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Small bowel neuroendocrine tumors are rare tumors with an increasing incidence over the last several decades. Early detection remains challenging because patients commonly develop symptoms late in the disease course, often after the tumors have metastasized. Although these tumors were thought to arise from sporadic genetic mutations, large epidemiological studies strongly support genetic predisposition and increased risk of disease in affected families. Recent studies of familial small bowel neuroendocrine tumors have identified several novel genetic mutations. Screening for familial small bowel neuroendocrine tumors can lead to earlier diagnosis and improved patient outcomes. This review aims to summarize the current knowledge of molecular changes seen in familial small bowel neuroendocrine tumors, identify clinical features specific to familial disease, and provide strategies for screening and treatment.
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Introduction

Neuroendocrine tumors were once considered uncommon tumors; however, the age-adjusted incidence rates have steadily increased by 6.4 fold from 1973 to 2012 (1). Small bowel neuroendocrine tumors (SBNETs) are second to the lung as the most common primary site of disease with an annual incidence of 1.05 per 100,000 (1).

SBNET are generally indolent tumors, but these are also the most common neuroendocrine tumors to metastasize such that 60–80% of patients with SBNET have liver metastases on initial presentation (2, 3). The delay in diagnosis is primarily due to vague, non-specific symptoms that are easily attributed to other benign conditions (4). Symptoms of obstruction or carcinoid syndrome develop only after the disease has metastasized to adjacent lymph nodes or other organs (3). Because widely metastatic disease is currently incurable, methods to identify asymptomatic patients are of paramount importance.

SBNET were previously thought to be rare sporadic tumors; however familial SBNET (defined as two cases in two first degree relatives with no other causative genetic syndrome) have been reported since the 1960s (5–7). In addition to case series, larger national epidemiological studies looking at neuroendocrine tumors have also looked at family associations and confirmed increased risks within familial cohorts (5, 6, 8, 9). These larger studies showed a relative risk of 2.8 to 4.3 for the development of neuroendocrine tumors in familial cohorts (8, 10, 11). One study using the national cancer data sets of Sweden and Finland, found a 30-fold increased risk of a SBNET among siblings with known SBNET. These data suggest an underlying genetic cause that if identified could facilitate screening of asymptomatic relatives.

Despite this strong epidemiological evidence for a genetic predisposition to SBNET in affected families, no single causative mutation has been identified. Instead, several pathways have been implicated. This review will describe the various mutations that have been identified and validated for sporadic and familial SBNET. We will also review the clinical features and management of patients with and at risk for familial SBNET.



Molecular Characteristics of Sporadic and Familial Small Bowel Net


Sporadic SBNET

The genomic landscape of sporadic SBNET has been investigated in order to identify drivers for tumorigenesis and targets for treatment based on molecular profiling. Overall, SBNETs have been found to be mutationally silent tumors with low overall mutation rates as compared to other malignancies (12–14). One of the first genome wide sequencing performed on sporadic SBNET showed that there were relatively few somatic mutations, and the most common abnormality identified were somatic cell number alterations. These alterations specifically implicated PI3K/Akt/mTOR signaling, and the TGF-β pathway through alterations in SMAD genes (14). However, another study looking at mutational analysis of exome sequencing of 55 SBNET identified 1,230 somatic mutations, only 21 of which had been previously identified in SBNET studies (15). Of these mutated genes, one of the most frequently mutated was the cell cycle regulatory gene Cyclin Dependent Kinase Inhibitor 1B (CDKN1B or p27), and this gene was mutated in up to 5–8% of SBNET (13, 15). Interestingly, mutations of CDKN1B are also known as multiple endocrine neoplasia type 4 (MEN4). A recent review showed that MEN4 is associated with parathyroid and pituitary disease primarily. The prevalence of gastrointestinal neuroendocrine tumors is less in MEN4 than in multiple endocrine neoplasia type 1 (MEN1) (16). In addition to CDKN1B, analysis of SBNET samples from the RADIANT trials found recurrent mutations in BCL6 Corepressor (BCOR) identified in 5.6% of SBNET (13). Both these somatic mutations were primarily loss-of-function due to frameshifts (13). Another large genome wide association study was performed looking at 293 sporadic SBNET. Three associated single nucleotide polymorphisms were identified on chromosome 12 just upstream of ELK3, a transcription factor associated with angiogenesis (17). Earlier studies also identified APC and SRC mutations in 23 and 25% of SBNET although these have not been confirmed in more recent studies (14, 18).

Aside from genetic mutations, chromosomal analysis has also shown broad recurrent chromosomal aberrations. Loss of heterozygosity in chromosome 18 has been identified in up to 50% of SBNET (12, 13, 19, 20). This frequent alteration has led to further investigation of tumor suppressor genes contained within chromosome 18 with conflicting conclusions. Nieser et al. performed expression analysis on putative tumor suppressors found on chromosome 18 in SBNET and concluded that there were no significant changes in expression of tumor suppressor genes SMAD2, SMAD4, and TCEB3C/Elongin A3. They did identify a reduced expression of DCC (deleted in colorectal cancer) in 29% of cases (21). More recently, Roland et al. examined 38 neuroendocrine tumors, of which 22 were SBNET, and showed that 29% of the tumors showed loss of SMAD4 on immunohistochemistry and this finding was associated with poor prognosis after resection (22). Another study by Edfeldt et al. focusing on TCEB3C, found that 76.7% of 43 SBNET samples showed significant reduction in expression of elongin A3. Further investigation identified that 89% of the tumors had only one of two copies of the TCEB3C gene. TCEB3C is unique in that it is the only known imprinted gene on chromosome 18 and, as a potential tumor suppressor gene, could be more vulnerable to a single gene mutation than a non-imprinted gene (23). Survival analysis with these various loss of function mutations has also yielded conflicting results (12). Looking at the above studies, one can see that the only common finding is that there is frequently a loss of heterozygosity in chromosome 18 in SBNET, but the specific gene alteration is not consistent across studies. Furthering this point, a recent study investigating multifocal disease in sporadic SBNET patients showed that primary tumors from the same patient could present with different distinct patterns of chromosome 18 allelic loss (24). Additional chromosomal alterations identified in SBNET have included copy number gains in chromosomes 4, 5, 14, and 20 (12, 13). These chromosomal gains have also had unclear clinical significance with some studies finding an association with worse prognosis, while other studies have not seen any difference. All these different study findings likely point to chromosomal instability as being a common feature of SBNET. When looking at generalized chromosomal instability in SBNET patients (as measured by total copy number aberrations), increased chromosomal instability was associated with poor prognosis in patients. Progression free survival in patients with low chromosomal instability was 18.6 vs 9.2 months in patients with high chromosomal instability (P = 0.0021) (13).

Epigenetic modifications have also commonly been identified in SBNET. Alterations in DNA methylation were identified in 65–82% of SBNET (12). SBNET epigenetic studies have most commonly shown hypermethylation in chromosome 18 gene sets and also in the promoter region of the gastric inhibitory polypeptide receptor. Tumors found to have this hypermethylation have been associated with more malignant behavior of the SBNET (3, 25). Additional genes that have been identified in SBNET studies to be hypermethylated include RASSF1A, CTNNB1, MGMT, and ElonginA3 (23, 26, 27). Genes that have been associated with hypomethylation include LINE1, ALU, and UCHL1 (28, 29). Studies comparing primary SBNETs to their matched metastatic tumors have shown significantly different methylation patterns between the tumors (25, 30). It is still unclear how these methylation patterns promote tumorigenesis and progression to metastasis in SBNET.

Studies investigating the role of miRNA in SBNET have largely encompassed comparison of primary tumor profiles to their metastases. There have been several candidate miRNAs that have shown consistent expression patterns across studies, such as miR-133a (31). Overall, epigenetic inheritance in SBNET has not been investigated.



Familial SBNET

Because of the limited knowledge of molecular characteristics in sporadic SBNET, identifying a molecular driver in familial SBNET has been difficult. Sei et al. describe one of the most recently identified recurring mutations in familial SBNET patients. They describe a four base pair mutation in the inositol polyphosphate multikinase gene (IPMK). Whole exome sequencing was performed on germline DNA of the affected family members in one family and the IPMK mutation was identified in all 11 known members of the family with SBNET. There were no other candidate genetic mutations identified within the affected family. The hypothesis for pathogenesis with an IPMK mutation is a reduction in inositol phosphate kinase function leading to diminished p53 activated apoptosis and increased survival of the tumor cells (32). Interestingly, within this study that identified this mutation, there were 32 additional families classified to have familial SBNET, but none of them were identified to have this mutation. No other candidate gene mutations were identified in the other families. Subsequent studies have also not identified this IPMK mutation as a driving mutation in other familial SBNET candidate families (7, 17, 33).

Another study looking at 15 families classified as having familial SBNET in Sweden used next generation sequencing of exome and whole genome sequencing of blood DNA to identify seven different candidate gene mutations: TERT, SDHA, SDHB, SDHD, MUTYH and OGG1. These were all monoallelic germline mutations. Of these mutations, functional mutation damage predicting algorithms were used to classify the significance of these mutations. Mutations in MUTYH and OGG1 were predicted to be the most damaging to human proteins. Both these genes are involved in DNA base excision repair (7). Because of the predictive algorithms, these two genes were then studied in 215 sporadic cases of SBNET, and researchers found an increased frequency of MUTYH and OGG1 mutations in these tumors as well with an odds ratio of 5.09 (7). A recent case report of a young patient known to have MUTYH adenomatous polyposis syndrome due to biallelic MUTYH mutations and new SBNET diagnosis supports this proposed genetic link (34). Overall, these findings suggest a potential driving role of MUTYH and OGG1 mutations in the development of SBNET.

Comparing chromosomal abnormalities between sporadic and familial SBNET, abnormalities in chromosome 18 were the dominant finding in both groups (35). Findings of deletions in chromosome 18 in familial SBNET have been identified in several studies (33, 35). In one study comparing 37 sporadic cases to eight familial cases, aberrations in chromosome 18 were found in 100% of sporadic cases and 38% of familial cases (35). When gene expression profiles were compared between the two groups though, their profiles were similar with no significant differences. In another series de Mestier et al. identified a chromosome 18 deletion in 80% of patients with familial SBNET. These findings imply that mechanisms for tumorigenesis in SBNET may be more similar between familial and sporadic SBNET.

The molecular landscape of familial SBNET continues to remain sparse despite epidemiological evidence pointing to a significant hereditary risk. Investigations into epigenetic inheritance in familial SBNET may be revealing. Although the IPMK mutation appears to be a significant driver in SBNET development in one family; no subsequent familial SBNET studies have identified this mutation in other family cohorts.




Clinical Features

Familial SBNET is most commonly defined as presence of disease in two first degree relatives without another genetic syndrome. A European study looking at nine different family pedigrees of familial SBNET suggested an autosomal dominant pattern of inheritance with incomplete penetrance. More recently, a US study of 33 SBNET family pedigrees also suggested an autosomal dominant transmission with late onset and incomplete penetrance (36).

There are several clinical features of familial SBNET that differ from sporadic disease. Patients are often diagnosed at a younger age with familial SBNET. Familial SBNET patients were diagnosed at a median age of 57 compared to 61 with sporadic SBNET (7). An earlier age at diagnosis is a characteristic typically seen when there is an inherited component of disease. It is unclear though, given the complicated genetic landscape, if this is due to increased surveillance in family members or if the degree of penetrance leads to earlier disease presentation. This is also complicated by the fact that the natural history of SBNET is a small primary tumor that grows in an indolent fashion with symptoms leading to diagnosis typically occurring with more advanced disease (37). In another study looking at familial SBNET, they found no difference in age of presentation in symptomatic family members, compared to sporadic disease patients. When asymptomatic relatives were screened in the study, they did find that average age of diagnosis for occult disease was younger, 58 vs 61, although the difference was not statistically significant (32).

Another difference between familial and sporadic SBNET is the frequent finding of multiple synchronous primary tumors in familial cases. In sporadic cases up to 25–50% of patients may have multiple primary tumors (37, 38). Hughes et al. screened 129 asymptomatic patients from 13 families, and identified 29 patients with occult familial SBNET. After surgical resection of their disease, 24 of the 29 (83%) patients were found to have multifocal disease. The average number of tumors resected was four (range of 1–29), with the majority located in the ileum (55%) followed by the jejunum (24.1%) (36).

Because symptoms of SBNET such as abdominal pain, obstruction and carcinoid syndrome are usually reflective of more advanced disease, the difference in symptoms of patients with familial and sporadic SBNET will depend on the stage at diagnosis. There are no data to suggest that familial SBNET is more aggressive or portends a worse prognosis than sporadic SBNET. One thing to consider is that if relatives of patients with familial SBNET are being proactively screened, they will likely be diagnosed while asymptomatic. In the previous study, where 129 asymptomatic relatives were screened for disease, there was a significant difference in the stage at diagnosis for the 29 asymptomatic patients identified to have SBNET after screening. Stage IV disease was identified in only 8.7% of these patients with occult disease as compared to 70% in their symptomatic relatives (p < 0.001) (36).

In terms of other clinical characteristics, familial SBNET is otherwise indistinguishable from sporadic disease (32, 35). No studies have evaluated the differences in tumor markers between familial and sporadic disease. 24-h urine 5-HIAA, blood serotonin, plasma 5-HIAA, and chromogranin A are frequently used tumor markers for SBNET (37, 39). Previous studies have shown that chromogranin A has a limited sensitivity of 70–90% for diagnosing neuroendocrine tumors and a specificity of 50–67% depending on which laboratory cutoff values were used (39, 40). 24-hour urine 5-HIAA, usually found in those with liver involvement, is associated with a specificity of 88% (39). These laboratory tests require a careful investigation of potential interfering medications and foods prior to obtaining.

SBNET will frequently metastasize to the mesentery, liver, peritoneum and ovaries, so imaging modalities should focus on the abdomen and pelvis (37, 41). Typically, imaging will begin with a chest x-ray and cross-sectional imaging of the abdomen and pelvis with either computed tomography (CT) scan or magnetic resonance imaging (MRI). Imaging should be contrast enhanced with arterial and delayed portal venous phases when looking for metastases as SBNET liver metastases will enhance during the arterial phase and wash out during the venous phase (37, 39). SBNET will also often metastasize to the mesenteric lymph nodes that are classically seen in the root of the mesentery with a radial pattern of fibrosis due to the desmoplastic reaction. The primary tumors are often small and are not able to be seen on these standard imaging modalities. Other imaging modalities that can be used with varying success for primary tumor identification include double balloon enteroscopy, video capsule endoscopy, and CT enterography (37, 38, 42). Video capsule endoscopy is contraindicated in patients with impending bowel obstruction (43). When preoperative evaluation is unable to identify the primary tumor, studies have shown that the primary tumor can be identified at surgical exploration with a high rate of success (44, 45).

Imaging modalities can also take advantage of the fact that most SBNET express somatostatin receptors and there are currently several somatostatin receptor scintigraphy options. The first approved option used the somatostatin analogue octreotide radiolabeled with indium-111 coupled today with single photon emission computed tomography (SPECT)/CT. More recently, higher affinity somatostatin analogs, such as tyrosine-3-octreotate are linked via dodecanetetraacetic acid (DOTATATE) with positron emitting radio-isotopes such as 68-gallium in conjunction with positron emitting tomography (PET)/CT in order to provide images with improved resolution and dosimetry. In an asymptomatic familial SBNET patient with a known genetic mutation, somatostatin receptor scintigraphy may be the most sensitive method of detecting localized disease. There have been several studies showing that somatostatin receptor PET imaging is able to identify primary tumors with an increased sensitivity as compared to other imaging modalities (46, 47). Additional means of establishing a SBNET diagnosis includes biopsy either of the primary tumor or metastases.



Management

Currently, there are no standardized screening guidelines for asymptomatic relatives of patients with familial SBNET. There are recommendations for patients at high risk for neuroendocrine tumors of the foregut such as in MEN1 patients, and some parallels can be drawn to familial SBNET patients. Screening recommendations also depend on whether patients have an identifiable genetic mutation. The IPMK mutation appears to be the best described with a clear pattern of inheritance in one family, but unfortunately this mutation has not been identified in any other families. Until the genetic basis of familial SBNET becomes clearer, all relatives in families with suspected familial SBNET should undergo interval surveillance workup for SBNET with labs and cross-sectional imaging as discussed previously. Because asymptomatic individuals are more likely to have early stage vs. late stage disease, CT enterography and/or somatostatin receptor scintigraphy may offer increased sensitivity in identifying a primary tumor. Because SBNETs are typically slow growing tumors, if the initial screening workup is negative, surveillance workup can likely be safely extended to a 2–3 year interval. The National Institute of Health’s screening protocol in their familial SBNET study was to screen asymptomatic relatives every 2 years (36).

If localized disease is identified, international guidelines recommend treatment consisting of surgical resection of the affected small bowel and its associated regional lymph nodes following oncological principles (3, 39, 43, 48). Complete resection of locoregional disease can be achieved in up to 80% of patients treated at experienced centers (49). Resectability is determined by the location and extent of the mesenteric disease and its associated desmoplastic reaction. The exact number of lymph nodes that determines an adequate lymphadenectomy is controversial. In addition, it may be difficult to count the exact number of lymph nodes contained within a large mesenteric nodal mass. A recent multi-institutional study did conclude that accurate lymph node staging needed a minimum of eight lymph nodes and having four or more involved lymph nodes was associated with a decreased 3-year recurrence free survival (50).

Current recommendations by the North American Neuroendocrine Tumor Society (NANETS) are to perform an open operation in order to be able to carefully palpate and examine the entire length of small bowel for occult tumors (3, 44). A purely laparoscopic operation is considered inadequate for running the bowel and any laparoscopic approach should be balanced by the principles of oncologic resection. In particular for patients with familial SBNET, an open operation seems prudent given the high likelihood of multiple synchronous tumors. In addition, an intraoperative ultrasonography of the liver can be performed at the same time to screen for occult liver metastases (3).

In patients with metastatic disease, aggressive operative resection can be considered in good surgical candidates for optimal patient outcomes. The liver is the most common site of metastasis and subsequent liver failure secondary to metastases is the most common cause of death. Metastatic liver disease can be cytoreduced using parenchyma sparing techniques if at least a 70% debulking threshold can be achieved (2, 3, 51). In patients with liver disease, patients should be evaluated preoperatively for carcinoid heart disease. If present, the heart valves will require repair prior to oncologic resection (39, 52). Cholecystectomy should be performed in cases of metastatic disease given the high likelihood of requiring long term somatostatin analog treatment which can induce cholelithiasis that may become symptomatic and/or complicated (3, 52). In addition, resection of the primary tumor should be considered even in the setting of inoperable disease as studies have shown that resection of a primary SBNET is associated with, and in some studies, an independent predictor for improved survival (53–57). A recent systematic review and meta-analysis looking at primary tumor resection in the setting of inoperable liver metastases showed a pooled overall survival of 73.1% in the primary tumor resection group as compared to 36.6% in the non-resection group (58).

During operations in patients with metastatic disease, the operative team needs to be aware of the possibility of carcinoid crises. Intra-operative carcinoid crises are typically characterized by severe hypotension and can include bronchospasm and flushing. It has long been thought to be due to the release of massive amounts of vasoactive substances from the tumor. Prospective investigation of perioperative hormone levels only identified a high preoperative serotonin level as being predictive of a carcinoid crisis occurrence (59), but failed to show increased levels of serotonin, histamine, bradykinin, or kallikrein during crises compared to pre-incision levels. Although crises occur most frequently in patients with SBNET metastatic to the liver, it can occur also in patients with retroperitoneal or ovarian metastases (43).

Beyond an operation, oncologic treatment for metastatic disease includes somatostatin analogues, local liver directed therapies, chemotherapy and peptide receptor radionuclide therapy (PRRT) (37, 39, 52). Somatostatin analogues can control symptoms of carcinoid syndrome and have also been shown to inhibit tumor growth in randomized trials (60, 61). Although standard cytotoxic chemotherapy is reserved for poorly differentiated SBNET, newer agents such as antiangiogenesis drugs and mammalian target of rapamycin inhibitors have shown improved progression free survival in clinical trials (62). Finally, PRRT is a recently approved systemic treatment using radiolabeled (lutetium-177) octreotide that also has shown improved progression free survival and radiographic response as compared to the control high dose somatostatin analogue cohort. In the NETTER-1 trial, the progression free-survival rate at 20 months in the PRRT group was 65.2% as compared to 10.8% in the control group (63). More studies of this promising treatment are needed, as neuroendocrine tumors of different primaries may respond differently to PRRT (64). Utilization of these different therapies should involve a multidisciplinary team that understands the benefits and the risks of the various treatment options. Follow-up of patients after either surgical resection or medical treatment should continue with both imaging and labwork in 6–12 month intervals (3, 43, 48, 65). In the setting of a familial SBNET, the surveillance should be lifelong given the underlying germline mutation that is suspected to be involved.



Conclusion

Familial SBNET is a recently identified entity that still needs further investigation. Several distinct mutations have been described. The benefits of screening for familial SBNET are apparent when comparing the stage of diagnosis in asymptomatic vs symptomatic patients. With the future identification of pathologic mutations in familial SBNET, highly effective screening can be limited to those members of the family who are at risk.
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