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Abstract
The management of gastroenteropancreatic neuroendocrine tumours (GEP-NETs) has evolved rapidly in the last two decades. Therefore, it is important that surgeons practicing in molecular medicine era have a clear understanding of the ever-changing landscape in GEP-NETs treatment and specifically how it influences the thinking and concepts of surgical treatment and research, in the context of transdisciplinary management.
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Introduction

Neuroendocrine tumours (NETs), are historically known as carcinoid. Siegfried Oberndorfer called it “Karzinoide Tumoren” when he first described seven cases of tumourlets in 1907. 1 Phenotypically, NETs cells exhibit features of both endocrine and neural cells. NETs have a wide spectrum of biologic behavior and natural history, ranging from indolent to aggressive and benign to malignant. Majority of NETs are found within the gastroenteropancreatic (GEP) axis, mirroring pattern of distribution on endocrine cells of the diffuse endocrine system (DES) within the digestive tract. Gastroenteropancreatic neuroendocrine tumours (GEP-NETs) is a huge family of diverse functional and non-functional tumours, including all variety of pancreatic neuroendocrine tumours (PNETs), gastric NET (GNETs), peri-ampullary NETs, biliary tract NETs (BNET), duodenal NET (DNETs), jejunal-ileum NETs (JiNETs), appendiceal NET (ANETs), colonic and rectal NETs. By and large, JiNETs and PNETs constitute the largest subgroup within the GEP system. Only in recent decades, clinicians and scientists are beginning to understand NETs better, not withstanding more research and clinical trials are needed. This article covers an overview on the general principles in GEP-NETs management which may guide future research and trial questions in the molecular medicine era.

Classification

Due to the limited clinical utility and poor correlation with clinical behavior and prognosis, Page 13 the obsolete classification of NETs according to the embryologic origin into foregut, midgut and hindgut has fallen in clinical disuse. With better understanding on the natural history, NETs classification has evolved. The latest version of World Health Organization (WHO) 2017 classification has gained widespread acceptance in guiding diagnosis and strategizing clinical therapy (Table1).2 In the WHO 2000 and 2017 classification, the main change was the switch from cell differentiation to tumour cells grading. Tumour grading schemes in GEP-NETs classification are based on three parameters, i.e., differentiation, mitotic count and Ki-67 index for cellular proliferation (Table 2). 2 Further observation on the discordance between cell differentiation and tumour grading, based on mitosis and proliferation index, prompted revision to the new WHO 2017 classification, where a separate category of poorly differentiated (PD) neuroendocrine carcinoma NEC Grade 3(G3) was appended.

With the new WHO 2017 classification, clinical data on the biological behaviors, clinical management and survival outcomes on the different classes of tumours are needed. Along with the advances in molecular sciences, incorporating molecular onco-taxonomy will refine the future version of NET classification and staging.2 GEP-NETs Family and Clinical Presentation GEP-NETs are a group of heterogeneous tumours, encompassing GNETs, DNETs, peri-ampullary NETs, BNETs, PNETs, Ji- NETs, ANETs, colonic and rectal NETs.

Pathophysiologically, these tumours are either functional or non-functional tumours. Functional NETs secrete one or more bioactive compounds which produce paraneoplastic syndromes. Non-functional tumours are either non-secretory tumours or secrete bioinactive compounds. The biologic compounds can be hormones or peptide such as glucagon, insulin, somatostatin, serotonin, histamine, gastrin, cholecystokinin, gastric inhibitory peptide, glucagon-like peptide, secretin, ghrelin, motilin, vaso-active intestinal peptide (VIP), neurotensin, peptide YY (PYY) and pancreatic polypeptide (PP).

Gastric NETs

GNETs are a heterogeneous group of neoplasms and its classification has evolved along with the recent WHO 2017 version. Currently, GNETs are classified into GNET G1 and G2, gastric neuroendocrine carcinoma (NEC G3). A NEC can be either large cell or small cell.

Table 1. WHO Classifications of Neuroendocrine Tumours.

Who 1980 Who 2000 Who 2010 Who 2017

Carcinoid Well differentiated (WD) endocrine tumour NET* G1 (carcinoid) NET G1 WD endocrine carcinoma NET* G2 NET G2 NET G3 WD NEN@ Poorly differentiated endocrine/small cell carcinoma NEC# (large cell or small cell type)

Nec G3

Poorly differentiated NEN, large or small cell type Mucocarcinoid Mixed exocrine-endocrine carcinoma Mixed adenoneuroendocrine carcinoma MANEC Mixed neuroendocrinenonenuroendocrine neoplasm, MiNEN Mixed forms carcinoidadenocarcinoma Pseudo tumour lesions Tumour-like lesions Hyperplastic and preneoplastic lesions NEC#: neuroendocrine carcinoma; NET*: neuroendocrine tumour; NEN@: Neuroendocrine Neoplasia.

Table 2: Tumour Grading for GEP-NETs (WHO 2010 Classification).2 GEP-NETs Grade Mitotic Index Ki-67 Index

Grade I (G1) Mitotic Count <2 per 10 High Power Fields (HPF) ≤2% Grade 2 (G2) Mitotic Count 2-20 per 10 High Power Fields (HPF) 3-20% Grade 3 (G3) Mitotic Count >20 per 10 High Power Fields (HPF) >20% Page 14 The sub-classification of GNETs are enterochromaffinlike (ECL) NETs cells, Type I GNETs [associated with immune chronic atrophic gastritis], Type II GNETs [associated with Zollinger-Ellison Syndrome (ZES) and multiple endocrine neoplasia (MEN) Type 1] and Type III sporadic GNETs.

Type I GNETs are usually limited to the gastric mucosa and submucosa in contradistinction to Type III GNETs, which frequently invade beyond the submucosa and extend into the regional lymph nodes. Gastrinoma tends to occur in multiple sites within the gastrinoma triangle as defined by three points, superiorly by the confluence of the cystic and common bile ducts, inferiorly by the junction of the second and third parts of duodenum and medially by the junction of the neck and body of pancreas. GNETs may co-exist with adenocarcinoma as part of the same tumour or independently. Recent research reviewed its association with the over-expression of p53 protein and PDX-1 transcription factor.3,4 Biliary Tract NETs Among the GEP-NETs, BNETs are the rarest and mostly located at the common hepatic duct (CHD) and proximal common bile duct.5 Generally, they are non-functioning tumours, although they may express gastrin, serotonin and PP. The high grade BNETs and mixed adenoneuroendocrine carcinomas are more common than the well differentiated (WD) NETs.6 Duodenal NETs The commonest DNETs are gastrin producing G-cell tumour and somatostatin-producing D-cell tumours. The gastrin producing DNET variety is known as gastrinoma. It presents as Zollinger-Ellison Syndrome (ZES), characterized by abdominal pain, recurrent gastric and duodenal ulceration, gastroesophageal reflux symptoms and diarrhea. Majority are associated with multiple endocrine neoplasia (MEN) syndrome Type 1. On the other hand, the somatostatin-producing NETs are associated with neurofibromatosis Type I.7 D-cell DNETs usually arise in the periampullary region and patients may present with obstructive jaundice when the tumour occludes the ampulla of Vater.8 Pancreatic NETs PNETs are a diverse group of cancer and account for less than 3% of all pancreatic tumours. 9 Most PNETs are diagnosed incidentally. These cancers arise from pancreatic endocrine cells when some PNETs secrete active hormones which cause symptoms related to the hormones. They are called functional PNETs. Most PNETs are non-functional tumours, i.e., either inactive hormones and do not have hormone related symptoms. Nonfunctional PNETS are generally asymptomatic in the early stage and for that reason they are often diagnosed in the advanced stage of the disease. Hormones secreted are diverse including insulin, glucagon, VIP, gastrin and somatostatin.

PNETS are classified by the nature of hormones they secrete such as insulinoma, glucagonoma, gastrinoma, PPoma, VIPoma and somatostatinoma as illustrated in Table 3. The presenting symptoms correspond to the nature of hormone secret ed. Some of the well-known clinical syndromes are associated with PNETs, e.g., hyperinsulinemic-hypoglycemic syndrome or Whipple’s triad in insulinoma, ZES in gastrinoma, Vernal Morrison Syndrome or watery diarrhea, hypokalemia, hypochlor hydria and acidosis (WDHHA) in VIPoma patients (Table 3). Some PNETs are associated with hereditary tumour syndromes such as MEN syndrome and V on Hippel-Lindau (VHL) syndrome. In MEN syndrome, the clinical clue is often gleaned from a positive family history of pancreatic, parathyroid and pituitary tumour in young family members. Menin gene mutation is the underlying genetic pathology.

While most of PNETs are WD tumours, a small group is PD NECs. They are sub-classified into small cell carcinomas Table 3: Pancreatic NETs and Symptomatology.

PNETs Type Hormones Symptoms Insulinoma Insulin

Neuroglycopaenia symptoms e.g., lethargy, giddiness, blurring of vision (Whipple’s Triad)

Gastrinoma Gastrin Gastric ulcer

May be associated with MEN Syndrome Glucagonoma Glucagon May present with skin rash (necrolytic migratory erythema)

VIPoma VIP

Watery diarrhea, hypokalemia and achlorhydria (Vernal Morrison Syndrome)

Somatostatinoma Somatostain Steatorrhoea Pancreatic Polypeptodomas (PPoma) Pancreatic polypeptide Change in satiety

Non-functioning Tumour Inactive hormones or none Mass effects of tumour Page 15 and large cell carcinomas. The later is more common.10 Jejuno-ileal NETs

Most of JiNETs are diagnosed during investigation for the primary tumour in an asymptomatic metastatic liver tumour or incidentally during a health screening. The commonest symptom in JiNETs is abdominal pain which could be due to one or many of these reasons: bowel dysmotility, subacute bowel obstruction and mesenteric angina secondary to mesentery fibrosis. Other presenting symptoms may be secondary to mass effect and hormones hypersecretion. Serotonin hypersecretion causes secretory diarrhea, flushing and intermittent bronchial wheezing and Hedinger’s syndrome, collectively, known as carcinoid syndrome. More than 95% of these cases are associated with liver metastasis where serotonin and peptide hormones are released from the metastases. Carcinoid crisis characterized by hypo- or hypertension, severe bronchospasm and cardiac arrhythmias may be precipitated by anaesthesia and surgery in some patients. Majority of JiNETs are G1 NETs. Rarely are they highly proliferative with poor histological differentiation variety. About 30% of patients with JiNETs present with carcinoid syndrome.

Appendiceal NETs

ANETs are often diagnosed incidentally after an appendix operation. A large majority of these patients are asymptomatic. Carcinoid syndrome is not common unless patients present with extensive local disease or metastatic tumour. More than one third of ANETs are located at the tip of the appendix.

In addition to the classic serotonin-secreting ANETs, there are L-cell type NETs, tubular and goblet cell ANETs. Histologically, the Goblet cell type is a mixed adenoendocrine car cinoma and is biologically more aggressive. 11 Till date, genetic association has not been reported.

Colonic and Rectal NETs

The natural history of NETs arising from colon and rectum is distinctly different. Majority of the colorectal NETs occur in the rectum and rarely in the caecum. 12 Most of the colonic NETs patients are asymptomatic in the early stage. Some patients may present with occult or overt bleeding per rectum, pain and constipation. Often, at the time of presentation, the colonic NETs already metastasize to the liver, lymph nodes and peritoneum.

Rectal NETs may be small or polypoid at the time of initial detection. Majority of rectal NETs are non-functional; however, they may secrete PP, somatostatin and PYY . Unlike metastatic colonic NETs, carcinoid syndrome is not typical of metastatic rectal NETs.13 The current unresolved issue centers on the classifica tion and biologic behavior of L-cell type NETs which are detected in 50% to 80% of rectal NETs using a combination of L-cell markers, GLP1, GLP2, PYY and PPY , immune-typing.14,15 DIAGNOSTIC APPROACH The diagnostic approach runs systematically starting from the assessment of clinical presentation and syndrome, followed by diagnosis and tumour stage confirmation. The diagnosis could be suspected from symptomatology or clinical syndromes, supported by an initial biochemistry and biomarkers. Serum chromogranin A is a useful general biomarker for the diagnosis of neuroendocrine tumour.16 In PD G3 GEP-NETs, Chromogranin A (CgA) may be normal and in such situations neuron-specific enolase (NSE) is an alternative tumour marker. Specific biomarkers such as serum serotonin, insulin, glucagon, PP and gastrin may be helpful, e.g., for JiNETs, the recommended biochemistry tests are CgA and 24 Hours urine 5-HIAA or serum serotonin, if available.

To confirm GEP-NETs, immunohistochemistry (IHC) remains the gold standard (Figure 1). CgA and synaptophysin immunohistochemistry are the key diagnostic markers. From WHO 2010 classification, Ki-67(MIB-1) is imperative to grade GEP-NETs. For the biopsy of tumour tissues, endoscopy is helpful in visualizing gastrointestinal NETs while endoscopic ultrasonography (EUS) guides PNETs biopsy. CT scan guided percutaneous approach is an excellent approach to target liver metastasis.

Multiphasic CT scan of the abdomen, pelvis and thorax is helpful in localizing and assessing the primary loco-regional and metastatic extent of GEP-NETs. Other imaging modalities such as magnetic resonance imaging (MRI), trans-abdominal ultrasonography, EUS and positron emission tomography (PET) scan may be considered where appropriate. PET CT or MRI scans using Fluoro-Deoxy-Glucose (FDG) and Ga-Doctatate tracers are ordered to assess the metabolic activity of the tumours and the presence of somatostatin receptors respectively (Figure 2). Accurate staging greatly helps in clinical manage ment stratification.

The clinical investigation algorithms are individualized to specific type of GEP-NETs. A combination of biochemistry, tumour biomarkers, imaging, endoscopy and biopsy are necessary to gather enough clinical information for therapeutic planning. The European Neuroendocrine Tumor Society (ENETS) has published the consensus statements on the clinical diagnostic approach of GEP-NETs in 2004, 2009, 2012 and 2016.17-20 PRINCIPLES OF MANAGEMENT Complex GEP-NETs patients are best evaluated and managed by a multidisciplinary team in a network of interdisciplinary and transdisciplinary setting. Curative treatments should be offered to all potential patients as far as the current available therapies Page 16 are concerned.

The principles and goals of managing GEP-NETs are to control hormone and tumour related symptoms, if present, and to improve survivorship by curative surgery or tumour ablation. Tumour sites, grade and stage, hormone functionality and performance status of patients, guide the choice of therapeutic options available for symptoms and tumour control. Current therapeutic repertoire in the management of GEP-NETs include surgery, organ transplantation, liver directed chemotherapy and ablative therapy, selective internal radiotherapy, hormonal therapy, immunotherapy, systemic chemotherapy and targeted molecular therapy.

The salient points on the therapeutic options are summarized and highlighted in the management of GEP-NETs.

Surgery

A rule of thumb in the management of early stage GEP-NETs is that, all patients with local disease should be considered for R0 curative surgery to completely remove the primary tumour unless patients are not fit for surgery. The other roles of surgery are debulking or cytoreductive surgery and palliative surgery.

Curative oncologic surgery aims at R0 surgical resection of the primary tumour and locoregional lymph nodes. For GNETs, depending on the site, size and depth of invasion of the tumour, the surgical options are endoscopic mucosal resection, subtotal gastrectomy with lymphadenectomy and total gastrec tomy with lymphadenectomy. For JiNETs, segmental enterec tomy with clearance of mesenterial and retroperitoneal lymph nodes is indicated. ANETs with low risk factors, i.e., tumour Figure 2: F-18 FDG PET.

Figure 1. Pancreas NETs.

size <1 cm, invasion up to submucosa and clear surgical margin, simple appendicectomy is an adequate treatment.18 Patients with high risk factors in ANETs, right hemicolectomy with lymphadenectomy is necessary if R0 resection is the goal. Likewise, for colonic NETs, right or left hemicolectomy with resection of the accompanied lymph nodes is recommended depending on the location and extent of primary tumour. Anterior resection and abdominoperineal resection are options for rectal NETs. Less invasive surgery such as transanal minimally invasive surgery and transanal endoscopic microsurgical resection may be indicated for early small rectal NETs.19 Curative pancreatic surgery may involve enucleation of tumour, segmental pancreatectomy, Whipple’s operation, pylorus preserving pancreaticoduodenectomy (PPPD) and subtotal distal pancreatectomy. In advanced surgical centers with minimal invasive expertise, some of these operations can be performed laparoscopically or with robotic surgery. The choice on the nature of operation is determined by the location and extent of tumours, e.g. early small periampullary NETs is amenable with curative PPPD. High cure rate can be expected when R0 surgical resection is performed. For instance, a cure rate of more than 90% of the patients has been reported for sporadic insulinoma.20 Debulking, cytoreductive surgery or complete liver metastatectomy in selected patients with liver-only diseases in metastatic GEP-NETs, confer both improved symptoms control and long-term survivorship. 21 It also has an added benefit of rendering medical therapy more effectively in controlling the residual tumour.

Palliative surgery may be necessary to relieve the intestinal obstruction caused by mesenteric fibrosis or tumour mass effects in patients with advanced GEP-NETs.

Organ Transplantation

Due to organ scarcity, orthotopic liver transplantation remains an option for only highly selected patients. The current selection criteria take into account patients showing an absence of extrahepatic metastasis with the involvement of less than 50% of the hepatic volume, undergoing pre-transplantation R0 resection of the primary tumour and those who are unresponsive or have exhausted all medical therapies. Aggressive GEP-NETs is an exclusion criterion. 22 When a strict inclusion for liver transplantation is adopted, the 5-year overall survival rate of 52% can be expected.23 Liver Directed Loco-regional Therapy For metastatic GEP-NETs patients who have liver-only disease and are not surgical candidates, the choice of loco-regional therapies include radiofrequency ablation (RFA), transarte rial embolization (TAE) or chemoembolization (TACE) and radioactive isotope Yttrium-90 microsphere radioembolization therapy (RET).24 These modalities of treatment can be used in combination with systemic chemotherapy or molecular therapy. RFA is recommended for the treatment of tumours less than 5 cm. Trans-arterial embolization (TAE) and trans-arterial chemoembolization (TACE) are indicated as a diagnostic approach for treating G1 and G2 NETs in patients showing reasonable liver function and those who are free from portal vein thrombosis. Although, a good objective response has been reported for Yttrium-90 microspheres RET, comparative randomized trial between Yttrium-90 microspheres RET and TACE is not avail able.25 Hormonal Therapy Somatostatin analogues (SSA) have been proven to have significant impacts in terms of controlling both, the symptoms and anti-tumour proliferation.26,27 SSA acts by reducing and blocking hormone secretion by the tumour, inhibiting neuroendocrine tumour growth, reducing gastrointestinal secretion and inhibit ing peristalsis. These effects are achieved by binding with five subtypes of somatostatin receptors (sst1-5). Clinical response in terms of anti-proliferative effects is significant in JiNETs patients and, in term of hormone related symptoms, it can be observed prominently in PNETs. 28 In patients with VIPoma, SSA rapidly reverses the watery diarrhea, hypokalemia, hypochlor hydria, acidosis (WDHHA) syndrome and glucagonoma symptoms,29 and is used to treat necrolytic migratory erythema rash.30 In the carcinoid syndrome, SSA promptly palliates flushing and blushing symptoms.31 Octreotide, lanreotide and pasireotide are somatostatin analogues which are currently available for clinical use (Tables 4 and 5). They have different somatostatin receptor affinities. Octreotide and lanreotide bind avidly to sst2 receptor and have Table 4: Molecular Directed Therapy for PNETs.

Study Phase (References) Therapy Response Rate Survival (Months) Phase II41 Sorafenib 10% PFS=11.9

Phase III37 Sunitinib 9.3% PFS=11.4 Phase II42 Pazopanib/Octreotide 17% PFS=11.7 Phase III38 Everolimus 73% PFS=11 Phase II40 Temsirolimus 6.7% TTP=6 PFS: Progression free survival; TTP: Time-To-Progression. Page 17 moderate binding affinity to the sst3 and 5 receptors while pasireotide binds with greater affinity to the somatostatin receptors (sst1, 2, 3 and 5). Pasireotide has a higher affinity for sst5 receptor than octreotide.32 Somatostatin analogues are generally effective as a therapeutic approach for mitotically inactive tumours with avid somatostatin receptor expression. It is recommended as a first-line medical therapy for patients with WD G1 PNETs.33 Generally, SSA is contraindicated in PD G3 GEP-NETs because majority of the G3 NETs lack somatostatin receptors and the likelihood of its resistance to SSA therapy is higher. In meta static G1 and G2 non-functional pancreatic NETs, lanreotide has been shown to prolong progression-free survival.34 Somatostatin analogues are generally well tolerated having good safety and adverse effect profiles.

However, trials to define its use as adjuvant therapy following R0 surgical resection of GEP-NETs are currently ongoing.

Systemic Cytotoxic Chemotherapy

The chemosensitivity of GEP-NETs is predicted from its tumour grade, tumour differentiation and primary tumour site. PD high grade NETs are generally very responsive to chemotherapy while the WD G1 NETs are resistant to cytotoxic chemotherapy. Therefore, systemic chemotherapy is recommended for patients who are diagnosed with metastatic G2 NETs, G3 NEC and those with inoperable progressive liver metastases in G1 or G2 NETs. In patients with G1 NETs, the response rate to systemic chemotherapy remains poor. The commonly considered cytotoxic drugs include cisplatinum, etoposide, streptozotocin and 5-fluorouracil (5-FU) or doxorubicin. 35 Temozolomide based chemotherapy, alone or in combination with capecitabine, has been shown to have anti-tumour effects generating a good tumour response.36 Biologic Targeted Therapy Most GEP-NETs are characterized by hypervascularity with a frequent expression of VEGF ligand and receptors. Anti-VEGF agent that inhibits vascular endothelium growth factor (VEGF) pathway ultimately disrupts the drivers of angiogenesis. Anti- VEGF can be targeted at either the tyrosine kinase VEGF receptors on the tumour cell membranes or the circulating VEGF. Tyrosine kinase VEGF receptor inhibitors, sunitinib and pazopanib have been shown to be effective in controlling the progression of advanced PNETs.37 Bevacizumab is a monoclonal antibody that targets the circulating VEGF-A.

The mammalian target of rapamycin (mTOR) inhibitor targets the mTOR enzyme in the phosphatidylinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway that is responsible for cell growth, proliferation and metabolism. Everolimus, an mTOR inhibitor, has been tested in advanced PNETs which indicated anti-tumour effect with significant improvement in progressionfree survival. 38 Everolimus has an additional advantage in decreasing the insulin release from the pancreatic beta cells in metastatic insulinoma patients. 39 Patients with metastatic insulinoma requiring a high dosage of diazoxide to control the overproduction of insulin hormones and hypoglycemia may show a favorable response to the treatment. Temsirolimus is the other mTOR inhibitor which has been tested clinically for advanced neuroendocrine carcinomas.40 The clinical outcomes, measured by response rate, stable disease rate, progression free survival (PFS) and time-toprogression (TTP), of some of these molecular directed therapies for PNETs and advanced NETs are summarized in Tables 4 and 5 respectively.41-45 Immunotherapy Alpha-Interferon (IFN) therapy is one of the possible treatment options for GEP-NETs. Both, JiNETs and functioning PNETs are sensitive to the anti-secretory and anti-proliferative effects of alpha-IFN.46 It controls symptoms and tumour growth effectively through immune stimulation, inhibition of angiogenesis and induction of cell cycle arrest. 47 However, its use is limited by the adverse effects of flu-like symptoms, depression and myelosuppression.48 Therefore, it is usually implemented as a second line therapy. Fever, fatigue, anorexia and weight loss are common symptoms associated with this method of treatment. Interferon combined with somatostatin analogues has a synergistic effect in the symptoms and tumour control, an example being, patients with carcinoid syndrome who are refractory to octreotide treatment.

The impact of anti-PD1 and anti-PD-L1 on the treat ment of neuroendocrine carcinoma has yet to be extensively explored. While clinical success has been witnessed in other types of cancers, clinical trials and research lack sufficient evidences Page 18

Table 5. Molecular Directed Therapy for Advanced NETs.

Study Phase (References) Therapy Stable Disease Survival

Phase III29 Octreotide 66.7% PFS=14.3 months Phase II43 Bevacizumab/Octreotide 77% PFS at 18 months 95% Phase III44 Everolimus/Octreotide 84% PFS=16.4 months Phase II45 Imatinib 63% PFS=24 weeks Phase II40 Temsirolimus 58.3% TTP=6 months PFS: Progression free survival; TTP: Time-To-Progression. in GEP-NETs currently.

Peptide Receptor Targeted Radiotherapy (PRRT)

Emerging data on PRRT in the treatment of metastatic GEP- NETs using 90Yttrium and 177Lutetium labelled Doctatate PRRT has been promising. Patients who have either functioning or non-functioning GEP-NETs with dense somatostatin receptors on tumours as demonstrated by positive Ga-Doctatate PET/CT scan are considered as a suitable recipient of PRRT.49 Objective response rates in the range of 20% to 40% have been clinically reported.50 The main adverse effects of this treatment modality are bone marrow and renal toxicities. Further studies and clinical trials are currently underway to clarify its roles and indications in the management of GEP-NETs.51 The first preliminary PRRT phase III trial NETTER-1 result was published in 2016. 52 In comparison to the octreotide LAR 60 mg, PRRT using 177Lutetium significantly improved the treatment response rate and progression-free survival of patients with advanced metastatic midgut NETs.53 A few other Phase III clinical trials for PRRT are currently underway and clinicians are eagerly awaiting the final outcome of the study.

Potentially, PRRT may have a role in the neoadjuvant setting to downstage an unresectable to resectable tumour, or render the safety of cytoreductive surgery. Surgeons must keep an eye on this emerging modality that could potentially have a tremendous impact on the surgical management of GEP-NETs.

Longitudinal Evaluation

Depending on the biology and grade of GEP-NETs, a regular medical review of clinical, biochemical parameters and imaging at an interval between 3 to 6 months is recommended. A clinical review at a closer interval is recommended for aggressive G3 GEP-NETs. Serum CgA and NSE remain useful general nonspecific biomarker for follow-up in the affected patients. Other relevant tumour-specific markers and imaging are helpful in the assessment of treatment response, tumour recurrence, tumour progression, tumour dedifferentiation and prognostication. Fluorodeoxyglucose (FDG) positron emission tomography (PET) scan or dual-tracer PET/CT scans using FDG and Ga-Doctatate may be recommended (Figure 3). The dual-tracer PET scan has the advantage with respect to the assessment of ‘flip-flop’ phenomenon which results in a poor prognosis in NETs patients. It happens when tumours lose the expression of somatostatin receptors and exhibit an increased FDG hypermetabolism during the process of tumour dedifferentiation. When GEP-NETs progress rapidly or fail to respond to therapy or whenever imaging is unhelpful, a re-biopsy of liver metastases to reassess prolifera tive activity of the tumour is recommended.

Prognosis and Survivorship

In general, G1 and G2 NETs show an indolent clinical tumour progression marked by several years of survivorship and good performance status, while the G3 NETs have a more aggressive clinical course with shorter survivorship.

The main prognostic factors for GEP-NETs include the site of origin of NETs, grade and classification of malignant tumours (TNM staging of the tumour. 54 Clinical prognosis can be adversely affected by the presence of high urinary 5-HIAA and CgA, carcinoid heart syndrome and carcinoid syndrome. The 5-year overall survival rates for patients with nonfunctioning PNETs are estimated to be 26% to 58%.55 Localized PNETs following R0 surgical resection show excellent prognosis and a 5-year survival is estimated in the range of 60% to 100%.56,57 In patients with liver metastasis, the overall 5-year survival rate ranges from 20% to 38%.58 Figure 3: Ga-Doctatate PET Scan-Ileal NETs.

Page 19

Conclusion

GEP-NETs is a heterogeneous group of tumours originating from the digestive diffuse endocrine system. They have a wide spectrum of biologic and oncologic diversity. With a better understanding of GEP-NETs, clinical diagnosis could be made more prompt and precise, such that therapeutic intervention could be more tumour type specific and prognostication could be more accurate.

Multimodal management provided by a multi- and trans-disciplinary team remains the key element for ensuring the clinical success and good outcome. More basic science research and clinical trials on classification, oncobiology, diagnostic and prognostic biomarkers, imaging technology and innovative therapeutics are needed to push the frontier in GEP-NETs manage ment.59
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