47.47)

Malignant tumor history Chi-square 0.2368

No 6217 (77.99) 1830 (76.51) 807 (78.65)

Yes 1755 (22.01) 562 (23.49) 219 (21.35)

Site Chi-square 0.6989

Stomach 180 (2.26) 46 (1.92) 18 (1.75)

Small intestine 105 (1.32) 37 (1.55) 11 (1.07)

Cecum and appendix 2312 (29.00) 729 (30.48) 293 (28.56)

Rectum and rectosigmoid 
junction

1003 (12.58) 295 (12.33) 129 (12.57)

Other colon 4372 (54.84) 1285 (53.72) 575 (56.04)

T Chi-square 0.3557

T1 265 (3.32) 75 (3.14) 27 (2.63)

T1a 2 (0.03) 2 (0.08) 0 (0.00)

T1b 16 (0.20) 4 (0.17) 1 (0.10)

T2 883 (11.08) 301 (12.58) 107 (10.43)

T3 4505 (56.51) 1331 (55.64) 591 (57.60)

T4 54 (0.68) 20 (0.84) 8 (0.78)

T4a 1323 (16.60) 356 (14.88) 173 (16.86)

T4b 924 (11.59) 303 (12.67) 119 (11.60)

N Chi-square 0.6443

N0 4123 (51.72) 1284 (53.68) 543 (52.92)

N1 260 (3.26) 74 (3.09) 22 (2.14)

N1a 832 (10.44) 235 (9.82) 96 (9.36)

N1b 920 (11.54) 267 (11.16) 126 (12.28)

N1c 137 (1.72) 29 (1.21) 16 (1.56)

N2 104 (1.30) 31 (1.30) 13 (1.27)

N2a 654 (8.20) 208 (8.70) 99 (9.65)

N2b 898 (11.26) 255 (10.66) 107 (10.43)

N3 11 (0.14) 4 (0.17) 2 (0.19)

N3a 20 (0.25) 3 (0.13) 1 (0.10)

N3b 13 (0.16) 2 (0.08) 1 (0.10)

M Chi-square 0.4620

M0 6689 (83.91) 2022 (84.53) 873 (85.09)

M1 96 (1.20) 22 (0.92) 10 (0.97)

M1a 563 (7.06) 162 (6.77) 79 (7.70)
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M1b 624 (7.83) 186 (7.78) 64 (6.24)

Stage Chi-square 0.8700

I 883 (11.08) 292 (12.21) 102 (9.94)

IA 10 (0.13) 3 (0.13) 0 (0.00)

IB 21 (0.26) 3 (0.13) 2 (0.19)

II 3 (0.04) 1 (0.04) 0 (0.00)

IIA 2236 (28.05) 675 (28.22) 305 (29.73)

IIB 405 (5.08) 112 (4.68) 52 (5.07)

IIC 303 (3.80) 111 (4.64) 46 (4.48)

III 2 (0.03) 1 (0.04) 0 (0.00)

IIIA 222 (2.78) 67 (2.80) 28 (2.73)

IIIB 1742 (21.85) 506 (21.15) 227 (22.12)

IIIC 862 (10.81) 251 (10.49) 111 (10.82)

IV 96 (1.20) 22 (0.92) 10 (0.97)

IVA 523 (6.56) 145 (6.06) 73 (7.12)

IVB 603 (7.56) 188 (7.86) 63 (6.14)

IVC 61 (0.77) 15 (0.63) 7 (0.68)

Tumor size (mm) Kruskal-Wallis 0.4812

Median (IQR) 53.5 (38.0, 72.0) 53.0 (38.0, 75.0) 51.0 (40.0, 70.0) Median (IQR)

Regional nodes positive Kruskal-Wallis 0.4721

Median (IQR) 0 (0, 3) 0 (0, 3) 0 (0, 3)

Regional nodes examined Kruskal-Wallis 0.4691

Median (IQR) 18 (13, 24) 18 (13, 24) 17 (13, 23)

Radiotherapy Chi-square 0.4074

No 7231 (90.70) 2180 (91.14) 943 (91.91)

Yes 741 (9.30) 212 (8.86) 83 (8.09)

Chemotherapy Chi-square 0.6545

No 4615 (57.89) 1378 (57.61) 608 (59.26)

Yes 3357 (42.11) 1014 (42.39) 418 (40.74)

Survival time Kruskal-Wallis 0.2472

Median (IQR) 45 (20.00, 69.00) 45 (20.75, 69.00) 48 (21.00, 71.75)

Status Chi-square 0.8302

Alive 4034 (50.60) 1195 (49.96) 522 (50.88)

Dead 3938 (49.40) 1197 (50.04) 504 (49.12)

IQR: Interquartile range.

(ReLU), a batch normalization layer, a dropout layer (10%), a second linear layer (32 × 8), a second activation layer 
(ReLU), second batch normalization layer, second dropout layer (10%), third linear layer (8 × 4), third activation layer 
(ReLU), third batch normalization layer, third dropout layer (10%), fourth linear layer (4 × 1), and fourth activation layer 
(Sigmoid) (Figure 4A). The final output was a GMA patient’s OS probability for the next 1-107 months. The model 
parameters are shown in Supplementary Figure 2.

This model had a 0.7433 (95%CI: 0.7424-0.7442) AUC in the discovery cohort, 0.7244 (95%CI: 0.7234-0.7254) AUC in the 
validation cohort, 0.7388 (95%CI: 0.7378-0.7398) AUC in the test cohort (Table 3). The receiver operating characteristic 
curves are shown in Figure 4B.

In comparison, the same variables and the CPH method were used to fit the data. It only had an AUC of 0.7155 (95%CI: 
0.7145-0.7166) in the discovery cohort, 0.6942 (95%CI: 0.6932-0.6953) in the validation cohort, and 0.7178 (95%CI: 0.7168-
0.7188) in the test cohort (Supplementary Table 4). Regardless of the mean or 95%CI of the AUC, it is evident that the 
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Table 3 Overall performance of the model

AUC AUC, 95%CI

Mean Low High

Discovery cohort 0.7433 0.7424 0.7442

Validation cohort 0.7244 0.7234 0.7254

Test cohort 0.7388 0.7378 0.7398

AUC: Area under receiver operating characteristic curve; CI: Confidence interval.

deep-learning-based model performs better than the CPH.
After 1, 3, and 5 years, we thoroughly assessed the performance of the deep-learning-based model. In discovery cohort, 

it had 0.7953 AUC (95%CI: 0.7817-0.8090), 0.7688 specificity, 0.6742 sensitivity, 0.7536 accuracy, 0.9250 NPV and 0.3581 
PPV in 1-year OS prediction; 0.8034 AUC (95%CI: 0.7933-0.8136), 0.7675 specificity, 0.6963 sensitivity, 0.7421 accuracy, 
0.8200 NPV and 0.6243 PPV in the 3-year OS prediction; 0.7971 AUC (95%CI: 0.7873-0.8069), 0.7985 specificity, 0.6595 
sensitivity, 0.7365 accuracy, 0.7441 NPV and 0.7253 PPV in 5-year OS prediction. The validation cohort showed 0.7757 
AUC (95%CI: 0.7501-0.8012), 0.6493 specificity, 0.7775 sensitivity, 0.6697 accuracy, 0.9388 NPV, and 0.2964 PPV in the 1-
year OS prediction; 0.7843 AUC (95%CI: 0.7650-0.8036), 0.7260 specificity, 0.7242 sensitivity, 0.7253 accuracy, 0.8234 NPV 
and 0.5987 PPV in the 3-year OS prediction; 0.7772 AUC (95%CI: 0.7587-0.7958), 0.7586 specificity, 0.6746 sensitivity, 
0.7203 accuracy, 0.7355 NPV and 0.7010 PPV in the 5-year OS prediction. The test cohort showed 0.7938 AUC (95%CI: 
0.7566-0.8310), 0.7182 specificity, 0.7386 sensitivity, 0.7212 accuracy, 0.9400 NPV and 0.3148 PPV in 1-year OS prediction; 
0.7888 AUC (95%CI: 0.7603-0.8173), 0.6869 specificity, 0.7507 sensitivity, 0.7086 accuracy, 0.8424 NPV and 0.5527 PPV in 3-
year OS prediction; 0.7871 AUC (95%CI: 0.7597-0.8146), 0.7296 specificity, 0.7127 sensitivity, 0.7222 accuracy, 0.7655 NPV 
and 0.6723 PPV in 5-year OS prediction (Table 4).

Model packaging and usage
For convenience, we packaged the model into Windows software. After unzipping, users can double-click Main.exe to 
start. After inputting the GMA patient’s clinical characteristics, click Predict to run the built-in pre-trained neural network. 
After the calculation, the prediction results were automatically drawn into a survival curve (Kaplan-Meier curve). The 
horizontal axis represents a certain month, and the vertical axis represents the OS probability that the predicted patient is 
still alive in that month. The curve can be zoomed in or out using the mouse, and a specific value is displayed when 
hovering (Figure 4C).

Survival analysis
Overall, the incidence rate of GMA is declining, about 1.7% (1.9% in male and 1.5% in female) (Supplementary Table 5). 
Moreover, the 1-year survival rate of patients with GMA is about 84% (95%CI: 83%-85%), the 3-year survival rate of them 
is about 64% (95%CI: 63%-65%) and the 5-year survival rate of them is about 53% (95%CI: 52%-54%) (Supplementary 
Table 6).

Survival analysis showed that patients with GMA in the stomach had the worst prognosis (P < 0.0001) (Figure 5A). 
Multivariate CPH regression displayed that these clinical features were risk factors: older age [hazard ratio (HR): 1.03; 
95%CI: 1.03-1.03, P < 0.001), male (HR: 1.09, 95%CI: 1.03-1.15, P = 0.002), malignant tumor history (HR: 1.22, 95%CI: 1.14-
1.29, P < 0.001), rectum and rectosigmoid junction (HR: 1.25, 95%CI: 1.12-1.38, P < 0.001), small intestine (HR: 1.41, 95%CI: 
1.13-1.75, P < 0.002), stomach (HR: 1.66, 95%CI: 1.36-2.02, P < 0.001), other colon sites (HR: 1.18, 95%CI: 1.11-1.25, P < 
0.001), T3 (HR: 1.59, 95%CI: 1.26-2.02, P < 0.001), T4 (HR: 2.47, 95%CI: 1.94-3.13, P < 0.001), N1 (HR: 1.70, 95%CI: 1.48-1.96, 
P < 0.001), N2 (HR: 2.02, 95%CI: 1.74-2.35, P < 0.001), N3 (HR: 1.60, 95%CI: 1.07-2.39, P = 0.021), M1 (HR: 2.47, 95%CI: 
1.96-3.11, P < 0.001), larger tumor size (HR: 1.00, 95%CI: 1.00-1.00, P < 0.001), regional nodes positive (HR: 1.05, 95%CI: 
1.05-1.06, P < 0.001). These were protective factors: Regional nodes examined (HR: 0.98, 95%CI: 0.97-0.98, P < 0.001) and 
chemotherapy (HR: 0.62, 95%CI:0.58-0.66, P < 0.001) (Figure 5B).

DISCUSSION
After surgical resection, some patients may be pathologically diagnosed with GMA, with approximately 1%-20% in the 
colorectum and 7% in the stomach[13-16]. GMA is distinguished by the presence of many mucinous components that 
account for approximately 50% of the tumor volume[7,17]. More mucinous components may indicate a poor prognosis
[18]. Several factors, including younger age, advanced tumor stage, female sex, microsatellite instability (MSI), and 
molecular mutations (such as KRAS and BRAF), have been linked to the development of GMA according to earlier invest-
igations[15,16,18-20]. It is still debatable whether GMA and common gastrointestinal tumors have similar OS, as previous 
studies have produced conflicting reports[7,21]. For example, Warschkow et al[22] observed that MCA had a similar 
prognosis to other colorectal cancers. Hugen argued that stage III mucinous rectal adenocarcinoma instead of MCA had a 
worse prognosis. However, more studies, especially a retrospective analysis with a larger sample size (222256 patients), 
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Table 4 Model’s performance at 1-, 3- and 5-years’ overall survival prediction

Discovery cohort Validation cohort Test cohort

1 yr 3 yr 5 yr 1 yr 3 yr 5 yr 1 yr 3 yr 5 yr

AUC 0.7953 0.8034 0.7971 0.7757 0.7843 0.7772 0.7938 0.7888 0.7871

AUC, 95%CI 0.7817-0.8090 0.7933-0.8136 0.7873-0.8069 0.7501-0.8012 0.7650-0.8036 0.7587-0.7958 0.7566-0.8310 0.7603-0.8173 0.7597-0.8146

Specificity 0.7688 0.7675 0.7985 0.6493 0.7260 0.7586 0.7182 0.6869 0.7296

Sensitivity 0.6742 0.6963 0.6595 0.7775 0.7242 0.6746 0.7386 0.7507 0.7127

Accuracy 0.7536 0.7421 0.7365 0.6697 0.7253 0.7203 0.7212 0.7086 0.7222

NPV 0.9250 0.8200 0.7441 0.9388 0.8234 0.7355 0.9400 0.8424 0.7655

PPV 0.3581 0.6243 0.7253 0.2964 0.5987 0.7010 0.3148 0.5527 0.6723

AUC: Area under receiver operating characteristic curve; CI: Confidence interval; NPV: Negative predictive value; PPV: Positive predictive value.

demonstrated that MCA increased mortality risk by 2%-8%[16,22-25]. Similarly, Rokutan et al[15] noticed that MGA was 
related to poor outcomes, but Hsu stated the opposite conclusion[26]. Most studies have reported that the prognosis of 
GMA is poor, although additional research and attention are needed.

Since GMA is mainly diagnosed during postoperative pathological examination and there is currently no effective 
prognostic model, we searched the SEER database and constructed a deep learning algorithm. In the medical field, classic 
survival prediction is based on the CPH. However, the biggest shortcoming of this theory is that it assumes that the 
impact of covariates on survival is linear. Although it is simple and easy to implement, this ideal assumption is unsuitable 
for the intricate changes in the real world. Machine learning, especially deep learning, has been gradually applied in 
medicine in recent years, including clinical data, medical imaging data, pathological slides, and genomics[27,28]. Due to 
the presence of a time series and the surviving state, survival prediction is neither a typical classification nor a regression 
problem. Katzman et al[12] proposed the DeepSurv method to solve this problem, which has been applied in some tumor 
prognosis studies, such as lung cancer and head and neck cancer[12,29,30]. Our previous study also demonstrated that it 
is better than traditional algorithms such as CPH[31]. Therefore, we built a deep-learning-based model based on the 
DeepSurv algorithm.

In this study, we collected the clinical data of 11390 patients. We divided them into three cohorts (7972 patients in the 
discovery cohort for model training, 2392 in the validation cohort, and 1026 in the test cohort for model evaluation) to 
predict the OS of patients with GMA after surgery. This model had a 0.7433 (95%CI: 0.7424-0.7442) AUC in the discovery 
cohort, 0.7244 (95%CI: 0.7234-0.7254) AUC in the validation cohort, 0.7388 (95%CI: 0.7378-0.7398) AUC in the test cohort, 
which showed predictive value to prognosis and was packaged into a Windows tool. Multivariate survival analysis 
revealed that chemotherapy and more regional lymph nodes examined were protective factors for GMA, which means 
that clinicians should consider a combination therapy of surgery and chemotherapy and perform adequate lymph node 
dissection during surgery.

According to previous studies, the diagnosis of GMA, including MCA and MGA[7,8]. This is consistent with the find-
ings of this study. The median tumor size was approximately 51-53 mm, similar to previous report[26]. Stage II-III was 
most common when GMA was diagnosed in both our and previous studies, but Hsu and Rokutan found that most GMA 
had lymph node metastasis, which was different from ours[15,26]. Chemotherapy is a protective factor against GMA, 
which is consistent with the findings of previous studies[18,32]. Although Reynolds et al[20] thought that patients with 
GMA might respond poorly to chemoradiotherapy, they believed patients could benefit from regimens containing 
fluorouracil. We found that older age was associated with a worse prognosis, which was not significant in the study of 
Yan et al[18]. The potential reason may be that they only included limited younger patients (41 patients < 60 years but 371 
patients ≥ 60 years). We observed that an advanced N stage was related to a worse prognosis, as mentioned in a previous 
study[18].

Currently, no GMA patient survival model is available. Existing prognostic models mostly focus on common patho-
logical subtypes of gastrointestinal tumors, including the use of clinical features and genomics-based bioinformatics 
analyses, etc[33-36]. The deep learning-based tool developed in this study focused on GMA patient prognosis after 
surgery, filled the gaps in related fields, and may help assist in clinical decision-making.

Some researchers have reported that new targeted drugs for GMA are in progress[7,37,38]. Simultaneously, as GMA 
usually has a higher MSI, immunotherapy may bring better efficacy to GMA[7]. These factors are expected to enhance 
GMA the prognosis of patients with GMA.

This study had some limitations. It has been observed that some gene mutations are related to GMA prognosis, which 
was not considered at this time[15]. Besides, other potential factors like co-morbidity, immunohistochemistry, family 
history/genetic syndromes, and type of surgery (open/min access) may have potential influence on GMA, but not 
recorded in SEER database. This retrospective study inevitably has selection bias and information bias. And more Asian 
data and prospective data can validate our model better. Subsequent researchers may consider further improvements in 
the above areas.
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Figure 3 Visual presentation of collected patients’ data. A: The flow of categorical variables; B: The distribution of numerical variables.



Song J et al. GMA survival after surgery

WJGO https://www.wjgnet.com 2415 June 15, 2024 Volume 16 Issue 6

Figure 4 Deep learning-based tool to predict gastrointestinal mucous carcinoma patients’ overall survival after surgery. A: The structure of 
neural network; B: The receiver operating characteristic curves of it; C: The instruction for its use. OS: Overall survival.

CONCLUSION
The deep learning-based tool developed in this study can accurately predict the OS of patients with gastrointestinal 
mucous carcinoma after surgery. Combining surgery, chemotherapy, and adequate lymph node dissection during 
surgery can improve patient outcomes.
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Figure 5 Survival analysis of gastrointestinal mucous adenocarcinoma patients. A: Kaplan-Meier curve was used to compare the prognosis of 
different sites’ gastrointestinal mucous adenocarcinoma (GMA); B: The protective and risk factors of GMA, revealed by Cox proportional hazard regression. aP < 0.05, 
bP < 0.01, cP < 0.001.
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