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Purpose: Gastrointestinal neuroendocrine carcinoma (NEC) with bone metastasis is rarely reported. The purpose of this study is to explore the prognosis and risk factors of such patients.

Patients and Methods: We retrospectively reviewed patients diagnosed as gastrointestinal NECs with bone metastasis at diagnosis from 2010 to 2016 by using the Surveillance, Epidemiology and End Results (SEER) database. Predictors of overall survival (OS) and cancer-specific survival (CSS) were analyzed by univariable and multivariable Cox analyses. Kaplan–Meier plots were constructed to show the correlation between independent predictors and survival.

Results: A total of 330 gastrointestinal NEC patients with bone metastasis at diagnosis were included for analysis. Over half of patients were male and older than 60 years old. The most common primary site of gastrointestinal NEC with bone metastasis was the pancreas. The prognosis of gastrointestinal NEC with bone metastasis (3-year OS and CSS rates: 16.7 and 17.0%) was very poor. On Cox multivariable analysis, age over 60 years old, no surgery, and lung metastasis were independent predictors of decreased OS and CSS.

Conclusions: We identified three independent factors associated with prognosis among gastrointestinal NEC patients with bone metastasis, namely age, surgery, and lung metastasis. For younger gastrointestinal NEC patients with bone metastasis, surgical resection of primary tumors as well as actively treating lung metastasis might be useful for prolonging survival.
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INTRODUCTION

Neuroendocrine carcinoma (NEC) is a poorly differentiated subtype of neuroendocrine neoplasms (NENs) according to the 2019 World Health Organization (WHO) classification (1). Although NECs are commonly considered as rare, they have a rising incidence in recent years (2–4). NECs are characterized by poorly differentiated morphology as well as a high proliferation capacity (Ki−67 proliferation index > 20%) (5). Moreover, NECs are often presented with metastasis at diagnosis or advanced status and have a poor prognosis (6–8). Lung is the common site of NECs, while gastrointestinal NECs are rarely seen and account for about 35–55% of all extra-pulmonary NECs (9). Gastrointestinal NECs mainly arise from the esophagus, stomach, pancreas, colon and rectum and common metastatic sites for NECs include liver, lung and bone (8, 10).

Various treatment options are available for curative and palliative treatment of gastrointestinal NECs, including surgical resection, chemotherapy, and radiotherapy (11). However, treatment outcomes of gastrointestinal NECs remain poor (12). Due to the rarity of gastrointestinal NECs, there are limited researches regarding the treatment and survival of metastatic gastrointestinal NECs. As far as we know, clinical studies on survival analysis of gastrointestinal NECs with bone metastasis are lacking. Therefore, we conducted a population-based study by applying the Surveillance, Epidemiology and End Results (SEER) database to investigate the clinical characteristics and prognostic factors for gastrointestinal NECs with bone metastasis. Our findings may bring insight into gastrointestinal NECs with bone metastasis and provide a survival benefit on survival.



MATERIALS AND METHODS


Study Population

This study retrospectively reviewed patients diagnosed as gastrointestinal NECs with bone metastasis at presentation by using the U.S National Cancer Institute's SEER database (Version 8.3.8) between 2010 and 2016. This population-based database collects information on cancer patients in 18 registries, covering approximately 30% of cancer cases in the U.S (www.seer.cancer.gov). Ethical review is not required for the present study because the public database does not contain information to identify patients.

Histological types were defined by the following International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) code 8246/3 (neuroendocrine carcinoma, NOS). The primary sites were defined, including the esophagus, stomach, liver, pancreas, small intestine, cecum, appendix, colon, rectum, anus, gallbladder, biliary tract and other GI sites. Cases diagnosed not by histopathological examinations were excluded. In the present study, clinicopathological data, sociological data and treatment data were included for analysis. Surgery or radiotherapy in this study refers to the primary sites (13). Based on previous literature (14, 15), overall survival (OS) and cancer specific survival (CSS) are defined as the time from initial diagnosis to death due to any cause and NEC, respectively.



Statistical Methods

All statistical analyses were performed by using IBM SPSS Statistics (Version 22). First, univariable Cox regression analyses were performed to select significant survival predictors. Then, significant risk factors from univariable analyses were integrated into multivariate Cox regression analysis to identify independent risk factors. Meanwhile, hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. Survival curves of independent risk factors were constructed with the Kaplan-Meier method. Variables with two-tailed p < 0.05 were considered statistically significant.




RESULTS


Patients Characteristics

In total, 330 patients with gastrointestinal NEC and bone metastasis at diagnosis extracted from the SEER database were eligible for the analysis. Table 1 summarized the demographics of all patients. Of all patients, 79.1% were white and 62.7% were males. Over half of patients (62.1%) were aged over 60 years old. 25.2% (n = 83) of patients were located in the colon and rectum, 49.7% (n = 164) of patients were located in the pancreas, liver, stomach, and 18.31% of patients (n = 63) were located in other sites. Tumor size distribution was <5 cm 33.3%, ≥5 cm 25.8%, and unknown 40.9%. In terms of treatment methods, 34 (10.3%) patients received surgery, 108 (32.7%) received radiotherapy, and 180 (54.5%) received chemotherapy. Liver metastasis (76.1%) was more common than brain metastasis (6.4%) or lung metastasis (23.6%). Over half of the patients (55.5%) were married. One-year OS and CSS rate for all patients were 39.5 and 40%, respectively.


Table 1. Demographics of 330 gastrointestinal neuroendocrine carcinoma with bone metastasis at diagnosis.
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Survival Analysis

On univariable analysis, variables found to be significantly associated with both OS and CSS were age, surgery, and lung metastasis (Table 2). There was no significant difference in OS or CSS in terms of race, gender, tumor location, tumor size, radiotherapy, chemotherapy, brain metastasis, liver metastasis, and marital status (Table 2).


Table 2. Univariate Cox analysis of survival in gastrointestinal neuroendocrine carcinoma with bone metastasis.
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Three significant risk factors for OS and CSS identified in the univariable Cox analysis were integrated into the multivariable analysis. Multivariable analysis revealed age, surgery, and lung metastasis were significant predictors for both OS and CSS (Table 3). Additionally, the Kaplan–Meier survival curves showed that patients with age ≤60 years old (Figure 1), surgery (Figure 2), or no lung metastasis (Figure 3), had increased OS and CSS.


Table 3. Multivariate Cox regression analysis of survival in gastrointestinal neuroendocrine carcinoma with bone metastasis.
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FIGURE 1. Kaplan-Meier method estimated survival in gastrointestinal NEC with bone metastasis at diagnosis stratified by age. (A) OS, (B) CSS (OS, overall survival; CSS, cancer-specific survival).
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FIGURE 2. Kaplan-Meier method estimated survival in gastrointestinal NEC with bone metastasis at diagnosis stratified by surgery. (A) OS, (B) CSS (OS, overall survival; CSS, cancer-specific survival).
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FIGURE 3. Kaplan-Meier method estimated survival in gastrointestinal NEC with bone metastasis at diagnosis stratified by lung metastasis. (A) OS, (B) CSS (OS, overall survival; CSS, cancer-specific survival).





DISCUSSION

Previous studies indicated that NEC patients were prone to metastasis. Although some studies reported the prognosis of gastrointestinal NEC, few studies have been conducted on the prognosis of gastrointestinal NEC with bone metastasis. To our knowledge, this is the largest study investigating the clinical characteristics, and prognosis of gastrointestinal NEC patients with bone metastasis. The 3-year CSS rate of these patients was only 17%, which suggested a poor outcome. Moreover, significant independent predictors affecting gastrointestinal NEC with bone metastasis included age, lung metastasis, and surgery. The results of this study may help clinicians develop appropriate treatment strategies and provide reasonable treatment suggestions for patients.

No significant difference on survival was observed in univariate analysis among patients with different races. Interestingly, some studies on lung neuroendocrine neoplasms revealed race was an independent survival predictor (16, 17). Patients over 60 years old are generally considered the elderly. Based on previous literature (18, 19), we divided the patients' age into >60 years old and ≤60 years old for convenient analysis. Multivariate analysis revealed that age under 60 years were associated with improved OS and CSS, which was in line with previous studies (20–22). There is no significant difference in survival time between male and female patients. The most common primary site of gastrointestinal NEC with bone metastasis was the pancreas. Additionally, no significant difference was observed in OS and CSS among patients with different primary tumor locations. Based on previous literature (23, 24), we divided the tumor size into ≥5 cm and <5 cm for convenient analysis. For many primary malignant tumors, tumor size is often one of the important factors affecting the prognosis of patients (25, 26). In contrast to our traditional knowledge, we noted that tumor size in the current study was not correlated with survival. Further studies are needed to confirm this finding.

Treatment patterns and outcomes of gastrointestinal NEC patients especially metastatic ones have not been well-described. Our multivariable results highlighted the role of surgical resection in prolonging the survival, which was consistent with the situation of non-metastatic patients (12). Sorbye et al. (9) recommended that chemotherapy treatment should be performed for advanced gastrointestinal NEC patients. However, our studies found that chemotherapy or radiotherapy did not improve the prognosis of those patients. Although liver metastasis was most common in gastrointestinal NEC patients with bone metastasis, it was not an independent risk factor for prognosis. Additionally, the presence of brain metastasis was not associated with a decreased survival. Of note, these patients were secondly complicated with lung metastasis, which was recognized as an independent risk factor for the decreased prognosis. Therefore, actively treating lung metastasis may have positive effect on survival. Marital status had no association with survival in this study. In accordance with these findings, we suggested that for younger gastrointestinal NEC patients with bone metastasis, surgical resection of primary tumors as well as actively treating lung metastasis might be useful for prolonging survival.

Some limitations of the present study should be noted. First, this study has retrospective nature, which can lead to bias. Second, detailed therapy information is not available in the database. Third, local recurrence or distal metastasis data during follow-up were not recorded in the database. Additionally, due to the small sample size and few independent risk factors in this study, we did not build a prediction model. Future studies can attempt to build predictive models. Although this study has these limitations, it has important implications for managing these patients.



CONCLUSIONS

This is the largest study of survival analysis on gastrointestinal NEC patients with bone metastasis. Age, surgery and lung metastasis were identified as independent risk factors of survival. Resection of primary tumors as well as actively treating lung metastasis can prolong the survival of this special cohort. However, multicenter co-operative studies should be performed to confirm our findings in the future.
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