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ed in different studies classified as: duodenal carcinoid; 
 duodenal gastroenteropancreatic (GEP) tumor; duodenal 
pancreatic neuroendocrine tumor (p-NET); duodenal 
gastrinoma; duodenal somatostatinoma; gangliocytic 
paraganglioma; ampullary carcinoid or somatostatino-
ma; argentaffin carcinoid-producing serotonin of the 
 duodenum; psammomatous somatostatinoma; duodenal 
NE carcinoma, poorly differentiated and small-cell NE 
carcinoma of the duodenum  [6] . The clinical and man-
agement aspect of duodenal gastrinomas are included in 
the ‘Endocrine Tumors of the Pancreas – Gastrinoma’ 
section and duodenal gastrinomas will only be con-
sidered in this section in comparison with the other
d-NENs.

 Introduction 

 Gastric neuroendocrine neoplasms (g-NENs)  [1]  are 
increasingly recognized due to expanding indications of 
upper gastrointestinal (UGI) endoscopy. Often silent and 
benign, g-NENs may, however, be aggressive when spo-
radic and may sometimes mimic the course of gastric ad-
enocarcinoma.

  Duodenal neuroendocrine tumors (d-NENs)  [2]  may 
or may not be associated with a functional clinical syn-
drome. The term d-NEN includes all duodenal tumors 
with neuroendocrine (NE) features as determined by his-
tological/immunohistochemical methods including pos-
itivity for NE cytosolic markers (neuron-specific enolase 
(NSE), PGP 9.5) or secretory vesicle proteins (chromo-
granin A (CgA), synaptophysin) and also frequently the 
presence of specific gastrointestinal (GI) hormones  [3–8] . 
The term d-NEN in this paper refers to tumors includ-
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  Epidemiology and Clinicopathological Features 

 Gastric Neuroendocrine Tumors 
 Gastric carcinoids (g-NENs) are reported, on the basis 

of a prospective study, to represent up to 23% of all diges-
tive NE neoplasms  [9] , with a yearly age-adjusted inci-
dence of around 0.2 per population of 100,000. g-NENs 
may be divided into three types: types 1 and 2 are ECLo-
mas, due to chronic hypergastrinemia, while type 3 NENs 
are rare and sporadic, as they are not a consequence of 
any gastric background pathology; they are mostly locat-
ed in the fundus/gastric corpus, but antral localization is 
possible. Type 1 gastric carcinoids arise in achlorhydria 
secondary to (autoimmune) atrophic fundic gastritis, 
while type 2 develop in response to hypergastrinemia 
resulting from neoplastic secretion from gastrinomas 
(Zollinger-Ellison syndrome (ZES)), mostly in patients 
presenting with multiple endocrine neoplasia type 1  [10–
24] .  Table  1  summarizes the main characteristics of g-
NENs.

  Type 1 tumors represent 75–80% of all g-NENs and, as 
they involve only patients with atrophic body gastritis 
(2.4% of patients with atrophy at time of first diagnosis) 
 [25] , occur mostly in women and are rarely responsible 
for symptoms  [26] . In fact, they usually are non-function-
ing tumors, typically found during UGI endoscopy per-
formed for dyspepsia or for macrocytic or iron deficiency 
anemia  [13, 18, 21, 23, 27] . This condition is associated to 
slow gastric emptying (explaining dyspepsia) and pro-
gressive reduction of acid output, thus impairing iron 
and vitamin B 12  absorption  [27] . They present frequently 
as polyps in the gastric fundus, but can be also detected 
only at biopsies (microcarcinoids, 22.2%). Lesions are 
multiple in about 65% of cases, with a median diameter 

of 5 mm  [28] . They are usually benign and well differen-
tiated (NET G1)  [29] , however, rare cases of metastatic 
spread and bad prognosis have been described in the lit-
erature  [30] . Type 2 tumors (ECLomas in the course of 
ZES) are almost exclusively seen in multiple endocrine 
neoplasia type 1 (MEN-1) patients  [12, 31–33] , occurring 
in 23–29% of such cases (as compared with 1–3% in spo-
radic gastrinomas)  [34, 35] . They appear as small (diam-
eter 1–2 cm) polyps and may involve the entire fundic 
mucosa. They are generally asymptomatic. Type 3 tu-
mors are usually solitary and mostly belong to WHO 
group 3 (NEC G3), with high Ki67, big diameter with in-
filtrative growth; they occur mostly in men over 50 years 
of age  [10–12, 26, 36, 37] . They may be discovered inci-
dentally, but are often responsible for pain, weight loss, 
and iron deficiency anemia. Atypical carcinoid syndrome 
due to histamine production is extremely rare.

  Minimal Consensus Statements on Epidemiology and 
Clinicopathological Features 

 The yearly age-adjusted incidence of gastric type 1 and 2 en-
docrine tumors is approximately 0.2 per population of 100,000; 
however, these tumors are probably underdiagnosed, and g-
NENs are reported to represent up to 23% of all digestive NE 
tumors. Type 1 tumors are the most common neuroendocrine 
tumors of the stomach (70–85%) and they are usually benign 
(NET G1). Type 2 tumors, however, are much rarer; however, up 
to 35% of cases are metastatic at presentation. Type 1 gastric car-
cinoids occur more frequently in women and 70–80% of tumors 
are classically diagnosed in the 5th and 7th decades, although 
with the more extensive use of endoscopy the age limit may be 
younger particularly in those patients with multiple autoim-
mune diseases. Type 1 have almost universally good prognosis 
with rare tumor-related death at follow-up. Among type 2 gas-
tric carcinoids, death due to metastatic g-NENs is exceptional. 

Table 1. Summary of the main characteristics of g-NENs

Type 1 Type 2 Type 3

Proportion among g-NENs, % 70–80 5–6 14–25
Tumor characteristics often small (<1–2 cm), multiple in

65% of cases, polypoid in 78% of cases
often small (<1–2 cm) and 
multiple, polypoid

unique, often large (>2 cm) 
polypoid and ulcerated

Associated conditions chronic atrophic gastritis gastrinoma/MEN1 none
Pathology often NET G1 NET G1-G2 NEC G3
Serum gastrin levels d d normal
Gastric pH dd ff normal
Metastases, % 2–5 10–30 50–100
Tumor-related deaths, % 0 <10 25–30
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Small gastric carcinoids are usually asymptomatic. Although 
 ! 1% of patients in literature are described to complain ‘atypical 
carcinoid syndrome’, clinical experience shows that type 1 are 
more frequently associated to dyspepsia and anemia, related to 
atrophic body gastritis.

  Duodenal Neuroendocrine Tumors 
 d-NENs comprise 1.8% of all NE tumors in the ERG 

Group (1950–1969), 2–3% of the Third NCS Survey 
(1969–1971), 1.9% of the early SEER Registry (1973–1991), 
3.8% of the Late SEER Registry (1992–1999), and 2.8% of 
the PAN-SEER Registry (1973–1999)  [5, 38, 39] . Primary 
duodenal neoplasms occur in 0.03–0.05% of all autopsies 
 [40] . d-NENs comprise 1–3% of all primary duodenal tu-
mors  [4] .

  In some studies, d-NENs were classified generally into 
five different tumor types  [3] . These included duodenal 
gastrinomas, somatostatinomas, non-functional d-NENs 
which were not associated with a clinical syndrome but 
often demonstrated hormones with immunohistochem-
istry including serotonin and calcitonin, duodenal gan-
gliocytic paragangliomas, and high-grade poorly differ-
entiated NECs  [3, 6] . Many studies also differentiated 
ampulla of Vater or periampullary NENs because numer-
ous studies demonstrated they differed from other d-
NENs clinically, histologically and in their growth be-
haviors  [41–46] . Ampullary NENs are frequently associ-
ated with von Recklinghausen’s disease and often show 
somatostatin immunoreactivity, but almost never pro-
duce the clinical features of the somatostatinoma syn-
drome  [6, 8, 41, 44, 47–51] .

  In older studies reporting on the five types of d-NENs, 
duodenal gastrinomas were the most frequent (mean 
48.3% of all d-NENs, range 27–58%, 9 series)  [6, 8, 41, 42, 
52–58] , followed by somatostatinomas (mean 43  8  6%, 
range 23–75%, 9 series), non-functional serotonin-con-
taining tumors (mean 27.6  8  7.2%, 6 series), non-func-
tional calcitonin-containing NETs (mean 9  8  2.5%, 4 se-
ries)  [6] , and finally rare gangliocytic paragangliomas or 
NE carcinomas.

  More than 90% of all d-NENs arise in the first and 
second part of the duodenum  [6, 52, 53, 55, 57] . This has 
been well studied for duodenal gastrinomas  [7, 8, 41, 52, 
53, 55, 56, 58, 59]  where 58% arise in D1, 33% arise in D2, 
5% in D3 and 4% in D4  [60–64] . Approximately 20% 
(mean 18  8  5%, 6 series) of d-NENs occur in the periam-
pullary region  [6] .

  d-NENs are generally small with a mean size of 1.2–1.5 
cm in 7 series  [6]  and  1 75% are  ! 2 cm in diameter  [6, 7, 
41, 42, 55, 56, 59] . d-NENs are usually limited to the sub-

mucosa or mucosa; however, they are associated with re-
gional lymph node metastases in 40–60% of cases  [3, 6, 
61, 65–67] . Liver metastases generally occur in  ! 10% of 
all patients with d-NENs (mean 9  8  6%, 5 series)  [6] .

  d-NENs are generally single lesions with multiple tu-
mors detected in only 9  8  3% (5 series)  [6, 42, 52, 55–57] . 
Multiple tumors should lead to a suspicion of MEN-1. 
MEN-1 occurs in 6  8  2.5% of all patients with d-NENs 
(mean, 8 series)  [6, 8, 41, 52–54, 56–58] . However, MEN-1 
occurs in 20–30% of all patients with d-NENs with ZES 
 [65, 67–69] .

  Duodenal gangliocytic paragangliomas generally oc-
cur in the periampullary region  [3, 43, 57, 71, 72] . These 
tumors may be large and invade the muscularis propria, 
but generally pursue a benign course  [6, 42, 46, 73] .

  A WHO classification has recently been proposed for 
duodenal/jejunal NETs that will allow a better compari-
son to NETs in other locations  [3] . This classification is 
summarized in the specific section below with a few oth-
er important points covered in the general clinicopatho-
logical section above. 

 The mean age of presentation is in the 6th decade 
(range 15–91 years) and there is a slight male predomi-
nance (65  8  5%, 9 series)  [6] . Because 90% of d-NENs 
are not associated with a functional clinical syndrome, 
either symptoms due to the tumor itself or the discovery 
of the tumor by chance (usually at UGI endoscopy) lead 
to the diagnosis. The most common presenting symp-
toms are pain (37  8  8%, range 9–64%, 6 series), jaundice 
(18  8  4%, range 7–32%), nausea/vomiting (4  8  8%), 
bleeding (21  8  3%), anemia (21  8  3%, range 1–28), diar-
rhea (4%) and duodenal obstruction (1%)  [7, 41, 55, 56, 74, 
75] . Symptoms due to ZES are present in 10  8  3% of all 
patients with d-NENS followed by carcinoid syndrome 
in 4  8  2%, and rarely due to Cushing’s syndrome, acro-
megaly due to a GRF-secreting tumor, somatostatinoma 
syndrome, insulinoma, glucagonoma or due to the de-
velopment of polycythemia rubra vera  [6, 47, 49, 50, 75–
77] . An increasing percentage of d-NENs are being diag-
nosed in asymptomatic patients during an UGI endos-
copy (up to 33%). The most common non-specific 
symptom that led to the endoscopy was dyspepsia  [41] . 
Periampullary NETs more frequently present with jaun-
dice (50–60 vs. 7–15%) and also more frequently cause 
pain, nausea, diarrhea or vomiting  [41, 42, 44, 46] . Peri-
ampullary NETs are more frequently associated with von 
Recklinghausen’s disease (18%) and the presence of so-
matostatatin immunoreactivity (25–100%); however, a 
clinical somatostatinoma syndrome is very rare with 
these tumors  [6, 8, 41, 42, 44, 78] .
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cellent prognosis. Patients managed by endoscopic fol-
low-up and lesions resection have shown 100% survival, 
with lesions confined to submucosa and no metastases 
during observation. However, this is a recurring disease, 
showing a median recurrence-free survival of 24 months 
and with 3% of cases developing NEC  [10] . Type 2 g-
NENs have a metastatic rate of 10–30%, with a mortal-
ity  ! 10%; metastases involve more frequently the liver 
and abdominal lymph nodes. Type 3 g-NENs have a 
mortality of 25–30%, and a metastatic rate of 50–100%; 
extra-abdominal secondary lesions can be present  [11, 
19, 20] .

  Minimal Consensus Statements on Prognosis and 
Survival 

 Type 1 g-NENs represent a recurring disease; patients man-
aged by endoscopic follow-up and lesions resection (when found) 
have a recurrence-free survival of about 24 months, and 100% 
survival. Type 2 and 3 g-NEN lesions mostly metastasize, as all 
digestive NETs, to the liver and proximal lymph nodes; however, 
especially for type 3, extra-abdominal metastases are possible. 
For type 1, gastric carcinoids are generally confined to submu-
cosa; metastases and poorly differentiated tumors are rare, ac-
counting for the Italian experience of about 3%. However, if pa-
tients are managed by strict endoscopic follow-up, these aggres-
sive lesions can be detected early and radically treated by surgery.

  Duodenal Neuroendocrine Tumors 
 For all patients with well-differentiated d-NENs (car-

cinoid) the 5-year survival rate is 80–85%  [59, 74] , where-
as for patients with well-differentiated duodenal carcino-
mas or variant duodenal carcinoid it is significantly (p  !  
0.01) less at 72%  [59] .

  For patients with d-NENs associated with ZES the 
5-year survival is  1 90%  [61, 66, 67] . d-NENs characteris-
tically metastasize first to proximal lymph nodes and 
only infrequently ( ! 10%) to the liver or distant sites. The 
5-year survival with different tumor extent with d-NENs 
is thought to be similar to all GI foregut NETs which is 
80–95% for local disease, 65–75% with regional involve-
ment only, and 20–40% for the 5–10% of patients with 
liver or distant disease  [39, 58, 74] . Invasion of the d-NEN 
into the muscularis mucosa, increased primary tumor 
size, and increased mitotic activity correlate with the oc-
currence of metastatic disease or aggressive growth  [7, 41, 
42, 56] . Ampullary NETs are reported to share different 
growth patterns than do non-ampullary d-NENs. Two 
studies report  [41, 44]  that there was no relationship be-
tween these tumors and the development of metastases 
with primary tumor size.

  Minimal Consensus Statement on Epidemiology and 
Clinicopathological Features 

  General  
 d-NENs comprise 1.8% of all NE neoplasms in the ERG Group 

(1950–1969), 2–3% of the Third NCS Survey (1969–1971), 1.9% 
of the early SEER Registry (1973–1991), 3.8% of the Late SEER 
Registry (1992–1999), and 2.8% of the PAN-SEER Registry 
(1973–1999)  [5, 38, 39] . Primary duodenal neoplasms occur in 
0.03–0.05% of all autopsies  [40] . d-NENs comprise 1–3% of all 
primary duodenal tumors  [4] .

  Although  1 95% of d-NENs synthesize GI peptides/amines, 
90% are not associated with a functional syndrome. In the 10% 
that cause a functional syndrome the relative frequency is: ZES 
(10%)  1  carcinoid syndrome (4%)  1  other ( ! 1%). d-NENs occur 
in greatest frequency in the proximal duodenum and 40–60% 
have lymph node metastases. Twenty percent of d-NENs occur 
in the periampullary region and these differ from other d-NENs 
in their biological behavior and also with respect to clinical, his-
tological and immunohistochemical features.

   Specific  
 Classification 

 (1) NET G1 (50–75%). (Percentage of all d-NENs.) Benign: non-
functioning, confined to mucosa-submucosa, non-angioinva-
sive,  ̂  1 cm in size. 

 – Gastrin-producing tumor (upper part of the duodenum) 
 – Serotonin (5-HT)-producing tumor 
 – Gangliocytic paraganglioma (any size and extension, peri-

ampullary) Benign or low-grade malignant (uncertain ma-
lignant potential): confined to mucosa-submucosa, with or 
without angioinvasion, or  1 1 cm in size 

 – Functioning gastrin-producing tumor (gastrinoma), sporadic 
or MEN-associated 

 – Non-functioning somatostatin-producing tumor (ampullary 
region) with or without 

 – Neurofibromatosis type 1 non-functioning serotonin-produc-
ing tumor 

 (2) NET G2 (25–50%). Low-grade malignant: invasion of the mus-
cularis propria and beyond or metastases 

 – Functioning gastrin-producing carcinoma (gastrinoma), spo-
radic or MEN-associated 

 – Non-functioning somatostatin-producing carcinoma (ampul-
lary region) with or without neurofibromatosis type 1 

 – Non-functioning or functioning carcinoma (with carcinoid 
syndrome) 
 – Malignant gangliocytic paraganglioma 

 (3) NEC ( ! 1–3%) 
 – High-grade malignant 

 Prognosis and Survival 

 Gastric Neuroendocrine Tumors 
 Prognosis of g-NENs is different according to carci-

noid type. Type 1 tumors, being usually well differenti-
ated and with low Ki67 (NET G1), generally have an ex-
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present in about 50% of the patients with gastric atrophy 
 [11] ; the  Helicobacter pylori  status has to be assessed. Gas-
trin and CgA rates are not necessarily to be measured 
during follow-up. Thyroid functional test and thyroper-
oxidase antibodies should be assessed at diagnosis to bet-
ter define chronic atrophic gastritis and possible associa-
tion with autoimmune thyroiditis  [28] . In patients with 
ZES, laboratory tests are limited to CgA and serum gas-
trin levels measurement  [31, 32, 83, 84] . EUS is necessary 
before endoscopic resection of big polyps, and in patients 
affected by type 2 g-NENs diagnostic work-up for MEN-
1 syndrome has to be followed (CT/MRI useful). In pa-
tients with type 3 sporadic tumors, which occur indepen-
dent of hypergastrinemia, determination of CgA level is 
useful in patients with well-differentiated tumors.

  Minimal Consensus Statements on Diagnostic 
Procedures 

 Diagnosis is made at UGI and biopsy samples should be taken 
from the antrum (2 biopsies) and fundus (4 biopsies) in addition 
to biopsies of the largest polyps. For type 1 and small type 2 tu-
mors, endoscopy and biopsy usually suffice. For type 1 and type 
2 tumors, EUS should be performed in tumors  1 1–2 cm in size 
before endoscopic resection. CT scan, MRI, and SRS are not re-
quired for type 1, but can be useful in type 2 tumors, according 
to MEN-1 work-up. The minimal biochemical tests in patients 
with type 1 and type 2 tumors include serum gastrin and CgA 
levels.  H. pylori  antibodies, parietal cell antibodies, thyroid 
functional test and thyroperoxidase antibodies should be as-
sessed at diagnosis to better define chronic atrophic gastritis and 
possible association with autoimmune thyroiditis. Indication of 
repeating CgA and gastrin determinations during follow-up is 
not assessed.

  Duodenal Neuroendocrine Neoplasms 
 Because d-NENs are generally small in size (mean 1.2–

1.5 cm) ( 1 75%  ! 2 cm)  [6, 7, 41, 42, 52, 53, 55, 56, 58, 59] , 
they are frequently missed ( 1 80%) with conventional im-
aging studies (multislice CT scan, MRI, ultrasound, an-
giography)  [46, 60, 61, 64, 85–89] . Studies in gastrinomas 
demonstrate that conventional imaging studies detect 
 ̂  15% of gastrinomas  ! 1 cm in diameter, 20–50% 1–3 cm 
in diameter, and 95%  1 3 cm in diameter  [85, 87, 89] .

  Although there are no systematic studies with all d-
NENs, studies with SRS in duodenal gastrinomas show it 
is unlikely to be a more sensitive method to localize small 
duodenal primaries  ! 1 cm. SRS misses 50% of tumors  ! 1 
cm in diameter  [61, 89–91] . However, SRS will likely prove 
to be the most sensitive modality for detecting lymph 
node metastases, which occur in 40–60% of all patients 
with d-NENs  [3, 6, 61, 65–67] .

  Minimal Consensus Statements on Prognosis and 
Survival 

 The 5-year survival with different tumor extent with d-
NENs is thought to be similar to all GI foregut NENs which is 
80–95% for local disease, 65–75% with regional involvement 
only, and 20–40% for the 5–10% of patients with liver or distant 
disease  [39, 58, 74] . d-NENs characteristically metastasize first 
to proximal lymph nodes and only infrequently ( ! 10%) to the 
liver or distant sites. Invasion of the d-NEN into the muscularis 
mucosa, increased primary tumor size, and increased mitotic 
activity correlate with the occurrence of metastatic disease or 
aggressive growth  [7, 41, 42, 56] . Ampullary NENs are reported 
to share different growth patterns than do non-ampullary d-
NENs.

  Diagnostic Procedures: Imaging, Nuclear Medicine 

and Laboratory Tests 

 Gastric Neuroendocrine Tumors 
 Imaging techniques such as multislice CT scan and 

MRI are of very limited value for small type 1 and 2 tu-
mors in terms of cost-benefit ratio. In case of small ( ! 1 
cm) ECLomas, UGI endoscopy is usually the only rec-
ommended imaging procedure: diagnosis is made at 
UGI and biopsy samples should be taken from the an-
trum (2 biopsies) and body/fundus (4 biopsies) in addi-
tion to biopsies of the largest polyps  [79] . Endoscopic ul-
trasonography (EUS) may help to determine tumor inva-
sion in the depth of the gastric wall and is to be 
recommended before resection of polyps  1 1–2 cm in di-
ameter  [28] . When there is a risk of metastases, and 
mainly in cases of sporadic tumors (type 3), an extensive 
search should be performed. EUS is useful in assessing 
regional lymph-node involvement and allows histologi-
cal confirmation by fine-needle aspiration. Transab-
dominal ultrasonography, and mainly CT scan and MRI, 
have a high sensitivity/specificity to detect liver metasta-
ses. Somatostatin receptor scintigraphy (SRS) is recom-
mended in these patients to search for liver, bone and 
lymph node metastases. Laboratory tests are of major in-
terest, especially in patients with type 1 or 2 ECLomas. 
In these patients, basal serum gastrin levels should be 
determined and are always elevated  [17, 28, 80, 81] , as 
well as plasma CgA levels  [28, 82] . Further tests should 
be performed depending on the clinical context. In the 
majority of the cases (type 1 tumors), no symptoms of 
ZES are present and UGI endoscopy does not show any 
lesion related to peptic disease.

  The search for autoimmune disease should include an-
ti-parietal cell and anti-intrinsic factor autoantibodies, 
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  Pathology and Genetics 

 Gastric Neuroendocrine Neoplasms 
 Pathological diagnosis is mandatory in all cases and 

is easily obtained from tumor biopsies performed dur-
ing UGI (for type 3 g-NENs), or preferably upon exami-
nation of a whole tumor (polyp) removed using endo-
scopic mucosal resection (ECLomas type 1 and 2). In 
case of multiple polyps, biopsies of fundic non-polypoid 
mucosa should also be performed in order to establish 
the diagnosis of associated atrophic gastritis  [79] . In this 
latter condition, polyps may be of various origin and 
correspond to hyperplastic or inflammatory polyps, ad-
enomas or even early gastric adenocarcinomas, as well 
as ECLomas. Multiple biopsies of different lesions 
should thus be performed, especially if macroscopic ap-
pearance of one lesion differs from that of the others. 
Pathological diagnosis of g-NENs is performed using 
conventional hematoxylin and eosin staining, immuno-
histochemical staining with CgA and synaptophysin 
 [11, 14, 16, 24, 31] . Determination of mitotic index by 
counting 10 HPF and calculation of Ki67 index by im-
munohistochemistry are mandatory  [29, 111] . The tu-
mors should be classified according to the WHO in NET 
or NEC, and G1-G3; the great majority of g-NENs fall 
within group 1 tumors. Most ECLomas are preceded (or 
accompanied) by linear or micronodular hyperplasia or 
dysplasia of ECL cells. This condition is associated with 
a 26-fold increase in the risk of developing ECLomas in 
patients with chronic atrophic gastritis  [79] . Immuno-
histochemistry for p53 or SSR2A receptors in type 1 or 
type 2 tumors is not recommended. Somatic (tumor) 
DNA testing is not recommended. As outlined above, 
the presence of ECLomas in a patient with ZES makes 
the diagnosis of MEN-1 very likely, and in that case 
germline DNA testing is recommended in the presence 
of a positive family history of MEN-1 or if multiple tu-
mors are present in the absence of atrophic gastritis in 
the rare instances when MEN-1 diagnosis has not been 
done previously. Genetic testing when performed should 
include mutational screening and sequencing, allowing 
for analysis of the entire coding gene and splice sites and 
genetic counseling should be sought prior to testing in 
all patients. Informed consent is mandatory prior to ge-
netic testing. 

  In type 3 tumors, proliferative index using Ki67 anti-
body is frequently elevated  [36] . Genetic testing for he-
reditary tumor syndrome should only be performed in 
case of suspected or established diagnosis of ZES. 

  To detect the primary d-NEN, UGI endoscopy with 
biopsy is the most sensitive modality with endoscopic ul-
trasound (EUS) used to confirm the diagnosis and lo-
cally stage the disease  [92–96] . Some d-NENs such as gas-
trinomas may be primarily submucosal in location and 
these may be missed on both UGI endoscopy and/or EUS 
resulting in detection rates as low as 30–60% for duode-
nal gastrinomas causing ZES, which were diagnosed by 
hormone assays  [97–99] .

  For full staging of d-NENs, multislice CT scan is gen-
erally used  [92, 93] , although studies with gastrinomas 
suggest SRS may be more sensitive  [89, 91, 100, 101] .

  In patients with advanced metastatic disease, bone 
metastases can develop especially in those with diffuse 
liver metastases. It is important they be sought because in 
other NETs their detection has been shown to generally 
change management  [101–108] . SRS, bone scan and MRI 
of the spine best detect them. For what concerns labora-
tory tests, plasma CgA should be obtained in all patients 
with d-NENs. An elevated CgA level occurs in 56–100% 
 [41, 86, 109, 110] . Serum gastrin, somatostatin, GRF and 
cortisol with urinary 5-HIAA or cortisol determinations 
should be obtained if suggestive symptoms occur or if the 
d-NEN contains these hormones on immunohistochem-
istry. Patients with MEN-1 with a d-NEN should have 
serum somatostatin, gastrin, CgA, prolactin, glucagon, 
insulin and PTH determinations as well as serum glucose 
and ionized calcium assessments. Patients with von 
Recklinghausen’s disease should have serum somatosta-
tin, CgA, and calcitonin levels assessed.

  Minimal Consensus Statement on Diagnostic 
Procedures 

 UGI endoscopy with biopsies is the most sensitive method to 
detect and diagnose most d-NENs, followed by endoscopic ul-
trasound to locally stage the disease extent. EUS is also useful 
before resection in polypoid lesions.

  Multislice CT scan or MRI of the abdomen and SRS should 
be used to fully assess disease extent and detect possible distant 
metastases. In patients with advanced disease, including espe-
cially patients with liver metastases, bone scan, SRS and an MRI 
of the spine should be performed to seek bone metastases.

  For what concerns laboratory tests, plasma CgA should be 
obtained in all patients with d-NENs. Serum gastrin, somatosta-
tin, GRF and cortisol with urinary 5-HIAA or cortisol determi-
nations should be obtained if suggestive symptoms occur or if 
the d-NEN contains these hormones on immunohistochemis-
try. Patients with MEN-1 with a d-NEN should have serum so-
matostatin, gastrin, CgA, prolactin, glucagon, insulin and PTH 
determinations as well as serum glucose and ionized calcium 
assessments. Patients with von Recklinghausen’s disease should 
have serum somatostatin, CgA, and calcitonin levels assessed.
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frequently ( ! 1%) calcitonin, gastrin or ACTH  [6, 71, 113, 
114] . Poorly differentiated non-functional duodenal car-
cinomas characteristically invade the muscularis propria, 
metastasize to lymph nodes and more distant sites and 
show features of other NEC G3. Patients with a d-NEN 
with MEN-1, a family history suggestive of MEN-1 or 
with multiple d-NENs should be considered for germline 
DNA testing for MEN-1 (following genetic counseling).

  Minimal Consensus Statement on Pathology and 
Genetics  

 50–75% of d-NENs are well-differentiated NETs, 25–50% 
well-differentiated carcinomas and  ! 1–3% NEC G3. All d-NENs 
should have routine histology with hematoxylin and eosin stain-
ing, as well as staining for CgA, and synaptophysin. S-100 stain-
ing should be performed on suspected gangliocytic paragan-
gliomas and gastrin, somatostatin and serotonin if the clinical 
setting is suggestive. d-NENs should have a mitotic index deter-
mined by mitotic counting and a Ki67 to assess proliferative rate. 
Cytology is not routinely recommended.

  Patients with a d-NEN with MEN-1, a family history sugges-
tive of MEN-1 or with multiple d-NENs should be considered for 
germline DNA testing for MEN-1 (following genetic counsel-
ing).

  Therapeutic Approaches 

 Gastric Neuroendocrine Neoplasms 
 In patients with type 1 gastric carcinoids, conserva-

tive management based on endoscopic follow-up and le-
sion resection should be preferred  [28, 116] . It is recom-
mended to remove all ECLomas whenever possible, 
however, nothing suggests that the evolution is less fa-
vorable in patients with tumors  ! 1 cm left in place. In 
case of polyps  1 1 cm, EUS should be performed to as-
sess wall and lymph nodal invasion before polypectomy 
by snare or endoscopic mucosal resection (EMR). Sur-
gery should be performed in case of involvement be-
yond submucosa, or positive margin after EMR (local 
resection and antrectomy or total gastrectomy depend-
ing on tumor histological features, invasion and local-
ization). Surgery should also be performed in the pres-
ence of lymph nodal or distant disease spread, and 
poorly differentiated neoplasms  [28] . Indications to 
treatment by somatostatin analogs (SSA) or surgical an-
trectomy to suppress hypergastrinemia and limit ECL 
growth are still debated. SSA proved good antiprolif-
erative properties, but their role in patients with type 1 
g-NENs should be proposed only according to expert 
opinion  [117–119] .

  Minimal Consensus Statements on Pathology and 
Genetics 

 Histology is always necessary to establish a diagnosis. The 
minimal ancillary tests to support the histological diagnosis in-
clude immunohistochemistry for CgA and synaptophysin. Both 
the mitotic count in 10 HPF and the Ki67 index (the latter per-
formed using immunohistochemistry, although the techniques 
and counting standards need to be established) are mandatory 
in all cases. Ki67 is useful to classify patients according to WHO 
classification 2010 (G1-G3, NET or NEC). Germline DNA test-
ing is only recommended in the presence of a positive family 
history of MEN-1 or if multiple tumors are present in the ab-
sence of atrophic gastritis in the rare instances when MEN-1 
diagnosis has not been done previously. Genetic analysis should 
also be performed in suspected cases of MEN-1. Genetic testing 
when performed should include mutational screening and se-
quencing, allowing for analysis of the entire coding gene and 
splice sites and genetic counseling should be sought prior to test-
ing in all patients. Informed consent is mandatory prior to 
genetic testing. Somatic (tumor) DNA testing is not recom-
mended.

  Duodenal Neuroendocrine Tumors 
 d-NENs demonstrate light microscopic features typi-

cal of GI NETs in having trabecular, acinar, ribbon or 
cribiform structures which are uniform, have few mito-
sis, little necrosis and are separated by stroma  [3, 7, 54, 
55] . On silver staining 75–80% of d-NENs are argyro-
philic  [7, 8, 54, 55] , they are usually argentaffin-negative 
(0–12% positive)  [7, 8, 54] , 75–100% show positivity for 
CgA  [6–8, 41, 58] , 80–100% for NSE  [7, 8, 41, 59]  and 91% 
for Leu-7  [8] . Greater than 85% of d-NENs synthesize GI 
peptides/amines and 40  8  16% (7 series) synthesize hor-
mones/amines  [6, 7] . Their relative frequency is: gastri-
nomas (48%), somatostatinomas (43%), non-functioning 
serotonin-containing tumors (27%), non-functioning 
calcitonin-containing tumors (9%), NEC G3, and gangli-
ocytic paragangliomas  [6] . d-NENs uncommonly ( ! 5%) 
produce insulin, PP, glucagon or ACTH.

  Duodenal somatostatinomas tend to occur periam-
pullary and histologically they frequently contain psam-
moma bodies (49–68%)  [6, 8, 41, 56–59] . This is in con-
trast to other d-NENs, which uncommonly contain 
psammoma bodies (4.8%)  [6, 42, 52, 55–59, 112] .

  Duodenal gangliocytic paragangliomas contain epi-
thelial (with PP and somatostatin cells), ganglia, and spin-
dle cells  [6, 57, 113] . They characteristically contain gan-
gliocytic differentiation and S-100 protein-immunoreac-
tive Schwann cells  [57, 113] . They also show positive 
staining for NSE in 94–100%, PGP 9.5 in 100%, synapto-
physin in 94–100%, S-100 in 90%, PP in 75–92%, sero-
tonin in 48–69%, CgA in most series in 10–15% and in-
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  Duodenal Neuroendocrine Neoplasms 
 Management of d-NENs is shown in  figure 1 . Potential 

curative resection is possible in most patients with d-
NENs because only 9  8  6% (5 series)  [6]  have distant me-
tastases at diagnosis with the remainder having either no 
metastases or a primary with lymph node metastases 
(40–60%)  [3, 6, 7, 96, 100, 101, 109, 126] . If polyps are  1 1 
cm, EUS should be performed before excision by snare or 
EMR. Numerous surgical/endoscopic methods have been 
reported to be effective at removing d-NENs, including 
endoscopic removal by snare or stripping; laparoscopic 
removal; transduodenal local excision or aggressive re-
section by a pancreaticoduodenectomy using either a 
Whipple resection or a pylorus-sparing pancreaticoduo-
denectomy  [46, 59, 86, 88, 97, 120–131] . The optimal 
method for removing d-NENs remains unclear because 
their natural history is still largely unknown. In addition, 
the long-term relative results of resection performed with 
endoscopy, laparoscopy, transduodenal local resection or 
by pancreaticoduodenectomy have not yet been deter-
mined. Finally, the sensitivity of available tumor imaging 
modalities in assessing local progression pre- or postre-
section has not been determined, primarily because of 
the low frequency of these tumors  [46, 75, 86, 97, 131] .

  For type 2 g-NENs, only local excision is recommend-
ed, and the presence of multiple tumors per se does not 
influence surgical management. In patients with type 3 
tumors, surgical treatment should not differ from that of 
gastric adenocarcinomas, based on surgery (partial or to-
tal gastrectomy with lymph node dissection, with the 
same indications of gastric adenocarcinoma) and chemo-
therapy. 

  Minimal Consensus Statements on Therapeutic 
Approaches 

 In type 1 tumors, endoscopic management with lesion resec-
tion should be preferred. If polyps are  1 1 cm, EUS should be 
performed before excision by snare or EMR. Surgery should be 
limited to the cases of invasion beyond submucosa, metastases 
and poorly differentiated lesions. Gastrin suppression by surgi-
cal (i.e. antrectomy) or medical (i.e. SSA) is debatable. More rad-
ical surgery is required if lymph nodes are positive. In type 2, 
only local excision is recommended. The presence of multiple 
tumors does not per se influence surgical management. In type 
3, treatment is similar to gastric adenocarcinoma, based on sur-
gery and chemotherapy.

d-NEN 
(diagnosis on 
endoscopic 

biopsies)

Ø <1 cm

If periampullary,
surgical resection

If N+: 
surgical resection

If M +: SRS and then
medical therapy
(PRRT, SSA, CHT)
according to Ki67

If not 
periampullary,

endoscopic
resection

Endoscopic vs.
surgical

resection

(not standardized)

EUS + CT scan for
staging

1 cm < Ø < 2 cm Ø >2 cm 

  Fig. 1.  Management of d-NENs.   
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  Minimal Consensus Statements on Therapeutic 
Approaches 

 All d-NENs should be removed unless in the presence of dis-
tant metastases or of medical conditions that markedly limit life 
expectancy or increase surgical risk. Small d-NENs ( ̂  1 cm) can 
be locally resected by endoscopy. However, if the d-NEN is in the 
periampullary region, local surgical resection may be required 
with lymphadenectomy or picking. Large d-NENs (i.e.  1 2 cm) 
or d-NENs of any size with lymph node metastases should be 
treated surgically. In the uncommon patient with a d-NEN who 
has hepatic metastases that are potentially resectable without 
distant metastases and no medical conditions markedly limiting 
life expectancy or increasing surgical risk, surgical resection 
and/or ablative therapy should be considered.

  For the  ! 10% of patients with functional hormonal syn-
dromes, appropriate specific therapy for the hormone excess 
state should be instituted (proton pump inhibitors in patients 
with ZES, SSA for carcinoid syndrome, and treatment of ectopic 
Cushing’s syndrome medically or by adrenalectomy).

  Medical Antiproliferative Treatment in Advanced 
Disease 
 Treatment of advanced disease is updated in a separate 

and comprehensive chapter  [137] . In patients with gastric 
carcinoids, SSA have been shown to exert antiproliferative 
effects in animals and in man, however, data is not avail-
able in cases of liver metastases. SSA may be of value also 
in subgroups of patients with slowly progressive low pro-
liferative NET (G1) of gastroduodenal origin and its use is 
supported by literature data on retrospective and non-ran-
domized prospective trials in more than 500 patients  [137–
141] . Combinations of etoposide and cisplatin are indicat-
ed in metastatic G3 NE carcinomas regardless of the origin 
of the primary  [137] . For patients with well-differentiated 
progressive advanced metastatic disease or with symp-
tomatic diffuse metastatic disease, chemotherapy or PRRT 
should be considered. Although there is extensive experi-
ence with this therapy with other GI NETs, especially with 
lutetium-177- or yttrium-90-labeled SSA  [132–136] , there 
is minimal experience specifically with d-NENs.

  Minimal Statement on Medical Treatment in 
Advanced Disease 

 Medical antiproliferative treatment options include SSA and 
PRRT. SSA are preferred for G1 tumors. Chemotherapy is recom-
mended to treat G3 tumors, with combinations of cisplatin and 
etoposide. The early combination use of SSA and IFN for anti-
proliferative purposes is not recommended.

  All d-NETs should be removed unless in the presence 
of distant metastases or of medical conditions that mark-
edly limit life expectancy or increase surgical risk. Small 
d-NENs should be removed by endoscopy if there is no 
evidence of lymph node metastases on tumor localization 
studies and preferably endoscopic ultrasound examina-
tion. However, if the d-NEN is in the periampullary re-
gion, local surgical resection may be required with 
lymphadenectomy or picking. Large d-NENs (i.e.  1 2 cm) 
or d-NETs of any size with lymph node metastases should 
be treated surgically with local resection (1st part duode-
num), distal duodenectomy (4th part duodenum) or pan-
creaticoduodenectomy (frequently required in the 2nd 
and 3rd part of the duodenum). Treatment of intermedi-
ate size d-NENs (i.e. 1–2 cm) is controversial with some 
recommending endoscopic removal if no lymph node 
metastases are present on tumor localization studies 
(multislice CT scan/MRI, endoscopic ultrasound), 
whereas others recommend surgical treatment of these 
tumors  [46, 59, 75, 86, 97] . With ampullary NENs, a num-
ber of studies report no correlation between the NEN size 
and the presence of malignancy  [44–46, 73]  and thus a 
pancreaticoduodenectomy is generally recommended for 
these tumors.

  In the uncommon patient with a d-NEN who has he-
patic metastases that are potentially resectable without 
distant metastases and no medical conditions markedly 
limiting life expectancy or increasing surgical risk, surgi-
cal resection and/or ablative therapy should be considered.

  For the  ! 10% of patients with functional hormonal 
syndromes due to a d-NEN, appropriate specific therapy 
for the hormone excess state should be instituted. Spe-
cifically, treatment of the acid hypersecretion with proton 
pump inhibitors in patients with ZES, treatment with SSA 
for carcinoid syndrome, and treatment of ectopic Cush-
ing’s syndrome medically or by adrenalectomy. For pa-
tients with advanced metastatic disease, interferon- �  can 
be attempted, however, experience is limited. For patients 
with progressive advanced metastatic disease or with 
symptomatic diffuse metastatic disease, the combination 
of streptozotocin and 5-fluorouracil/doxorubicin is rec-
ommended in tumors with a low to moderate proliferative 
rate. Cisplatin/carboplatin plus etoposide is recommend-
ed in such patients with NEC. For patients with metastat-
ic/inoperable disease with no other options, peptide re-
ceptor radionuclide therapy (PRRT) should be considered 
if the SRS is positive. Although there is extensive experi-
ence with this therapy with other GI NENs, especially 
with lutetium-177- or yttrium-90-labeled SSA  [132–136] , 
there is minimal experience specifically with d-NENs.
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ble disease receiving antitumor treatment (chemotherapy, 
interferon- � , PRRT), follow-up needs to be dictated by the 
protocol used and expected toxicities.

  Minimal Consensus Statement on Follow-Up 

 In patients with a non-functional d-NEN completely removed 
at endoscopy, follow-up endoscopic examinations, abdominal 
ultrasound or CT scan and plasma CgA levels are recommended 
at 6, 24 and 36 months. In patients with postsurgical resection, 
multislice CT scan, SRS and CgA levels are recommended at 6 
and 12 months, then yearly for at least 3 years. For patients with 
unresectable advanced metastatic disease, if no treatment is giv-
en because the disease is not progressive or symptomatic, the 
patient should be re-evaluated at 3- to 6-month intervals by 
CgA, multislice CT scan and/or ultrasound and SRS.
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    Follow-Up 

 Gastric Neuroendocrine Neoplasms 
 As type 1 g-NETs are recurring disease, endoscopic 

follow-up should be based on controls every 12 months 
for recurring patients, and any 24 months for not-recur-
ring cases  [28] . In case of lesions found during follow-up, 
they should be resected through endoscopy if possible; at 
any endoscopic control, a complete gastric map with mul-
tiple biopsies on normal gastric mucosa, in addition to 
polyps, would allow a better definition of ECL status and 
gastric atrophy grade  [28, 79] . Clinical controls and labo-
ratory monitoring should be performed in parallel to en-
doscopic procedure, also measuring iron and vitamin B 12  
rate, thus prescribing a support therapy in case of defi-
ciency  [28] . In case of type 2 tumors, endoscopy should 
be repeated yearly. In patients with type 3 tumors, follow-
up should depend on tumor subtype and is confident 
with program suggested for gastric adenocarcinoma. Fol-
low-up should include radiological investigations (CT 
scan/MRI) and CgA.

  Minimal Consensus Statements on Follow-Up 

 As type 1 gastric carcinoids are a recurring disease, endo-
scopic follow-up should be based on controls every 12 months 
for recurring patients, and any 24 months for not-recurring cas-
es. In case of lesions found during follow-up, they should be re-
sected through endoscopy if possible; at any endoscopic control, 
a complete gastric map with multiple biopsies on normal gastric 
mucosa, in addition to polyps, would allow a better definition of 
ECL status and gastric atrophy grade. Clinical controls and lab-
oratory monitoring should be performed in parallel to endo-
scopic procedure, also measuring iron and vitamin B 12  rate. In 
type 2 tumors, endoscopy should be repeated yearly, while for 
type 3, after gastrectomy, it should follow control programs in-
dicated for gastric adenocarcinomas.

  Duodenal Neuroendocrine Neoplasms 
 In patients with a non-functional d-NEN completely 

removed at endoscopy, follow-up endoscopic examina-
tions, abdominal ultrasound or multislice CT scan and 
plasmatic CgA levels are recommended at 6, 24 and 36 
months. In patients with postsurgical resection, multislice 
CT scan, SRS and CgA levels are recommended at 6 and 
12 months, then yearly for at least 3 years. If any abnor-
malities are detected, EUS should be performed. For pa-
tients with unresectable advanced metastatic disease, if no 
treatment is given because the disease is not progressive 
or symptomatic, the patient should be re-evaluated at 3- to 
6-month intervals by CgA, multislice CT scan and/or ul-
trasound and SRS. For patients with metastatic/inopera-
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