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Background: Small bowel adenocarcinoma (SBA) is a rare gastrointestinal tumor with high malignancy. The aim of this study was to comprehensively evaluate the distant metastasis pattern and establish nomograms predicting survival for SBA.

Methods: From 2010 to 2015, patients diagnosed with SBA were identified based on the Surveillance, Epidemiology, and End Results (SEER) database. Kaplan–Meier survival analysis was applied to compare survival differences between metastasis patterns. Then, univariate and multivariate cox analyses were applied to screened out independent prognostic factors of cancer-specific survival (CSS) and overall survival (OS), and identify the risk factors for metastasis of SBA. To assess the discrimination and calibration of nomograms, the concordance index (C-index), calibration curves, receiver-operating characteristic curve (ROC), and decision curve analysis (DCA) were calculated.

Results: Kaplan–Meier curves revealed that metastasis patterns were significantly correlated with CSS (p < 0.001) and OS (p < 0.001). Then, the metastasis pattern was showed to be an independent prognostic factor of OS and CSS in patients with SBA, as well as age, grade, T stage, N stage, surgery, retrieval of regional lymph nodes, and chemotherapy. Combining these factors, we constructed prognostic nomograms, which suggested that the metastasis pattern made the greatest contribution to the survival of patients with SBA. Nomograms for OS and CSS had a C-index of 0.787 and 0.793, respectively. Calibration curves showed an excellent agreement between probability and actual observation in the training and validation cohort. Decision curve analysis also exhibited its clinical value with an improved net benefit. In addition, the models we constructed had better prognostic accuracy and clinical utility than traditional TNM staging based on C-index and ROC. Further, Cox regression analysis showed that old age, poor differentiation, N2, and not receiving chemotherapy were the risk factors for prognosis in patients with metastatic SBA.

Conclusion: As an independent prognostic factor, the metastasis pattern exhibited the greatest predictive effect on OS and CSS for patients with SBA. Adjuvant chemotherapy had a positive effect on the survival of patients with SBA. Nomograms for predicting 3-and 5-year OS and CSS of patients with SBA were constructed, which could identify patients with higher risk and might be superior in predicting the survival of patients with SBA than TNM staging.

Keywords: small bowel adenocarcinoma, cancer-specific survival, overall survival, nomogram, metastasis


INTRODUCTION

Small bowel adenocarcinoma (SBA) often occurred in the glandular epithelium, accounting for about 36.9% in small intestinal cancer, and SBA, which mostly located in the duodenum, is the second most common histological type (1, 2). Due to the lack of specific symptoms and the narrow structure, it is difficult to diagnose SBA at the early stage (1). Moreover, the patients with SBA often need individual treatment, which depends on the original occurring position based on surgical resection, chemotherapy, radiation, and immunotherapy (3–5). Although complicated therapies were applied, the prognosis of patients with SBA with a median survival of 37% months remain poorly (6). Therefore, it is urgent to conduct an accurate prognostic analysis of patients with SBA to individualized treatment and monitoring.

Like other tumors, SBA can metastasize to the liver, lung, brain, and bone, with the liver being the dominant site of metastasis (7). Distant metastasis of SBA is one of the main causes of death. However, limited by the small sample size, few studies have analyzed and summarized the relationship between these metastasis sites and prognostic factors of multiple metastases. Therefore, it is important to identify SBA patients with early metastasis and take timely intervention measures. Patients undergoing radical surgery often die from distant metastases of the disease, suggesting the role of adjuvant chemotherapy (8).

Nomogram is a convenient and effective statistical prediction tool, widely used in cancer prognosis research (9, 10). However, the factors that affect tumor progression are complex and diverse. The nomogram can integrate and analyze various prognostic factors of individuals, simplify the classification of patients in clinical trials, and quantify the individualized outcome of patients (11, 12). Therefore, nomogram specially designed for predicting the survival of SBA is promising. This study aimed to establish the models for predicting cancer-specific survival (CSS) (P < 0.001) and overall survival (OS) of SBA and explore the effects of metastasis pattern on the prognosis of SBA. The Surveillance, Epidemiology, and End Results (SEER) database can provide us with corresponding data, which contains a wealth of large-scale information on tumor epidemiology, such as various clinical information and social information for specific populations (13–15).



MATERIALS AND METHODS


Patients

The cancer incidence information collected by SEER database includes data from 18 cancer registries, covering approximately 34.6% of the US population. Data on patients diagnosed with SBA were selected from 2010 to 2014, since the information on cancer metastasis sites was available from 2010 in SEER. The inclusion criteria for patients were based on International Classification of Diseases for Oncology, third edition (ICD-O-3) site codes: C170-C179 (C170: Duodenum, C171: Jejunum, C172: Ileum, C173: Meckels diverticulum, C178: Overlapping lesion of small intestine, C179: Small intestine), only one primary malignancy, histological code: 8140-8389, complete follow-up, and clear causes of death (Supplementary Table 1). Exclusion criteria were as follows: (1) patients with more than one primary cancer; (2) patients younger than 18 years of age; (3) deaths reported within the first month of diagnosis, as SEER reported that their survival was 0 months; (4) patients were only diagnosed by autopsy or death certificate report; and (5) unclear treatment information (Figure 1). Finally, a total of 1,914 patients were included.
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FIGURE 1. The flowchart of patients' recruitment.




Study Variables

The factors identified in the analysis included age, race, sex, marital status, primary site, histologic grade, TNM stage, surgery, chemotherapy, radiation, retrieval of reginal lymph nodes, the causes of death, and follow-up information. The endpoints of the study were OS and CSS. Overall survival is defined as the time from diagnosis to death, and CSS is the time from diagnosis to death from SBA.



Statistical Analyses

All cases meeting the inclusion criteria were included in our study, which were divided into training cohort and validation cohort in a ratio of 7:3 by a random split method. Chi-square test was performed for the basic clinicopathological characteristics of the two cohorts. Kaplan–Meier survival analysis was used to calculate the correlation between different metastasis pattern and OS and CSS, and the log-rank test was performed to compare the significance of survival curves. All variables were evaluated by univariate and multivariate Cox regression analyses to assess the correlation between each characteristic and OS and CSS, and to identify the risk factors for metastasis of SBA. Based on the results of Cox regression analysis, nomograms were constructed for predicting 3- and 5-year OS and CSS. Concordance index (C-index) was used to evaluate the predictive ability of nomograms (16, 17). Concordance index of 0.5 indicates that the model has no predictive power, while a C-index of 1.0 indicates perfect. Receiver-operating characteristic curve (ROC) can also verify nomogram. In addition, calibration curves were drawn to assess the prognosis and actual outcome of survival. To measure the clinical application of nomogram, decision curve analysis (DCA) was applied (18, 19). SPSS software and R statistical software were used for the analysis. A P-value < 0.05 was considered statistically significant.




RESULTS


Patient Characteristics

This study included 1,914 patients with SBA in SEER database from 2010 to 2015. Random split-sample method was used to randomly divide patients into training cohort (n = 1,342) and validation cohort (n = 572). Training cohort information was used to create nomogram, and validation cohort was applied to build external verification of nomogram. As shown in Table 1, age (p = 0.242), sex (p = 0.341), primary site (p = 0.089), grade (p = 0.865), T stage (p = 0.682), N stage (p = 0.417), metastasis status (p = 0.594), surgery (p = 0.157), retrieval of reginal lymph nodes (p = 0.089), radiation (p = 0.702), and chemotherapy (p = 0.112) were all factors that were similar between two groups.


Table 1. Patients' baseline clinicopathological characteristics.
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Survival Analysis for Different Metastasis Pattern

In order to evaluate the impact of different metastasis patterns on OS and CSS in patients with SBA, Kaplan–Meier survival analysis was performed on all patients. As shown in Figure 2A, the difference in OS among different metastasis pattern was statistically significant (p < 0.001).The survival was highest for SBA patients without metastasis, followed by patients with liver and bone/brain/lung metastasis, and the worst in patients with multiple metastases. Furthermore, the Kaplan–Meier survival analysis on CSS in patients with SBA was consistent with the results of OS (Figure 2B).


[image: Figure 2]
FIGURE 2. Survival curves of (A) OS and (B) CSS for SBA according to metastasis pattern. 0, no metastasis; ≥2, metastasis to at least two sites; Other, metastasis occurred, but the SEER database did not provide the site of metastasis.




Independent Prognostic Factors for OS and CSS

In the training cohort, we determined that age, marital status, primary site, grade, T stage, N stage, metastasis pattern, surgery, retrieval of regional lymph nodes, and chemotherapy are related to OS and CSS by univariate Cox regression analysis (Table 2). In order to further judge whether these factors can be used as independent prognostic factors, we conducted a multivariate Cox regression analysis (Table 3). The results showed that age, grade, T stage, N stage, metastasis pattern, surgery, retrieval of regional lymph nodes, and chemotherapy were identified as independent prognostic factors for OS and CSS, which were further included in the construction of nomogram. From the clinical point of view, we also considered tumor primary site as the parameter of the nomogram (Figure 3). Nomogram showed that the metastatic pattern of SBA had the greatest impact on the prognosis, of which liver metastasis accounted for a large proportion, and surgery, N stage, and chemotherapy also made great contribution to prognosis. Age, grade, T stage, and retrieval of reginal lymph nodes showed a moderate effect on OS (Figure 3A). However, in the nomogram for CSS, the metastasis pattern was the greatest contributor, followed by surgery, N stage, and retrieval of reginal lymph nodes (Figure 3B). According to the individual characteristics of patients with SBA, the scores of each variable were added to correspond to the total score to predict the OS and CSS at 3- and 5-years. The detailed score of each variable is shown in Table 4.


Table 2. Univariate Cox regression analysis for overall survival and cancer-specific survival in small bowel adenocarcinoma (training cohort).
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Table 3. Multivariate Cox regression analysis for OS and CSS in SBA patients (training cohort).
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FIGURE 3. Nomograms of SBA for predicting 3- and 5-year survival (A) OS and (B) CSS.



Table 4. Detailed scores of prognostic factors in the OS and CSS nomogram.
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In the training cohort, the C-index of nomogram for predicting CSS and OS was 0.793 (95% CI 0.785–0.801) and 0.787 (95% CI 0.780–0.794), respectively. However, the C-index of TNM staging for CSS and OS was 0.702 (95% CI 0.692–0.712) and 0.696 (95% CI 0.687–0.705). In the validation cohort, the C-index of nomogram for CSS was 0.796 (95% CI 0.785–0.807) and that for OS was 0.762 (95% CI 0.749–0.775), which were higher than those of TNM staging [CSS: 0.718 (95% CI 0.704–0.732); OS: 0.678 (95% CI 0.663–0.693)]. The higher the C-index, the more suitable of the model for patients with SBA. By comparing the discrimination capability of nomogram with the 7th edition of AJCC TNM staging, ROC analysis showed that the nomograms we constructed also demonstrated a superior survival predictability than the 7th AJCC TNM staging system (Figure 4). Furthermore, the calibration and prediction curves of nomograms for the 3- and 5-year survival rates of patients exhibited a perfect correlation in the training cohort, indicating that nomograms for CSS and OS were well-validated (Figures 5A,C,E,G). In the validation cohort, the results showed the same reliability of the model (Figures 5B,D,F,H). Decision curve analysis indicated that the models had significantly positive net benefits within the risk of death in both cohorts, demonstrating that nomograms had good clinical value in predicting OS and CSS at 3- and 5-years (Figure 6).


[image: Figure 4]
FIGURE 4. ROC curves of the nomogram for predicting (A) CSS and (B) OS at 3- and 5-year point. ROC curves of the TNM staging for predicting (C) CSS and (D) OS.
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FIGURE 5. Calibration plots for predicting CSS at 3-year (A) training cohort and (B) validation cohort; calibration plots for predicting CSS at 5-year (C) training cohort and (D) validation cohort; calibration plots for predicting OS at 3-year (E) training cohort and (F) validation cohort; calibration plots for predicting OS at 5-year (G) training cohort, and (H) validation cohort.
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FIGURE 6. DCA of the nomogram for predicting CSS at (A) 3-year and (B) 5-year point; DCA of the nomogram for predicting OS at (C) 3-year and (D) 5-year point.




Risk Factors for SBA Distant Metastasis

We then identified the risk factors that were significantly associated with distant metastatic SBA. Among the variables studied, advanced age, tumor origin in the duodenum, poor differentiation, lack of surgical treatment at the primary site and regional lymph node dissection, and lack of radiotherapy and chemotherapy were significantly associated with OS and CSS in patients with metastatic SBA (Table 5). Variables that were statistically significant in the univariate analysis were selected for inclusion in the multivariate analysis for OS. As shown in Table 6, advanced age (p = 0.015), poor differentiation (p < 0.001), N2 stage (p = 0.009), absence of regional lymph node dissection (p = 0.007), and not receiving chemotherapy (p < 0.001) were significantly associated with poor prognosis in patients with metastatic SBA. Similar results were observed in the multivariate analysis for CSS.


Table 5. Univariate Cox regression analysis for survival in SBA patients with metastasis.
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Table 6. Multivariate Cox regression analysis for survival in SBA patients with metastasis.
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DISCUSSION

The malignant small bowel tumor is a rare gastrointestinal tumor, accounting for about 5% of all gastrointestinal tumors (20). Small bowel adenocarcinoma is one of the most common histological subtypes, which has been found to have a very bad prognosis (21). The AJCC TNM staging system neglects taking some significant factors into consider, though it is applied to predict the survival of patients with SBA. Although recent study has constructed a prognostic model for SBA, this study ignores the impact of adjuvant chemotherapy, radiotherapy, lymph node dissection, and tumor metastasis patterns on the survival of patients with SBA (22). Compared with previous prognostic models, our study established the most comprehensive nomogram for patients with SBA. Concordance index, calibration curves, ROC, and DCA all proved good predictive ability and clinical application of nomograms. The new model showed more predictability than the 7th edition of AJCC TNM staging system both in the training test and in the validation set. We further identify the risk factors of patients with metastatic SBA.

Age, tumor grade, T stage, and N stage were shown to be independent prognostic factors for OS and CSS in patients with SBA, consistent with previous studies (6, 20, 23, 24). Old age was one of the factors for the poor prognosis of many malignant tumors, which may be attributed to the decline of the patient's body resistance. Poorly differentiated or undifferentiated of tumors often led to the malignant progression; thus, it was the factor affecting the survival. In addition, our model indicated that T4 and N2 were the important risk factors for patients with SBA. In a prospective study based on 347 patients with SBA, T4 (p = 0.001) was correlated with a higher risk of death, which was an independent prognostic factor for OS in patients with SBA (25). Another retrospective study also emphasized T4 as an independent prognostic factor (26). Previous retrospective studies have shown that lymph node involvement has adverse effects on patients with SBA (7). It should be noted that surgery, number of lymph node dissection, and chemotherapy have strong prognostic values for patients with CSS and OS, demonstrating the positive effect of surgical treatment and systemic chemotherapy on patients with SBA. At present, surgery remains the main treatment option for patients with SBA, while radical surgical resection and adequate lymph node dissection are important means to improve the prognosis of patients. In many past studies, adjuvant chemotherapy could significantly improve OS and disease-free survival (DFS) (27, 28). Another retrospective study pointed out that adjuvant chemotherapy did not improve the OS and DFS of patients with SBA after surgery (29). In our study, patients receiving chemotherapy had a lower risk of survival (HR = 0.502, P < 0.001), suggesting that adjuvant chemotherapy has a positive effect on improving the prognosis of patients with SBA. However, radiotherapy had no significant effect on the prognosis of SBA based on the Cox analysis. For solid tumors, there were still uncertainties in dose selection, time, and toxicity of radiotherapy (30). Due to the rare incidence of small intestinal adenocarcinoma, the analysis of the effect of therapies was limited by the small sample size, so the effect of radiation on patients with SBA was still controversial (21, 23, 26, 28). In addition, studies have shown that the primary tumor site was an independent prognostic factor in patients with SBA (31, 32). This may be attributed to the fact that the early diagnosis rate of SBA that originated in the duodenum was higher than that of jejunum and ileum tumors, and they were treated relatively early. In univariate Cox analysis, the primary tumor site was significant, but multivariate regression analysis suggested negative results.

Among the included variables, the metastatic pattern was a significant independent prognostic factor and was positively correlated with the risk of death of the patient. The results of survival analysis were consistent. Small bowel adenocarcinoma patients with more than two metastasis sites had a significantly negative prognosis in this model. The study showed poor OS in patients with metastatic SBA, consistent with our study (33). Based on the results of univariate Cox analysis, multivariate Cox regression again emphasized that poorly differentiated, N2, and absence of chemotherapy were negatively associated with OS and CSS in metastatic SBA patients. A systematic review of seven prospective studies revealed that adjuvant chemotherapy was effective for unresectable or metastatic SBA (34). In a retrospective analysis of patients with metastatic SBA, patients who received palliative chemotherapy had a median OS of 9.3 months, significantly better than those who did not receive chemotherapy (35). These studies suggested that adjuvant chemotherapy had a certain benefit in improving the prognosis of metastatic SBA. However, the current SBA chemotherapy regimens mostly refer to other gastrointestinal malignancies, and the efficacy of different chemotherapy regimens varies greatly. In a multicenter retrospective analysis, oxaliplatin-based chemotherapy regimens were found to significantly improve the prognosis of patients with metastatic SBA compared with cisplatin (36). Limitations of our study were the lack of detailed protocols for chemotherapy and targeted therapy regimens and the absence of a history of Crohn's disease.

In summary, we have established and verified two clinically effective nomograms predicting OS and CSS for patients with primary SBA at 3- and 5-years, based on a large number of people. The prognosis of metastatic SBA is poor. Advanced age, poor differentiation, and N2 are the risk factors for metastatic SBA. Adjuvant chemotherapy can improve the prognosis of metastatic SBA to a certain extent.
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