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Background

Mixed neuroendocrine non-neuroendocrine neoplasm (MiNEN) is an extremely rare entity, consisting of neuroendocrine and non-neuroendocrine components. It can occur in various organs throughout the body, with a rising incidence. Its clinical management is a rapidly growing field of interest; however, large-scale patient cohorts are still missing to guide clinical practice.



Patients and methods

The demographic, clinicopathological, and survival information of all patients diagnosed with MiNEN in the national Surveillance, Epidemiology, and End Results (SEER) program database (2000–2017) were extracted and further analyzed. The information of the patients before and after 2010 was compared to understand the epidemiological changes of MiNEN. The characteristics of MiNEN originating in different organs were compared. The clinical significance of surgical resection for metastatic MiNENs was also analyzed.



Results

A total of 1081 patients were screened, and after applying the exclusion criteria, 767 patients were finally analyzed. There was no obvious sex preference (49.2% vs 50.8%, p>0.05) and the majority of the patients were Caucasians (n=627, 81.7%). A total of 88.3% of the patients were older than 50 years old, and the median age was 60 years. 79.3% of the tumors are located in the distal digestive tract, and 67.7% were grade 3/4. Distant metastasis was presented in 33.9% of the patients at diagnosis. A total of 88% of the patients underwent surgical treatments. The number of patients increased 10-fold between 2000 and 2017. There was no significant difference in sex, race, stage, or surgical treatments among the patients diagnosed before and after 2010. More patients older than 60 years were diagnosed after 2010 (p=0.009). The median survival was 61.0 ± 9.8 months for the whole cohort. After multivariate analysis, older age (>60 years, p<0.01), more advanced stage (p<0.01), grade 3/4 (p<0.01), and non-surgical treatment (p<0.01) were independent risk factors for poorer survival. The appendiceal MiNENs showed the best prognosis. A total of 260 metastatic MiNENs were further analyzed. Only patients with metastatic MiNENs originating from the appendix had a potential benefit from surgical resection, compared to other sites (p=0.05).



Conclusion

This study provides the epidemiological, clinicopathological, and survival information of the largest number of MiNEN patients. Although MiNEN is an extremely rare malignant neoplasm, its incidence increases rapidly. The majority of the patients suffered from advanced-stage disease, which highlights the need for improvement of early detection in the future. The appendix is the most common primary site of MiNEN, and surgical resection for selected metastatic MiNEN originating in the appendix has favorable survival outcomes.





Keywords: surveillance, epidemiology, risk factor, SEER (surveillance epidemiology and end results) database, mixed neuroendocrine non-neuroendocrine neoplasms, MiNEN



Introduction

Mixed adeno-neuroendocrine carcinoma (MANEC) was first reported by Oberndorfer et al. in 1907 and classified by the World Health Organization (WHO) in 2010. Before 2010, composite carcinoid was the most commonly used name to describe MANEC. It is an extremely rare neoplasm containing at least 30% of both exocrine and endocrine components (1). It has been reported that MANEC can involve multiple organs, including the gastrointestinal (2), respiratory, and urogenital tract (3, 4). Due to its specific architecture and unspecific clinical manifestations, it is always very difficult to have a definitive diagnosis of MANEC before surgery, and under most circumstances, it was diagnosed after surgical resection by a combination of cytological morphologies and immunohistochemical staining. In the WHO classification (2019), the nomenclature of mixed neuroendocrine non-endocrine neoplasms (MiNENs) was proposed to describe a wider range of these mixed neuroendocrine neoplasms in the digestive system (5, 6).

The majority of the published reports about MiNENs are small retrospective case series, with significant drawbacks in summarizing the clinicopathological characteristics. Recently, a population-level analysis of digestive MiNENs showed a sustained and rapid increase in incidence and mortality from 2010 to 2016 (7). Brathwaite et al. (8) reported a study of the surveillance, epidemiology, and end results (SEER) of appendiceal MiNENs. They found that the overall survival for appendiceal MiNENs was much shorter than of carcinoid tumors but better than that of signet ring cell carcinomas. In addition, several published case series reported that MiNENs in the duodenum (9), gallbladder (10), and liver 11 had extremely poor survival. Similar to other solid neoplasms, radical surgical resection may offer a cure for MiNENs, however, its rapid progression and atypical symptoms in early stages result in a high rate of advanced stages at diagnosis in most patients.

In this study, we utilized the SEER program database from 2000 to 2017 to comprehensively generate evidence for MiNENs patients to better guide clinical practice.



Patients and methods


Mining the SEER database

The clinicopathological, surgical, and survival information of the MiNEN patients were extracted from the SEER database (2000–2017) by using the SEER* Stat 8.3.6.1 software. The inclusion criteria were as follows: (1) patients were pathologically diagnosed with MiNENs from January 1, 2000, to December 31, 2017; (2) patients had an active follow-up and did not suffer any other kind of malignant tumor. The exclusion criteria were as follows: (1) patients died from any other cause other than MiNENs; (2) patients whose cause of death was missing or unknown; (3) patients with other malignant tumors.

The setting of mining strategies of the SEER database was as follows: “cases in research database”, “year of diagnosis = 2000–2017”, “diagnostic confirmation = microscopically confirmed”, and “ICD-O-3 code:8244”. Details of the data extraction are presented in Figure 1.




Figure 1 | Flow diagram of SEER database mining strategy.



The following variables were extracted: patient ID, age recorded with exact age and 85+, sex, race recode, year of diagnosis, site according to ICD-O-3/WHO 2008, vital status, survival months, COD to the site, SEER cause-specific death classification, survival months, grade of differentiation, summary stage 2000 (1998+), derived AJCC Stage Group, 6th ed (2004-2015), derived AJCC T, 6th ed (2004-2015), derived AJCC N, 6th ed (2004-2015), derived AJCC M, 6th ed (2004-2015), the reason for no cancer-directed surgery, SEER cause-specific death classification, SEER other cause of death classification, COD to site and the total number of in situ/malignant tumors per patient.



Statistical analysis

Continuous variables were presented as mean± SD, with analysis using a t-test, analysis of variance (ANOVA), or Mann-Whitney U test. Categorical variables were compared using the Chi-squared test and survival information was analyzed with Kaplan–Meier plotting. The 1-year, 2-year, 3-year, and 5-year mortality ratios were estimated by Kaplan-Meier curves in consideration of sex, age, tumor localization, differentiation stage, AJCC staging group, ethnic origin, surgical information, and summary stage. Univariate and multivariate analysis were performed with a logistic regression model. All tests were two-tailed and a p-value of less than 0.05 was considered statistically significant. The analyses mentioned above were performed using GraphPad Prism 8.2.0 and IBM SPSS statistics 21 (SPSS Statistics V21, IBM Corporation, New York).



Data availability

Primary data is available online and from the corresponding author (QFL) upon reasonable request.



End points

The main endpoint was cancer-specific mortality (CSM) according to the data in the SEER database. CSM refers to deaths from MiNENs according to the recorded cause of death. Survival time was the duration from the initial diagnosis to death from cancer or to the last follow-up.




Results


General characteristics of the study population

There were 1081 individuals diagnosed with MiNENs in the database from 2000 to 2017, of which 767 were eligible for the study. In the analyzed cohort, 376 (49.2%) were female and 390 (50.8%) were male. The patients enrolled were largely Caucasians (n=627, 81.7%). MiNENs were mainly diagnosed between the ages of 50 and 70 (425, 55.4%), with a median age of 60 years. The number of patients below 50 (n=163, 21.3%) and above 70 (n=179, 23.3%) were similar. Only 3.8% of the tumors occurred in the small intestine, followed by 9.3% in the organs derived of foregut(respiratory, esophagus, stomach, hepato-biliary-pancreatic), 26.4% in the colon-rectum, and 52.9% in the appendix.

Of all included patients, 8.3% of patients (n=64) had well-differentiated tumors, 14.3% of patients (n=110) had moderately differentiated tumors, and 39.6% of patients (n=304) had poorly differentiated tumors. 8% of patients (n=61) had undifferentiated tumors, and the grade information was missing in 29.7% of the patients. Only 49 patients (6.4%) were diagnosed with early-stage of MiNENs. Stage II, III, and IV of the AJCC staging had similar proportions (17.7%, 13.3%, 19.3%). The 6th AJCC staging information was unknown in 332 cases (43.3%). Localized, regional, and distant stage accounted for 22.7%, 38.6% and 33.9% of patients, respectively. Only a small proportion of patients (n=92, 12%) did not receive surgery after being diagnosed with MiNENs. Chemotherapy information was largely missing or incomplete and was therefore not further analyzed. Detailed information was shown in Table 1.


Table 1 | Comparison of demographic and clinical information between patients diagnosed with MiNENs before and after 2010.





Patients diagnosed with MiNENs before 2010 versus after 2010

The number of patients diagnosed with MiNENs significantly increased from 2000 to 2017 (Figure 2). To evaluate the effect of the year of diagnosis, we separated the 767 patients into two groups: diagnosed 20 from 00 to 2010(group 1, n=239, 31.2%)and from 2011 to 2017 (group 2, n=528, 68.8%) (Table 1). There was no significant difference in sex, race, surgery and summary stage between these two groups. There were more patients over 60 years old in group 2 (54.4%) than in the other group (44.4%) (p= 0.009). Causations took the most part in both groups, with no significant difference (group 1:80.6%, n=191; group2:82.7%, n=436; p=0.5). A higher rate of grade 3/4 MiNENs was observed in group 2 (60.3% vs 70.0%, p=0.04). There was also a lower rate of localized MiNENs in this group (29.4% vs 21.3%, p=0.06).




Figure 2 | Number of patients diagnosed with MiNENs during 2000-2017.





Survival analysis for MiNEN patients

The estimated median survival time of these 767 patients was 61.0 ± 9.8 months. The estimated 1-year, 2-year, 3-year, and 5-year survival rate was, 79.4%, 66.2%, and 58.6%, respectively. The estimated 1-year, 2-year, 3-year, and 5-year survival rate of each variable are presented in Table 2. Non-appendical site (p<0.001), Older age (p<0.001), advanced AJCC staging (p<0.0001), grade 3/4 (p<0.0001), summary stage (p<0.0001), non-surgical treatment (p<0.0001) and distant metastasis (p<0.0001) were shown to be independent risk factors for shorter survival (Figure 3).The sex and race of the patients did not correlate with survival (Figure 3, Table 3) Multivariate analysis of factors associated with mortality in MiNEN patients revealed that age, localization, AJCC staging, differentiation, summary stage and surgical choice were independent factors associated with prognosis (Table 4).


Table 2 | Survival regarding different variables.






Figure 3 | Survival curves of MiNENs depending on (A) sex (p>0.05), (B) age (p<0.001), (C) race (p>0.05), (D) AJCC staging group (p < 0.001), (E) differentiation (p < 0.001), (F) tumor localization (p < 0.001), (G) appendix vs non-appendix (p < 0.001), (H) summary stage (p < 0.001), and (I) surgical information (p < 0.001).




Table 3 | Univariate analyses of risk factors for survival.




Table 4 | Multivariate analyses of risk factors for survival.





Surgical treatment for metastatic MiNEN patients

A total of 260 metastatic MiNEN patients were enrolled in this study, 199 of whom (76.5%) underwent surgical resection. The elder patients with metastatic tumors over 60 years old had a lower rate of surgical resection (29.6% vs 16.8%, p=0.02). After 2010, the rate of non-surgical choice in metastatic MiNEN patients was 27.4%, in comparison to 13.5% before 2010 (p=0.02). Surgery significantly improved the survival of the patients with metastatic MiNENs (19.0 ± 2.2 months vs 7.0 ± 2.3 months, p<0.001). Further, metastatic MiNENs in organs derived from the foregut (respiratory, upper gastrointestinal, and hepatobiliary-pancreatic), small intestine, and colon-rectum did not have survival benefit from surgical resection, in contrary, surgical resection improved the survival time of metastatic MiNENs originating from appendix (22.0 ± 3.3 months vs 14.0 ± 0.7 months, p=0.05) (Figure 4).




Figure 4 | Survival analysis of the metastatic MiNEN Patients (A) appendix (p=0.05), (B) respiratory system (p>0.05), and (C) colorectum(p>0.05), depending on surgical information.






Discussion

The rarity of MiNENs makes it difficult to get high quality evidence from prospective randomized controlled trials to optimize its clinical care. Therefore, retrospective studies at a population-level are an alternative to provide solid evidence to help guiding the clinical management of this rare malignant neoplasm. As the largest cancer registration program, the SEER database covers approximately 30% of the United States population, which is a powerful resource for retrospective studies at a population- level. Previously, only two SEER analyses for MiNENs were conducted. Brathwaite et al. (8) compared the characteristics of appendiceal MiNEN (n=249), with goblet cell carcinoids (n= 944), signet ring cell carcinoma (n=579), and carcinoid (n=960). It was shown that median overall survival for MiNEN was 6.5 years, which was significantly shorter in comparison to 13.8 years for goblet cell tumors, 39.4 years for carcinoids, but longer in comparison to 2.4 years for signet ring carcinoma. However, in their study, MiNENs originating from other digestive organs was not analyzed. Later, Wang et al. (7) analyzed the epidemiological trend of gastrointestinal MiNENs. In their study, 518 cases of gastrointestinal MiNENs were analyzed, and they found that a sustained and rapid increase both in incidence and mortality of MiNENs from 2000 to 2016. Further, appendiceal MiNENs had better median survival, compared to cecal MiNENs (115 months vs 31 months, p<0.001). The details of MiNENs in other gastrointestinal organs, such as stomach, small intestine, esophagus, hepato-biliary-pancreatic systems, was not analyzed. Herein, we further comprehensive analyzed all of the pathologically diagnosed MiNENs throughout the SEER database from 2000 to 2017, to provide the strongest retrospective evidence to improve the clinical care of this rare entity. In this study, we mainly focused on three issues. The first one was epidemiology differences before and after 2010, when MaNEC was officially named by the WHO. The second one was the differences in clinicopathological characteristics and prognosis of MiNENs originating in different organs. The third one was the clinical significance of surgical treatment for metastatic MiNENs.

Increasing reports of MiNENs have been published during the last 20 years, however, the majority of them were small retrospective studies from singe centers, which likely did not show the real epidemiological trend of all of the diagnosed MiNENs (10–13). Our study showed that in 2000, only 13 cases of MiNEN (composite carcinoid) were found in the SEER database, however, by 2017, it increased ten-fold. The incidence of MiNENs showed a substantially increase during the last 20 years. However, similar to other malignancies, such as thyroid carcinoma, lung cancer, breast cancer (14), pancreatic cystic neoplasm (15–17), which also showed rapid increases in incidence during the last 20 years, it is difficult to say that whether the increasing incidence is attributed to real higher tumor occurrence or to more clinical detections due to the wide use of more accurate imaging modalities.

Although MiNENs can occur throughout the human body, much more reports of MiNENs with larger number of patients in distal digestive tract were published than other organs, indicating its anatomical site preferences (7, 18, 19). In a systematic review of lower digestive tract MiNENs, Grossi et al. (20) reported that 60.3% of them were in the appendix, 29.3% were in the colon, and 10.4% were in the anorectum. In this study, we found the majority of the cases in midgut and hindgut organs, and only 13.1% of them were located in organs derived from the foregut, including the respiratory system, esophagus, stomach, and hepato-biliary-pancreatic system. The most common site was appendix (52.9%), followed by colorectum (26.4%). It is worth noting that neuroendocrine neoplasm is a relative common tumor in appendix which has malignant potential. Brighi et al. (21) reported that tumor size larger than 15.5 mm, G2, and presence of lymphovascular infiltration were predictive factors for nodal metastasis.

MiNENs mainly occurred in patients over 50 years, and there was no race and gender preference. The majority of the MiNENs were grade 3/4, and diagnosed at an advanced stage. It should be stated that in the SEER database, the detail of the grading of the MiNENs was missing. The authors did not know how the tumors were graded exactly. Since there were two components in the tumor, theoretically, both of them should be graded. In the WHO (2019) guidelines and the ENETS guidelines, the grading criteria of GEP-NENs was clearly defined according to the mitotic count and ki-67 index. In the guidelines, it was mentioned that both of the two components in the majority of the MiNENs are poorly differentiated, and the proliferation index for the neuroendocrine components was consistent with other NENs. However, if the differentiation of these two components were not consistent, they should be separately graded (6, 22). A total of 33.9% of the patients presented with metastasis when diagnosed. It is worth noting that only 12% of the patients did not undergo surgical resection, thus, most of the patients with metastatic MiNENs in the SEER database underwent surgical resection. However, it does not mean that in the real world, majority of the metastatic MiNENs were surgically resected; on the contrary, it is possible that many of the patients with metastatic MiNENs who did not undergo surgery died without a definitive pathological diagnosis. Generally, the survival of MiNENs was comparable or worse to adenocarcinoma of the involved organs (8, 13, 23). MiNENs of the appendix showed the best survival, followed by colon-rectum, whereas foregut MiNENs had the poorest survival. Multivariate analysis showed that non-appendiceal site, older age, higher grade of differentiation, advanced stage were independent risk factors for survival.

Due to the substantial improvements of multimodal therapies, several metastatic neoplasms can be treated by surgery. For example, resections have been successful to improve the survival of metastatic colorectal carcinoma and neuroendocrine neoplasms in selected patients (24–26). However, the benefit of surgery for metastatic MiNENs is unknown. In this study, 260 metastatic MiNENs were analyzed. The patients with metastatic MiNENs were younger and had a higher ratio of resection. Generally, surgery substantially improved the survival of these patients (86.0 months vs 9.0 months, p<0.001), however, further analyses showed that only appendiceal MiNENs patients had a survival benefit from surgical resection. Due to the incomplete information of the burden of metastatic lesions in liver and the general status of the patients who underwent surgery or not, there were potential selective biases which may have impact on the interpretation of the results. The patients who underwent surgical resection may have better general status and lower metastatic burden in liver.

Neoadjuvant chemotherapy and adjuvant chemotherapy significantly improve survival of several cancers, and the immunotherapies by targeting immune check points, are successfully used in certain cancers (27–29). In this study, we could not analyze these important aspects of multimodal and novel therapies, as there was not sufficient information available.

The mixed neuroendocrine and non-neuroendocrine components make the biological behaviors of MiNENs more complicated. Genetics analysis have shown that this two components share the same clonal origin (5, 30, 31). However, adjuvant treatments for these two components are largely different (31). In addition, although some molecular targeted drugs and immunotherapies have been preliminary used to treat MiNENs, the evidence of efficacy is limited, and therefore, their roles in MiNENs need further exploration which is beyond the scope of this study (32).



Limitations of this study

Although this is the largest retrospective study of MiNENs, it has limitations due to its retrospective registration study in nature. Several important information is missing, such as the ki-67 index, mitotic count, immunohistochemical markers, metastatic tumor burden, general status of the patients, adjuvant treatments, et al. In addition, compared to other malignant tumors, such as adenocarcinoma, squamous carcinoma neuroendocrine neoplasm, it can be very difficult to get a definitive diagnosis of MiNEN by fine needle or cord needle biopsy, therefore, in the real world, a large number of metastatic MiNEN patients who did not undergo surgical resection may die without a definitive diagnosis. Although majority of MiNENs are MANECs, there is a very minor proportion of mixed neuroendocrine non-adenocarcinoma neoplasms (e.g., squamous or sarcomatoid phenotypes), which was not included in this study.



Conclusion

MiNEN is a rare malignant neoplasm with a rising incidence, which can affect multiple organs throughout the body. MiNEN has an anatomical preference in the distal digestive tract, and the appendix is the most common site. MiNEN shows high heterogeneity of aggressiveness: appendiceal MiNEN has the best survival, followed by colon-rectum. The majority of MiNENs are diagnosed at an advanced stage, therefore, early detection should be improved in the future. Generally, distant MiNENs have a dismal prognosis, and surgical treatment only for selected metastatic MiNENs originating in appendix may be feasible. Currently, there is only sparse data on multimodal, treatment options for this disease.
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