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Background

The prognostic prolongation effect of surgical resection in the management of gastric neuroendocrine carcinoma (GNEC) with distant metastases was still uncertain. The purpose of this study was to investigate the association of primary tumor resection (PTR) with outcomes in patients with stage IV GNEC.



Methods

This retrospective study analyzed patients with distant metastatic GNEC diagnosed between 2000 and 2018 and identified using the Surveillance, Epidemiology, and End Results (SEER) database. Patients were divided into PTR and non-PTR groups. The stabilized inverse probability of treatment weighting (IPTW) method was used to reduce the selection bias. Overall survival (OS) and cancer-specific survival (CSS) were estimated using the Kaplan–Meier method and log-rank test. Cox-regression analyses (uni- and multivariate) were performed to evaluate factors potentially influencing survival.



Results

A total of 126 patients with a median follow-up of 79 months were identified. Forty-four patients underwent PTR and 82 patients did not undergo surgery. After the IPTW approach, PTR improved the OS in patients with stage IV GNEC (median OS 12 vs. 6 months, P = 0.010). The 1- and 3-year OS for patients with or without PTR were 43.8% and 34.5%, and 27.9% and 6.5%, respectively. The median CSS was 12 months for patients undergoing PTR and 6 months for those who did not. The 1 and 3-year CSS for patients with or without PTR were 45.1% and 37.0%, and 27.9% and 6.5%, respectively. In IPTW-adjusted Cox proportional hazards regression analysis, PTR was recognized as an independent factor for improved survival after the occurrence of distant metastatic disease [OS: hazard ratio (HR) = 0.305; 95% confidence interval (CI): 0.196, 0.475; and CSS: HR = 0.278; 95% CI: 0.171, 0.452].



Conclusion

PTR for stage IV GNEC contributes to a better prognosis compared with non-surgery. This study supported the resection of the primary tumor in patients with distant metastatic GNEC.
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Introduction

Gastric neuroendocrine carcinoma (GNEC) is a rare malignant disease but with an increasing incidence in the past decades (1), constituting a spectrum of aggressive gastric malignancies (2). About a half of patients with GNEC were found to have distant metastasis at the time of diagnosis, with a relatively poor prognosis (3). In the stage IV GNEC, the national comprehensive cancer network (NCCN) suggested that chemotherapy was the first-line treatment for distant metastatic poorly differentiated neuroendocrine carcinoma, and if progression, nivolumab plus ipilimumab were considered while never mentioning the surgery (4). The standard treatment of GNEC with stage IV disease, however, has not been fully established, which makes it confusing to surgeons if the primary tumor resection (PTR) is necessary for this situation (5).

Whether palliative removal of the primary tumor can result in a survival benefit for stage IV GNEC was controversial in the previous studies (6–10). Some studies have reported the advantages of the option of PTR (7, 8), whereas others suggested not (9, 10). Pommergaard et al. (7) suggested that highly selected stage IV high-grade gastroenteropancreatic neuroendocrine and mixed neuroendocrine–non- neuroendocrine neoplasms may also benefit from surgery, but this study only contained seven GNEC. Lewis et al. (8) suggested that even patients with poorly differentiated GI-NEN may benefit from PTR in the distant metastatic setting, with or without liver treatment. However, Tierney et al. (9) and Zheng et al. (10) recommended that surgeons should perhaps refrain from resecting the primary tumor in patients with stage IV GNEC. The above studies only consisted of a small sample size of GNEC, and there was no research specializing in stage IV GNEC. As such, we conducted the research to analyze the clinicopathologic of stage IV GNEC and determine the role of PTR in distant metastatic GNEC.



Method


Data Collection

Surveillance, Epidemiology, and End Results (SEER) database (www.seer.cancer.gov) was used to conduct a retrospective review of patients with GNEC. The cases of GNEC were screened using the database “SEER Research Plus Data, 18 Registries, Nov 2020 Sub (2000–2018)”. The SEER database is a national database that comprises 28% of the US population and includes demographic (age, sex, and race/ethnicity), diagnostic (tumor site, tumor size, and tumor stage), treatment (surgery, radiation, and chemotherapy), and follow-up information. The data in this study were obtained from the SEER database in accordance with the SEER data use agreement (ID: 17851-Nov2020).



Study Population

Patients were identified according to ICD-0-3 histology codes for neuroendocrine carcinoma as “8013 (Large cell neuroendocrine carcinoma), 8041 (Small cell carcinoma, NOS), 8246 (Neuroendocrine carcinoma, NOS)”. Site-specific codes were used to identify GNEC as “C16.0–C16.9, stomach”. Patients with histologically confirmed stage IV GNEC were incorporated into the study. The exclusion criteria were cases with other malignancies, cases without follow-up information, cases with unknown treatment details, cases with unknown race, cases with unknown T/N/M stage, and cases with unknown tumor size. TNM stage was reevaluated according to the eighth edition of AJCC staging definition for gastric cancer. We only divided patients into with or without local lymph node metastasis, because many patients did not receive surgery which might contribute to a bias in the N stage. Finally, 126 patients with stage IV GNEC were recognized (Figure 1). Overall survival (OS) and cancer-specific survival (CSS) were defined from the date of diagnosis to the time of death or last follow-up visit.




Figure 1 | Schematic overview for patients identification.





Statistical Analysis

Continuous variables were presented as mean [standardized difference (SD)]. Categorical variables were presented as numbers and percentages. Patient demographic characteristics (sex, race, and age), diagnostic variables (tumor site, tumor size, T stage, and local lymph node metastatic status), and treatment variables (chemotherapy, radiotherapy, and PTR) were assessed across groups using the Chi-square test for categorical nominal data and T test for continuous data. To account for the selection bias, we used the stabilized inverse probability of treatment weighting (IPTW) method to adjust the observed differences in baseline covariates between the PTR and non-PTR groups. The IPTW approach is trying to simulate a situation, in which the PTR is randomly allocated to individuals (11). A propensity score for each patient was calculated as the predicted probability of PTR from multivariable logistic regression. Factors associated either with the receipt of PTR or with survival were included in constructing the models, which included age, sex, race, tumor location, tumor size, T stage, local lymph node metastatic status, chemotherapy received, radiotherapy received, and distant oligometastasis or not. CSS and OS were compared using the log-rank test and illustrated with Kaplan–Meier curves. Multivariate analyses using the Cox proportional hazards model [included variable with a hazard ratio (HR) < 0.1 in the univariate analyses] were constructed to identify factors independently associated with prognosis. HR and 95% confidence interval (CI) were used to estimate survival predictors. We used R version 4.0.4 (R Project for Statistical Computing) and SPSS (version 23; IBM Corp, Armonk, NY, USA) to conduct the statistical analysis. Differences with an alpha level of <0.05 were considered statistically significant.




Result


Patient Characteristic

Demographic data of the patients with stage IV GNEC are shown in Table 1. A total of 126 patients were eligible for analysis. The median follow-up was 79 months, and there were 100 (79.4%) deaths recorded during the follow-up period. The mean age at diagnosis was 62.9 years old. The male-to-female ratio was 1.47:1 among these patients. Fifty-five (43.7%) patients arose in the upper third of the stomach. Fifty-two (41.3%) patients had more than one distant metastasis. The most common distant metastatic site was the ovary/peritoneum (64.3%) followed by the liver (35.7%) and distant lymph node (31.0%). Fifty-eight patients (46.0%) received perioperative or palliative chemotherapy. The 1- and 3-year OS and CSS were 40.7% and 17.5%, and 41.1%, 18.3%, respectively. PTR and non-resection groups are compared in Table 2. Forty-four patients (34.9%) underwent PTR and 16 of them received PTR in continuity with the resection of other organs. Specific types of the surgery performed were shown in the Supplementary Table 1. Patients who did not undergo resection were more likely to have a proximal GNEC than the PTR group (58.5% vs. 15.9%, P < 0.001). Chemotherapy was more common in the non-PTR group (64.6% vs. 34.1%, P = 0.002). For those who received both chemotherapy and PTR, 4 of 15 patients received chemotherapy before PTR; 9 of 15 patients received chemotherapy after PTR; 5 of 15 patients had unknown detail about the order between chemotherapy and PTR. In addition, there were no significant differences in age, sex, race, tumor size, T stage, local metastatic lymph node, distant oligometastasis or not, and radiotherapy received between patients with or without PTR. After the IPTW method, the observed differences in baseline covariates between PTR and non-PTR groups were adjusted (Table 2), p for all characteristics >0.1, indicating that the weighted population in the two groups was subsequently comparable.


Table 1 | Baseline clinicopathologic characteristics of patients with stage IV gastric neuroendocrine carcinoma (N = 126, %).




Table 2 | Baseline clinicopathologic characteristics of patients with stage IV gastric neuroendocrine carcinoma with or without primary tumor resection.





Survival Analysis

In the weighted population, patients who underwent PTR had a median OS of 12.0 months versus a median OS of 6.0 months among patients who did not undergo PTR (P = 0.010, Table 2), with 1- and 3-year OS of 43.8% and 34.5%, and 27.9% and 6.5%, respectively. Median CSS was 12.0 months for the patients who underwent PTR and 6.0 months for patients who did not undergo resection (P < 0.001, Table 2), with 1- and 3-year CSS of 45.1% and 37.0%, and 27.9%, 6.5%, respectively. Kaplan–Meier survival curves of OS and CSS (before and after the IPTW method) were shown based on PTR receiving status (Figure 2).




Figure 2 | Kaplan–Meier survival curves for patients with stage IV gastric neuroendocrine carcinoma with or without primary tumor resection in the unweighted study population (A: OS; B: CSS) and in the weighted study population (C: OS; D: CSS).



To further verified the result, in the multivariable analysis, PTR remained independently associated with prolonged OS (HR = 0.305; 95% CI: 0.196–0.475) and CSS (HR = 0.278; 95% CI: 0.171–0.452). Negative predictors of OS identified on multivariate cox analyses included older age, male, larger tumor size, and lack of PTR and chemotherapy (Table 3). The factors associated with worse CSS in multivariable analysis were increasing age, male, larger tumor size, and lack of PTR and chemotherapy (Table 4).


Table 3 | Univariable and multivariable cox regression analyses of factors associated with overall survival of patients with stage IV gastric neuroendocrine carcinoma in the Weighted Study Population.




Table 4 | Univariable and multivariable cox regression analyses of factors associated with cancer-specific survival of patients with stage IV gastric neuroendocrine carcinoma in the weighted study population.



Furthermore, we evaluated the role of PTR in subgroups in the crude dataset. To clarify the interaction of the distant metastases resection and PTR, Figure 3A showed that PTR could improve the CSS no matter receiving the resection of distant metastases or not. Subgroup analysis by distant metastatic number showed a similar improvement in CSS irrespective of distant metastatic number (Figure 3B). PTR offered a survival benefit whether is distant oligometastatic or not. Analysis by distant metastatic site showed improved CSS in patients with peritoneum/ovary, liver, and distant lymph node metastases who underwent PTR (Figures 3C–E).




Figure 3 | Kaplan–Meier survival curves for patients with stage IV gastric neuroendocrine carcinoma in the unweighted study population [A: with or without distant metastases resection; B: with 1 or more than 1 distant metastasis. Subgroup analysis by different distant metastatic site (C: peritoneum/ovary, D: liver, E: distant lymph node)]. PTR, primary tumor resection.






Discussion

Our study provided the first comprehensive analysis of the role of PTR in stage IV GNEC with sufficient follow-up and substantial information on important variables. Significant survival benefits were observed in patients with PTR compared with those who did not.

The poor survival of patients with stage IV GNEC was observed in the present study. The median OS was 11 months, the same as the previous report about high-grade gastroenteropancreatic neuroendocrine carcinoma (7), worse than patients with gastric adenocarcinoma (12). In addition, the median CSS was 11 months. The 1- and 3-year OS and 1- and 3-year CSS were 40.7% and 17.5%, and 41.1% and 18.3%, respectively (Table 1). Consistent with the previous study (6), GNEC was more prone to arise in the upper third of the stomach. In addition, we found that primary tumor location was not balanced between PTR and non-PTR groups in the unweighted dataset. Tumor location of the distal stomach was associated with resection, likely because surgeries in these locations were considered easier to perform with less complications. A significant interaction was noted between treatment effect and primary tumor location (13). Moreover, in the crude data, patients, who received PTR, indeed were less likely to receive chemotherapy. It is speculated that, after receiving an operation like gastrectomy, the patients have a lower tolerance to chemotherapy’ side effect (14). The IPTW approach was attempting to mimic a situation, in which PTR was randomly allocated to individuals (15). After the IPTW method, the above confounders were successfully balanced between the two intervention groups in the weighted population.

PTR could improve the prognosis of stage IV GNEC in the weighted dataset and all subgroups. In the weighted dataset, the patients with stage IV GNEC who underwent PTR demonstrated significantly prolonged survival than those who did not (median OS/CSS, 12.0 months versus 6.0 months; OS, P = 0.010; CSS, P < 0.001; Table 2). The multivariate analysis further identified that age, sex, tumor size, PTR received, and chemotherapy received were the independent prognostic predictors (Tables 3, 4). To further clarify the role of PTR in heterogeneous stage IV GNEC, we conducted the subgroup analysis. Chakedis et al. (16) reported that the removal of all distant metastatic diseases was associated with the longest median survival compared with debulking or palliative resection in patients with distant metastatic gastroenteropancreatic neuroendocrine tumors. In the present study, surgical treatment of the primary tumor with or without additional resection of distant metastases was both associated with a better prognosis (Figure 3A). The number of distant metastatic foci represented the tumor burden to some extent. We showed that PTR could improve the prognosis for patients with stage IV GNEC, regardless of the distant oligometastasis or the multi-organ metastases (Figure 3B). Yoshida et al. (12) proposed that patients with stage IV gastric cancer can be divided on the basis of the absence (categories 1 and 2) or presence (categories 3 and 4) of macroscopically detectable peritoneal dissemination, which has a different biological outcome compared with hematological metastasis. In our study, the peritoneum/ovary was the most common distant metastatic site. In addition, 45 patients presented with liver metastases, which was reported to be the most common site of distant metastatic gastrointestinal neuroendocrine neoplasms (17). The metastatic pattern of GNEC needs to be further investigated in the future. Significantly improved OS after gastrectomy was observed across all patient subgroups, comprising patients with peritoneal/ovary metastasis, liver metastasis, and distant lymph node metastasis (Figures 3C–E).

Many researchers supported PTR in patients with distant metastatic well-differentiated gastrointestinal neuroendocrine tumors, which the current guidelines from both ENETS and NCCN advocated (8, 10, 18, 19). Debulking operations are recommended for patients with distant metastatic neuroendocrine tumors, because debulking improves symptomatic control of hormone hypersecretion and survival. As for specific gastric neuroendocrine tumors, which rarely present with hormone hypersecretion, PTR was also associated with prolonged survival among patients with stage IV gastric neuroendocrine tumors who did not undergo resection of distant metastatic disease at any metastatic site (9, 17). In contrast to neuroendocrine tumors, surgery is the mainstay of treatment for GNEC without distant metastasis, whereas palliative chemotherapy remains the standard of care for distant metastatic GNEC. The chemotherapy regimens of GNEC are extrapolated from published data on small cell carcinoma of the lung and gastric adenocarcinoma. Various types of chemotherapy have been used to treat GNEC. Regimens containing cisplatin plus irinotecan were suggested to produce a good response in GNEC, with an overall response rate of 75% and a PFS of 212 days (20). Our study confirmed the critical role of chemotherapy in stage IV GNEC. However, surgery was not even mentioned in the section of the guidelines on treatment for distant metastatic GNEC (21). For colorectal neuroendocrine carcinoma, Smith et al. (22)suggested that the surgery in the presence of distant metastatic disease might not offer a survival benefit. However, Haugvik et al. (23) demonstrated that resection of the primary tumor was an independent prognostic factor of improved survival for patients with distant metastatic pancreatic neuroendocrine carcinoma. Our study revealed that PTR could prolong the survival of patients with stage IV GNEC using the SEER database.

There are two possible explanations for the prognosis-prolonging effect of PTR. First, reduction of immunosuppressive tumor burden may have extended the prognosis, potentially minimizing the chance that the tumor will lead to disease progression and further metastases. Second, it is suggested that chemotherapy compliance may be improved by PTR in symptomatic patients (13, 24). The actual mechanism of how PTR may contribute to improved outcomes remains not clearly understood. On the other hand, with the continual progress of surgical techniques, the safety of palliative gastrectomy had increased in recent years. There was no difference in postoperative complications between the groups of distal gastrectomy and gastrojejunostomy. It can be said that distal gastrectomy can be safely performed even in patients with stage IV gastric cancer (24). In situations where surgical resection would not be expected to cause significant complications, the approach of PTR as needed seems reasonable for patients with stage IV GNEC. Although the effectiveness of surgery was limited, it remains one of the most important modalities for treating GNEC. In the era of personalized treatment, PTR should be considered as a part of a comprehensive multidisciplinary approach for the optimal treatment of patients with stage IV GNEC.

Owing to the nature of the database, the current study had several limitations that should be taken into account, when interpreting the results. First, this analysis was retrospective and subject to selection bias despite conducting the IPTW method. Second, critical variables may be inadequate. Information on detailed data on performance status, presence of comorbidities, heterogeneous chemotherapy regimens, treatment on distant metastases, and the reasons why they received or did not receive PTR were absent in the SEER database. Third, for patients with a limited lifespan, the assessment of the quality of life was crucial, which was not available in this study. When choosing the optimum treatment strategy, the consideration of patients must include various factors that predict the quality of life. Quality of life should be the principal criterion in the treatment of such pathology that remains incurable at present. Goals of care should focus on both oncologic and quality-of-life impacts (25). In particular, limited to the sample size, this study lacked the granularity to identify certain subsets of patients who may derive the most benefit from surgery in the setting of stage IV disease. Despite these limitations, we believed that the comprehensive information on the clinicopathological characteristics, surgical outcome, and prognosis of GNEC was enough to support our findings that PTR was an independent prognostic factor associated with prolonged survival in GNEC. Further well-designed randomized clinical studies with longer follow-ups are warranted. Such studies should also aim to evaluate the efficacy of PTR in stage IV GNEC, both in terms of its survival impact and preservation of health-related quality of life. Until then, PTR in patients with stage IV GNEC should probably be considered after thorough multidisciplinary discussions involving the patient basis.



Conclusion

In summary, we found that PTR significantly prolonged OS and CSS compared with non-surgery in patients with stage IV GNEC. The positive results in our study need to be replicated in larger population studies with greater power.
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