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Abstract

Gastrointestinal neuroendocrine tumors (GI-NETs) are rare neoplasms, like all NETs. However, the incidence of GI-NETS has been increasing in recent years. Gastric NETs (G-NETs) and duodenal NETs (D-NETs) are the common types of upper GI-NETs based on tumor location. G-NETs are classified into three distinct subgroups: type Ⅰ, Ⅱ, and Ⅲ. Type Ⅰ G-NETs, which are the most common subtype (70%-80% of all G-NETs), are associated with chronic atrophic gastritis, including autoimmune gastritis and Helicobacter pylori associated atrophic gastritis. Type Ⅱ G-NETs (5%-6%) are associated with multiple endocrine neoplasia type 1 and Zollinger-Ellison syndrome (MEN1-ZES). Both type Ⅰ and Ⅱ G-NETs are related to hypergastrinemia, are small in size, occur in multiple numbers, and are generally benign. In contrast, type Ⅲ G-NETs (10%-15%) are not associated with hypergastrinemia, are large-sized single tumors, and are usually malignant. Therefore, surgical resection and chemotherapy are generally necessary for type Ⅲ G-NETs, while endoscopic resection and follow-up, which are acceptable for the treatment of most type Ⅰ and Ⅱ G-NETs, are only acceptable for small and well differentiated type Ⅲ G-NETs. D-NETs include gastrinomas (50%-60%), somatostatin-producing tumors (15%), nonfunctional serotonin-containing tumors (20%), poorly differentiated neuroendocrine carcinomas (< 3%), and gangliocytic paragangliomas (< 2%). Most D-NETs are located in the first or second part of the duodenum, with 20% occurring in the periampullary region. Therapy for D-NETs is based on tumor size, location, histological grade, stage, and tumor type. While endoscopic resection may be considered for small nonfunctional D-NETs (G1) located in the higher papilla region, surgical resection is necessary for most other D-NETs. However, there is no consensus regarding the ideal treatment of D-NETs. 
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Core tip: There is a significant increase in the incidence of gastric and duodenal neuroendocrine tumors (G-NETs and D-NETs). G-NETs are classified into three distinct subtypes based on tumor etiology. There are important differences between each type in terms of clinical presentation, prognosis, and management strategies. D-NETs include five histological types. The majority of D-NETs are located in the first or second part of the duodenum. The choice of treatment for D-NETs is based on tumor size, location, histological grade, stage, and tumor type.

INTRODUCTION

Neuroendocrine tumors (NETs), which were first labeled as carcinoid tumors by Oberndorfer in 1907, are rare neoplasms that arise from the peripheral neuroendocrine system dispersed in various organs[1]. Gastrointestinal neuroendocrine tumors (GI-NETs), like all NETs, are being increasingly reported in recent times[1,2]. This increase in the incidence of GI-NETs reflects the widespread use of endoscopy, and an increased awareness of GI-NETs among clinicians and pathologists.

The 2010 WHO classification[3] endorsed the Euro​pean Neuroendocrine Tumor Society (ENETS) grading system, which is based on the mitotic count and Ki-67 index of NETs[4]. As a result, NETs are classified as NET G1, NET G2, neuroendocrine carcinoma (NEC), mixed adeno-NEC, and hyperplastic and pre-neoplastic lesions, based on their histological proliferation and differentiation (Table 1). Tumors classified as G3 by the ENETS criteria correspond to NEC in the 2010 WHO classification of NETs. These classification and staging systems are useful in predicting prognosis as well as in therapeutic decision-making.

This review focuses on the pathogenesis, endo​scopic diagnosis and management of the NETs of the stomach [gastric NETs (G-NETs)] and duodenum [duodenal NETs (D-NETs)].

G-NETs

Epidemiology
There appears to be a recent increase in the pro​portion of G-NETs reported among all GI-NETs[5-10]. The incidence of G-NETs as recorded in the period from 2000 to 2006 in England was 0.16 and 0.15 per 100000, in men and women, respectively. This represents a 23-fold increase in men and a 47-fold increase in women as compared to data recorded in 1995[5]. There is a similar increase in the incidence of G-NETs in the United States, from 0.03 (1973-1977) to 0.33 (2003-2007) per 100000[2]. Japanese data also demonstrates an increase in the incidence of foregut (stomach and duodenum) NETs from 1.05 (2005) to 1.67 (2010) per 100000[7,11]. In the latest data review, the prevalence was 3.4 and 1.7 per 100000 people in 10 European countries and the United States, respectively[12].

Classification and clinical features

G-NETs are classified into three distinct subgroups, type Ⅰ, Ⅱ, and Ⅲ[13]. Table 2 summarizes the clinical characteristics of the three types of G-NETs[14-25].

Type Ⅰ G-NETs comprise 70%-80% of all G-NETs, and occur more frequently in females. Histologically, type Ⅰ G-NETs are composed of enterochromaffin-like (ECL) cells and are commonly detected in patients with chronic atrophic gastritis (CAG), including autoimmune gastritis and Helicobacter pylori associated atrophic gastritis[24]. It is known that the achlorhydria caused by the loss of fundic glands in CAG results in hypergastrinemia, and hyperplasia of ECL cells. In immunohistochemical staining, NETs cells are positive for chromogranin-A (CgA), synaptophysin, vesicular monoamine transporter 2, and somatostatin receptor 2A[26]. In particular, CgA staining is useful for observing hyperplastic and dysplastic ECL cell changes. ECL cell hyperplasia is characterized by more than six chains of linear hyperplasia per mm, and ECL cell dysplasia, occurring mainly in microinfiltrative lesions, is associated with increased risks of G-NETs[27].

The majority of type Ⅰ G-NETs present as small, multiple tumors, located in the gastric body or fundus, and limited to the mucosal or submucosal layers of the stomach wall. Since most type Ⅰ G-NETs are G1 tumors, the metastatic risk is very low, and the prognosis is excellent. Patients with type Ⅰ G-NETs associated with autoimmune gastritis may present with other autoimmune diseases (type Ⅰ diabetes mellitus, autoimmune thyroiditis, and primary biliary cirrhosis) or pernicious anemia[23]. Type Ⅰ G-NETs are generally asymptomatic, and are usually incidentally detected at screening upper gastrointestinal endoscopy.

Type Ⅱ G-NETs account for 5%-6% of all G-NETs. These tumors are associated with multiple endocrine neoplasia type 1 and Zollinger-Ellison syndrome (MEN1-ZES). Type Ⅱ G-NETs are detected in 13%-37% of all patients with MEN1-ZES, and in only 0%-2% of patients with sporadic ZES (without MEN1). Like type Ⅰ G-NETs, type Ⅱ G-NETs are associated with hypergastrinemia and originate from ECL cells. They too are small, multiple, and relatively benign tumors. However, unlike type Ⅰ G-NETs, type Ⅱ G-NETs occur in males and females with equal proportions. Approximately 30% of type Ⅱ G-NETs are metastatic at presentation[17], and the survival rates of patients with type Ⅱ G-NETs are lower than those of patients with type Ⅰ G-NETs[28]. The increased gastric acid secretion observed in patients with type Ⅱ G-NETs may result in peptic ulcers. Therefore, though most type Ⅱ G-NETs by themselves are asymptomatic, patients may present with symptoms of peptic ulcers[29].

Type Ⅲ G-NETs, representing approximately 10%-15% of all G-NETs, are sporadic tumors that develop independent of gastrin secretion, and are not associated with ECL hyperplasia. The tumors are usually single, and greater than 10 mm in size[19]. Type Ⅲ G-NETs are more commonly G3 tumors, with a tendency to infiltrate the muscularis propria. The tumors also demonstrate a higher rate of angioinvasive transformation. Type Ⅲ tumors are usually metastatic at presentation, with spread to regional lymph nodes or liver. These tumors often present with symptoms of anemia, loss of appetite, dyspepsia, gastrointestinal bleeding, and weight loss.

The typical presentation of “carcinoid syndrome” including flushing, tachycardia, and diarrhea, occurs rarely in patients with gastric NETs (< 1%) and is almost exclusively associated with type Ⅲ tumors, especially those presenting with liver metastasis[30]. It is not commonly associated with any other types of G-NET.

Endoscopic diagnosis

It is important to recognize the endoscopic features of G-NETs, since they are often incidentally detected on screening upper gastrointestinal endoscopy. Type Ⅰ and Ⅱ G-NETs appear either as small (< 10 mm) polypoid lesions, or more frequently, as smooth hemispherical submucosal lesions, that may appear yellow or red in color[23]. Each tumor appears as a hemispherical reddish polyp with or without a central depression on endoscopy with white light (Figure 1a). The presence of the central depression indicates subepithelial tumor growth. High resolution magnifying endoscopy (ME) with narrow band imaging may demonstrate gastric pit-like structures present on the surface of the tumor (Figure 1b). Since G-NETs are usually covered by normal mucosa, these details may not be obvious on conventional endoscopy. It has been reported that the pit-like structures are not present in the region of the central depression, and instead, dilated blackish-brown subepithelial vessels with cork-screw capillaries are visible[23,31]. Type Ⅲ G-NETs are usually single lesions, large in size and with features of ulceration indicating deeper invasion.

Endoscopic ultrasonography (EUS) is useful for assessing the depth of the tumor and its location within the layers of the gastric wall[32]. G-NETs are commonly present in the second (deeper mucosal) or third (submucosal) echo layers, and are identified as hypoechoic intramural structures (Figure 1c).
Other investigations

Computed tomography (CT) or magnetic resonance imaging (MRI) provide additional information regarding local spread and distant metastasis, and aid in tumor staging. The role of fluorodeoxyglucose positron emission tomography (PET) in the assessment of G-NETs is unclear[33].

Octreoscan (somatostatin receptor scintigraphy), is recommended for the detection of liver, bone and lymph node metastasis[34]. However, recent studies concerning PET in NETs using 68Ga-labeled PET tracers (68Ga-DOTATOC, -DOTANOC, and -DOTATATE) have shown promising results, with a higher rate of lesion identification and lower costs than usually achieved with octreoscan[35,36]. However, few studies have demonstrated the utility of 68Ga-labeled PET in patients with G-NETs[35,36], and further studies would be therefore required.

Treatment options for G-NETs

The management of G-NETs is based on the type of tumor, size, and the presence of risk factors such as muscular wall infiltration, increased tumor proliferation and metastasis.

Type Ⅰ G-NETs: The National Comprehensive Cancer Network (NCCN) guidelines[37] recommend simple surveillance or endoscopic resection (ER) for tumors that are smaller than 20 mm in size, and without features of invasion of muscularis propria or metastasis, regardless of the tumor number. Surgical resection, or ER is recommended for tumors that are greater than 20 mm in size, whether single or multiple. On the other hands, the ENETS guidelines recommend ER for the treatment of type Ⅰ G-NETs, with surgical resection to be considered only if invasion extends beyond the submucosa, or if lymph nodal or distant metastasis is present. Surgical resection is also recommended for poorly differentiated lesions[34]. Previously, endoscopic mucosal resection (EMR) was recommended for well localized, type Ⅰ G-NETs. However, since type Ⅰ G-NETs frequently invade the submucosa, their complete removal by snare polypectomy or conventional EMR is difficult. Endoscopic submucosal dissection (ESD) is useful for the removal of submucosal tumors including type Ⅰ G-NETs. Studies have demonstrated superior complete resection rates of gastric neuroendocrine tumors by using ESD compared to those achieved with EMR[38,39]. Several recent reports have revealed that no tumor-related deaths were observed in patients with type Ⅰ G-NETs who were assessed by endoscopic surveillance but not treated[25,40,41]. Therefore, endoscopic surveil​lance seems to be a reasonable approach in selected patients with type Ⅰ G-NETs, such as small tumors in elderly patients or those with co-morbidities. However, we[25] have reported four patients with small TIGC (< 1 cm) that were complicated with capillary invasion (lymphatic invasion in two, venous invasion in two), so endoscopic follow-up without treatment must be selected after careful consideration.
Among the surgical options, antrectomy is an option for recurrent type Ⅰ G-NETs. Antrectomy alleviates G-cell-mediated hypergastrinemia resulting in ECL cell hypertrophy. However, it may not be effective in preventing recurrence or metastasis[42]. Moreover, surgical therapy is more invasive and associated with higher risks of complications[42]. However, patients treated with antrectomy have a lower risk of recurrence and need fewer follow-up EGDs than patients who receive endoscopic resection or EGD surveillance alone[43]. Laparoscopic antrectomy may provide a minimally invasive alternative surgical treatment for type Ⅰ G-NETs[43,44]. Therefore, in cases of recurrence or persistent G-NETs after ER or local resection, antrectomy or partial/total gastrectomy, along with lymph node dissection, is needed.

Somatostatin analogues (SSAs), which inhibit G cell-mediated gastric secretion and reduce ECL cell hyperplasia, are effective in reducing the number and size of type Ⅰ and Ⅱ G-NETS[45-48]. However, the routine use of SSA is not recommended due to their short-term effects, recurrence following cessation of therapy[49], and high treatment costs. Therefore, SSAs therapy should be limited to patients with recurrent or multifocal type Ⅰ G-NETs[50]. Recent report have revealed that intermittent treatment with SSAs would be safe and effective method of treating recurrent type Ⅰ G-NETs in patients who do not undergo ER[51]. 

Netazepide (YF476), a potent gastrin/CCK-B receptor antagonist, has been reported to suppress gastric acid output and reduce serum CgA levels, in addition to the size and number of type Ⅰ G-NET[52,53]. Therefore, netazepide is a potentially useful drug for the treatment for type Ⅰ G-NET. However, the levels of CgA mRNAs recovered to pre-treatment levels after stopping treatment[53], so the long-term administration of natazepide needs to be assessed in the context of type Ⅰ G-NETs.

Type Ⅱ G-NETs: According to the NCCN guidelines, the management of type Ⅱ and type Ⅰ G-NETs are almost similar[37]. However, the ENETS guidelines clearly recommend surgical resection for type Ⅱ G-NETs, owing to their higher rate of metastasis compared to type Ⅰ tumors[34]. Moreover, although the prevalence of the different histological classification (diffuse, linear, micronodular) of ECL cell hyperplasia in peritumoral gastric mucosa were approximately equal between patients with MEN-1 associated gastrinoma and sporadic gastrinoma, ECL cell dysplasia and ECL cell NET only were detected in patients with MEN-1[54]. In addition, the resection of the co-existing gastrinoma should be attempted to the extent possible. SSA treatment is often adequate for patients with sympto​matic type Ⅱ G-NET[37].

Type Ⅲ G-NETs: The ENETS guidelines recommend that type-Ⅲ G-NETs be managed in the same manner as gastric adenocarcinomas. Therefore, these guide​lines recommend surgical resection (partial or total gastrectomy with lymph node dissection) and chemo​therapy[34]. Similarly, the NCCN guidelines recommend radical gastric resection with perigastric lymph node dissection for localized type Ⅲ G-NETs[37]. However, it has been documented that endoscopic or wedge resection can be considered for type Ⅲ G-NETs < 2 cm in the NCCN guideline. Scherübl et al[19] proposed that small, well differentiated (G1) type Ⅲ G-NETs be treated conservatively by ER, and Kwon et al[55] also reported that if the tumor is < 2 cm and confined to the submucosal layer with no lymphovascular invasion, then endoscopic treatment should be considered as the initial choice.

Follow-up strategies

According to the NCCN guidelines[37], patients with small (< 20 mm) type Ⅰ and Ⅱ G-NETs should be followed up every 6-12 mo after treatment for the first 3 years, and each visit should include patient history, physical examination and esophagogastro​duodenoscopy (EGD). Beyond three years, EGD may be performed annually. Patients with type Ⅲ G-NETs or large (> 20 mm) type Ⅰ and Ⅱ G-NETs should be followed-up every 3 to 12 mo following resection, and every 6 to 12 mo thereafter. Imaging studies such as CT or MRI may be considered depending on clinical indications. The ENETS guidelines[34] recommend endoscopic follow-up every 12 mo for patients with recurrent type Ⅰ G-NETs, and every 24 mo for patients without recurrence. Annual EGD is recommended for patients with type Ⅱ G-NETs. The follow-up of patients with type Ⅲ G-NETs following gastrectomy is similar to that for gastric adenocarcinoma.
D-NETs

Epidemiology

D-NETs are rare tumors with an overall incidence of 0.19/100000 in the United States[2]. Recent studies suggest an increase in the incidence of D-NETs[56]. These tumors comprise 1%-3% of primary duodenal tumors, 11% of small intestinal NETs, and 5%-8% of all GI-NETs[2,56]. Their overall prevalence is reportedly lower in England (0.04/100000)[5] and higher in Japan (0.17/100000)[7]. D-NETs are slightly more common in males than in females[57-59].
Clinical features

Most D-NETs are located in the first or second part of the duodenum[57,58], with 20% of them occurring in the periampullary region[60,61]. Despite the detection of various gastrointestinal hormones in D-NETs, 90% of the tumors are non-functional[57]. The majority of D-NETs are, therefore, incidentally detected on EGD. Symptoms related to ZES are present in 10% of all patients with D-NETs, while carcinoid syndrome is reported in 3%[34]. D-NETs are generally solitary and small, with 75% of tumors smaller than 2 cm in size[58,61]. Since multiple gastrinomas are found in 60%-95% of patients with MEN1-ZES, the presence of multiple D-NETs, seen in 9%-13% of patients, should raise suspicion of MEN1-ZES[57,59,62,63]. While the majority of D-NETs are limited to the mucosa or the submucosa[64], metastases to the lymph nodes (40%-60%) and liver (less than 10%) are known to occur[57,65-67]. The 5-year survival rate in patients with well-differentiated D-NETs is 80%-85%. However, this rate is only 72% in those with well-differentiated NEC[58,68].

Histological classification

Based on the WHO classification, D-NETs are classified as NET G1 (50%-75%), NET G2 (25%-50%), and NEC (≤ 3%)[9]. D-NETs are also divided into 5 subtypes including duodenal gastrinomas (50%-60% of all D-NETs), somatostatin-producing tumors (15%), nonfunctional serotonin-containing tumors (19%-27%), poorly differentiated neuroendocrine carcinomas (< 3%), and gangliocytic paragangliomas (< 2%)[34,69].

Duodenal gastrinomas are either sporadic or associated with MEN1-ZES[17]. Recent reports have suggested that gastrinomas may be etiologically related to H. pylori associated atrophic gastritis or the use of proton pump inhibitors[70,71]. These tumors are almost always small in size, and are located predominantly in the first or second part of the duodenum. The “gastrinoma triangle” located in the right upper quadrant (duodenal and pancreatic head area) is the location of 70%-85% of these tumors[72]. Sporadic duodenal gastrinoma are solitary, while familial tumors occurring in association with MEN1 are usually multiple and may be easily missed[69]. Despite their small size, lymph node metastases are often observed, and 5%-10% of patients present with liver metastasis. The 10-year survival rate of patients with duodenal gastrinoma is about 60%-80%, which is better than for patients with pancreatic gastrinomas. Fast growing and metastasizing duodenal gastrinoma are rare[64,73].

Somatostatin-producing tumors (somatosta​tinomas) are exclusively located in the ampullary or periampullary region, and 20%-30% of them are associated with neurofibromatosis-1[74]. These tumors result in obstruction of the duodenal ampulla and present with jaundice or pancreatitis. Functional somatostatinoma syndromes occur very rarely with these tumors[74].

Duodenal gangliocytic paragangliomas also show a preference for the periampullary region. They are often large (> 2 cm) and invade the muscularis propria. However, in contrast to gastrinomas or somato​statinomas, these tumors follow a benign course[69,74]. 

Poorly differentiated NEC occur primarily in the ampulla of Vater or the periampullary region. They are hormonally inactive, and usually present with lymph node metastasis or liver metastasis at diagnosis[74]. 

D-NETs at the ampulla of Vater or the periampullary area differ from D-NETs at other locations[57,59,74]. Ampullary D-NETs present at a more advanced stage of the disease and have poorer overall survival than D-NETs located elsewhere in the duodenum[61]. In patients with D-NETs, larger size of the primary tumor, invasion into the muscularis mucosa or beyond, increased mitotic activity, and poor differentiation correlates with the presence of distant metastases or aggressive growth[34]. However, the size of ampullary D-NETs is not correlated with the presence of liver metastases[34].

Endoscopic diagnosis

As with G-NETs, D-NETs arise in the deep mucosa and invade the submucosa. Thus, D-NETs have the appearance of submucosal tumors that are either “hemispherical” or “flatly elevated”. However, the protuberances of D-NETs are slightly steeper than those of other submucosal tumors. The surface coloring of the tumors may be identical to the sur​rounding tissue or appear yellowish. In addition, as the tumor enlarges a depression begins to form in the center, which is eventually replaced by an ulcer crater with tumor progression (Figure 2). 

The differential diagnosis of D-NETs includes Brun​ner’s gland hyperplasia, heterotopic gastric mucosa, adenomas, adenocarcinomas, gastrointestinal stromal tumors, lymphoid hyperplasia, metastatic tumors, neurofibromas and schwannomas[75]. 

EGD and direct tissue biopsy is the most common method of diagnosing D-NETs. However, it is possible that endoscopic biopsy may not always include tumor tissue due to the location of the tumor within the deep mucosal or the submucosal layer. EUS is essential to confirm tumor size and depth of tumor invasion. Additionally, CT and/or MRI are indicated for patients with suspected or proven advanced disease.

Treatment options for D-NETs 

The management of D-NETs is based on tumor size, location, histological grade, stage, and tumor type. However, there is no consensus on the definitive treatment of D-NETs. 

The management protocol of D-NETs based on the ENETS guidelines[34] is shown in figure 3. Small (≤ 1 cm) G1 D-NETs in nonampullary locations and without metastases or functional hormonal syndromes can be resected by endoscopic techniques. However, if the D-NETs are present in the ampullary region, local surgical resection with lymphadenectomy or picking is recommended. The management of intermediate-sized (1-2 cm) D-NETs is controversial. Large (> 2 cm) D-NETs or D-NETs of any size with lymph node involvement, should be treated by limited surgical resection. According to the NCCN guidelines[37], endo​scopic resection is recommended for well-localized D-NETs, whenever possible. Transduodenal local excision with or without lymph node sampling, and pancreatoduodenectomy are other options for primary treatment of non-meta​static D-NETs. To date, endoscopic surveillance for D-NETs, even in cases of small G1 tumors, is not generally recommended because lymph node metastasis and microvascular invasion have been observed in such tumors[76-78].

ER is selected as a safe and minimally invasive method of treatment of D-NETs. Currently, various methods of ER, such as cap technique, EMR, EMR with ligation device (EMR-L), or ESD, are described for superficial duodenal tumors including D-NETs[79-83]. However, the histological complete resection rate of EMR or EMR-L is low[80]. ESD can achieve en bloc resection of tumors larger than 1 cm in diameter, but is associated with a higher rate of complications of bleeding and perforation[81-83]. These complications may be prevented by performing endoscopic closure of mucosal defects following duodenal ESD, by using techniques such as “endoloop with the endoclip”, “over-the-scope clip”, or overlay with polyglycolic acid sheets[82,84,85]. Endoscopic full-thickness resection with laparoscopic assistance is another option for the management of D-NET[86]. 

Hoteya et al[82] reported that the bleeding rates following ESD for duodenal tumors located in the lower papilla were higher than those for tumors located in the higher papilla. This difference could be attributed to the direct exposure of the lower papilla region to digestive enzymes and bile juice compared to the higher papilla region. In addition, D-NETs in the lower papilla region are derived from the embryological midgut. Midgut (jejunum and ileum) NETs, in the advanced stage of the disease, are often complicated by carcinoid syndrome[74,87,88]. Therefore, extreme caution is essential in the treatment of D-NETs of the lower papilla region.

Surgical resection is recommended for patients with sporadic (non-MEN1) duodenal gastrinomas[89], since lymph node metastases are present in at least half of such cases[57,90,91]. In addition, surgical resection is known to decrease the rate of liver metastasis[66,92] in these cases. The role of curative surgery in patients with MEN1-ZES is controversial. Aggressive surgical resection in this group of patients may not result in increasing disease-free survival rates as most patients are found to have lymph node metastasis at the time of surgery[93,94]. However, several reports have documented that aggressive surgery increases survival[95] or prevents the development of liver meta​stasis[96]. Imamura et al[97,98] also reported that surgical curative resection, especially pancreas preserving total duodenectomy based on accurate localization using selective arterial secretagogue infection test, is useful for curing MEN1-ZES related duodenal gastrinomas. 

As previously mentioned, D-NETs in the region of the ampulla of Vater or the periampullary area are more advanced (invasion of muscularis propria and lymph node metastasis) at presentation and have poorer overall survival than D-NETs at other locations[10,99]. In these cases, surgical resection is preferred to endoscopic papillectomy or resection.

Follow-up strategy

According to the ENETS guidelines[34], when non-functional D-NETs are completely removed by using endoscopic techniques, follow up visits, with EGD, abdominal ultrasound (US) or CT and plasma CgA levels, should be performed at 6, 24, and 36 mo following such treatment. Surgical resection of D-NETs should be followed up by multislice CT, somatostatin receptor scintigraphy (SRS) and CgA levels performed at 6 and 12 mo after surgery, and then annually for a minimum of 3 years. Re-evaluation of untreated patients with metastatic/inoperable D-NETs should be performed at 3- to 6-mo intervals by CgA, CT scan, and/or US and SRS. The NCCN guidelines recommend re-evaluation of patients at 3 to 12 mo following resection, and then, every 6 to 12 mo for a duration of 10 years. Baseline imag​ing recommendations for patients suspected to have distant metastatic disease include multi-phase CT or MRI. Baseline levels of CgA may also be measured to enable monitoring of patients, and to assess disease progression.

CONCLUSION

There is a significant increase in the reported incidence of G-NETs and D-NETs. G-NETs are classified into three distinct subtypes (Type Ⅰ, Ⅱ, Ⅲ), and their management is based on the tumor subtype and histological features, the extent of loco-regional spread, and the presence of metastasis. D-NETs include five different types of NETs based on histology. The treatment of D-NETs is based on tumor size, location, histological grade, stage and tumor type. Further studies are required to establish the optimal method of management for G-NETs and D-NETs.
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FIGURE LEGENDS
Figure 1  Gastric neuroendocrine tumor. A: Conventional endoscopic image with white light demonstrates a hemispherical reddish submucosal tumor; B: Magnifying endoscopic image with narrow band imaging demonstrates gastric pit structures present on the surface of the tumor; C: Endoscopic ultrasound (EUS, 20 MHz) demonstrates a hypoechoic intramural structure in the second layer, which corresponds to the submucosal layer of the gastric wall. EUS: Endoscopic ultrasonography.
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Figure 2  Duodenal neuroendocrine tumor. A: Conventional endoscopic image with white light demonstrates a hemispherical reddish polyp with central depression; B: Magnifying endoscopic image with narrow band imaging demonstrates duodenal mucosal pit structures present on the entire surface of the tumor except the area over the central depression. Pit structures are absent over the central depression, and instead, cyan colored, cork-screw shaped, thick capillaries are seen; C: Endoscopic ultrasound (EUS, 20 MHz) demonstrates a slightly hyperechoic intramural structure in the second layer, extending to the third layer (corresponding to the duodenal muscularis propria). EUS: Endoscopic ultrasonography.
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Figure 3  Management of duodenal neuroendocrine tumors. D-NETs: Duodenal neuroendocrine tumors; EUS: Endoscopic ultrasound; CT: Computed tomography; N+: Lymph node metastasis; M+: Distant metastasis; SRS: Somatostatin receptor scintigraphy; PRRT: Peptide receptor radionuclide therapy; SSA: Somatostatin analogues; CHT: Chemotherapy.
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Table 1  Histological grading of gastrointestinal neuroendocrine neoplasms


ENETS grading�
Mitotic index (× 10 HPF)�
Ki-67 proliferation index�
WHO classification 2010�
�
G1�
< 2�
≤ 2%�
NET G1 (carcinoid)�
�
G2�
2-20�
3%-20%�
NET G2�
�
G3�
> 20�
> 20%�
NEC G3; large-cell or small-cell type�
�
ENETS: European Neuroendocrine Tumor Society; HPF: High power field; NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma.





Table 2  Characteristics of gastric neuroendocrine tumors


Characteristic�
Type Ⅰ G-NETs�
Type Ⅱ G-NETs�
Type Ⅲ G-NETs�
�
Proportion of all G-NETs�
70%-80%�
5%-10%�
10%-15%�
�
Associated disease�
Chronic atrophic gastritis�
MEN type 1/ZES�
None�
�
Gender�
Women > men�
Women = men�
Women < men�
�
Tumor number�
multiple�
multiple�
single�
�
Tumor size�
< 10 mm�
< 10 mm�
> 10 mm�
�
Tumor location�
fundus or corpus�
fundus or corpus�
Any region�
�
Histology�
Usually NET G1�
NET G1/G2�
Usually NEC G3�
�
Invasion depth�
Mucosa or submucosa�
Mucosa or submucosa�
Any depth�
�
Serum gastrin �
High�
High�
Normal�
�
Gastric pH�
High�
Low�
Normal�
�
Risk of Metastasis�
2%-5%�
10%-20%�
> 50%�
�
Prognosis�
Excellent�
Good�
Poor�
�
G-NET: Gastric neuroendocrine tumor; MEN: Multiple endocrine neoplasia; ZES: Zollinger-Ellison syndrome.








PAGE  

