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Abstract
Neuroendocrine tumors of the small bowel are on the 
rise. In the US they have increased by 300%-500% in 
the last 35 years. At the same time their prognosis is 
much improved. Today, most neuroendocrine tumors 
(NETs) of the duodenum are detected “incidentally” 
and therefore recognized at an early stage. Duodenal 
NETs which are well differentiated, not larger than 
10 mm and limited to the mucosa/submucosa can 
be endoscopically resected. The management of duo
denal NETs ranging between 10 and 20 mm needs 
an interdisciplinary discussion. Endoscopic ultrasound 
is the method of choice to determine tumor size and 
depth of infiltration. Surgery is recommended for well-

differentiated duodenal NET tumors greater than 20 
mm, for localized sporadic gastrinomas (of any size) 
and for localized poorly differentiated NE cancers. Sur
gery is recommended for any ileal NET. Advanced ileal 
NETs with a carcinoid syndrome are treated with long-
acting somatostatin analogs. This treatment significantly 
improves (progression-free) survival in patients with 
metastatic NETs of the ileum. For optimal NET ma
nagement, tumor biology, type, localization and stage of 
the neoplasm, as well as the patient’s individual circum
stances have to be taken into account. 
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INTRODUCTION
Gastrointestinal neuroendocrine tumors (NETs) are being 
diagnosed more and more frequently. The latest figures 
from the US’s Surveillance Epidemiology and End Results 
(SEER) Register show that in the past 35 years, the num-
ber of  neuroendocrine tumors/carcinomas of  the small 
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intestine has increased 300%-500%[1,2] (Figure 1). Similar 
trends have been observed in Sweden[3] and Norway[4]. 
The cause of  this striking increase is unknown[5]; it is of-
ten attributed to the fact that high-resolution imaging and 
endoscopy are being used more commonly in everyday 
clinical practice and immunohistochemistry more often 
in pathology. Other risk factors for small intestinal carci-
noids include alcohol and smoking in one study[6], but not 
in another[5], female gender[5] and a positive family history 
of  cancer[5]. Small intestinal carcinoids also occur with 
increased frequency in a few inherited syndromes[7-9]. Spe-
cifically with the autosomal dominant disorder, Multiple 
Endocrine Neoplasia type 1 (MEN1), there is an increased 
occurrence of  duodenal gastrinomas and with von Reck-
linghausen’s disease (VRD) (neurofibromatosis 1) (NF-1) 
an increased occurrence of  duodenal somatostatinomas, 
characteristically in the periampullary region[7-9]. Further-
more, in a few studies, evidence has been provided that 
rarely a familial form of  gastrointestinal carcinoid disease 
may exist, including those of  the small intestine[10,11].

Fortunately today, NETs of  the small intestine, par-
ticularly those located in the duodenum, are increasingly 
detected in early, easily treatable stages (with a tumor di-
ameter of  ≤ 10 mm)[7,9,12]. These small tumors are mostly 
non-functional (hormone inactive) and usually do not 
cause any discomfort. Duodenal NETs are often diag-
nosed during a gastroduodenoscopy that is being carried 
out for other reasons[7,9,12]. If  duodenal NETs present with 
a hormonal hypersecretion syndrome (Zollinger-Ellison 
or carcinoid syndrome), the situation is different. These 
functionally presenting duodenal NETs have generally 
metastasized at the time of  diagnosis[9,13,14]. Currently, 
about 22% of  all NETs of  the small bowel arise from the 
duodenum[15] while the ileum remains the most frequent 
site of  NETs in the small intestine (> 70%). 

On the whole, increased earlier detection of  NETs of  
the small intestine has led to improved prognosis[15,16]. The 
five year survival rate of  patients with NETs of  the small 
intestine in the SEER Register has gone up from 51.9% 
in the 1970s and 1980s to 60.5% in the 1990s[17]. In a cur-
rent analysis of  the years 1999-2004, Strosberg et al[18] have 
observed a five year survival rate of  75%. The proportion 
of  advanced disease (at the time the diagnosis) has fallen 
from 31.3% in the 1970s and 1980s to 22.4% in the 1990s 
and finally to < 18.9% between 2002-2004[17,19]. 

The management of  advanced NETs of  the small 
bowel has received much attention; however the clinical 
management of  NETs of  the small bowel detected early 
in their course has received little attention even though 
it is becoming clinically more important. Treatment is 
based on a reliable classification of  the small intestinal 
NET[9,12,20-26]. In many countries, well-differentiated, intes
tinal neuroendocrine tumors/carcinomas are classified 
as carcinoids of  the small bowel (“duodenal carcinoids”, 
“jejunal carcinoids”, “ileal carcinoids”, “midgut carcinoid
s”)[2,17,27-29]. The terminology often serves to subcategorize 
the small intestinal tumors into NETs of  the foregut 
(duodenal) and NETs of  the midgut (ileal).

CLINICAL PRESENTATION AND 
DIAGNOSIS
Most duodenal NETs are asymptomatic and are detected 
during upper gastrointestinal (UGI) endoscopy study for 
symptoms unrelated to the carcinoid tumor[7,9,12,16,29,30]. The 
most common symptoms that lead to the detection of  
the duodenal carcinoid and the UGI endoscopy are vague 
abdominal pain (37%), UGI bleeding (21%), anemia 
(21%) and jaundice (18%)[7]. In contrast to other duodenal 
NETs, duodenal NETs located either in the periampullary 
region or at the ampulla of  Vater more frequently cause 
symptoms, with up to 60% developing jaundice in some 
studies[7]. Duodenal NETs are usually hormonal silent 
tumors (60%-98% of  patients in different series)[7]. How-
ever, a review of  seven series demonstrates 10% ± 3% 
of  duodenal NET patients develop the Zollinger-Ellison 
syndrome (ZES), 4% ± 2% Cushing’s syndrome and rare 
cases develop acromegaly due to a growth hormone fac-
tor releasing NET (GRFoma) and rare patients have a 
functional duodenal NET that is an insulinoma or a gluca-
gonoma[7]. Patients with Zollinger-Ellison syndrome pres-
ent with heartburn, gastroduodenal ulcer disease and/or 
chronic diarrhea[9,31].

In contrast, most ileal NETs present with symptoms 
either due to the ileal carcinoid itself  or secondary to the 
development of  carcinoid syndrome[13,14,32]. These symp-
toms include chronic diarrhea, flushing attacks, abdominal 
discomfort or pain, ischemia, gastrointestinal bleeding, 
(sub) ileus and weight loss[13,14,32].

With NETs of  the small bowel, 6%-30% of  patients 
develop carcinoid syndrome, characterized by the pres-
ence of  diarrhea, flushing attacks, carcinoid heart disease, 
bronchial constriction and abdominal pain/cramps[13,19,32]. 
A life-threatening exacerbation of  carcinoid syndrome can 
occur and is called a carcinoid crisis. A carcinoid crisis can 
be triggered by anesthesia, certain drugs or by surgery. Its 
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Figure 1  Epidemiological rise in the frequency of neuroendocrine neo­
plasms of the small bowel, rectum, stomach or pancreas in the United State. 
Modified from Modlin et al[1]. 
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clinical pattern includes prolonged flush attack, hypo- or 
hypertension, heart arrhythmias, severe pulmonary spasm 
and diarrhea[13,32]. 

Serum gastrin and serum chromogranin A levels shou
ld be determined in patients with duodenal NETs. If  
hypergastrinemia and a hyperacidic stomach (basal gastric 
pH ≤ 2 or gastric acid output ≥ 10 mmol/h) are found, 
a secretin stimulation test should be carried out to estab-
lish ZES[9,14,30]. Before performing the secretin stimulation 
test, proton pump inhibitors should be stopped for 5-8 d; 
if  needed, an H2 blocker can be given temporarily. An in-
crease of  gastrin levels of  ≥ 120 pg/mL or higher is con
sidered a positive test result with a recent study showing it 
has a sensitivity of  94% and specificity of  100%[33]. In ileal 
NETs, 5-HIAA (in 24 h urine) and serum chromogranin 
A should be measured. In 4% of  patients carcinoid syn-
drome may be present with duodenal carcinoids[7]. 

The algorithm of  diagnostic imaging starts with 
endoscopy (duodenoscopy, ileo-colonoscopy) and a tissue 
sample for histological diagnosis[7,13,34,35]. In the case of  
duodenal NETs, endoscopic ultrasound (endosonography) 
should follow. Endosonography allows the size and depth 
of  infiltration of  duodenal NET to be determined and 
also assesses the loco-regional lymph nodes[36]. Endo
sonography (EUS) also accurately determines the lesion’
s layer of  origin and internal echo pattern (low or high) 
which also adds to the differential diagnosis. Interestingly 
to note, NETs of  the terminal ileum can be evaluated by 
EUS using high frequency miniprobes passed through the 
biopsy channel of  the colonoscope.

Double balloon enteroscopy and capsule endosco
py[13,34,37,38] are two new techniques of  jejunum and ileum 
endoscopy (Figure 2). Their use in patients whose in
testinal NET disease has already been established by 
clinical, radiological or biochemical means is not generally 
required. However, recent studies show that both capsule 
endoscopy and balloon enteroscopy localize small intes
tinal NETs not yet detected by other modalities[37,38]. Be
sides CT scanning, CT enteroclysis or MRI enteroclysis 
are the most widely used radiological imaging techniques 
specifically used to localize NETs of  the small bowel[39]. 

CT scanning of  the abdomen and thorax as well as 
somatostatin receptor scintigraphy are the major imaging 
modalities used to establish tumor staging and localiza-
tion initially[13,14,40,41]. 68-Gallium-DOTATOC-PET/CT 
is a new, very sensitive method for visualizing (metastatic) 
intestinal NETs[42-44]; however, this costly technique is not 
available everywhere. Due to frequent carcinoid heart 
disease (in up to 30%-60% of  patients with carcinoid 
syndrome), every patient with carcinoid syndrome or with 
elevated urinary 5-HIAA levels should be echocardio-
graphed[13].

PATHOLOGY, CLASSIFICATION AND 
PROGNOSIS 
NETs of  the small bowel are, like the NETs at other sites, 
categorized according to the WHO classification into well-

differentiated NET, well-differentiated neuroendocrine 
carcinoma (defined by the presence of  metastases or the 
infiltration into the muscularis propria or angioinvasion) 
and poorly differentiated neuroendocrine carcinoma 
(NEC)[23,25,26]. The well-differentiated NETs and well-diffe
rentiated neuroendocrine carcinomas (NECs) stain for 
synaptophysin and usually also for chromogranin A while 
the poorly differentiated NECs, subtyped into small cell 
and large cell neoplasms, stain for synaptophysin but only 
infrequently and sparsely for chromogranin A. The term 
“carcinoid” is used both for well-differentiated NET and 
well-differentiated NEC. 

In recent years, a TNM classification based on tumor 
size, depth of  invasion and presence of  lymph node meta
stases and/or distant metastases has been proposed and 
has been combined with a three tiered grading system (see 
Table 1)[13,23,25,26]. Both G1 and G2 NETs are considered 
well-differentiated NETs whereas G3 characterizes the 
poorly differentiated NEC. Well-differentiated NETs and 
NECs are far more common than poorly differentiated 
NECs.

NETs and NECs of  the small bowel usually occur in 
the duodenum or the ileum. The jejunum and the diver
ticle of  Meckel are rare locations. 

Nonfunctional NETs of the duodenum
In the duodenum most NETs are nonfunctional (i.e. tu-
mors without any clinical hormonal syndrome), sporadic 
(not inherited) and well-differentiated slow-growing tu-
mors[24]. Among these NETs, those producing gastrin are 
most common (62%) followed by somatostatin producing 
tumors (18%-21%), gangliocytic paragangliomas (9%) and 
tumors that may produce various hormones such as sero-
tonin or calcitonin (5.6%). Poorly differentiated neuroen-
docrine carcinomas (NECs) are very rare (1.8%)[45].

Gastrin-producing NETs are usually located in the 
proximal duodenum, are smaller than 20 mm and are 
limited to the mucosa-submucosa. In these NETs, lymph 
node metastases are found in 11%-50%[7,28]; distant metas-
tases are observed in less than 6%-10% of  cases[12,19,27,28,46]. 

Somatostatin-producing NETs occur predominantly 
in the ampullary and periampullary region. If  they involve 
the muscularis propria, have a size greater than 2 cm and 
an increased proliferation rate, the metastatic risk is greater 
than 50%[46,47]. However, even tumors with a diameter be-
tween 1 and 2 cm and smaller may show metastases in the 
paraduodenal lymph nodes[46,47]. Liver metastases are rare. 
In case of  recurrence, the liver is the most common site 
of  metastasis. Approximately 20%-30% of  somatostatin 
producing tumors are associated with neurofibromatosis 
type 1. In none of  the cases of  somatostatin-cell tumors 
reported so far did the patients develop ‘somatostatinoma’ 
syndrome (diabetes mellitus, diarrhea, steatorrhoea, hypo- 
or achlorhydria, anemia and gallstones) that has been de-
scribed in association with some pancreatic somatostatin-
cell tumors[46]. 

Gangliocytic paragangliomas are characterized by their 
triphasic cellular differentiation consisting of  neuroen-
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Figure 2  Endoscopic images of well-differentiated (G1), small intestinal neuroendocrine tumors. A: 8 mm measuring neuroendocrine tumor (NET) in the duodenal 
bulb (A1). Endoscopic ultrasound shows the infiltration of mucosa and submucosa (A2). The duodenal NET exhibits a low echogenic pattern on endosonography (EUS); 
B: Duodenal NET of 21 mm size (B1), the muscularis propria is not infiltrated endosonographically (B2). The tumor shows a low echogenic pattern on EUS. The tumor 
(B3) shows a good arterial perfusion (by Doppler sonography); C: 10 mm-sized duodenal NET (C1). The chromoendoscopy (with indigo carmine) (C2) and the zoom 
endoscopy (C3) show an intact villous pattern and a crater-like retraction of the mucosa at the center of the tumor (modified from reference [77]); D: Sporadic gastrinoma 
of the duodenal bulb; E: Sporadic gastrinoma of the second part of the duodenum; F: Multiple duodenal gastrinomas in a patient with multiple endocrine neoplasia 
type 1 disease; G: 12 mm-sized NET of the distal ileum. Both tumor localisation and histological diagnosis were established using double balloon enteroscopy[34]. Ileal 
NETs present multifocally in 26%-30% of patients; H-I: 14 mm-sized NET of the terminal ileum. The primary tumor was located 8 cm proximal to the ileocecal valve. 
Ileocolonoscopy allowed not only tumor localization, but also histological verification of ileal NET disease (modified from reference [77]). 
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docrine cells (producing somatostatin and/or pancreatic 
polypeptide), spindle-shaped Schwann-like cells and gan-
glion cells. They usually occur in the periampullary region 
and follow a benign course. However, occasional, large 
tumors (size > 2cm) may spread to local lymph nodes, 
mainly attributable to the endocrine component of  the le-
sion[46].

Poorly differentiated NECs occur primarily in or close 
to the ampullary region. They usually present in advanced 
stages, i.e. with lymph node, liver and other remote me
tastases[48]. The mean survival time in patients with metas
tases is 14.5 months[48,49]. 

Functional NETs of the duodenum
Approximately 50% of  sporadic (non-inherited) gastrin 
producing tumors are functioning and associated with 
the Zollinger-Ellison syndrome (ZES). These clinically 
functional NETs are called gastrinomas. They are well 
differentiated slowly growing NETs which are mostly 
(60% to 75%) located in the duodenum and only rarely 
in the pancreas[24]. Twenty to 30% of  patients with ZES 
have MEN1 and in this condition most, if  not all patients, 
have their gastrinomas in the duodenum[50-52]. An impor 
tant difference between sporadic and MEN1-associated 
gastrinomas is that the latter are invariably multiple. Me 
tastases in regional lymph nodes have been reported in 
50%-90% of  duodenal gastrinomas. These lymph node 
metastases may be much larger than the primary which 
may be less than 1 mm in size and may erroneously 
be considered pancreatic tumors, especially if  they are 
located at the upper margin of  the head of  the pancreas 
or as primary lymph node gastrinomas[53]. Local lymph 
node metastases seem to have little influence on survival 
of  patients with ZES. The 10 year survival rate of  
patients with duodenal gastrinomas (59%) is significantly 
better than for patients with pancreatic gastrinomas (9%), 
probably because metastases to the liver are more frequent 
in pancreatic than in duodenal gastrinomas[54]. Serotonin-
producing NETs are unusual in the duodenum. It follows 
that duodenal NETs only exceptionally give rise to the 
classical carcinoid syndrome, associated with liver metas
tases of  the tumor[55].

Ileal NETs
These NETs usually present in the distal ileum. They oc-
cur sporadically and are associated neither with MEN1 

nor with neurofibromatosis type 1 (although familial 
cases may occur). In 26%-30% they are multiple and in 
15%-29% they are associated with other non-carcinoid 
malignancies[13]. Ileal NETs are well differentiated seroton-
in producing tumors that usually have a low proliferation 
rate (Ki-67 ≤ 2%; G1). Depending on size, the rate of  
locoregional lymph node metastases at the time of  diag-
nosis varies from 30% (size 1 cm) to 100% (size > 2 cm); 
however, lymph node metastases may be observed in ileal 
NETs as small as 5 mm. Peritoneal seeding and/or distant 
metastases occur in 19%-64% of  patients. Literature from 
the 1980s and 1990s indicated a five year survival rate of  
65%-75% for limited tumor disease, a survival rate of  
50% in cases with peritoneal carcinosis and 5 year survival 
of  18%-32% when liver metastases had occurred[13,29]. 
Only 23% of  the patients that were operated for ileal 
NET disease were tumor-free 25 years after surgery. 

Carcinoid syndrome (seen with functional ileal NETs, 
very rarely with duodenal NETs)
The carcinoid syndrome with chronic diarrhea, flush 
attacks, carcinoid heart disease, bronchial constriction 
and abdominal pain/complaints is nowadays observed 
in 6%-30% of  patients with ileal NETs and is associated 
with hepatic metastases in > 95% of  cases with ileal 
NETs[13,19]. It occurs when the NET’s secreted products 
(serotonin, tachykinins, prostaglandins) reach the systemic 
circulation and are not inactivated by the liver[13,32,56]. Ab
dominal pain due to the desmoplastic reaction that can 
occur from the ileal NET and metastases in the proximal 
lymph nodes is also a common feature of  carcinoid syn
drome[13,32,56]. Because carcinoid syndrome is almost inva
riably a feature of  advanced small intestinal NETs, it is 
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Table 1  Grading proposal for neuroendocrine tumors of the 
small bowels[12,25,26]

Grade Mitotic count (10 HPF)1 Ki-67 index (%)2

G1 < 2   ≤ 2
G2 2-20   3-20
G3 > 20   > 20

110 HPF: high power field = 2 mm2, at least 40 fields (at 40 × magnification) 
evaluated in areas of highest mitotic density; 2MIB1 antibody, % of 2000 
tumor cells in areas of highest nuclear labeling.

Table 2  Therapy of duodenal neuroendocrine tumors 

Size No risk factors Risk factors1

< 1 cm 1-2 cm

Sporadic NET (no 
gastrinoma, no 
MEN1 )

EMR Surgery 
(in case of surgical 
risk: EMR followed 

by surveillance) 

Surgery 

Sporadic
gastrinoma 

Surgery2 Surgery2 Surgery2

Gastrinoma and 
MEN1

PPI therapy 
and 

surveillance 
(or surgery)

Surgery 
(particularly if 

the gastrinoma is 
growing) or PPI 

therapy combined 
with surveillance 

Surgery (or PPI 
therapy combined 
with surveillance 
in G1 gastrinomas 

and/or surgical 
risk)

- -

1Risk factors for metastatic disease are angioinvasion or G2-G3 histological 
grading or infiltration of the muscularis propria or size > 2 cm or metastatic 
spread to lymph nodes; 2Surgery is the therapy of choice for sporadic 
gastrinoma (without distant metastases). In (very) elderly patients con
servative management may, however, be preferred to surgery. NET: 
neuroendocrine tumor; EMR: endoscopic mucosal resection; PPI: proton 
pump inhibitor; MEN1: multiple endocrine neoplasia type1; G1 and G2: 
well differentiated; G3: poorly differentiated (histological grading: Ki-67 
index of 0%-2%: G1; Ki-67 index of 3%-20%: G2; Ki-67 index of > 20%: G3). 
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rarely seen in early small intestinal NETs, the subject of  
this review. 

Poorly differentiated, neuroendocrine carcinomas 
comprise less than 5% of  all NET of  the small bowel and 
occur mainly in the ampulla region[20,57]. Primarily, men 
over 60 years are affected. Histologically, these are solid 
carcinomas that are reminiscent of  small or large cell bron
chial carcinomas and exhibit numerous mitoses as well 
as angioinvasion. The proliferation rate is over 20% (G3 
NET). These carcinomas are clinically aggressive[20,57]. 

THERAPY
Histological differentiation, tumor localization, type of  
tumor, tumor biology, tumor stage and individual circu
mstances must be taken into consideration when planning 
therapy[13,32,41]. 

Management of non-functional, well-differentiated duo-
denal NETs without risk factors for metastases 
Well-differentiated (G1), non-functional duodenal NETs 
that are limited to the mucosa/submucosa, up to 10 mm 
in size and grow non-angioinvasively can be endoscopi-
cally removed. These NETs carry a low risk for lymphatic 
or distant metastasis[7,27,28]. The recent increased use of  
endoscopic ultrasound to assess duodenal NET invasion 
and the presence of  possible lymph node metastases is 
particularly important in establishing the NET is in this 
category[7]. 

Since many of  the duodenal NETs infiltrate the sub-
mucosa, various therapeutic endoscopic approaches have 
been considered. Nowadays, endoscopic mucosal resec-
tion (EMR) is most widely performed[58]. The aim of  the 
endoscopic resection is to remove the tumor completely 
(R0-resection). Until now, no tumor recurrences have 
been observed after polypectomy/mucosectomy which af
fected the overall prognosis of  the patient. 

Therapy is controversial for NETs of  the duodenum 
that are non-functional, well-differentiated (G1), limited to 
the mucosa/submucosa, 10-20 mm in size, grow non-an-
gio-invasively and have not metastasized. Both endoscopic 
therapies and surgery are considered in this situation[7,27,28]. 
Controlled studies on the different approaches are lac-
king[12]. On the other hand, there is wide consensus that in 
operable patients, non-functional, duodenal NETs > 20 
mm as well as all sporadic gastrinomas are to be subjected 
to surgical therapy[13,77]. 

Management of non-functional duodenal NETs with risk 
factors for metastatic disease
Duodenal NETs which show good differentiation (G1, 
G2) histologically but which extend beyond the sub-
mucosa (T2-T4) or have spread to locoregional lymph 
nodes and/or show angioinvasion represent NETs with 
prognostically relevant risk factors; therefore they should 
be managed surgically[7,27,28]. However, many patients at 
the time of  the diagnosis are (very) elderly and suffer 
from significant comorbidity. For this reason, the deci-

sion about whether to go for surgery in well-differentiated 
NET disease in an elderly patient (with significant comor-
bidity) needs an interdisciplinary discussion and individual 
therapy is advised. 

Poorly differentiated neuroendocrine carcinomas are 
rare with < 30 cases reported[57]. These are highly inva
sive tumors (G3), regional lymph node and/or distant 
metastases are usually present at diagnosis and the majo
rity of  patients die from the tumor disease[57]. In the un
common patient where no distant metastases are present 
on careful imaging studies, surgical resection should be 
considered[57]. 

Management of duodenal gastrinomas
Sporadic gastrinoma: Sporadic duodenal gastrinomas 
(i.e. without MEN1) metastasize in 40%-70% of  cases 
and even gastrinomas less than 10 mm can already exhi
bit paraduodenal and peripancreatic lymph node metas
tasis[9,59,60]. With this in mind, surgical tumor resection 
depending on tumor size plus lymphadenectomy is the 
therapy of  choice with sporadic duodenal gastrino
ma[9,59-61]. ZES can be treated long-term and effectively 
with proton pump inhibitors should the patient decide 
against an operation in the high surgical risk-patient and 
(optionally) in advanced disease[7,9,61]. Because the doub
ling time of  well-differentiated gastrinoma cells is > 180 
d, patients older than 65 years nowadays often die of  
another disease rather than of  well-differentiated duo
denal gastrinoma even if  they have not been operated on. 

MEN1 gastrinoma: Around 25% of  duodenal gastrino
mas are due to MEN1 disease[7-9,62]. Because the duodenal 
NETs are almost invariably multiple, frequently small, 
and 40%-70% have metastasized at diagnosis, without 
aggressive surgery which is not recommended, MEN1 
patients can generally not be cured by surgery[8,9,63]. There
fore, the ZES in MEN1 has to be treated long-term and 
effectively with a proton pump inhibitor[64]. Furthermore, 
the presence of  hyperparathyroidism in these patients 
can make medical control of  the gastric hypersecretion 
more difficult with more frequent and higher PPI doses 
needed[64,65]. It is therefore recommended that the hyper
parathyroidism be treated appropriately (surgical resection 
of  at least 3.5 glands) and the patient followed carefully 
because it can relapse[64,65]. With this in mind, MEN1/
ZES patients should be treated in specialized clinics; the 
surgical option should be considered only in specialized 
centers and only after an interdisciplinary discussion of  
the individual patient. 

Management of NETs of the ampulla of vater
The 20% of  periampullary/ampullary NETs frequently 
require different treatment because they may have a dif-
ferent clinical course and biological activity than other 
duodenal NETs[7,47]. Large NETs of  the ampulla of  Vater 
(papilla of  Vater) frequently cause jaundice; however, ear-
ly, small ampullary NETs are increasingly being diagnosed 
incidentally in asymptomatic patients. Unfortunately, there 
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are no controlled studies on the optimal management 
of  early ampullary NETs. Both endoscopic papillectomy 
and surgical tumor resection can be curative approaches 
in early disease whereas in patients with ampullary carci-
noids > 2 cm a Whipple resection or pylorus preserving 
pancreatico-duodenectomy is considered the treatment 
of  choice[66]. Endoscopic therapy for early, small ampul-
lary NETs is characterized by low morbidity and minimal 
hospital lethality. The obvious limitation of  endoscopic 
endoluminal tumor resection is that possibly affected 
lymph nodes which are deemed “inconspicuous” in pre-
interventional imaging are not removed. The situation 
is the opposite for surgical procedures. Surgical lymph 
node dissection not only allows an optimal local staging 
but also removes possible lymph node metastases. The 
disadvantage of  surgical tumor resection plus lymph node 
dissection is higher morbidity and lethality. The optimal 
management of  isolated loco-regional lymph node me-
tastases of  well-differentiated (G1) NET disease has not 
been evaluated and is therefore not known.

Ideally, once an interdisciplinary discussion has taken 
place, elective interventions for ampullary NETs should 
be carried out in specialized surgical centers with docu
mented, very low hospital lethality for operations of  
ampullary and pancreatic carcinomas. If  endoscopic re-
section is preferred for an early, small, well differentiated 
(G1) ampullary NET, the patient should be referred to a 
specialized endoscopic center. Due to the favorable tumor 
biology of  well-differentiated NETs, patients whose well-
differentiated (G1) ampullary NET of  < 10-20 mm in di-
ameter was completely (R0) resected endoscopically have 
a good or excellent prognosis. If  lymph node metastases 
are detected during follow-up, (radical) surgery has to be 
considered then. 

In the preoperative work-up, underlying VRD (neuro-
fibromatosis type 1) or MEN1 disease should be sought 
for[7,8,46]. Some patients with well-differentiated ampullary 
NETs are (very) elderly and suffer from significant co-
morbidities. In such a high-risk situation, a conservative 
or endoscopic approach is preferred in well-differentiated 
NET disease. 

The therapeutic approach for localized, poorly dif
ferentiated (G3) ampullary NETs involves aggressive 
surgical resection if  possible and/or systemic chemothe
rapy (e.g. with cisplatin and etoposide)[57].  

Management of ileal NETs 
Surgery is the therapy of  choice for early NETs of  the 
jejunum or ileum[13]. Often lymphatic, peritoneal or hepa 
tic spreading has already taken place at the time of  diagno 
sis[13]. Diffuse peritoneal or systemic spreading charac
terizes the palliative situation. Due to the favorable tumor  
biology of  well-differentiated (G1) NETs of  the ileum, an  
elective, palliative operation performed in a specialized cen
ter should be discussed as part of  a multimodal approach. 
Please refer to recent review papers for multimodal thera
py of  neuroendocrine liver metastases[18,67-72].

Palliative medical therapy
6%-30% of  patients with small intestinal NETs develop 

carcinoid syndrome[13,19]. Stable, long-acting somatostatin 
analogs (octreotide-LAR, lanreotide autogel) are the initial 
agents of  choice to control the symptoms of  carcinoid 
syndrome[14]. They are effective in 60%-90% of  patients[14], 
however with time they may become ineffective and treat
ment with interferon-2α may be considered[14]. Treatment 
with somatostatin analogues or interferon primarily causes 
a cytostatic tumor response and rarely a decrease in tumor 
size[13,14].

Palliative cytoreductive chemotherapy has no proven 
survival benefit in advanced, well-differentiated NET dis-
ease of  the small bowel[13,14]. In contrast, palliative medi-
cal therapy with octreotide-LAR significantly prolongs 
progression-free survival in patients with low small intes-
tinal tumor burden in their liver, as recently shown by the 
interim analysis of  a prospective phase III study (PROMID 
study)[72]. These prospectively collected data confirm earli-
er retrospective reports. Thus, Strosberg et al[18] observed a 
five-year survival rate of  75% in patients that were treated 
multimodally for hepatic metastatic midgut NETs in ad-
dition to a long-term octreotide-LAR therapy. Medical 
therapy appears to be particularly effective if  liver-directed 
locoregional treatment modalities (liver resection, chemo-
embolisation, radiofrequency thermal ablation, selective 
internal radiotherapy) are applied too. 

Interferon-2 is considered, at least in Scandinavia, 
for second line therapy, particularly in functional NET 
disease. Objective radiological responses are observed in 
< 15%-20% of  the patients treated with interferon-2[13]. 
Innovative, targeted therapies are being tested in ongoing 
clinical trials[73-75]. 

Peptide receptor radionuclide therapy (PRRT) will not 
be discussed here because it is rarely used in early small 
bowel NET disease. For more information on PRRT 
please refer to current reviews[68]. The controlled prospec-
tive comparison of  peptide receptor radionuclide therapy 
with medical therapy is the topic of  a recently initiated 
phase Ⅲ study. Peptide receptor radionuclide therapy, 
however, is only suitable for the prognostically favorable 
subgroups of  patients with well-differentiated NETs show
ing a (high) expression of  somatostatin receptors and is 
not recommended in early disease[68].

Poorly differentiated neuroendocrine carcinomas of  
the small bowel are both biologically and morphologi-
cally on par with the small and large cell neuroendocrine 
carcinomas of  the lungs[57]. Therefore, patients are usually 
advised to go for a cytoreductive chemotherapy that cor-
responds to the medical treatment of  small cell carcinoma 
of  the lungs[20,57]. Although controlled studies are lacking, 
the outlined cytoreductive chemotherapy is the standard 
treatment for advanced neuroendocrine carcinomas of  
the small intestine. The objective response rate is 50% and 
higher for neuroendocrine carcinomas. In the rare situ-
ation that the poorly differentiated neuroendocrine car-
cinoma presents as limited disease, the tumor is resected 
surgically. 

Early diagnosis and improved prognosis 
In contrast to the situation in Japan[76], there is no screen-
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ing esophagogastroduodenoscopy in Western countries. 
Nevertheless, NETs of  the duodenum and the ampulla 
of  Vater are increasingly being diagnosed in earlier tumor 
stages. This early detection has significantly changed the 
localization, distribution and the stages of  the small in-
testinal NETs: in the 1970s the proportion of  duodenal 
NETs was 3.6%; now they comprise 22% of  all small 
intestinal NETs in the SEER registry[15,17,29]. In the 1970s 
and 1980s still 31.3% of  the small intestinal NETs (in the 
SEER registry) were diagnosed in the advanced stage. 
This proportion decreased to 22.4% in the 1990s[17]. Today 
in Japan, distant metastases are found in fewer than 18.9% 
of  newly diagnosed patients[19]. Advanced disease at di-
agnosis is particularly rare in duodenal NETs, making up 
less than 6%-10% of  patients[9,12,15,17,19,27-29]. It is probable 
with the increased use of  sensitive methods of  examining 
the small bowel (capsule endoscopy, balloon enteroscopy) 
and increased use of  very sensitive NET imaging meth-
ods (such as 68-Gallium-DOTATOC-PET/CT) that in 
the future there will also be increased earlier detection of  
jejunal and ileal carcinoids. 

At the same time, the 5 year survival rate of  patients 
with small intestinal NETs (of  the SEER registry) has 
risen from 51.9% in the 1970s and 1980s to 60.5% in the 
1990s[17]. According to a recent report from Strosberg 
et al[18], 5 year survival increased in the US to about 75% 
between 1999 and 2004. 

Similar observations have been reported from Swe
den's national cancer registry. In Sweden the 5 year 
survival rate of  small intestinal NETs stepped up from 
49%-50% in the 1960s and 1970s to 55% in the 1980s 
and finally to 65% in the 1990s[16] . 

PROSPECTS 
NETs of  the small bowel will be diagnosed much more 
frequently in the future. The rapid technological advance-
ments in describing molecular tumor profiles will identify 
molecular biomarkers which correctly predict NET biol-
ogy in the near future. Reliable predictive biomarkers 
will be of  major clinical significance, particularly in the 
management of  “incidental” early NETs of  the duode-
num and the ampulla of  Vater. Patients with NET disease 
should be monitored for secondary cancers (colon, stom-
ach, prostate in men, breast in women) which develop in 
15%-25%.
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