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Abstract

This review provides an update on the epidemiology, pathophysiology, sym-
ptoms, diagnosis and treatment of neuroendocrine neoplasms (NENs) of the small
bowel (SB). These NENs are defined as a group of neoplasms deriving from
neuroendocrine cells. NENs are currently the most common primary tumors of
the SB, mainly involving the ileum, making the SB the most frequently affected
part of the gastrointestinal tract. SB NENs by definition are located between the
ligament of Treitz and the ileocecal valve. They are characterized by small size
and induce an extensive fibrotic reaction in the small intestine including the
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mesentery, resulting in narrowing or twisting of the intestine. Clinical manifestations of bowel
functionality are related to the precise location of the primary tumor. The majority of them are
non-functional NENs and generally asymptomatic; in an advanced stage, NENs present symptoms
of mass effect by non-specific abdominal pain or carcinoid syndrome which appears in patients
with liver metastasis (around 10%). The main manifestations of the carcinoid syndrome are facial
flushing (94%), diarrhea (78%), abdominal cramps (50%), heart valve disease (50%), telangiectasia
(25%), wheezing (15%) and edema (19%). Diagnosis is made by imaging or biochemical tests, and
the order of request will depend on the initial diagnostic hypothesis, while confirmation will
always be histological. All patients with a localized SB NEN with or without near metastasis in the
mesentery are recommended for curative resection. Locoregional and distant spread may be
susceptible to several therapeutic strategies, such as chemotherapy, somatostatin analogs and
palliative resection.

Key Words: Neuroendocrine; Tumor; Small bowel; Small intestine; Gastrointestinal disease; Treatment;
Survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There are reviews in the literature regarding neuroendocrine tumors in the gastrointestinal tract
specifically in the small bowel. Nevertheless, this is a first mini review to synthesize the latest data related
to epidemiology, pathophysiology, clinical manifestations, diagnosis and treatment of small bowel
neuroendocrine tumors.
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INTRODUCTION

Langhans was the first person to describe small bowel (SB) neuroendocrine neoplasms (NENs) in 1867,
as a polypoid tumor of the small intestine[1]. Nowadays, NENs are described as a heterogeneous group
of neoplasms derived from neuroendocrine cells. The term NENs encompasses well-differentiated
NENSs and poorly differentiated neuroendocrine carcinomas (NECs)[2]. NENs commonly arise from the
gastrointestinal tract[3,4,40].

NENSs can progress throughout the gastrointestinal tract, but are specifically seen in the small
intestine (45%), rectum (20%), appendix (16%), colon (11%), pancreas (5%-10%) and stomach (7 %)[5]

Figure 1).

( liIENs)account for 1.0%-1.5% of all gastroenteropancreatic neoplasms[6]. SB NENs continue to
increase in incidence and are today the most frequent primary malignancies of the SB[2]. This growing
phenomenon seen since the 1970s is possibly due to the detection of early-stage disease[7,8].

The aim of this manuscript is to carry out not only an updated narrative review on the diagnosis and
treatment but also to synthesize the data related to epidemiology, pathophysiology and clinical
manifestation of SB neuroendocrine tumors.

MATERIALS AND METHODS

We conducted a bibliographic review using articles indexed in PubMed/Medline, Scopus, Embase and
Scielo, published between 2000 and 2022. The Medical Subject Headings used were: "Neuroendocrine
Tumors”, and "Small Bowel” or “Small Intestine”. The research was limited to human-related articles.
The type of articles included were: Clinical trials, prospective cohort studies, retrospective and cross-
sectional studies, as well as systematic reviews and meta-analyses.

The quality of our narrative review was assessed using the SANRA scale[9], which covered the
following topics: Description of the literature search, statement of the review aims, referencing,
explanation of the review’s importance, presentation of relevant and appropriate endpoint data and
scientific reasoning.
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Figure 1 Incidence of neuroendocrine tumors in the gastrointestinal tract.
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EPIDEMIOLOGY

Small bowel cancers represent only 0.6% of all cancers and less than 5% of gastrointestinal (GI) cancers
according to figures from the United States[10]. However, its incidence is increasing, reaching a growth
of over a 100% in the last 40 years[10].

The two main types of SB neoplasms are adenocarcinoma of the small intestine, and NENs. Although
in the 1980s, adenocarcinoma was predominant with 42%, in 2005 it had decreased to 33%, while NEN
at the same time increased from 28% to 44%, positioning itself as the most frequent type of primary
tumor[11]. Yao et al[6] also reported an increase in NENSs of 6.4-fold from 1.31/100000 to 6.98/100000
over the timeline 1973 to 2016. In 2020, the incidence of NENs of the small intestine was estimated to be
1.2 cases per 100000 population in the United States[2].

It is thought that the rise in cases is the result of the development of better diagnostic methods, as
often they are detected incidentally in endoscopic or imaging studies[11,12]. In addition, the increase in
NENSs compared to adenocarcinomas may be explained by the increased survival of patients with small
intestine cancers, as NENs usually have a better prognosis[11].

Unlike adenocarcinomas, which are more frequent in the duodenum, small intestine NENs are more
frequent in the ileum[11]. Some genetic mutations predispose to the development of NENs. The most
common predisposing condition is multiple endocrine neoplasia type 1 and represents around 5 to 10%
of these tumors[11].

Studies reporting the duration of symptoms preceding diagnosis varies widely, from a median of 4.3
mo up to 9.2 years[1]. Liver metastasis is seen in as many as 61%-91% at the time of diagnosis[11].
Among the risk factors associated with metastatic disease are the location in the jejunum or an
unspecified site, the histology of neuroendocrine carcinoma and being a patient from a rural area[13].

The median overall survival (OS) of SB NENSs is 14 years, while localized and well differentiated
tumors showed a better survival. In multivariate analyses, factors that had a significant correlation were
race, age, stage and site. In contrast to pancreas NENs, patients with bowel NENs are 1.5 times more
likely to survive[11].

There is no objective way to define the prognosis of these patients; however, tools have been created
such as the Modlin Score Nomogram that addresses 15 parameters whose objective is to determine the
prognosis and guide treatment[14]. The use of this tool in tertiary referral hospitals made it possible to
identify patients accurately with low and high risk of death, although Kelly and co-authors in their 2019
study indicated that it was not applicable to all patients[15].

The Epidemiology and End Results (SEER) database included 73782 patients diagnosed with NENs
between 1973 and 2014 in a surveillance analysis. SB NENs were found to be the second tumor with the
best prognosis, after rectum NENs[16]. Summing up the localized, regional and metastatic forms of the
disease, despite the heterogeneity of these tumors, the decrease in mortality rates of all forms is well-
known, regardless of an increasing incidence. In addition, although comparisons between studies is
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difficult due to different patient classifications, cohorts and methodology, the observations in diagnostic
and therapeutic advances made, are usually similar[13].

PATHOPHYSIOLOGY

Neuroendocrine cells release hormones by stimulation of the nervous system. They are found
throughout the body, such as in the skin, lungs, gonads, pancreas, the GI tract, pituitary gland and
adrenal glands. NENs are neoplasms that originate from these cells. Depending on their location, their
clinical behavior is very heterogeneous[2] (Figure 2).

SB NENSs are often small, multifocal, difficult to locate pre-surgically, and may not be found during
surgical exploration[17]. They represent 30% of neoplasms found in the SB[18]. By definition, SB NENs
are located between the ligament of Treitz and the ileocecal valve. Although duodenal NENs are
sometimes included with jejunal and ileal NENs under the umbrella term "SB NEN", these tumors are
clinically and biologically different and should not be considered as representatives of the same entity

(1]

After the lung, the small intestine is the next most common location for NENs[1]. The risk factors that
increase the incidence of SB NENSs, have to be considered and include: A habit of smoking[19], a
possible family history of cancer and the antecedent of gallbladder disease and cholecystectomy. All of
them are associated with a 1.5-fold higher risk of developing SB NENJ[20].

Mutation of the MutY human homologue (MYH) gene is associated with SB neuroendocrine tumors
and is the main genetic background described in DNA base repair by excision[21-23] which fail in a
hereditary form of SB NEN. Clinically, hereditary forms tend to be isolated endocrinopathies; however,
further research is necessary.

SB NENSs present in many forms, depending on the stage of the disease and the tumor burden at
diagnosis. Approximately 30% of patients with SB NENs will have metastasis at the time of diagnosis,
and another 40% will have regional lymph node involvement[5]. Primary tumors, in spite of being
characteristically small, may cause an extensive fibrotic reaction in the SB and mesentery, resulting in
narrowing or twisting of the intestine and potentiate mesenteric ischemial[1].

Metastasis of SB NENs is most commonly from the frequently seen primary site of both the small
intestine as well as the pancreas. Some patients with SB NENs have synchronous or metachronous
pancreatic NENs (PNENSs), and it is frequently unclear whether these are separate primary tumors or
metastasis. In a case series, in almost two-third of the evaluated patients, the pancreatic tumor was a
metastasis of the SB NEN primary tumor, while in the remaining third of patients it represented a
separate primary tumor. Determining the origin of these tumors can guide the choice of systemic
therapy and surgical management[24].

CLINICAL MANIFESTATIONS

The clinical manifestations are caused by the location of the primary NEN and its functionality. Most of
them are non-functional, which usually have no or very few symptoms in the early stages of the disease;
late symptoms are due to its mass effect or liver metastasis[25-28].

In general, the most common symptom of intestinal NENs is nonspecific abdominal pain that leads to
Computing Imaging studies. Intestinal NENs can present with GI bleeding and anemia. Occasionally,
NENSs grow large enough to obstruct the extrahepatic bile duct or GI tract, causing jaundice or intestinal
obstruction, respectively. Rarely, an intra-abdominal mass is palpable on physical examination,
prompting further diagnostic studies[26]. In addition, around 15%-20% of SB NENs are symptomless
and are detected incidentally, which is more frequent in patients with localized disease[1].

In patients with metastatic disease, about 10% develop carcinoid syndrome (CS), with predominance
in liver metastasis. Of the wide variety of manifestations, the main manifestations are: Facial flushing
(94%), diarrhea (78%), abdominal cramps (50%), heart valve disease (50%), telangiectasia (25%),
wheezing (15%) and edema (19%)[29]. Almost all SB NENs produce a wide variety of biologically active
peptides, including serotonin, neurokinin A, and histamine, which are responsible for CS. However, for
tumors limited to the SB and its regional lymph nodes, these components are inactivated by the liver
and hormonal symptoms are rare[1].

With the development of distant metastasis, the hormones secreted by SB NENSs are able to bypass
the portal circulation, leading to the development of CS. This syndrome was first described by Thorson
in 1954. Carcinoid symptoms may be spontaneous or caused by stress, exercise, or ingestion of ethanol
and amine-rich food such as chocolate or cheese[5]. The flushing associated with CS is typically
transient and affects the face, neck and the upper part of the trunk([1].

The cardiac manifestations of CS, called "carcinoid heart disease", primarily affect the right side of the
heart, causing valvular fibrosis. Cardiac involvement is seen in at least 20% of patients. The cause is
believed to be related to high levels of serotonin that induce a fibrotic reaction in the right heart.
However, the incidence is declining, possibly due to the widespread use of somatostatin analogs (SSAs).

WIM | https://www.wjgnet.com 384 September 20,2022 | Volume12 | Issue5 |



Gonzales-Yovera ]G et al. Small bowel neuroendocrine tumors a minireview

Family history
Smoking

MUTYH mutation

Gallbladder disease/Colecystectomy

Crypt base

l Development of SB NEN

Crypt top
LOCALIZED
Metabolized by the liver
~—Enterocyte No carcinoid syndrome
. Serotonin
B ‘ Neurokinin A
Histamine
NR— | | ey o
«— Goblet cell METASTATIC ein
__ Transit amplifying Avoid portal circulation Y o
cells Carcinoid Syndrome

~ Paneth cell
Lgr5+ stem cell

DOI: 10.5662/wjm.v12.i5.381 Copyright ©The Author(s) 2022.

Figure 2 Pathophysiology of small intestine neuroendocrine tumors. MUTYH: Human mutY homologue; NEN: Neuroendocrine neoplasms; SB: Small

bowel.
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The presence of carcinoid heart disease predicts a worse prognosis[1]. This variety in presentation,
combined with the relative rarity of the tumors and the nonspecific nature of the symptoms, makes
diagnosis of these tumors difficult. Although the median duration of symptoms before diagnosis is 4 to
5 mo, misdiagnosis is common and a delay in diagnosis of up to 10 years has been described in the
literature[1].

Published series from tertiary referral centers, mention the proportion of patients with distant
metastasis of around 60% to 80%. One possible explanation for this is perhaps because early-stage
lesions are removed in emergency surgeries for intestinal obstructions in less complex hospitals, while
the more advanced stage of the disease is referred to these larger hospitals[30,31].

DIAGNOSIS

For the diagnosis of NENSs, there are currently various methods available. The initial methods can be
both imaging and laboratory tests; the order in which they are requested will depend on the form of
clinical presentation and the initial diagnostic hypothesis. Confirmation will be histological, requiring a
biopsy by endoscopy. Octreotide scan, video capsule endoscopy (VCE) and double-balloon enteroscopy
(DBE) are the auxiliary exam options for diagnosis. Series reports catalog them as having a diagnostic
yield of 85%, 10% and 83 %, respectively. In occult SB NENSs, capsule endoscopy appears to be superior
to enteroscopy but may underestimate tumor burden[17].

Biochemical testing
For most patients, biochemical testing and anatomic or functional imaging will have preceded definitive
diagnosis of SB NEN made by an immunohistochemical study of the tumor[6]. In addition to the
hormones and neuroamines responsible for CS such as 5-hydroxyindoleacetic acid (5-HIAA) in plasma
or urine[32], SB NENSs secrete chromogranin A (CgA), pancreastatin, and serotonin which can be used
as biomarkers for diagnosis and surveillance[32]. CgA is an acidic glycoprotein secreted by NENs, and
has been extensively studied. CgA is sensitive and specific for the diagnosis of NEN, correlates with
disease burden, and can predict survival. Nevertheless, renal failure, severe hypertension, vitamin B12
deficiency and proton pump inhibitor therapy can cause false CgA elevations. Serial pancreastatin
measurements are useful in predicting and monitoring response to therapy[33]. A 24-h urine sample
monitoring 5-HIAA, indicates serotonin breakdown. This test is highly specific for the diagnosis of SB
NEN, but patients should be advised to avoid various serotonin-rich foods during collection[2].
Biochemical tests are widely used both for the diagnosis of SB NEN and for monitoring the course of
the disease, but there is no agreement on how often they should be measured or how their measurement
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should influence treatment decisions[33].

Endoscopic, radiological and molecular investigations

The endoscopic technique of VCE and DBE are the most helpful exams in jejunal and ileal NENs. They
allow location of the primary NEN in metastatic disease, where a basic study has been negative, to
identify multifocal disease. This might change the management and prognosis. In addition, other
studies have reported that multifocality does not seem to have an impact on survival or recurrence[18].

Those patients who present with hot flashes and diarrhea will probably undergo biochemical tests
first, while those whose main symptom is abdominal pain or obstructive symptoms will require
anatomical imaging such as computed tomography (CT) or may even be diagnosed only after an
emergency surgical intervention[33].

For anatomical studies of SB NEN, CT, magnetic resonance imaging, and ultrasound are performed,
while for functional studies positron emission tomography (PET) with Gallium and somatostatin
receptor-based single photon emission computed tomography are carried out. Functional imaging using
PET is essential for detecting small lymph node metastasis, tiny primary tumors in the SB, initial bone
and bone marrow metastasis and more accurate assessment of occult liver metastasis[3]. Anatomical
images provide the location of the tumors for surgical planning, while functional images have higher
sensitivity and indicate the occult presence of metastasis or mistaken evidence of recurrence[2,33].

NENSs of the SB are rarely visualized on CT. They are usually just millimeters in size. However,
mesenteric lymph node metastasis might well appear as spiculated masses on contrast-enhanced CT,
sometimes including calcifications and the regional presence of fibrosis due to its desmoplastic reaction.
Additionally, as many as 30% can be multifocal[2]. CT angiography can provide details of valvular
involvement. Despite this, morphological images generally significantly understate the disease[2].

Pathology
For tumor classification, the Ki67 index or the number of mitoses per 10 high power fields (HPF) is used.
NENSs are subclassified into NENs and NECs. Grade 1 NENs have < 2 mitoses per 10 HPF or a Ki67 of <
3%. Grade 2 NENs show a Ki67 index from 3 to 20%, or 2 - 20 mitoses per 10 HPF. Grade 3 NENSs give a
Ki67 index of > 20%, or > 20 mitoses per 10 HPF. Further classification into G3 NENs and G3 NECs is
based on their differentiation. G3 NECs are poorly differentiated but Grade 3 NENs are well differen-
tiated[2].

Figure 3 summarizes the initial approach sequence of the patient with a suspected SB NEN and which
tests should be requested depending on the form of clinical presentation.

TREATMENT

Treatment of a SB NEN depends on the staging of the disease, and whether it is locoregional or
metastatic (Figure 4).

Management strategies for SB NEN include not only possible treatment of all stage tumors or
metastasis, and if present, carcinoid heart disease or tumor-related symptoms and syndromes|[2].

The management of these lesions is complex due to the difficulty in diagnosis, hormone secretion and
more frequently, its presentation as an advanced disease. Even patients with advanced disease can have
a long survival time. There are different aspects that make it difficult to determine the optimal
management[34].

All patients with localized SB NEN with or without regional mesentery metastasis should be
considered for curative resection. Therefore, multimodal treatment is required[2]. Although surgery is
curative in most cases, recurrence rates of 42% in liver NEN have been published[1,35].

In the surgical area, meticulous exploration of the abdomen with palpation of the SB is recommended
intraoperatively; this is superior to reference imaging for the detection of SB NENSs, as up to 70% of
these tumors are overlooked by imaging. Additionally, between 30%-54% of SB NENs are multifocal
and just millimeters in size, which are very difficult to see on imaging. Therefore, a laparoscopic study is
not recommended[2]. The abdomen should also be carefully examined for evidence of liver and
peritoneal metastasis, reported in 20% and 60% of cases, respectively, undergoing SB NENs surgery[1].

In SB NENEs, total resection it is not necessary, only the primary tumor and selective resection of the
mesenteric nodes is required, taking into account the preservation of bowel function. The length of
bowel resected is independent of the number of lymph nodes removed. In up to two-thirds of patients,
metastasis outside the "expected" lymph node region is found, and to prevent unresectable locoregional
recurrence, an extensive lymphadenectomy is required[2]. A series of reports of surgeries for SB NENs
where the resection included 12 or more nodes, was related to better OS outcomes, in patients without
distant metastasis[2].

If the primary tumor is located in the terminal ileum, a right hemicolectomy with or without
lymphadenectomy is indicated[36]. In cases with stage IV asymptomatic SB NEN, early locoregional
surgery as a prophylactic measure is controversial, as there are no convincing data associated with
favorable survival outcomes, compared with locoregional surgery later in its development. SB NEN can
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Figure 4 Management of small intestine neuroendocrine tumors. NENs: Neuroendocrine neoplasms; SB: Small bowel.
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be associated with peritoneal carcinomatosis (PC) in up to 30% of cases. As PC can cause fatal intestinal
obstruction with a registered mortality of 40%, resection of peritoneal tumors should be part of the
locoregional surgery[2].

Resection of the primary tumor in the setting of unresectable SB NEN liver metastasis may prevent
ileus, intestinal obstruction, and desmoplastic reactions, and is registered in a retrospective study to
prolong survival, independent of the tumor grade. However, such studies are biased toward an
aggressive approach in patients with better baseline status, so it is unclear whether this intervention is
beneficial versus the underlying characteristics of the cases[2].

Patients with metastatic NENs to the SB have a favorable prognosis, compared with other GI
malignancies. An OS of 103 mo for cases with well-differentiated tumors was reported in some series
between 2000 and 2012[6].

The first-line treatment of NENs consistes of SSAs, which is also the case in functional and non-
functional metastatic NENs of the SB, to control CS symptoms and due to their antiproliferative effects
[37,38]. The treatment consists of injections of octreotide LAR or lanreotide, which are long-acting SSAs,
every four weeks. Short-acting octreotide injections are given in cases to improve symptomatic control
or as a rescue therapy[l]. Octeotride LAR plus interferon alpha have shown beneficial effects by
inhibiting hormone secretion and proliferation in NENSs in the past decades[39].

Everolimus has been studied in advanced stages of NENSs. It is a rapamycin inhibitor, used to treat CS
(RADIANT-2 trial) and advanced non-functional NENs (RADIANT-4 trial). In the RADIANT-2 trial,
better OS was observed after treatment with everolimus and octreotide LAR versus treatment with
octreotide LAR only; however, the difference was not statistically significant[33]. Results from the
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RADIANT-4 trial did show a statistically significant improvement in median progression-free survival
when everolimus monotherapy was compared with a placebo (11.0 vs 3.9 mo). Based on these findings,
everolimus is only approved for use in progressive non-functional NENSs, but is often used in patients
with progressive disease regardless of tumor functionality[1,38].

Since 1992, peptide receptor radionuclide therapy (PRRT) has been used for the treatment of NENs.
In PRRT, radionuclides such as Yttrium-90 (90Y) and Lutetium-177 (177Lu) are directly delivered to the
tumor by radiolabeled SSAS. In the 229 patient NETTER-1 trial, all patients had well-differentiated,
metastatic NENs. It was found that the PRRT treatment group had a significantly better median OS and
a better response rate compared with the placebo group (18% vs 3%)[1,40].

Cytotoxic chemotherapy is also used in the treatment of PNENSs, and has been shown to have an
inferior role in well-differentiated SB NENs[1]. Due to easy oral administration, and their low adverse
effect profile, capecitabine and temozolomide remain good practice second- or third-line choices in
patients with progressive SB NENs[1].

Small intestine NECs are extremely rare. Regardless of the primary site, cisplatin or carboplatin and
etoposide are used as first-line treatment, and due to the poor prognosis of NEC, they are generally not
recommended for surgical intervention and treatment[41,42]. NECs with an Ki-67 index between 20%
and 55% have shown low response rates to platinum-based chemotherapy, and there is no standard
treatment regimen for these patients[1].

Patients with metastatic NENs of the SB are not excluded from surgery. Several studies have shown
an improvement in OS together with control of symptoms following resection of metastatic lymph
nodes and liver metastasis. However, these procedures are seldom curative and the recurrence rates at 5
and 10 years are 95% and 99%, respectively[1].

Finally, at the time of surgery for metastatic NENs of the SB, a cholecystectomy should be included
due to the high presence of gallstones in patients receiving SSAs[1]. In addition, minimally invasive
resection techniques should be performed in younger patients less prone to obstruction, without
metastasis, or with small tumors. However, these techniques have limitations that will require
surveillance[17].

CONCLUSIONS

Neuroendocrine tumors are neoplasms that can be found in any part of the body. This review is focused
on those with a location or origin in the digestive tract at the level of the small intestine due to its
variable form of presentation and difficult diagnosis, as well as the treatment approach, emphasizing a
multidisciplinary effort. We observed that reports of current series place them in several cases as one of
the most frequent tumors in the small intestine. As their incidence is increasing, the importance of
understanding their behavior and how to approach them correctly increases. The presence of small
bowel NENSs results in variable gastrointestinal symptoms, which are frequently a cause of the delay
from symptom onset to diagnosis. In addition, a suspected SB NEN must be confirmed by biochemical
tests, anatomical and functional images and an anatomopathological study of tissue, the latter pre-
ferably carried out by a pathologist experienced in NENSs. Each of these will facilitate clinical decision-
making. Finally, treatment depends on the extent of the disease; patients with localized disease are
considered for surgery and NENs in metastatic stage will be prescribed SSAs, interferon alpha,
everolimus or PRRT together with consideration for resection of the primary tumor and cytoreductive
surgery. It is necessary to know and understand the behavior, forms of presentation and therapeutic
options for NENs of the small intestine in order to improve current patient management.
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