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Abstract
Neuroendocrine tumors (NETs) are a rare and heterogeneous disease group and constitute 0.5% of all malignancies. The annual incidence of NETs is increasing worldwide. The reason for the increase in the incidence of NETs is the detection of benign lesions, incidental detection due to the highest use of endoscopic and imaging procedures, and higher recognition rates of pathologists. There have been exciting developments regarding NET biology in recent years. Among these, first of all, somatostatin receptors and downstream pathways in neuroendocrine cells have been found to be important regulatory mechanisms for protein synthesis, hormone secretion, and proliferation. Subsequently, activation of the mammalian target of rapamycin pathway was found to be an important mechanism in angiogenesis and tumor survival and cell metabolism. Finally, the importance of proangiogenic factors (platelet-derived growth factor, vascular endothelial growth factor, fibroblastic growth factor, angiopoietin, and semaphorins) in the progression of NET has been determined. Using the combination of biomarkers and imaging methods allows early evaluation of the appropriateness of treatment and response to treatment.
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Core Tip: Neuroendocrine tumors (NETs) originate from cells of the diffuse neuroendocrine system that can show both nerve and endocrine cell features and can be found in many organs in the body. NETs show different clinical and biological characteristics according to the regions where they develop. In recent years, there have been changes in the distribution of NETs within themselves, especially due to the more frequent use of screening colonoscopy and imaging methods. Using the combination of biomarkers and imaging methods allows early evaluation of the appropriateness of treatment and response to treatment. 

INTRODUCTION
Neuroendocrine tumors (NETs) originate from cells of the diffuse neuroendocrine system that can show both nerve and endocrine cell features and can be found in many organs in the body[1]. NETs are called functional (approximately 40%)[2] or non-functional according to the hormone secretion that causes clinical syndrome[3]. GI NETs originate from enterochromaffin cells, a member of the diffuse neuroendocrine system, while pancreatic NETs originate from Langerhans islets[4,5].
NETs show different clinical and biological characteristics according to the regions where they develop. In recent years, there have been changes in the distribution of NETs within themselves, especially due to the more frequent use of screening colonoscopy and imaging methods[6]. Although it can be seen in many organs, it is most commonly seen in the gastrointestinal system (44.6%), lungs (24.6%), primary of unknown origin (21%), pancreas (8.9%), liver, and thymus. According to the 20-year Surveillance, Epidemiology and End Results (SEER) registry data between 1995 and 2014, 39.2% of GI NETs originated from the rectum and 27.8% of the small intestine (SI)[7] (Figure 1). The distribution of GI NETs varies in different geographic regions; rectal NETs are more common in the Asia/Pacific region, while stomach and ileum NETs are more common in Europe[8,9].
While the term carcinoid has historically been used to describe well-differentiated NETs of the GI, AC, kidney, and ovary, World Health Organization (WHO) proposed the term NET for those of GI origin; in modern usage the term carcinoid is now used only for lung tumors.
PubMed database was used to search publications on neuroendocrine tumors. "Neuroendocrine tumor", "NET", "somatostatin receptor", "gastrointestinal NET" were used as keywords. Articles published in the English language were retrieved. Reference lists were manually verified.

EPIDEMIOLOGY
NETs are a rare and heterogeneous disease group and constitute 0.5% of all malignancies[10]. The annual incidence of NETs is increasing worldwide. According to the SEER registry data, while the annual incidence was 1.09 per 100000 in 1973, this rate increased to 5.25 per 1000000 in 2004 and 6.98 per 100000 in 2012. Within this, the annual incidence of gastroenteropancreatic NET is 3.56 per 100000 (3.08 GI, 0.48 pancreas). While the incidence of all NETs has increased by 6.4 times over approximately 40 years, this rate is much higher for G1 NETs (0.01 per 100000 vs 2.53 per 100000), indicating that earlier NETs have been detected at a higher rate in recent years[11,12]. However, this rate appears to be much higher in the autopsy series (8.4 per 10000 for GI NETs)[13]. The projected prevalence of NET is also increasing; while it was 35 per 100000 in 2004, the 20-year prevalence as of 2012 is 48 per 100000[11,12]. The reason for the increase in the incidence in NETs is the detection of benign lesions, incidental detection due to the highest use of endoscopic and imaging procedures, and higher recognition rates of pathologists[14,15]. Median survival for NETs is 112 mo in all patients. Survival is reduced in more advanced disease, with a median survival of > 30 years in regional disease, and 12 mo in patients with distant metastasis. Besides, as the disease grade increases, the prognosis worsens, while the median survival is 16.2 years in G1 NETs, it is 10 mo in G3 NETs[12]. Among GI NETs, the highest survival is in the rectum and appendix, while the lowest survival is in the colon.

CLASSIFICATION OF NETS
A carcinoid tumor histology was first described by Langerhans in 1869 and was used by WHO in 1980 to describe gastrointestinal NETs (GI-NETs)[16]. In 2000, NETs were classified as well-differentiated NETs and well-poorly differentiated neuroendocrine carcinomas (NECs) by WHO[17]. Until the 2010 classification, different classifications were used for NETs in different sites of the body, which was confusing. In this classification, a uniform classification is proposed for all NETs. The latest NET classification was published by WHO in 2017. According to this classification, NETs are histologically graded as Grade 1 (G1), Grade 2 (G2), and Grade 3 (G3) based on proliferation activity by using the mitotic index and/or Ki-67 proliferation index[18]. Many studies have shown that proliferative activity is important in determining the prognosis in NETs. Although studies are showing that the Ki-67 proliferative index is more important, it has been determined that its use with the mitotic index is more important in predicting survival[19,20]. Mitotic index is assessed by counting the number of mitoses at least 50 fields of 0.2 mm2 (high power fields; HPFs) in mitotically active areas[21]. To determine the Ki-67 proliferation index, at least 500 cell counts are required in the “hotspot areas” with the validated method[17]. It is stated in this classification that grade 3, which was previously thought to be only in NECs, can also be seen in well-differentiated tumors (NETs), and grading is no longer used in NECs and all are considered high grade[22]. NECs are poorly differentiated high grade (> 20 mitoses/2 mm and > 20 proliferative index) and highly aggressive tumors[23]. Tumors containing a neuroendocrine component and a morphologically and immunologically detectable non-neuroendocrine component are defined as mixed tumors (MINENs). Each of these components should account for at least 30% of the tumor[23]. WHO 2019 classification of GI-NETs is shown in Table 1.

BIOLOGY, BIOMARKERS, AND MOLECULAR PATHOGENESIS OF NETS
Neuroendocrine cells are epithelioid cells that develop from gastrointestinal (GI) stem cells rather than neurocrest[24]. There have been exciting developments regarding NET biology in recent years. Among these, first of all; somatostatin receptors and downstream pathways in neuroendocrine cells have been found to be important regulatory mechanisms for protein synthesis, hormone secretion, and proliferation. Subsequently, activation of the mammalian target of rapamycin (mTOR) pathway was found to be an important mechanism in angiogenesis and tumor survival and cell metabolism. Finally, the importance of proangiogenic factors (platelet-derived growth factor, vascular endothelial growth factor, fibroblastic growth factor, angiopoietin, and semaphorins) in the progression of NET has been determined[25]. The tumor microenvironment (TME) consists of the extracellular matrix and stromal, inflammatory, and endothelial cells; it is important in terms of tumor behavior, growth, response to treatment, and development of fibrotic complications[26]. Extracellular matrix degradation contributes to the development, aggressiveness, and progression of NETs. NET cells stimulate the activation and proliferation of fibroblasts with mediators such as transforming growth factor-β, platelet derived growth factor, and serotonin. Fibroblasts are a major element of TME and their activation causes fibrosis. Due to the hyperactivation of hypoxia-inducible factor 1-α, numerous proangiogenic factors are secreted, which explains why NETs have more vessel density than other tumors[27]. Different immune system cells infiltrate NET, forming an immunosuppressed TME suitable for tumor progression[28]. Immune checkpoint molecule programmed death-ligand 1 is expressed in a minority of NETs, and few of these patients are candidates for targeted therapy to immune checkpoint molecules. Studies targeting angiogenesis, tyrosine kinases, and other potential mechanisms related to TME are ongoing[25].
Neuroendocrine cells often have electron-dense granules containing peptide hormones and/or biological amines such as chromogranin, synaptophysin, and neuron-specific enolase according to the cell type. Since NETs are usually indolent and non-functional tumors, their diagnosis is delayed and they are diagnosed at a late stage. There are many biomarkers used for NETs, such as chromogranin a (CgA), neurokinin, serotonin, pancreastatin, pancreatic polypeptide, 5-hydroxyindoleacetic acid (5-HIAA), neurokinin A, and neuron-specific enolase, these are often insufficient in determining the location of the disease and are not necessary for the diagnosis of the disease. While it is still unclear whether a biomarker will show tumor burden in NETs, it does not indicate tumor grade or behavior[29]. The identification of somatostatin receptors immunohistochemically or by somatostatin receptor imaging is important in evaluating the response of NETs to somatostatin analogs or targeted peptide receptor radiotherapy. Well-differentiated NETs express approximately 80% somatostatin receptor subtype 2[30]. Using the combination of biomarkers and imaging methods allows early evaluation of the appropriateness of treatment and response to treatment[31,32]. 
The most commonly used biomarker is CgA, and there are several limitations to its use. CgA is an acidic glycoprotein that can be cleaved into smaller peptides such as pancreastatin. While the elevated CgA level in a defined NET is approximately 60%-90% sensitive and significant, its use is ineffective for the first-line diagnosis[33]. CgA levels are detected at higher levels in patients with higher tumor burden[34]. Besides, it should be kept in mind that CgA levels may increase in many neoplastic events other than NET and non-neoplastic diseases, and basal levels may change in situations such as food intake and protein pump inhibitor (PPI) use[35]. It is recommended to use a higher cut-off level to overcome these limitations[36]. There is insufficient data available for the general use of pancreastatin and other granins (CgB and CgC) so they are not widely used. Serotonin and its metabolite 5-HIAA were initially used widely as a NET marker. Serotonin increases, especially in metastatic small intestinal NETs. 5-HIAA can be used in patients with signs of carcinoid syndrome and should be measured before surgery to predict the risk of carcinoid crisis in patients with midgut NETs[37]. Gastrinomas cause Zollinger-Ellison syndrome, and an elevated fasting gastrin level is expected in these patients[38]. Although the gastrin level may increase physiologically due to atrophic gastritis, Heliobacter pylori infection, or PPI use, a level of > 1000 pg/mL is diagnostic for gastrinoma, and it is recommended to use the secretin test at lower levels[39].
The regulation of the release of many peptides and hormones secreted from neuroendocrine cells is regulated by somatostatin. This hormone acts by binding to somatostatin receptors (SSTR), and there are five different types in human cells. SSTR2 is overexpressed in the majority (80%) of NETs[40]. Visualization of NETs using SSTRs has revolutionized the diagnosis and treatment of NETs. Somatostatin receptor imaging (SRI) performed with 111In-pentetreotide (Octreoscan) SPECT, which was used extensively in cases where positron emission tomography (PET) could not be available, yielded successful results at a rate of 60%-80%. In recent years, 68Ga-labelled PET-SRI has become more prominent than other methods in functional imaging using SSTR with a success rate of 95%[41]. Among these, the most commonly used PET tracers are 68Ga- DOTATOC, 68Ga- DOTANOC, and 68Ga-DOTATATE[42]. Besides, the use of Cu-DOTATATE has recently been shown to have higher detection rates than Ga-labeled agents[43]; it is safe and provides high-quality images[44]. Numerous studies are ongoing with different PET SRI tracers.
Many well-differentiated GI NETs are closely associated with inherited syndromes; among these, the most common is multiple endocrine neoplasia type 1 (MEN1) and neurofibromatosis type 1 (NF1). No association was found between hereditary syndromes and poorly differentiated NECs[24]. The most common GI NETs are the duodenal gastrinoma and gastric carcinoids in MEN1, and carcinoids in the periampullary region in NF1[45]. 
Common tumor suppressor genes (e.g., p53, rb) and oncogene mutations (e.g., ras, myc, fos) in well-differentiated NETs are rare[46]. Because fewer analyses are done in GI NETs, molecular mechanisms are less understood than in pancreatic NETs. In a whole-exome sequencing study with SI NETs including 48 patients; most of them were along the mTOR pathway, and 14 mutations were identified including phosphatidylinositol 3 kinase/Akt/mTOR signaling, SRC oncogene, and the transforming growth factor-β pathway. Candidate therapeutically actionable alterations were detected in 72% of the patients[47]. In another study, progressive DNA methylation changes were detected in SI NETs[48].

TYPES OF GI NETS
Esophageal NENs
Esophageal NETs are extremely rare and usually located in the middle and distal esophagus[49]. They are usually associated with Barret's esophagus or rarely with the heterotropic gastric mucosa[18]. The majority of esophageal NENs are NECs (approximately 90%), which are bulky, infiltrative, and large lesions, while NETs are smaller submucosal lesions[50]. CgA and synaptophysin are generally used to show neuroendocrine differentiation in esophageal NENs. Besides, rarely the combination of NEC with esophageal squamous cell carcinoma or adenocarcinoma is seen in esophageal MINENs. The progenitor cells of NENs in this region are thought to be Merkel and APUD cells[51]. 
Most of the esophageal NENs are poorly differentiated NEC, with more than 50% stage III at diagnosis, many have lymph nodes and distant metastases[52]. Pathologically, most of the NECs are small cell NECs. Since most of the patients are diagnosed at an advanced stage, surgery is performed (partial or total esophagectomy) and then adjuvant chemotherapy is given. Overall survival was 24 mo in a cohort of stage III esophageal NEC who underwent perioperative chemoradiotherapy with surgery[53]. 

Gastric NETs
Similar to other NETs, the incidence of gastric NETs (G-NET) has increased significantly in recent years. From 1975 to 2014, the annual G-NET incidence has increased approximately 15 times (0.31 per 100000 vs 4.85 per 100000, respectively)[54]. According to the 20-year SEER registry data between 1995 and 2014, while the distribution of gastric NETs in GI-NETs is 10.5%, the rate among all NETs is 4.7%[7]. Distributions between 3.7% and 30% have been reported in different regions of the world[55]. The most important reasons for the increase in incidence are the more frequent use of imaging techniques such as endoscopy and endoscopic ultrasonography (EUS). Gastric NETs originate from subepithelial histamine-releasing enterochromaffin-like cells (ECL) in the gastric fundus and D and G cells in the antrum[56]. G-NETs are generally silent and benign; they can sometimes be large and aggressive. G-NETs can be divided into three types according to their biological behavior and clinicopathological characteristics[57]. General characteristics of the G-NET types are shown in Table 2.

Type 1: Type 1 NETs, which are the common type of G-NETs (70-80% of G-NETs), are usually associated with pernicious anemia, chronic atrophic gastritis, and Helicobacter pylori-associated atrophic gastritis[57,58]. Achlorhydria, which develops due to autoimmune chronic atrophic gastritis, causes D cell suppression and antral G cell hyperplasia, and gastrin hypersecretion occurs[59]. Hypergastrinemia also causes hyperplasia of ECL cells. It has been demonstrated that the use of PPIs in animal models may be associated with NETs, but this has not been demonstrated in humans[60]. These types of NETs are more common in women. 
Type 1 NETs are small, multicentric, and non-functional, are located in the mucosa or submucosa of antrum and fundus, and are usually benign[61]. Generally, diagnosis is made in the 6th-7th decade by endoscopy performed due to non-specific symptoms. Although the serum CgA level increases, it is not specific for Type 1 G-NETs and can be used as a response to treatment and a surveillance marker[62]. The diagnosis is usually made by endoscopy. Endoscopically, they are usually < 1 cm, round, polypoid, and a depressed lesion with an ulcer located in the center. EUS can be performed to determine the invasion depth especially for a lesion larger than 1-2 cm. They are seen as a hypoechoic/isoechoic smooth, well-circumscribed lesion arising from the second (lamina propria) or third (submucosa) echo layer in EUS[63]. If there is a suspicion of metastasis or lymph node involvement, computed tomography (CT) and magnetic resonance imaging (MRI) should be performed. While metastasis is less common (~2%-5%) in lesions smaller than 2 cm, it can be up to 20% in large lesions[64]. The use of SRI with 68Ga-DOTATATE or new tracers is limited in type 1 NETs and limited to metastatic disease[65].
There is no consensus on the treatment of Type 1 G-NETs smaller than 1 cm; some clinicians recommend endoscopic resection [simple resection or endoscopic mucosal resection (EMR)], while others recommend conservative management[60]. In such lesions, treatment should be individualized. If the lesion is confined to mucosa or submucosa in EUS, endoscopic treatments [EMR, endoscopic submucosal dissection (ESD)] should be performed on patients with lesions larger than 1 cm. Surgery resection should be performed if there is a single lesion larger than 2 cm or if 3-4 lesions are larger than 1 cm in a person with six lesions[66]. Local excision or partial gastrectomy should be considered in patients with a positive margin or extension beyond the submucosa. Antrectomy is a controversial approach and can be reserved to prevent hypergastrinemia in patients with resistant disease to endoscopic treatments[67]. The use of somatostatin analogs is not recommended in early disease. It is effective in patients with multiple lesions that are not endoscopically eradicated[68] and may also be considered in metastatic disease. Netazepide is a gastrin/cholecystokinin-2 receptor antagonist, providing complete remission during treatment in Type 1 NETs[69]. Remission does not persist when treatment was discontinued, because the gastrin level does not change during treatment. Therefore, randomized studies are needed for its widespread recommendation[65].
Patients who undergo conservative management are recommended to be followed up with clinical and laboratory findings every 6-12 mo and endoscopically every 12-24 mo[65]. Although there is no consensus on how the surveillance will be in patients undergoing endoscopic resection, endoscopic surveillance is recommended at 1-3 years[67]. Patients benefit from endoscopic surveillance and resection strategy when necessary[70]. Five-year disease-related survival in type 1 G-NET is excellent and 100%[62].

Type 2: Type 2 accounts for about 5% of G-NETs and is the least common type. Its invasion and malignant potential are higher than Type 1[66]. There is submucosal involvement in 60% and lamina propria involvement in 10%, and 10%-30% had metastasis at the time of diagnosis in patients. Hypergastrinemia (greater than 1000 pg/mL) is also present in this type and unlike Type 1, it is usually related to MEN1 associated ectopic gastrinoma [Zollinger Ellison Syndrome (ZES)]. They occur in < 1% of patients with sporadic gastrinoma and 22%-33% of patients with MEN1/ZES[71,72]. Patients with ZES due to MEN1 usually have small duodenal gastrinomas, while sporadic gastrinomas are usually larger and located in the pancreas[73]. Hypergastrinemia causes ECL cell hypertrophy and hyperplasia. Small, multiple, and polypoid NETs are usually observed in the fundus and sometimes in the antrum and also gastric and duodenal ulcers on endoscopy. They are larger than Type 1 G-NET; only 35% are < 1 cm and 20% are > 2 cm. Type 2 G-NET is usually treated by removing the detected gastrinoma surgically[74]. Surgical removal of the gastrinoma leads to involution in NETs. If surgical removal is not possible, long-term and high-dose PPI treatment should be given. For NETs, similar to Type 1, endoscopic or surgical treatment should be performed based on size[75]. Annual post-treatment endoscopy surveillance is recommended after endoscopic treatment. Its prognosis is worse than that of Type 1, and the 5-year disease-related survival is between 60%-90%.

Type 3: Type 3 G-NET is not associated with hypergastrinemia or ZES, occurs sporadically, and accounts for 20% of G-NETs[76]. They have the highest malignant potential, and more than 50% of patients have local or liver metastases at the time of diagnosis[66]. While ECL cell hyperplasia is not seen in type 3 G-NET, a large number of endocrine cells associated with atypical carcinoid syndrome can be seen. Despite the large lesion, patients may be asymptomatic or present with abdominal pain, iron deficiency anemia, weight loss, and gastrointestinal bleeding. Generally, fasting serum gastrin level, and gastric acid production are at normal levels[77]. They are seen endoscopically as large, single, infiltrating, and sometimes ulcerated. These tumors are histologically well-differentiated, and a small number of patients may develop carcinoid syndrome due to the production of 5-hydroxytryptamine, and rarely, bronchospasm due to histamine production may develop in some patients[76]. Because the risk of metastasis is high, all patients should be staged with imaging methods (CT or MRI) and systemic treatment should be applied to metastatic disease. Surgery should be performed in non-metastatic patients[65]. A partial-subtotal-total gastrectomy and lymph node dissection are performed surgically. EMR or ESD may be considered in small (< 1 cm) Type 3 G-NETs without metastases[78]. Disease-related survival is 75% at 3 years and 50% at 5 years[76].

Neuroendocrine carcinoma: A poorly differentiated type, defined by some authors as Type 4 G-NET, neuroendocrine carcinoma accounts for 3%-8% of G-NETs. This type of G-NEC has a high malignant potential and is mostly present with metastasis. At the time of diagnosis, more than 80% of metastases are present, and the disease-related mortality rate is more than 50%[76]. It is a tumor that has an endocrine phenotype and behaves like adenocarcinoma[79]. Surgery is rarely required in these patients, except for palliative surgery.

Small intestine NETs: Duodenal and jejunoileal NETs will be discussed under separate headings as they differ from biological and clinical behavior.

Duodenal NETs
Duodenal NETs (D-NETs) are rare tumors, most commonly located in the first and second part of the duodenum (> 90%), approximately 20% in the periampullary region[80]. Its annual incidence is 0.19 per 100000. It has been reported that its incidence has increased rapidly in recent years. It constitutes 2%-3% of duodenal tumors and 5% of GI-NETs. D-NETs are mostly < 2 cm in size and are located mucosally or submucosally[81]. The incidence of D-NETs is higher in men, and it is most common in the 6th decade. At the time of diagnosis, 40%-60% of the patients have regional lymph nodes, and 10% have liver metastases[82]. D-NETs are mostly solitary lesions (90%). Multiple lesions are more common in MEN1, which is associated with approximately 6% of D-NETs[83]. Since most of the non-functional D-NETs do not cause a clinical syndrome, they are diagnosed by endoscopy performed for non-specific symptoms. The most common symptoms seen in D-NETs are nausea, vomiting, abdominal pain, anemia, and diarrhea. Approximately half of the periampullary NETs present with jaundice[65]. While the diagnosis of D-NETs is usually made by endoscopic biopsy evaluated by an experienced histopathologist, EUS is required to evaluate local invasion. In patients with suspected metastasis, PET-SRI with 68Ga-DOTATATE should be performed in addition to CT and MRI. CgA level should be measured in all patients, and if D-NET is functional, the level of secreted hormone should be measured for treatment response and follow-up[84]. The five types of D-NETs identified are gastrinoma, somatostatinoma, non-functional NETs that do not cause a clinical syndrome, neuroendocrine carcinoma, and gangliocytic paraganglioma, in order of frequency.

Gastrinoma: ZES and gastrinoma are terms that are often used synonymously. Gastrinomas are the most common duodenal NET (44%-66%)[85] with an annual incidence between 0.5-2 per million[86]. ZES occurs in 58% of duodenal gastrinomas. ZES develops due to ectopic gastrin secretion from duodenal or pancreatic NETs (gastrinoma). While the majority of gastrinomas are sporadic (75%-80%), lesions are generally solitary in these patients; gastrinomas associated with MEN1 are less common and are usually multiple and multicentric[87]. Hypergastrinemia causes parietal cell and gastric mucosa hypertrophy as well as ECL cell hypertrophy. This causes a 4-10 fold increase in basal and stimulated acid secretion[88]. Gastrin hypersecretion causes peptic ulcer disease (PUD), gastroesophageal reflux disease (GERD), and chronic diarrhea. Causes of diarrhea in gastrinoma are maldigestion and malabsorption due to the inhibition of pancreatic enzymes and the development of intestinal epithelial damage by the excessive gastric acid secretion that neutralizes pancreatic bicarbonate. Another reason is the excessive secretion of gastrin that reduces the absorption of water and sodium[39].
Gastrinomas are also the most common functional NETs in the pancreas, but only 25% are located in the pancreas, while more than half are located in the duodenum[39]. Most of the gastrinomas (60%-90%) are located in the gastrinoma triangle (the junction of the duodenum second and third part inferiorly, the junction of the cystic and main bile duct posteriorly, the junction of pancreatic neck and body)[89]. Gastrinomas may be non-duodenal and non-pancreatic localized at a lesser rate (5%-15%)[84]. Approximately 90% of duodenal gastrinomas are located in the first (56%) and second (32%) part of the duodenum[80]. Gastrinomas are malignant in 60%-90% of patients, with lymph node involvement and/or hepatic metastasis. Besides, 31% of patients have bone metastases, most of which are in the axial skeleton[90]. Duodenal gastrinomas are smaller (< 1 cm), multiple, and less likely to have liver metastasis than pancreatic ones. Duodenal gastrinomas usually develop in the submucosa layer and frequently infiltrate the mucosa, and large ones infiltrate the muscular layer[91]. 
Clinical findings in patients with gastrinoma are generally associated with gastric acid hypersecretion. Most of the patients have refractory and atypical PUD (> 90%), chronic diarrhea (50%), and GERD (55%) findings. PUD complications such as stricture, perforation, and bleeding have significantly decreased (30%) in recent years due to the widespread use of PPI[88]. Although there are many laboratory and imaging methods, the diagnosis of gastrinoma is usually delayed for 4-7 years[92]. The most important reasons for this are that gastrinoma is very rare, PUD disease is very common, gastrinoma findings are not different from PUD findings, and PPIs, which are effective antisecretory agents that can suppress even gastrinoma findings, are widely used.
The diagnosis of gastrinoma is made by detecting elevated fasting serum gastrin (FSG) concentration (> 99%) and inappropriate gastric acid secretion[92]. FSG concentration detected normally in repeated measurements probably excludes the diagnosis of gastrinoma. While an elevation of more than 10 times in the FSG concentration is significant for the diagnosis of gastrinoma, it can also be seen in conditions such as PPI use and achlorhydria. In this case, the FSG concentration should be measured again by discontinuing PPI therapy for at least 1 wk or gradually tapering it[93]. Approximately two-thirds of patients with gastrinoma have less than 10-fold higher FSG concentration, which can be seen in conditions such as gastric outlet obstruction, Helicobacter pylori infection, retained gastric antrum, and renal failure. In these patients, a secretin stimulation test should be performed to distinguish the cause of hypergastrinemia. An increase of > 120 pg/mL in serum gastrin level after administration of secretin indicates that the patient has gastrinoma with 94% sensitivity[39] and 100% specificity. Serum CgA level correlates with tumor burden, but FSG level is more specific for diagnosis than CgA level[33]. Because gastrinomas are usually small, it can sometimes be difficult to locate the tumor. Tumor localization should start with endoscopy first and then continue with triphasic CT and MRI examinations, and when necessary, 68Ga-labelled PET-SRI and EUS, respectively. Occasionally, angiography and venous sampling with secretin stimulation may be required. Rarely, when the tumor cannot be localized with these methods, duodenal transillumination and intraoperative ultrasound may be required during surgery[94].
Localized disease treatment (nonmalignant disease) consists of suppression of gastric acid secretion with any high-dose PPI and surgical treatment. While 60 mg omeprazole is sufficient in most patients, 60 mg twice a day should be used in MEN1/ZES patients and patients with severe GERD. Long-term disease-free survival can be achieved by removing the tumor in non-metastatic sporadic gastrinomas. Since MEN1/ZES is usually associated with multiple lesions and the risk of lymph node involvement is high, routine surgical practice is controversial[84]. Some experts recommend antisecretory treatment alone in this situation, while others recommend pancreatoduodenectomy, but it is not routinely recommended[95,96]. When making a treatment decision, the treatment should be individualized according to the patient's clinical characteristics. Survival associated with gastrinoma is usually associated with the malignant or benign behavior of the disease. While 10-year survival was 34% in patients with liver metastasis at the time of diagnosis, the 15-year survival was 83% in patients without liver metastasis[97]. In patients with MEN/ZES, the risk of metastasis is very low, and survival is significantly higher in these patients[98].

Somatostatinoma: Somatostatinoma is the second most common functional duodenal NET and a rare tumor with an incidence of 1 in 40 million. Somatostatinomas can be seen sporadically or with syndromes such as MEN1 (40%-50% cases), NF1, and Von Hippel Lindau[99]. Somatostatinomas are most commonly seen in the pancreas (68%), duodenum (19%), ampulla vater (3%), and small bowel (3%)[100]. Most of the patients are asymptomatic, and less than 10% present with symptoms due to excessive release of somatostatin. Duodenal somatostatinomas are generally well-differentiated, solitary, large, and non-functional tumors and present with abdominal pain, nausea, weight loss, and signs of obstruction in the biliary system in the late course of the disease, whereas pancreatic somatostatinomas are usually functional and present with findings related to somatostatinoma syndrome[101]. Somatostatinoma syndrome, which is defined by the triad of biliary lithiasis, diarrhea, and diabetes mellitus, develops due to the inhibitory effects of somatostatin on the gastrointestinal system and is rarely seen in the duodenal somatostatinoma. Somatostatinoma is malignant in 75% of patients, and most of them have lymph node and liver metastases at the time of diagnosis, but the malignant potential is less in duodenal tumors than pancreatic ones[102]. 
Since somatostatinomas are generally present with large lesions, and they can be detected by conventional methods such as CR and MRI. Those that cannot be detected by these methods can be detected by EUS and other endoscopic methods[103]. In patients presenting with symptoms of somatostatinoma syndrome, a serum fasting somatostatin level of > 30 pg/mL is diagnostic. Although endoscopic resection is an option for small and non-metastatic tumors (1-2 cm), most cases are advanced, requiring surgical resections, including excision of the primary tumor and lymph node dissection[104].

Gangliocytic paraganglioma: Gangliocytic paraganglioma (GP) is an extremely rare NET that is usually located in the second part of the duodenum near the ampulla of Vater[105]. Histopathologically, it consists of three components; ganglion-like cells, spindle-shaped cells, and epithelioid. It is mostly a benign tumor, the mean age at diagnosis is 53, and the mean size is 2.5 cm. At the time of diagnosis, lymph node metastasis is detected in approximately 10% of patients, and pancreatic involvement and liver metastasis are detected in 1% of patients. The most common symptoms are gastrointestinal bleeding (40%), abdominal pain (40%), anemia (17%), nausea (6%), and weight loss (4%)[106]. The diagnosis is usually established incidentally by endoscopic or conventional imaging methods. Endoscopically, it is submucosally located and well circumscribed. The treatment is performed by endoscopic methods in patients with localized disease in preoperative evaluation, while pancreaticoduodenectomy is performed in patients with advanced disease[107].

Non-functional D-NETs: Approximately 90% of D-NETs are non-functional. It is usually detected incidentally by endoscopic procedures and imaging methods such as CT and MRI, like other non-functional NETs, and in some cases, it is detected while being examined for symptoms such as nausea and vomiting. They are mucosal and submucosal tumors usually located in the first part of the duodenum. These D-NETs have 20%-54% lymph node metastasis[81]. While the size of the tumor does not predict lymph node involvement, the grade of the tumor is predictive for prognosis. In these lesions, invasion of the muscularis propria (MP) is important and is used together with the lesion size in making the treatment decision. In the treatment, first of all, the depth of invasion (presence of invasion to the MP) should be determined by CT, MRI, and EUS[108]. Endoscopic resection with ESD and EMR should be considered for lesions smaller than 1 cm without MP invasion. Endoscopic methods or surgical excision and lymph node dissection should be considered in patients without MP invasive lesions smaller than 2 cm. Surgical excision and lymph node dissection should be considered in all patients with lesions larger than 2 cm and with MP invasion[109].

Duodenal NEC: Duodenal NECs are poorly differentiated and aggressive, large tumors that account for about 3% of D-NETs and are usually located in the periampullary region[84]. In differentiating between a NET-G3 and NEC, the Ki-67 index in NEC is generally extremely high (> 75%), and the mitotic index is above 20. In some cases, immunohistochemical studies are needed[110]. Lymph node and liver metastases are usually present at the time of diagnosis. Since these tumors are generally non-functional, they do not cause symptoms in the early stage; symptoms depend on the compression or clinical effects of the tumor in the advanced stage. The most common symptoms at the time of diagnosis are jaundice, abdominal pain, nausea, vomiting, gastrointestinal bleeding, and weight loss[82]. Fluorodeoxyglucose-PET/CT is used as imaging modalities for NEC in conjunction with conventional examinations such as CT and MRI. SRI with 68Ga DOTATATE in NEC is usually negative in more than 50% of patients and is not diagnostic[111]. Besides, serum CgA level is high in approximately half of the patients, and its routine use is not recommended.
Adjuvant etoposide and cisplatin treatment are recommended after surgery in resectable lesions, while multimodal therapy including chemotherapy, radiotherapy, and surgery in appropriate cases is recommended for locally advanced lesions. In metastatic lesions, palliative chemotherapy is recommended with a combination of etoposide and cisplatin or agents containing irinotecan[112]. In studies evaluating immune checkpoint inhibitors (e.g., pembrolizumab) targeting PD-1 in patients with NEC and high-grade NEN, no sufficient response was obtained; additional studies are needed for its widespread use[113]. The prognosis of NEC is generally poor, with a median survival of 38 mo in localized disease and 5-14 mo in metastatic disease[111].

Jejunoileal NETs (SI-NETs): The incidence of SI-NETs has been increasing in recent years with an annual incidence of 1.05 per 100000. SI-NETs accounts for 27.8% of all GI-NETs[7]. The majority of SI-NETs are located in the ileum (70%-87%), and most of them are located in the terminal ileum (40%-70%). SI-NETs are usually small lesions (two-thirds of lesions are < 2 cm); in only 8% of patients, the lesion is > 5 cm[114]. It has been reported that 25%-56% of SI-NETs are multiple in different studies[115,116]. The majority of SI-NETs (90%) are well-differentiated G1 tumors and develop from ECL cells. They are often invasive, with approximately 50% of them have an invasion of the muscularis propria. They typically induce a mesenteric fibrotic reaction and tend to form a mesenteric mass with lymph nodes in about 50% of patients[117]. Consequently, patients may present with crampy abdominal pain, mesenteric ischemia, gastrointestinal bleeding, and obstructive symptoms. Emergency surgical intervention may be required in up to 25% of patients[118]. Although it progresses slowly, lymph node, liver, lung, mesentery, and bone metastases are found in most patients. Classical carcinoid syndrome findings in SI-NETs are not expected to be seen except for severe liver metastasis, since the hormones secreted from the tumor are inactivated in the liver[119]. 
SI-NETs and their metastases can be anatomically visualized with CT and MRI. SSTR is highly expressed in 80%-100% of SI-NETs. Eighty-eight percent to 93% of lesions that cannot be detected by conventional imaging methods can be detected with 68Ga DOTATATE SRI[120]. If the lesion cannot be detected by anatomical and functional imaging since it is mostly located in the terminal ileum, it can be detected by colonoscopy; rarely capsule endoscopy and double-balloon enteroscopy are required. 
In the treatment of local and loco-regional disease, surgery and lymph node dissection is the recommended treatment. Prophylactic cholecystectomy is recommended in case of future gallstones due to SAs during surgery[121]. Unlike other NETs, since it has been shown to increase survival in SI-NETs, hepatic cytoreductive or debulking surgery (resection of the primary tumor) is recommended despite high recurrence rates[117,122]. 

Appendiceal NETs: Appendiceal NETs (A-NETs) are usually benign behavioral lesions that are detected coincidentally after an appendectomy, and in some cases, right hemicolectomy is performed together with appendectomy, since malignancy is suspected. The annual incidence is 0.1-0.6 per 100000 persons[123]. It was determined that the majority of appendiceal tumors (from 32% to 88%) were NETs in different series. The proportion of A-NETs in all GI-NETs has been found to vary widely (from 5%-10% to 38%) in different populations[11]. According to the data obtained from SEER in recent years, this rate was found to be 8.7%[7]. It is slightly more common in women than in men. The mean age of A-NETs at diagnosis is between 38-51-years-old. A-NET is detected in 3-5 out of 1000 appendectomies. 
A-NETs develop from subepithelial neuroendocrine cells located in the mucosal and submucosal layers of the appendix. Approximately 90% of A-NETs are well-differentiated G1, and less than 1% are poorly-differentiated G3 tumors[124]. Most of the A-NETs are located in the appendix tip, and approximately 10% are located at the base. Appendectomy is sufficient except for those with deep meso-appendiceal invasion or margin positivity[123]. A-NETs located at the tip, which is the most common area, are not expected to cause appendicitis. Since most of them are detected incidentally, they are asymptomatic and rarely may cause abdominal pain and obstruction symptoms due to local invasion or metastasis. Carcinoid syndrome can be seen very rarely[123]. It is important to evaluate the patient in terms of local recurrence and metastasis risk after A-NET diagnosis. The most important negative prognostic factors are size, proliferation index (> 20), location of the tumor (base of the appendix), and presence of > 3 mm mesoappendiceal invasion. Survival is 100% after appendectomy in lesions smaller than 1 cm. In lesions larger than 2 cm, there is a risk of systemic dissemination of up to 40%[125]. If preoperative imaging has not been performed and the lesion is < 1 cm, additional imaging is not required, whereas imaging should be performed in patients with lesions > 2 cm, have negative prognostic factors, and suspected metastasis or locoregional invasion[123]. 68Ga DOTATATE SRI may be considered in the presence of metastasis or positive surgical margin. Measurement of serum and urine biomarkers (CgA, 5-HIAA) is generally not useful and routine use is not recommended except for distant metastases[126].
A-NETs smaller than 2 cm are usually cured by appendectomy. Those between 1-2 cm with negative prognostic factors and those > 2 cm should be treated with right hemicolectomy[123]. Size and the presence of metastases are the most important criteria in survival. While survival is 100% for tumors < 1 cm, 5-year survival is 70% for tumors > 2 cm. In patients with distant metastases, 5-year survival is less than 25%[127].

Colonic NETs: Colonic NETs (C-NETs) accounts for 3.5% of all NETs and 7.8% of GI-NETs[7]. Its annual incidence is about 0.2 per 100000 persons[128]. In recent years, the incidence among NETs has decreased relatively, probably due to the rapid increase in the frequency of rectal carcinoids. They are less common than rectal NETs but are more aggressive and poorly-differentiated tumors. C-NETs are diagnosed at a mean age of 65 years. They are usually detected incidentally on colonoscopy. Although 50% of them are asymptomatic at the time of diagnosis, they are usually large and metastasize to lymph nodes, liver, mesentery, and lung. More than half of the lesions are > 5 cm, and 45% are localized at the time of diagnosis[129]. Most of the C-NETs occurs in the cecum (68%) and have transmural invasion or invasion to adjacent organs (76%). Carcinoid syndrome is often caused by metastatic cecal NETs[130]. Colonic NETs smaller than 2 cm can be treated endoscopically (EMR or ESD), while those larger than 2 cm should be treated with segmental colon resection and lymph node dissection[131]. The tumor stage is the most important prognostic factor in prognosis. Five-year survival is 33% in metastatic disease and 70% in localized disease[132].

Rectal NETs: The incidence of rectal NETs (R-NETs) has been increasing in recent years. The most important reasons for this situation are the widespread use of colon cancer screening programs and diagnostic endoscopy. R-NETs make up 17% of all NETs and 39% of GI-NETs. The annual incidence of R-NETs is 1.04 per 100000[7,12]. Unlike C-NETs, R-NETs have an indolent behavior and more than 80% of them are smaller than 1 cm. R-NETs are diagnosed at a mean age of 56 years, and the majority (80%) of R-NETs are localized at the time of diagnosis. Most of them are pathologically well-differentiated (98% is G1-2). 
Most of them are asymptomatic; uncommon symptoms are hematochezia, changes in bowel habit, and extremely rare carcinoid syndrome (0.7%). Most R-NETs are detected incidentally at colonoscopy[132]. Metastasis is less than 5% in tumors smaller than 1 cm, while this rate is approximately 20% in all R-NETs[133]. In tumors larger than 2 cm, the risk of metastasis is significantly higher (up to 80%). The most important prognostic risk factors in terms of metastasis and survival are size larger than 1 cm, high Ki-67 proliferation index, lymphovascular invasion, and atypical findings in endoscopy[134]. The most common metastasis sites are lymph node, bone, liver, and mesentery.
Total colonoscopy should be performed in all patients to assess different NETs. Since the risk of metastasis is very low in lesions smaller than 2 cm and located submucosally, there is no need for additional cross-sectional imaging like CT or MRI. If the lesion is larger than 2 cm or there is submucosal invasion, cross-sectional examinations and, if necessary, SRI should be performed to evaluate the extent of the disease. Endoscopic rectal ultrasonography (ERUS) may be considered to assess the depth of invasion and lymph node involvement[131].
Endoscopic polypectomy is considered sufficient for NETs that are confined to the submucosa, smaller than 1 cm, and have no poor prognostic factor. NETs between 1-2 cm in size, limited to the submucosa, and without poor prognostic factors should be evaluated for invasion by ERUS, and those without deep invasion should be treated with EMR or ESD. NETs larger than 2 cm should be treated with total mesorectal excision or low anterior resection such as adenocarcinoma. Surveillance is not necessary for lesions smaller than 2 cm and limited to the submucosa. Long term surveillance with cross-sectional imaging, colonoscopy, and ERUS should be warranted for patients with metastasis, lymph node involvement, and muscularis propria invasion[132,134].

Management of metastatic disease: Metastatic liver disease should be treated with a multidisciplinary approach. In these patients, loco-regional, systemic therapies, and surgery can be used individually or in combination[60]. Patients with potentially resectable (> 90% removable) liver metastases should undergo hepatic cytoreductive surgery, which provides reduction of tumor growth, also symptom control in patients with functional NET[135]. Only 5%-15% of patients are potentially resectable. Debulking surgery may be considered in patients with carcinoid syndrome and uncontrolled functional tumors. SAs should be initiated before debulking surgery to prevent carcinoid crisis in patients with carcinoid syndrome findings. Debulking surgery may also be considered in patients who do not progress for 6 mo and have local symptoms related to the tumor[136].
Local ablative treatments, especially radiofrequency ablation, can be used. Although the use of radiofrequency ablation in patients with large and multiple lesions is contraindicated, response rates of up to 95% have been reported[137]. Another treatment method that can be used for unresectable metastatic G-NETs is transarterial embolization and transarterial chemoembolization. Chemotherapeutics such as 5-fluorouracil (5-FU), mitomycin, cisplatin, and doxorubicin are used in transarterial chemoembolization. Its use is contraindicated in advanced liver disease and portal vein thrombosis. Five-year survival rates have been reported between 30%-50%[138]. Radioembolization using 90Yttrium (90Y) microspheres is another liver-directed treatment method, with a response rate of 32% and improvement in symptoms in 50% of patients[139,140].
In systemic treatment, SAs that inhibit the growth of tumor cells and show antiproliferative activity on TME is used. SAs also show antisecretory activity, especially in patients with carcinoid syndrome. In SRI performed using the aforementioned PET tracers, the SSTR status of the patient is determined and whether the patient will respond to his/her SAs is determined. The most commonly used SAs are octreotide and lanreotide. Improved progression-free survival was detected in patients[141,142]. Everolimus is an mTOR inhibitor that increases progression-free survival in non-functional GI-NETs and can be used in cases that progress despite other treatments[143]. Although numerous antiangiogenic agents have been studied in GI-NETs, none has been shown to have a significant effect. Peptide receptor radionuclide therapy is a treatment that can be used in SSTR-positive (especially SSTR2 and SSTR5) patients with metastatic GI-NETs[144]. The most commonly used radioisotope in peptide receptor radionuclide therapy is 177Lu-DOTATATE, and four cycles of treatment are recommended as standard. It should be considered in GI-NETs that progress under SA treatments[145].
In many studies on the effectiveness of cytotoxic chemotherapy in metastatic GI-NETs, only small responses were found. Some of the chemotherapeutics that have been investigated for effectiveness include capecitabine, dacarbazine, 5-FU, temozolomide, FOLFOX (oxaliplatin, folinic acid, and 5-FU) combination chemotherapy. These treatments can be considered in patients with progressive metastatic GI-NETs who have no other treatment options[146].

CONCLUSION
NETs are most frequently seen in the gastrointestinal system (44.6%); among GI NETs, most frequently originated from the rectum with 39.2% and the small intestine with 27.8%. The annual incidence has increased 6.4 times in the last 40 years. In this increase, incidental detection due to the highest use of endoscopic and imaging procedures has an important place. For many years, different classifications were used for NETs in different sites of the body, which was confusing. Since 2017, a uniform classification defined by WHO has been used for all NETs. 
Somatostatin receptors and downstream pathways in neuroendocrine cells are important regulatory mechanisms for protein synthesis, hormone secretion, and proliferation. Well-differentiated NETs express approximately 80% somatostatin receptor subtype 2. The identification of SSTRs immunohistochemically or by SRI is important in evaluating the response of NETs to somatostatin analogs or targeted peptide receptor radiotherapy. In recent years, 68Ga-labelled PET-SRI has become more prominent than other methods in functional imaging using SSTR with a success rate of 95%[41]. With the use of new imaging techniques and new treatment modalities such as endoscopic (EMR-ESD), and local ablative treatments, radioembolization, SAs, and mTOR inhibitors, life expectancy in these patients is increasing.
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Figure 1 Distribution of gastrointestinal neuroendocrine tumors. NET: Neuroendocrine tumor.

Table 1 Classification and grading criteria for neuroendocrine neoplasms
	Type of NET
	Differentiation
	Grade
	Mitotic Index
	Proliferative index: Ki-67

	NET, grade 1
	Well-differantiated
	Low
	< 2
	< 3

	NET, grade 2
	
	Intermediate
	2-20
	3-20

	NET, grade 3
	
	High
	> 20
	> 20

	NEC, grade 3
	Poorly-differantiated
	High
	> 20
	> 20

	Small cell type; Large cell type
	
	
	
	

	MINENs
	Well or poorly differentiated
	Variable


MINEN: Mixed neuroendocrine neoplasm; NET: Neuroendocrine tumor.


Table 2 General characteristics of gastric neuroendocrine tumors[60,65]
	
	Type 1
	Type 2
	Type 3

	Distribution, %
	70-80
	5-6
	15-30

	Gender predominance
	F > M
	F = M
	M > F

	Associated disease
	Atrophic gastritis, pernicious anemia
	ZES/MEN1
	None

	Location: gastric
	Body, fundus
	Body, fundus
	Anywhere

	Tumor
	
	
	

	Number
	> 1
	>1
	1

	Size: Generally
	< 1 cm
	< 1 cm, > 1 cm
	> 2 cm

	Mucosa
	Atrophic
	Hypertrophic
	Normal

	Gastrin level
	Hypergastrinemia
	Hypergastrinemia
	Normal

	Gastric pH
	High
	Low
	Normal

	Treatment
	Endoscopic, Surgery
	Endoscopic, Surgery
	Surgery, LND

	Prognosis, survival %
	100
	60-90
	50


F: Female; LND: Lymph node dissection; M: Male; MEN1: Multiple endocrine neoplasia type 1;ZES: Zollinger Ellison Syndrome.
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