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Abstract
Rectal neuroendocrine neoplasms (r-NENs) are considered among the most frequent digestive NENs, together with small bowel NENs. Their incidence has increased over the past few years, and this is probably due to the widespread use of endoscopic screening for colorectal cancer and the advanced endoscopic procedures available nowadays. According to the current European Neuroendocrine Tumor Society (ENETS) guidelines, well-differentiated r-NENs smaller than 10 mm should be endoscopically removed in view of their low risk of local and distant invasion. R-NENs larger than 20 mm are candidates for surgical resection because of their high risk of distant spreading and the involvement of the muscularis propria. There is an area of uncertainty regarding tumors between 10 and 20 mm, in which the metastatic risk is intermediate and the endoscopic treatment can be challenging. Once removed, the indications for surveillance are scarce and poorly codified by international guidelines, therefore in this paper, a possible algorithm is proposed. 

Key Words: Rectal neuroendocrine tumors; Endoscopy; Endoscopic submucosal dissection; Resectable advanced disease; Systemic therapy

Gallo C, Rossi RE, Cavalcoli F, Barbaro F, Boškoski I, Invernizzi P, Massironi S. Rectal neuroendocrine tumors: Current advances in management, treatment, and surveillance. World J Gastroenterol 2022; In press

Core Tip: Rectal neuroendocrine neoplasms (r-NENs) represent 1%-2% of all rectal tumors, but an increasing incidence rate has been recently reported. Up to 90% of r-NENs are < 10 mm in size, confined to the submucosa, and well-differentiated, so that the endoscopic resection represents their gold-standard therapy. Advanced metastatic NENs are usually poorly differentiated G3 carcinomas treated with chemotherapy, except for rare G1-G2 neoplasms, which can be targeted with less aggressive systemic options. Locally advanced r-NENs invading submucosal layers, with a ≥ 10 mm diameter, but still without distant metastases, represent the real therapeutic challenge among rectal tumors.

INTRODUCTION
The gastrointestinal tract is the most frequent site for the onset of neuroendocrine neoplasms (NENs). NENs are a heterogeneous group of epithelial neoplasms, ranging from indolent well-differentiated neuroendocrine tumors (NETs) to very aggressive poorly differentiated neuroendocrine carcinomas (NECs). They can arise virtually from any organ or system in the human body. The rectum is the second localization by frequency after the small intestine[1] and rectal NENs (r-NENs) represent 12%–27% of all gastrointestinal NENs[2,3]. On the other hand, 1%–2% of all rectal tumors are neuroendocrine. An increasing incidence of r-NENs has been reported over the past few years, as illustrated in The Surveillance, Epidemiology, and End Results (SEER) database[1], and the same trend was confirmed in the German registry[4], as well as in the Asian registers[5], even if the highest incidence rate (IR) was reported in the United States, where IR was approximately 1.1 per 100000 population and increased tenfold between 1970 and 2000s[6]. In Europe, the IR was lower when compared to the SEER database, with the highest IR reported in Norway (0.25 per 100000 population) and the lowest in Austria[6]. This is probably due to an underreporting of the disease because of a lack of national registries. 
The increasing incidence is related to the increased participation in screening colonoscopy programs. Even if there are limited data on the r-NENs diagnosed through colorectal cancer (CRC) screening programs, in a Polish screening CRC program cohort of 50148 participants, a prevalence of r-NENs of 0.05%-0.07% was reported[7]. Similarly in another English study, the diagnosis rates of NENs identified in the English bowel cancer screening program were 29 rectal and 18 colonic per 100000 colonoscopies, accounting for a prevalence of 0.047%[8]. 
Despite their increasing incidence, r-NENs are not yet sufficiently recognized by endoscopists in Western countries, since a recent study demonstrated that the neuroendocrine nature was suspected for only 18% of neuroendocrine lesions[9]. 
Suspicion of rNENs before their resection is clinically very important, given the fact that it significantly drives the decision on how to treat them. In fact, it has been reported that patients whose rNENs were diagnosed or suspected before resection showed a much higher complete resection rate than those whose tumors were resected as polyps and then diagnosed[10].
In the increasingly vast panorama of artificial intelligence, its application to gastrointestinal endoscopy may help in detecting and diagnosing r-NENs, thus leading to a further increase in incidence but in parallel to a more effective therapeutic approach.

CLINICAL PRESENTATION AND ENDOSCOPIC APPEARANCE OF RECTAL NENS
Most of r-NENs are asymptomatic and they are diagnosed incidentally during endoscopic evaluation for CRC screening or unrelated gastrointestinal symptoms. Less frequently, r-NENs may present with anal discomfort, rectal bleeding, and change in bowel habits[11]. Most r-NENs, which arise from the neuroendocrine epithelial cells, appear as small, round polypoid lesions characterized by a smooth, normal-appearing, or yellow-discolored mucosa[12], with round shape pit pattern, type I on Kudo classification, and invisible vessels, as described by Sano as type I[13] (Figure 1). R-NENs are usually located about 4 to 10 cm above the dentate line, on the frontal or lateral wall of the mid-rectum[14]. Up to 90% of r-NENs, at the time of the diagnosis, are well-differentiated epithelial lesions, less than 10 mm in size[15], usually developing towards the submucosal layer, but without invading the muscularis propria layer. However, atypical endoscopic findings (including semi-pedunculated appearance, hyperemia, central depression, erosion, and ulceration) have been reported for r-NEN exceeding 5 mm in diameter[14]. In addition, it has been recently reported that virtual chromoendoscopy with NBI, showing an absence of pit pattern with large amorphous areas (Kudo V), may be of value in detecting invasive r-NENs[13]. Unfortunately, the macroscopic appearance of r-NENs resembles that of hyperplastic or adenomatous polyps, making the differential diagnosis from other polypoid lesions challenging, and often the diagnosis is established at pathological examination after routine snare polypectomy or mucosectomy[16].
Moreover, the expanding use of artificial intelligence in endoscopy with computer-aided softwares could help the detection and characterization of polypoid lesions including r-NENs[17]. In the last years, EUS has extended the role of endoscopic evaluation of rectal NENs and it proved tohelp defining accurately the tumor size, the depth of invasion, and the presence of pararectal nodal metastases[18]. On EUS, rectal NETs usually appear as well-defined, hypoechoic lesions, located in the second and third wall layer[19] (Figure 2). In addition, EUS evidence of lobulated forms, irregular margins, and echogenic foci, may predict a higher grade of malignancy[20].

RISK FACTORS FOR INCIDENCE/PREVALENCE, METASTASES, PROGRESSION, AND RECURRENCE 
The risk factors associated with r-NENs are not fully clear, given the overall low incidence rate of these tumors and the consequent scarcity of large epidemiological studies on rare cases. R-NENs include a heterogeneous group of neoplasms that are not completely indolent, as they used to be traditionally considered, but they are characterized by a risk of metastatic disease ranging from 3% to 60%. The identification of specific subgroups that are at increased risk of developing r-NENs is, therefore, of extreme relevance for early detection and removal of these neoplasms. According to a large Asian retrospective study[21], higher levels of cholesterol and ferritin, the presence of metabolic syndrome, and a family history of cancer were associated with an increased prevalence of r-NENs. Ko et al[22] observed that higher fasting plasma glucose and hypertriglyceridemia, younger age, and a previous history of malignancies were significantly associated with an increased risk of r-NENs. According to a retrospective cross-sectional study that compared the risk factors for 101 cases of r-NENs found during screening colonoscopies, male gender and low high-density lipoprotein cholesterol levels were significantly associated with these neoplasms[23].
As metabolic syndrome appears to be a recognized risk factor for the development of r-NENs, this might partially explain the increasing incidence of these tumors together with the improvement in screening colonoscopy. The actual mechanism underlying the association between metabolic risk factors and r-NENs is still unclear; however, it might be possible that insulin resistance represents a risk factor in r-NEN pathogenesis, also considering that insulin and insulin-like growth factors have been associated with cell proliferation, differentiation, and apoptosis[24].
Several predictors of metastases, progression, and/or recurrence of r-NENs have been proposed; however, the relevance of each of these factors has not been clearly established and clear-cut prognostic factors which might help in the management of these neoplasms have not been yet incorporated in current guidelines. 
Table 1 summarizes available prognostic factors.
The most important factor predicting aggressive disease is the size of the primary tumor, with lesions > 20 mm being metastatic in 60%-80% of the cases[25]. On the other hand, patients with r-NENs measuring 10-19 mm develop synchronous or metachronous metastases in 4%-20% of the cases[25]. According to some large series, the optimal size cut-off to predict the risk of metastases is 15 mm[26-28]; in detail, Concors et al[28], in their study assessing a total of 4893 r-NENs patients identified in the National Cancer Database, observed that tumors larger than 15 mm are associated with a higher risk of distant metastasis, even if one should keep in mind that local and distant metastases might occur also in lesions < 15 mm, thus suggesting that the tumor’s behavior is not influenced only by the size. As recently highlighted by Capurso et al[29], size alone has limited accuracy, as 26% of patients with stage IV and 16% with G3 neoplasm have a primary tumor ≤ 10 mm; instead, both staging and grading could accurately predict r-NEN prognosis. According to this study, the ENETS TNM staging accurately predicts prognosis in patients with r-NENs, as stage IV was associated with a worse overall survival (OS) (hazard ratio [HR] = 8.16; P = 0.002) and progression-free survival (PFS) (HR = 14.26; P < 0.0001). 
As concerned tumor grading, r-NENs are also classified according to the WHO 2019 classification of digestive system tumors[30], which divided NEN into NETs and NECs based on their molecular differences. NETs are then graded based on the proliferation index (mitotic count and Ki67-related proliferation index) and divided into three groups (NET G1, NET G2, and NET G3), while NECs are by definition high-grade neoplasms. There is growing evidence that, besides the diameter of the primary neoplasm, the tumor grade might play a relevant role in the development of metastases. In a recent retrospective study including 98 patients with r-NENs[31], characterized by a proportion of metastatic disease of 12%, patients with G2 or G3 tumors, regardless of size, were found to be at high risk for the development of metastases; only in G1 tumors, the size (i.e., > 20 mm) was found to be an important predictor of aggressive behavior. Therefore, the authors concluded that grade is a dominant risk factor for metastasis in small and diminutive r-NENs. Again Capurso et al[29] confirmed that, besides stage, grade could predict prognosis in r-NENs, with G3 tumors being associated with a worse OS (HR = 15.57; P = 0.0004) and PFS (HR = 6.42; P = 0.0007).
Other important prognostic factors explored in the literature are: the depth of invasion (with involvement of the muscularis propria), the presence of lymphovascular invasion and/or perineural invasion, the presence of regional nodal metastasis, atypical histology (including anaplasia, frequent mitotic cells, cellular pleomorphism, and mucin production), and mitotic rate, all of which have been suggested as possible prognostic factors for aggressive behavior[32], although evidence is elusive. To date, in fact, it is not yet clear whether these can be considered as independent risk factors[28,33].
The lymph node status is considered as a relevant prognostic factor and current guidelines have always classified r-NENs as N0 vs N1 according to the presence or absence of metastatic lymph nodes, respectively[34,35]. As reported in a recent study[36], which included 687 patients with r-NENs retrieved from the National Cancer Database, there is a significant difference in survival among patients with zero positive lymph nodes (N0), 1 to 4 positive lymph nodes (N1), and ≥ 5 positive lymph nodes (N2), which might suggest a new nodal staging system to provide a more accurate prognosis. 
Furthermore, these findings might highlight the importance of an adequate lymphadenectomy in this specific setting, even if further studies are warranted to help quantify the optimal number of lymph nodes that need to be examined.
Finally, it should be underlined that the evaluation of lymphovascular invasion may frequently suffer from inter-observer variations[37].
Fahy et al[38], in a study including 70 r-NENs, reported that tumor size, depth of invasion, presence of lymphovascular invasion, and mitotic rate all correlated with poor outcome and generated a carcinoid of the rectum risk stratification (CaRRS) score based on these factors. The score was reliably correlated with recurrence-free survival and disease-specific survival, and it was based on histopathologic variables which might be assessed at biopsy and might guide the treatment strategy.
In summary, according to the ENETS 2016 Consensus Guidelines and the Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) indications, the size of the primary tumor, considering a potential more updated cut-off of 15 mm, and the degree of differentiation with G2 and, indeed, G3 tumors, are considered to be the main independent predictors of a dismal prognosis in r-NENs[39,40]. The number of positive nodes considering ≥ 5 positive lymph nodes as a cut-off and the depth of invasion with the invasion of the muscolaris propria are also associated with a poor prognosis[40].
Further studies are needed to determine whether more aggressive surgical approaches, as well as standardized follow-up protocols, might be beneficial in this specific subgroup of neoplasms.

TREATMENT OF RECTAL NENS
The therapeutic approach of R-NENs depends on whether a localized, locally advanced, or advanced metastatic disease is present. 

Localized disease
Due to the progressive greater awareness of these neoplasms, the improvement of endoscopic technology, and the increasingly adequate training of endoscopists, 90%-100% of r-NENs are to date detected with a diameter ≤ 10 mm. These lesions are usually intramucosal and nearly every ≤ 10 mm intramucosal r-NEN is diagnosed as a completely resected incidental tumor. Less than 10 mm NENs have a low risk of both lymphatic invasion and distant metastases, nearly 0.7% and less than 2%, respectively. Endoscopic ultrasound (EU) is highly recommended to exclude this remote occurrence, and to choose the best-suited type of endoscopic resection and its feasibility[39]. Even if, to date, not all studies unequivocally affirm that the en bloc resection of small r-NENs is associated with a statistically significant increase in OS, complete mini-invasive endoscopic en bloc resection still represents the therapeutic aim for these lesions. A wide variety of endoscopic procedures have been traditionally used to resect r-NENs.

Standard polypectomy: Standard polypectomy is performed by using a hot or cold snare. This kind of polypectomy does not guarantee a sufficient complete resection rate of the lesion margins, thus, this technique is no more recommended to treat r-NENs[39].

Endoscopic mucosal resection: Conventional endoscopic mucosal resection (EMR) consists of a snare resection of the lesion, which is usually lifted by the submucosal injection of saline solution, in order to guarantee a lower risk of wall perforation and incomplete margin resection, especially in case of sessile lesions[41]. It is a safe, cost-effective, and technically easy procedure, but it results in a remarkable rate of piece-meal resection, and, thus, a high rate of incomplete removal. According to the most reliable evidence, in fact, conventional EMR only leads to 56%-59% of R0 resections in ≤ 10 mm r-NENs[26,42]. Moreover, a submucosal fluid injection may paradoxically flatten or even depress loose connective tissue lesions, increase the tissue tension, and even displace the lesion to a hardly accessible different localization. 
The underwater EMR (U-EMR) technique was inspired by the observation that the mucosa and submucosa float apart from the muscular layer when colon air is removed from the lumen and it is replaced with water. By doing so, the colon lumen gets less outstretched, it gives birth to a pseudopedicle, and a larger mucosal surface can be captured. U-EMR has been shown to be effective in removing en bloc > 20 mm lesions; a multicenter randomized controlled trial comparing conventionally injection-assisted and U-EMR in 219 15-70 mm colorectal laterally spreading tumors demonstrated a significantly higher en bloc resection rate for U-EMR (51% vs 25%, P = 0.001). To date, no comparative studies are available on the en bloc resection efficacy between conventional EMR and U-EMR for < 20 mm r-NENs[43].
According to the largest samples available so far, EMR performed with a suction cap, which represents another modified EMR technique (m-EMR), reaches an en bloc resection success rate of 100% and a histological complete resection rate of 93% for ≤ 10 mm rNENs[44].
The circumferential incision m-EMR (CI-EMR) technique, first described as an option technique for CRC, performed by marking dots by argon plasma coagulation (APC) around the lesion and lifting only the mucosal layer from the muscularis propria with a mixture of glycerin fructose and methylene blue, similarly guarantees an en bloc resection rate and a complete resection rate of 97% and 94%, respectively[45]. If an elastic band is placed around the rectal lesion in addition to its cap-assisted suction and its injection-mediated lifting, an even higher rate of complete resection can be guaranteed: in a prospective Korean study enrolling 77 patients who underwent a ligation-assisted m-EMR (L-EMR) of a ≤ 10 mm r-NEN, 100% of them achieved an en bloc histologically complete resection of the lesion[46]. The m-EMR technique performed with a double-channel gastroscope rather proved to be less effective in terms of complete resection rate and it was associated with a higher rate of adverse events[47].
Pooled data deriving from a systematic review and meta-analysis including 11 studies for a total of 811 patients who underwent endoscopic treatment by EMR or any m-EMR of ≤ 10 mm localized r-NENs limited to the mucosal layer, demonstrated a statistically significant higher rate of en bloc endoscopic removal (odds ratio [OR] = 0.13, 95% confidence interval [CI]: 0.02-0.74, P = 0.02) and complete histological resection (OR = 0.23, 95%CI: 0.10-0.51, P < 0.01) for m-EMR when compared to conventional EMR. The safety of the different procedures proved to be equal[48]. However, it is interesting to notice that, according to a multivariate analysis including 277 any size r-NENs treated by conventional EMR (243 of them), dual-channel EMR, and CI-EMR (for a total of 44 m-EMRs), the histological complete resection rate was similar among the techniques, proving that the tumor size influences the histological complete resection regardless of the endoscopic treatment modality[49].
Whatever the endoscopic mucosal resection technique used, the EMR area should be always marked after the rectal lesion resection, in order to facilitate future salvage therapy in case that the histological examination of the tumor margins does not result in complete resection.

Endoscopic submucosal dissection: Endoscopic submucosal dissection (ESD) consists of a delimitation of a circumferential excision zone by using an electrocauterization knife around the lesion, followed by the creation of a cushion beneath the lesion by the injection of saline solution, or better of 0.4% sodium hyaluronate diluted with the same volume of normal saline solution[50] and, thus, by the execution of a dissection underneath the submucosal layer under direct visualization[37] (Figure 3). It represents a technically difficult procedure, requiring endoscopists’ specific training and with a long learning curve[51]. It also requires a longer execution time and is associated with a higher peri-procedural adverse event rate (especially bleeding and perforation) compared to EMR, but no significant differences were demonstrated between ESD and any m-EMR technique in terms of operating time for r-NENs[52].
Sometimes even ESD may lead to incomplete resection and thus persistent positive vertical margin, due to deep submucosal invasion of tumor cells. In these situations, other endoscopic resection techniques may overcome the problem: the full thickness resection device (FTRD) Ovesco (Ovesco, Tubingen, Germany) is an over-the-scope clip (OTSC) consisting of a clip and a snare both preloaded on an applicator cap. The FTRD system allows endoscopic full-thickness resection, providing at the same time the closure of the wall defect; it has been shown to be a good option in case of subepithelial lesions (Figure 4).
A broad systematic review and meta-analysis including ten retrospective studies and 650 patients undergoing r-NEN resection, demonstrated a significantly higher complete resection rate in the ESD group compared with the EMR group (relative risk [RR] = 0.89, 95%CI: 0.79-0.99), but a comparable complete resection rate between the ESD group and the m-EMR group (RR = 1.03, 95%CI: 0.95-1.11)[52]. Remarkably, a comparative observational study on 115 patients did not demonstrate statistical significance between ESD and U-EMR in terms of R0 on < 10 mm G1 lesions not invading the muscularis propriae (ESD vs U-EMR 86.1%R0 vs 86.1%R0, P = 0.996)[53]. It should be emphasized, however, that EMR often presupposes a piecemeal resection, while ESD guarantees an en bloc resection, thus representing a possible bias in the definition of complete histological resection R0. As a matter of fact, U-ESD has been already proposed as a promising modified ESD technique[54]. Furthermore, another systematic review and meta-analysis including 25 studies for 1094 patients, reported L-EMR and ESD to be the most effective endoscopic techniques in guaranteeing histological complete resection of ≤ 10 mm r-NENs (94.8% and 89.6% for L-EMR and ESD R0 vs 59.1% and 72.4% for polypectomy/EMR and CI-EMR R0, respectively)[26]. Interestingly, an additional meta-analysis regrouping seven studies for a total of 386 patients, proposed L-EMR to be the most suitable technique for endoscopic resection of ≤ 10 mm r-NENs as far as it proved to achieve a higher R0 rate than ESD (OR = 4.08, 95%CI: 2.42-6.88, P < 0.00001), to take significantly less operative time (SMD: -1.59, 95%CI: -2.27 to -0.90, P < 0.00001), and to be associated with no significantly higher complications rate (OR = 0.56, 95%CI: 0.28-1.14, P = 0.11)[55]. Conversely, one study reported that ESD, in comparison to m-EMR, achieved a higher R0 resection rate (100% vs 70%) and lower recurrence (0% vs 17%) in 55 patients with 10-16 mm r-NENs. Thus, ESD appears to be the most appropriate endoscopic technique for the resection of > 10 mm r-NENs[25]. Both m-EMR and ESD were demonstrated to be feasible also for salvage treatment in incomplete primary endoscopic resection, especially for ≤ 10 mm r-NENs[56].
What has been revealed so far must always consider that comparative studies between endoscopic resection techniques are heterogeneous, and limited in samples and volume, with limited follow-up time. To date, a Chinese open-label double-arm randomized clinical trial comparing cap-assisted EMR to ESD for the treatment of rectal NENs less than 10 mm is about to start the recruiting phase (NCT03982264).

Resectable advanced disease
Locally advanced r-NENS, which are neoplasms invading submucosal layers, conventionally with a lateral spreading diameter ≥ 10 mm, but still without distant metastatic invasion, represent the real frontier of radical removal in the field of rectal tumors. They are associated with a moderate metastatic frequency rate of 5%−15% and with a moderate risk of lymphatic involvement[57], and thus, a long debate on the most appropriate resection technique is nowadays still ongoing. According to the ENETS and UICC/AJCC guidelines, rectal NENs measuring 10−19 mm at their first endoscopic diagnosis, should be investigated in detail to exclude an invasion of the muscularis mucosae and of the locoregional lymph nodes. Rectal magnetic resonance imaging (MRI) and/or rectal endoscopic ultrasound (r-EUS) represent the most reliable investigating techniques for staging rectal lesions: if the rectal lesion is limited to the mucosa or submucosa, which corresponds to a T1 lesion, regardless of its lateral spreading > 10 mm, the only local resection treatment (may it be endoscopic or transanal) has proved to be effective in guaranteeing a radical resection and a very limited recurrence rate over follow-up[58]. Radical surgical resection for 10-19 mm r-NENS without muscularis or lymphatic invasion does not relate to a higher rate of radical resection and radically reduces the patients’ quality of life[59].
Contrariwise, T2 or N+ stage lesions should be accurately studied by total body imaging such as 68-Ga-DOTATATE-PET and CT scanning. Once distant metastases are excluded, a surgical radical attempt by laparoscopic low anterior resection (LAR) with or without total mesorectal excision (TME), or even abdomino-perineal resection should be preferred. It has to be noted that, according to the latest European and American guidelines, rectal tumors above 20 mm are automatically considered as T2 stage lesions, as far as they are related to an up to 80% rate of distant metastases. 

Transanal endoscopic microsurgery: Transanal endoscopic microsurgery (TEM) is a minimally invasive surgical technique that allows the local full-thickness excision of rectal lesions localized up to 20 cm from the anal verge, avoiding the segmental surgical resection[60]. TEM is usually performed under general anesthesia, in the lithotomy or clasp knife position; it implies the use of anal retractors to dilate the anal sphincter and to maintain exposure[61]. It requires a multi-channel transanal device, which combines the use of a rigid rectoscope with the magnified tridimensional vision. The device is able to control the endoluminal pressure, in order to precisely follow the electrocautery dots previously performed to delimitate the scheduled operating area[37]. Normal saline solution is injected into the submucosal plane with an injector syringe to create a visible submucosal cushion for the elevation of the lesion; the tumor then is excised with electrocautery or an ultrasonic knife under direct vision, then the wound can be closed with absorbable sutures[61]. 
R-NENs between 10 and 20 mm, limited to the submucosal layer, and without lymphatic invasion can be either approached with a complete en bloc endoscopic resection through ESD or with a complete microsurgical excision through TEM.
Both ESD and TEM demonstrated to be superior to m-EMR for > 10 mm r-NENS, but the two of them have not been appropriately compared in prospective observational studies yet[62]. According to single centers experiences, TEM implies a longer operative time than ESD and a major incidence of anesthesia-related adverse events (such as acute retention of urine); moreover, anal dilation or retraction may cause higher postoperative morbidity[63]. On the other hand, TEM provides deeper vertical resection margins in a full-thickness fashion[63]. Furthermore, in case of local recurrence, the existence of fibrosis in the submucosal layer may represent a limit for the mucosal lifting during ESD and thus may reduce the complete en bloc resection success rate[64].
Hence, according to these limited experiences, ESD might be preferred to TEM in case of a first incidental 10-19 mm r-NEN, based on its lower morbidity rate, shorter operative time and, consequently, lower costs; TEM on the contrary might be the first therapeutic choice of scar embedded recurrent 10-19 mm r-NENs located within the first 20 cm of the rectum from the anal verge. Overall, to date, the indication to perform one of the two proposed techniques still depends more on the team expertise rather than on robust superiority evidence[63]. Prospective comparative studies should be launched to better define the treatment algorithm of resectable 10-19 mm r-NENs. 
Salvage TEM for incomplete endoscopic resection proved to be effective also in case of > 10 mm lesions[65].
Conventional transanal resection (TAR) represents the exact equivalent to TEM for < 20 mm r-NENs localized within 6 cm from the anal verge.

Low anterior resection or intersphincteric resection, with or without TME: R-NENs extended to the muscularis mucosae or those with lymph node involvement, as previously mentioned, are indicated for surgical resection. Low anterior resection (LAR) and intersphincteric resection, with appropriate lymph-node resection through TME, represent the most commonly performed laparoscopic techniques, which are chosen depending on the localization of the r-NEN. Either laparoscopic LAR or intersphicteric resection often implies a temporary protective ileostomy[66]. Anal preservation, if possible, is mandatory, as far as it is associated with a much higher quality of life. Fortunately, the anal localization of rectal neoplasms is rare, so that anal preservation is statistically guaranteed in most cases.
In the case of anus involvement, abdominoperineal resection with definitive colostomy represents the most appropriate surgical technique. 

Systemic therapies for advanced disease
As previously mentioned, only around 10% of r-NENs measure > 10 mm at the diagnosis, so it can be assumed that r-NENs are diagnosed as an advanced metastatic disease in a low number of cases[15]. While most r-NETs are localized, their management should be tailored depending on the presence or absence of metastases-predicting factors, including tumor size, endoscopic aspect, T stage, grade, and lymphovascular invasion, as explained before. Endoscopic ultrasonography is the most relevant technique for locoregional assessment[37]. Moreover, it has been recommended to perform pelvic MRI (otherwise, CT scan) as part of the initial workup to evaluate loco-regional spreading and additional explorations in all cases of high-risk r-NENs (i.e., the ones that show factors predicting aggressive disease, see above): hey should include contrast-enhanced thoracic-abdominal-pelvic CT scan, liver MRI – especially diffusion-weighted sequences – which has a better sensitivity than CT scan, and somatostatin-receptor isotopic imaging (scintigraphy or positron-emitting tomography)[37]. 
In the presence of advanced disease with distant metastases, a systemic approach represents the first-line therapeutic strategy. In this context, the goal of systemic therapy is disease control and palliation of symptoms. In fact, none of the up-to-date available systemic treatments yet provided a radical cure for r-NENs, but rather a disease progression-free stabilization with variable duration, depending on the different prognostic factors. Given the fact that r-NENs are usually non-functional, systemic therapies are usually used for their antiproliferative effect rather than for their symptom palliation effect. There are several systemic therapeutic options for advanced r-NENs, not substantially different from the ones for other NENs, although studies evaluating specific response rates in r-NENs are limited. Finally, the potential advantage of palliative surgery, either as primary tumor resection or debulking surgery, is still controversial.

Somatostatin analogs: The use of somatostatin analogs (SSAs), mainly lanreotide and octreotide, is the standard first-line therapy in both functioning and non-functioning NENs, arising from both the gastrointestinal and pancreatic tract[67,68]. However, these studies collected only a few cases of r-NENs and none of these studies were focused specifically on r-NENs; in particular, only in the CLARINET study, 14 patients with hindgut NENs were included[68], demonstrating a significantly prolonged PFS (HR = 0.47; 95%CI: 0.30-0.73) in lanreotide treated patients; the treatment of r-NENs with SSAs is thus based on a very low number of patients. 
Octreotide long-lasting release is used at a dose of 30 mg every 4 wk i.m. and lanreotide auto-gel is used at a dose of 120 mg every 4 wk, injected subcutaneously. They are traditionally very well-tolerated drugs[69]. A tumor gross-size reduction with SSAs was achieved in no more than 10% of the cases[69].
A superiority trial comparing octreotide and lanreotide is today active (NCT03289741).

Interferon-alpha: Interferon-alpha (INF-α) has been also approved as a symptomatic therapeutic option, especially in addition to SSAs for refractory syndromes[70]. 
It can be used in advanced NENs as an anti-proliferative option whenever other traditional anti-proliferative systemic drugs are not feasible[71]. An open-label single-arm interventional pharmaco-immunological study has recruited patients with histologically proved NETs to evaluate the potential immunomodulatory synergy of the association of metronomic cyclophosphamide and IFN-α (NCT02838342); no preliminary results have been posted so far. 
Cases of r-NENs included in these studies are sporadic.

Targeted agents (everolimus and sunitinib): Based on the results of two randomized, double-blind, prospective, placebo-controlled studies, the mTOR inhibitor everolimus has been used in advanced pancreatic (RADIANT-3) and extra-pancreatic NENs (RADIANT-4). Specifically, in the RADIANT-4 trial, an everolimus benefit in terms of PFS compared to placebo (HR = 0.56; 95%CI 0.40-1.05) has been demonstrated in the GI or lung NENs subgroups’ analysis[72]. 
The multitargeted tyrosine kinase inhibitor (TKI) sunitinib has demonstrated an improved PFS from 5.5 to 11.4 mo only in metastatic pancreatic NENs (p-NENs)[73]. Therefore, it cannot be recommended in GI-NENs outside clinical trials, which are still ongoing to date (NCT00056693 and NCT02315625).
Other multikinase inhibitors such as cabozantinib and sorafenib have been proposed as alternative options in metastatic disease, but strong evidence should still be spread (NCT05048901, NCT00605566, and NCT00131911). 
Furthermore, the association between TKI and chemotherapy has been studied; a single-arm, open-label trial testing the efficacy of the association between everolimus 10 mg daily and temozolomide 150 mg/m2 for 7 d every 2 wk has been recruiting patients with a histologically proven primary gastro-entero-pancreatic (GEP) neuroendocrine carcinoma with a Ki67 index of 20%-55%; the results are about to be published (NCT02248012).

Radioligand therapy: Radioligand therapy (RLT) represents a therapeutic option in progressive well-differentiated G1/2 NENs with homogenous somatostatin receptor expression[74].
NETTER-1, a recent multicenter prospective phase III trial including 229 patients with metastatic gastro-intestinal well-differentiated G1 or G2 NENs, compared patients’ prognosis between those undergoing 177Lu-DOTATATE (Lutathera) in association with octreotide long-lasting release treatment, and those only undergoing high-dose octreotide long-lasting release; 177Lu-DOTATATE proved its superiority in terms of PFS (median PFS > 19.9 mo) and promising results are on the point to be published also regarding its effect on the OS and the patients’ quality of life[75]. This study did not explicitly enroll patients affected by r-NENs, rather it focused on midgut neoplasms, with four colonic NENs (none of them were rectal). 
The NETTER-2 phase III, multi-center, randomized, open-label trial is today ongoing: it aims to determine if first-line treatment Lutathera in combination with LAR prolongs PFS in G2/3 GEP-NENs patients (NCT03972488). A prospective single-arm, multicenter trial is today enrolling 195 patients with progressed NETs to evaluate the efficacy of 177Lu-DOTATATE in terms of 12-mo PFS (NCT02743741).

Chemotherapy: G3 NENs are represented preferentially by poorly differentiated r-NECs, whereas r-NET G3 are rare. R-NECs represent a distinct category separated from other r-NENs, because of a highly aggressive biological behavior with a poor prognosis and distinctive histological picture (small and large cell carcinomas)[76]. This entity is usually treated with chemotherapy, also according to the latest ESMO guidelines[77], in which the use of chemotherapy is highly recommended for metastatic low-differentiated G3 NECs.
Chemotherapy regimens containing cisplatin or carboplatin in combination with etoposide could be considered as a first-line therapy in patients with advanced GEP-NECs. Irinotecan is a valid alternative to etoposide in the same cases[78]. Regarding the rare cases of advanced G1/2 r-NENs, streptozocin and its association with 5-fluorouracil and doxorubicin are the most used schemes, even if they are associated with a < 25% clinical and radiological response rate[79]. Three-drug regimens (5-FU, dacarbazine, and epirubicin), used historically since the 1990s, are associated with a response rate of up to 30% of cases[80].

Combined radiation therapy and chemotherapy in high-grade r-NECs: Interesting data were published regarding the efficacy of chemotherapy combined with radiotherapy in poorly differentiated and aggressive high-grade G3 rNECs, which by definition have a Ki67 index ≥ 20% and a mitotic index ≥ 20/10 high power fields.
According to a preliminary retrospective univariate and multivariate analysis, radiation therapy (RT) proved to significantly improve OS in patients affected by G3 r-NECs treated by both surgery and RT compared with G3 r-NECs that underwent only surgery (HR = 0.393; 95%CI: 0.206-0.750; P = 0.009)[81]. Furthermore, according to a multicenter American multidisciplinary study, chemotherapy (based on platinum, etoposide, and fluoropyrimidine) with or without RT and surgery, obtained similar outcomes in terms of both PFS (13.0 mo vs 13.2 mo, P = 0.75) and OS (49.1 mo vs 39.2 mo, P = 0.42)[82]. These findings highlighted that not only does RT improve r-NECs prognosis, but also when combined with chemotherapy, it leads to similar outcomes compared to surgery. 
Table 2 shows a resume of the main systemic therapies for advanced disease. 

SURVEILLANCE 
The indications for the follow-up of r-NENs are scarce in the literature. Furthermore, the few indications that we can find in the consensus guidelines are mostly based on expert opinions rather than evidence-based data. Moreover, the main guidelines give follow-up indications mainly based on the size of the r-NEN[83], while it is documented that grade is the most heavily prognostic factor. 
According to the ENETS 2017 guidelines, it is advocated that follow-up occurs in specialized NEN centers or at least in hospitals with close collaboration with specialized NEN centers[84]. The suggested type and timing of the follow-up are based on the tumor size, grade, and operative outcome (if curatively resected), respectively. In the case of small (< 10 mm) G1/2 r-NENs, when curatively resected, only one endoscopic check at 12 mo from the endoscopic resection is advisable. No further investigations are needed. For 10-20 mm G1/2 lesions, an annual endoscopic follow-up is recommended. Moreover, classical radiological imaging by using either CT or MRI is recommended. Also, somatostatin receptor imaging (SRI) is advisable every 12-24 mo. For G1/2 lesions > 20 mm, both curatively and non-curatively resected, a closer follow-up (every 3-12 mo) is recommended, by using endoscopy every 6-12 mo, CT or MRI every 3-12 mo, and SRI every 12-24 mo. In rare cases of G3 NEC/NETs, both curatively and non-curatively resected, a 3-mo follow-up is suggested, by performing CT or MRI; an endoscopy is recommended every 6-12 mo; nuclear medicine imaging (both SRI and FDG-PET) is advisable every 12 mo. In any case, an EUS examination may be required if recurrence or progression is suspected (Figure 5).

CONCLUSION
R-NENs are among the most frequent digestive NENs, together with small bowel NENs and their incidence has hugely increased over the last few years, likely due to the widespread use of endoscopic screening for CRC and the improvement in endoscopic techniques. As metabolic syndrome appears as a recognized risk factor for the development of r-NENs, this might have partially contributed to the increasing incidence of these neoplasms.
To date, however, there is still an underestimation of the incidence and prevalence of these neoplasms, as they are often not recognized by the endoscopist. In the increasingly vast panorama of artificial intelligence, its application to gastrointestinal endoscopy may help in detecting and thus treating r-NENs. Several predictors of metastases, progression, and/or recurrence of r-NENs have been proposed, and among them, the diameter of the primary neoplasm and the tumor grade are the most important, although the relevance of each of these factors has not been clearly established. Traditionally, well-differentiated r-NENs smaller than 10 mm are endoscopically removed given their low metastatic risk, whereas tumors larger than 20 mm are suggested to be surgically resected given their high risk of distant spreading. However, a potential more updated cut-off size of 15 mm and the degree of differentiation with G2 and, indeed, G3 tumors, are considered to be the main independent predictors of metastatic spread and dismal prognosis. Moreover, the number of positive nodes (≥ 5 as a cut-off) and the depth of invasion with the invasion of the muscolaris propria are also associated with a poor prognosis.
Locally advanced r-NENs with a lateral spreading diameter ≥ 10 mm, but still T1N0 should be addressed at first endoscopically; while surgical techniques should be adopted to address lesions invading the muscolaris propria or loco-regional lymph nodes. TEM is the treatment of choice for scar-embedded recurrent resectable lesions. 
The indications for surveillance are scarce and mainly based on experts’ opinions rather than evidence-based guidelines. According to the ENETS 2017 guidelines, the follow-up is based on the tumor size, grade, and operative outcome.
Large prospective studies should be encouraged to define standardized guidelines for r-NENs and to identify clear-cut prognostic factors and scores which might help in the management of these neoplasms. 
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Figure 1 Endoscopic aspect of a rectal neuroendocrine neoplasm. 
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Figure 2 Endoscopic ultrasound aspect of a rectal neuroendocrine neoplasm. 
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Figure 3 Endoscopic submucosal dissection of a rectal neuroendocrine neoplasm. A: Rectal neuroendocrine neoplasm aspect before the procedure; B: Initial submucosal dissection beneath the lesion; C: Almost completed submucosal dissection beneath the lesion; D: Final aspect of the endoscopic submucosal dissection eschar. 
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Figure 4 The full thickness resection device Ovesco over-the-scope OTSC system is a single-use metallic clip preloaded on an applicator cap that can be attached to any standard endoscope. The endoscopic clip can be placed underneath an epithelial/subepithelial lesion and it guarantees at the same time its full-thickness removal and the wall defect closure. In this picture, the Ovesco clip is placed underneath a rectal neuroendocrine neoplasm and grabs its complete thickness. 
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Figure 5 Surveillance flow-chart. CT: Computed tomography; MRI: Magnetic resonance imaging; US: Ultrasound; SRI: Somatostatin receptor imaging; FDG-PET: Positron emission tomography with 18F-fluorodeoxyglucose.


Table 1 Current evidence about available prognostic factors for either metastatic spread or tumor progression/recurrence in rectal neuroendocrine neoplasms
	Prognostic factor
	Cut-off
	Risk of metastases
	Evidence

	Tumor size
	15 mm
	14%

	Retrospective large study[27]

	Grading 
	G2
	50%
	Retrospective study[30]

	
	G3
	33%
	Retrospective study[30]

	Lymph node status
	N2 (≥ 5 positive lymph nodes)
	Not quantified
	Retrospective study[35]

	Depth of invasion 
	Invasion of the muscolaris propria
	Not quantified
	Retrospective study[37]



Table 2 Systemic therapies for advanced disease
	Pharmacological class
	Therapeutic agent
	Superiority vs placebo
	Main ongoing clinical trials

	Somatostatin analogs
	Octreotide (30 mg/4 wk i.m.)
	Yes[70]
	NCT04129255

	
	Lanreotide (120 mg/4 wk s.c.)
	Yes[69]
	NCT03289741 (octreotide vs lanreotide)

	Cytokines
	Interferon-α (3 MIU/three times a week s.c.)
	Yes[72]
	NCT02838342 (association with cyclophosfamide)

	Targeted agents 
	Everolimus (10 mg/d p.o.)
	Yes[73]
	NCT02248012 (association with temozolomide)

	
	Sunitinib (50 mg/d p.o.)
	Yes[74]1
	NCT00056693
NCT02315625

	
	Cabozantinib (40-60 mg/d p.o.)

	NA
	NCT05048901

	
	Sorafenib (800 mg/d p.o.)
	NA
	NCT00605566, NCT00131911

	Radioligand therapy
	177Lu-DOTATATE (Lutathera)
	Yes[76]
	NCT02743741, NCT03972488 (combination with LAR)

	Chemotherapy
	Cisplatin/carboplatin ± etoposide/irinotecan 
	Yes[79]
	NCT03963193 (etoposide + cisplatin vs irinotecan + cisplatin) 

	
	Streptozocin ± 5-FU ± doxorubicin 
	Yes[80]
	NCT00602082

	
	5-FU ± dacarbazine ± epirubicin
	Yes [81]
	NA


1Only for p-NENs. 
LAR: Long-acting release octreotide; NA: Not available; 5-FU: 5-fluorouracil.
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