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ABSTRACT
With the development of endoscopy, the incidence of gastric and 
duodenal neuroendocrine neoplasms (NENs) has increased in recent 
decades. In the 2010 World Health Organization (WHO) classifica-
tion, well-differentiated NENs were classified into NET G1 or G2, 
which is equivalent to the carcinoid tumor. Poorly differentiated 
NENs were named neuroendocrine carcinoma (NEC). Gastric NENs 
are classified into four types in accordance with their characteristics. 
Type 1 generally appears as multiple polypoid tumors at the fundus 
and corpus and takes a benign course. Type 2 has morphologically 
similar characteristics to type 1 and is associated with Zollinger-Elli-
son syndrome. Endoscopic treatment should be considered for cases 
in which the tumor is less than 2 cm and confined to mucosa and sub-
mucosa. In type 1 and type 2 accompanying hypergastrinemia, if the 
tumor was less than or equal to 1 cm, observation without endoscopic 
resection may be considered. Type 3 occurs sporadically and requires 
aggressive surgical treatment, including gastric resection and lymph 
node dissection due to poor prognosis. Poorly differentiated neuroen-
docrine carcinomas were classified as type 4. Although type 4 tumors 
are usually inoperable, surgery is sometimes performed with the aim 
of reducing tumor volume. Somatostatin analog, interferon alpha, 
and cytotoxic chemotherapy can be used with metastatic NENs. Duo-
denal NENs are rare compared to stomach NENs. The prognosis of 
duodenal NENs depends on their size. Endoscopic resection can be 

performed in small duodenal NENs. Surgery, including Whipple’s 
procedure, should be considered in large tumors.
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INTRODUCTION
Since Oberndorfer[1] distinguished carcinoid tumors from 
gastrointestinal tract carcinoma in 1907, carcinoid tumors have 
been considered members of the same group. However, carcinoid 
tumors were found to have various disease groups in histology, 
hormone production, and biology. In addition, some endocrine 
tumors have without the features of carcinoid tumors been found. 
For these reasons, carcinoid tumors have been named a more 
comprehensive term, neuroendocrine tumors (NETs)[2,3]. The 
classification and treatment of gastroenteropancreatic NETs (GEP-
NETs) are now approached with a more detailed perspective. 
In 2010, the World Health Organization (WHO) classification 
adopted a more accurate name, neuroendocrine neoplasm (NEN) 
in place of NET[4]. All GEP-NENs are considered potentially 
malignant, although the probabilities of metastasis are different. 
Tumors were classified by a three-step grading system of G1, 
G2, and G3 according to their proliferation activity (Ki-67 index, 
mitotic count) (Table 1). In other words, well-differentiated 
NENs were classified into NET G1 or G2 which is equivalent 
to the carcinoid tumor. Poorly differentiated NENs were named 
neuroendocrine carcinomas (NECs) and were divided into 
small and large cell types. All NECs are equivalent to G3 grade. 
Neoplasms with a mix of at least 30% neuroendocrine cells and 
non-endocrine cells such as adenocarcinoma were named mixed 
adenoneuroendocrine carcinoma (MANEC) to distinguish them 
from pure NENs (Table 2). In this paper, the stomach, duodenum, 
and ampullary NET are mentioned mainly for their clinical 
aspects.

139

Journal of GHR 2012 September 21 1(8): 139-146
 ISSN 2224-3992 (print)  ISSN 2224-6509 (online)

Online Submissions: http://www.ghrnet.org/index./joghr/
doi:10.6051/ j.issn.2224-3992.2012.01.53

© 2012 Thomson research. All rights reserved.

                                
                                  Journal of 
                                      Gastroenterology and Hepatology Research

              EDITORIAL



Park SC et al . Clinical aspects of gastric and duodenal NENs

Table 1 Grading system of neuroendocrine neoplasms.
Grade      Mitoses (10 HPF)1      Proliferative (Ki-67) index (%)2

G1     <2                          <3
G2     2-20                          3-20
G3     >20                          >20
Modified from reference[4]; 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 2010 WHO classification for gastrointestinal neuroendocrine 
neoplasms. 

WHO: World Health Organization; NET: Neuroendocrine tumor; NEC: 
Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine 
carcinoma.

STOMACH
Epidemiology
Gastric NET was a very rare tumor in the past, with an incidence 
of 4% within the entire gastrointestinal tract carcinoid tumors 
and comprising 0.3% of gastric neoplasias. However, it has been 
reported that in recent years 11-30% of carcinoid tumors of the 
gastrointestinal tract occurred in the stomach[5]. This increase 
in tumor incidence was thought to be due to increases in NEN 
awareness, commonplace endoscopic examination, improved 
histopathological evaluation, and enhanced diagnostic techniques. 
An increase in case reports seems to occupy some portion in 
addition to a substantial increase of tumors[6].

Clinicopathological classification
Gastric NENs were classified into three types by their clinical 
pathology aspects, in accordance with the methods of Rindi et al[7]. 
The fourth type was added later[8,9] (Table 3).

Table 3 Types of gastric neuroendocrine neoplasms.

CAG: Chronic atrophic gastritis; MEN 1: Multiple endocrine neoplasia 
type 1; ZES: Zollinger-Ellision syndrome.

Type 1: Type 1 is the most common type among gastric NENs and 
accounts for 70-80%. The average age of this group is 63 years. Type 

1 NENs are more common in women than in men. It generally occurs 
at the fundus and corpus accompanied by chronic atrophic gastritis, 
and appears as multiple small red polypoid tumors[10]. Autoimmune 
chronic atrophic gastritis is caused by autoantibodies that destroy 
parietal cells. It also causes the hyperactivity of gastrin secretion 
and can clinically induce achlorhydria and rarely pernicious anemia. 
Chronic serum gastrin elevation causes proliferation (hyperplasia) 
and dysplasia of enterochromaffin-like (ECL) cells. ECL cell 
carcinoid tumors occur over an extended time period. Type 1 gastric 
NEN occurs in less than 1% of patients with hypergastrinemia due to 
achlohydric atrophic gastritis. 
    Histologically, the tumors are well differentiated and have a 
mixture of trabecular and solid patterns. The proliferative index 
(Ki-67 index) was usually less than 2% (G1). 27% were confined to 
the mucosal layer while 64% were confined to the submucosal layer. 
Only 9% invaded the muscle layer. Metastasis was rare, but often 
occurred when the tumor was larger than 1-2 cm and invaded the 
muscle layer or vascular structure. Only 2-9% of patients had lymph 
nodes metastasis. 
    Patients often had no symptoms. Tumors were coincidentally 
found by gastroscopy in patients with an iron deficiency or pernicious 
anemia, which is the most common feature of atrophic gastritis. 

Type 2: Five to ten percent of gastric NENs are considered type 2. It 
has the same sex ratio and the average age at diagnosis is 50 years. 
Type 2 gastric NEN is mainly associated with multiple endocrine 
neoplasia type 1 (MEN 1). It occurred in patients with Zollinger-
Ellison syndrome (ZES) due to duodenal gastrinoma. It does not 
appear at first, but appears after 15-20 years[11]. When gastroscopy 
was performed in patients with reflux esophagitis or recurrent 
duodenal ulcer, type 2 was found in the fundus and corpus. Seventy 
five percent of tumors are small (less than 15 mm), multiple, and 
confined to the mucosal and submucosal layers. Histologically, type 2 
is well differentiated and shows a trabecular pattern. The proliferative 
rate was usually less than 2% (G1). 
    Similar to type 1, type 2 gastric NENs originated from ECL cells. 
Carcinoid tumors occurred through varying degrees of ECL cell 
hyperplasia[12]. Unlike type 1, there was the hyperplasia of the chief 
and parietal cells without atrophy of the gastric mucosa around the 
lesion. 
    Gastric NENs appeared in 15-30% of MEN 1 and rarely occurred 
in sporadic ZES without MEN 1. Genetic changes in patients with 
MEN 1 are thought to make ECL cells that are more sensitive to the 
proliferative effects of gastrin[11].  

Type 3: Fifteen to twenty percent of gastric NENs belong to type 
3[10]. The average age at diagnosis is about 55 years and type 3 is 
more common in men. These patients do not have chronic atrophic 
gastritis, hypergastrinemia, or hyperplasia of ECL cells. Type 3 
occurred sporadically without a relationship to MEN 1. It can occur 
in any part of the stomach. Type 3 appeared as one or a few polypoid 
tumors. Type 3 is histologically well-differentiated and shows a 
trabecular or solid pattern. The proliferative rate often exceeds 2% (G2 
or G3).
    Most type 3 NENs are larger than 1 cm and show muscle layer 
involvement or vascular invasion[13,14]. In 75% of the cases there were 
regional lymph nodes or liver metastasis at the time of diagnosis and 
prognosis was poor. 

Type 4: Poorly differentiated NECs are classified into type 4 and 
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NET

NEC (small cell or large cell type)

MANEC

Low to intermediate grade (G1-2), well to 
moderately differentiated neoplams
High grade (G3), moderate to poorly 
differentiated neoplasms
Neoplasms with at least 30% of tumor cells 
that have neuroencocrine characteristics

Characteristics
Proportion
Associated 
disease

Site of tumor

Plasma gastrin 
level
Gastric acid 
output
Number of 
tumors 
Size of tumors 
(cm)
Prognosis

Type 1
70-80%
CAG 
pernicious 
anemia
Fundus and 
corpus

High

Low or absent

Multiple

< 1-2

Good

Type 2
5-10%
MEN 1
ZES

Fundus, corpus, 
and occasionally 
antrum
High

High

Multiple

< 1-2

Good, but 
metastasis 
in 10-30% 
(minority) 

Type 3
15-20%
Sporadic

Anywhere

Normal

Normal or 
low
Single

2-5

Poor

Type 4
Rare
Sporadic

Anywhere

Mostly
Normal
Mostly
Normal
Single

2-5

Very Poor



rarely occur[15]. This type mainly occurs in older men and has an 
average age in the 60s. It was not associated with chronic atrophic 
gastritis and was only rarely associated with MEN 1. Type 4 can 
occur in any part of the stomach as a solitary tumor, and it often had 
ulcers. It is frequently present as a significant sized tumor more than 
4 cm in diameter. Histologically, type 4 showed small cell or large 
cell NEC and a solid pattern without ECL cells. Type 4 had increased 
cell mitoses and vessel invasion, and the proliferative rate exceeded 
20-30%.
    At diagnosis, most poorly differentiated NECs showed advanced 
stages accompanied by widespread metastasis and grew aggressively. 
There have been composite tumors, in which squamous cell 
carcinoma or adenocarcinoma and poorly differentiated NEN 
are mixed and histological transition occurs. There have been 
also collision tumors in which adenocarcinoma and NECs occur 
simultaneously to form a single mass. However, they were very 
rare[16,17].

Clinical manifestations
Almost all type 1 and 2 gastric NENs have no symptoms[18]. Many 
cases are found from a gastroscopy performed for other indications 
such as anemia, nonspecific abdominal pain, and gastroesophageal 
reflux disease[10,13]. In contrast, types 3 and 4 can show symptoms, 
with abdominal discomfort, gastrointestinal bleeding, chronic 
diarrhea, and weight loss as the main symptoms[19].
    Carcinoid syndrome occurred very rarely, usually in type 3, with 
an incidence of 3-8%[13]. Typical carcinoid syndrome presents at 
the metastatic ileal carcinoid tumor, but most gastric NENs showed 
atypical aspects. Atypical carcinoid syndrome was characterized by 
a persistent purple rash that involved the limbs and trunk without 
diarrhea and usually occurred with liver metastasis. It occurred 
because gastric NENs lacked dopa carboxylase and secreted 
5-hydroxytryptophan. This is unlike the ileal carcinoid tumor, which 
secreted 5-hydroxytriptamine.
    ZES due to gastrinoma in the stomach was rare. ZES is 
characterized by reflux esophagitis, recurrent duodenal ulcers, and 
chronic diarrhea[19].

Diagnosis
Although endoscopy is helpful for diagnosing gastric NEN, biopsy is 
required for accurate diagnosis. A biopsy of tissue around the lesion 
may be helpful for investigating the degree of gastritis and ECL cell 
hyperplasia. Endoscopic ultrasound (EUS) is widely used to examine 
the size and degree of invasion of gastric NEN. It is also useful for 
finding gastrinoma and performing needle aspiration.
    For gastric NEN diagnosed by endoscopic and histologic methods, 
further tests should be performed to classify its subtype (Figure 1). 
First, serum gastrin values should be measured. If these values are 
high, it is potentially a type 1 or 2 NEN. If serum gastrin values are 
normal, the NEN is likely to be type 3 or 4. Because type 1 mostly 
occurs due to hypochlorhydria or atrophic gastritis, an antibody test 
for parietal cell and intrinsic factor should be included in the blood 
test to examine pernicious anemia with vitamin B12 deficiency[20].
    For type 2 NENs with ZES, which features gastric acid 
hypersecretion, it may be helpful to directly measure gastric pH. 
However, there are limitations to this method’s use in clinical 
practice. In ZES, serum gastrin usually exceeds 1000 pg/mL 
and diagnosis can be confirmed by measuring the gastric acid 
hypersecretion. However, diagnosis may be elusive when gastrin is in 
the range of 100-1000 pg/mL. In these cases, other tests may be used 

to find accompanying gastrinoma. Parathyroid (PTH and calcium 
profile) or pituitary function tests are performed to diagnose MEN 1. 
In addition, the MENIN genetic test may be helpful. Type 3 or 4 NEN 
can be diagnosed by excluding ZES through a secretin provocation 
test, which shows elevated gastrin in type 3 or 4. However this 
test is clinically difficult[21]. It may be helpful if tissue around the 
lesion is not accompanied by atrophic gastritis on histopathologic 
examination.
    In addition to tests performed for subtypes, radiologic imaging 
should be performed to identify local disease progression and 
distant metastasis. Computed tomography (CT) is useful for 
evaluating invasion or metastasis and for finding the location of 
gastrinoma in type 2. Whereas CT is helpful for finding the tumor’
s anatomical location, somatostatin receptor scintigraphy (SRS) 
can be useful for examining the functional aspects of the tumor. 
According to one study, SRS has a sensitivity and specificity of 
63% and 95%, respectively[22]. However, it is expensive and has 
limitations in estimating the anatomical locations of tumors. 11C-5-
hydroxytryptophan (HTP) positron emission tomography (PET) can 
also be helpful in finding functional aspects of the tumor[23].

 

Figure 1 Diagnostic flow of gastric neuroendocrine neoplasm. NEN:
neuroendocrine neoplasm; EUS: endoscopic ultrasound; CT; computed 
tomography; IF: intrinsic factor; Ab: antibody; SRS: somatostatin receptor 
scintigraphy.

Treatments
Treatment principles were determined by tumor size, location 
of origination, invasiveness, and metastasis. In other words, the 
treatment of gastric NENs depended on subtype, size, and number. 

Localized NENs: First, gastric wall invasion and peripheral lymph 
node metastasis are determined by EUS in type 1 and type 2 patients 
with hypergastrinemia. According to the 2010 treatment guidelines 
of the North American Neuroendocrine Tumor Society (NANETS), 
endoscopic resection is advised for up to 6 NENs smaller than 2 
cm. NENs of more than 2 cm size, more than 6 lesions, or recurrent 
NENs should be treated by aggressive treatment such as surgical 
resection[24]. Type 1 NEN has been reported to have a good prognosis 
when observed through endoscopy[25]. Therefore, in type 1 and type 
2 accompanying hypergastrinemia, if the tumor is less than or equal 
to 1 cm, observation and surveillance every six to twelve months 
without endoscopic resection may be considered. When tumors were 
greater than 1 cm, there were more than 5 tumors, and there was 
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local recurrence after endoscopic resection, surgical local excision 
and antrectomy for blocking gastrin secretion were recommended. 
Gastrectomy was usually performed for multiple tumors, but is 
rarely performed now because of the good response to a somatostatin 
analog. In general, type 1 prognosis was very good and tumors had 
low mortality rates. However, endoscopy follow-up is still important 
because of recurrent cases[26]. Follow-up endoscopy at 6-12 month 
intervals after treatment is preferable.
    For type 2 NENs, which occur secondary to ZES/MEN 1, 
somatostatin analogs may be considered because a loss of NENs can 
be expected. Surgical treatment is performed to remove the cause of 
gastrin hypersecretion. Eliminating gastrin stimulation by finding and 
removing gastrinoma can lead to degeneration of gastric NEN. Since 
duodenal gastrinoma is common in MEN 1, the gastrinoma can be 
removed by performing a resection through the duodenal incision or 
a pancreatic-duodenectomy with peripheral lymph node dissection. 
However, gastric NENs do not always respond to removing 
gastrin stimulation, and more research is needed in this area[27]. In 
ZES, symptoms can be controlled by a proton pump inhibitor and 
somatostatin analog.
    Type 3 NENs exhibited aggressive clinical aspects, such as 
metastases. At the time of diagnosis, more aggressive treatments 
were needed, including surgery. Surgical treatment, such as total 
or partial gastrectomy and lymph node dissection, is the preferred 
treatment for single tumors greater than 1 cm and for multiple 
lesions[28]. Endoscopic resection can be performed for the lesion that 
is not invasive like early gastric cancer, but the reports on this therapy 
could not be found.
    In type 4 gastric NENs, surgery is not generally possible. However, 
surgery with the aim of reducing tumor volume can sometimes be 
performed[9]. Similar to small cell lung cancer, chemotherapy can be 
performed with symptom control.

Metastatic NENs: 
(1) Management of hepatic metastasis 
The organ of metastasis, disease progression, and severity of 
symptoms should be considered in determining treatment for 
metastatic NEN accompanied by symptoms. The most common site 
of metastasis is the liver and lung, while bone metastases occurred 
rarely. Because morbidity and mortality due to hepatic resection 
has decreased in recent years, tumor resection is recommended in 
hepatic metastasis due to NEN. However, complete surgical excision 
is often difficult in the cases in which the location is difficult to 
resect. In a report on liver metastasis from NENs, there were multiple 
hepatic metastases in most cases[29]. Therefore, surgical resection 
is only possible in 10% to 20% of cases[30]. For local treatment of 
non-resectable metastatic NENs, hepatic arterial chemotherapy, 
radiofrequency ablation or cryoablation can be performed. Even for 
cases in which surgical resection was impossible, if the mass was 
reduced by these therapies, it could subsequently undergo surgical 
resection. Therefore, aggressive combination therapy should be 
considered. It was reported that after treatment with yttrium, down 
staging was induced and successful resection could be performed[31]. 
Even when NENs had serious symptoms and could not be completely 
resected, partial resection for symptom relief was a reasonable 
treatment.
    In patients with liver metastasis, liver transplantation could 
be considered. It was reported that in 15 patients who received 
liver transplants, eight patients suffered major complications 
associated with transplantation and one of these patients died from 
complications associated with surgery with seven patients who were 

disease-free[32]. However, recent transplant research in the Milan 
group demonstrated a 5-year survival rate and disease-free survival 
of 90% and 77% respectively[33]. Therefore, liver transplantation 
could be suggested as one of the radical treatment methods for cases 
of multiple bilateral liver metastases.

(2) Somatostatin analog and interferon alpha 
    Metastatic gastrointestinal NENs often cause symptoms such 
as diarrhea and flushing due to hormone hypersecretion. Because 
secreted hormones from NENs with liver metastasis directly enter 
the systemic circulation, carcinoid syndrome is often expressed. 
Treatment of unresectable NENs continues to develop and diversify. 
Somatostatin analogs are very useful in controlling NEN symptoms 
and are expected to treat tumors. In a study about octreotide LAR 
(long acting release form, intramuscular injection of 30 mg once 
per month) in metastatic gastrointestinal NENs, the median time to 
progression for the treatment and placebo groups was 14.3 and 6 
months, respectively[34]. Interferon alpha treatment reduced hormone 
hypersecretion in half of the cases, stabilized the tumor in 20-40% 
of the cases, and caused a tumor reduction in approximately 15% 
of the cases[35-40]. The amount administered is 3 to 9 MU (million 
units) 3-7 times a week by subcutaneous injection. This amount 
should be adjusted in cases of lymphopenia. Somatostatin analogs 
and interferon therapy are expected to increase therapeutic effects 
in combination with conventional cytotoxic drug therapy. Further 
studies are needed because objective tumor regression and survival 
prolongation have not been proven. Steroids and cyproheptadine 
could also be used for symptom control in metastatic tumors.

(3) Cytotoxic chemotherapy 
A variety of anticancer drugs can be used monotherapy or combination 
therapy for metastatic gastrointestinal NENs of G1/G2. These include 
5-FU, streptozocin, doxorubicin, etoposide, dacarbazine (DTIC), and 
temozolomide[41-46]. Caution is needed with these drugs because the 
response is short and chemotherapy can cause various side effects. 
In G3 gastrointestinal NECs, etoposide/cisplatin is used as primary 
therapy. In addition, a variety of new anti-cancer therapies, such as 
oxalipatin/capecitabine and temozolomide, have been attempted. 
However, further comparative studies are needed.
    Several molecular target agents including sunitinib, everolimus, and 
bevacizumab have recently been applied as treatment, and prolonged 
survival without tumor progression has been reported[47-49]. Targeted 
radionuclide therapy has also been used, in which radionuclide is 
attached to somatostatin analogs as an investigational approach[50].

Prognosis
Cases of death have not been reported with type 1, and its prognosis 
is usually good. Survival rates of 5 and 10 years in type 1 were not 
much different from those of the general population[51]. The prognosis 
of type 2 is worse than type 1 and better than type 3. Lymph node 
metastasis was found in 10-30% of patients, especially in tumors 
larger than 2 cm or with muscle layer involvement or vascular 
invasion. The mortality rate was reported to be less than 10% and 
the 5-year survival rate was 60-75%[52]. Type 3 prognoses are poor, 
with a mortality rate of 25-30% and a 5-year survival rate of less than 
50%[10,52]. The prognosis of type 4 was the poorest among the four 
types of gastric NENs and three fourths of patients died within 12 
months due to widespread metastasis[18,53].

DUODENUM AND AMPULLA OF VATER
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Epidemiology
Two to five percent of gastrointestinal NENs occur in the 
duodenum and the annual incidence of duodenal NEN is 0.07 per 
100 000. According to a recent report, duodenal and jejunal NEN 
have been reported to account for 22 percent of all gastrointestinal 
NENs[54]. Duodenal NEN was 1-3% of all duodenal tumors, Most 
duodenal NENs were slightly more common in men. The average 
age was in the 60s but onset age varied from 15 to 91 years old.

Clinicopathological classifications
NENs that occur in the duodenum and proximal jejunum can be 
classified by several types. The NET that secreted gastrin is the 
most common (62-65%), followed by somatostatin-secreting tumors 
(18-21%) and then gangliocytic paraganglioma (9%). Non-functional 
NET (5.6%) and NEC were very rare[55].
    More than 90% of duodenal NEN occurs in the duodenal 
bulb or second portion. About 25% of duodenal NEN occurs at 
the periampullary area. In many studies, the ampulla of Vater 
or periampullary NEN were distinguished from other duodenal 
NENs because their growth patterns and clinical, histological, and 
immunohistochemical properties are different[56]. In general, duodenal 
NENs are small tumors with an average size of 1.2-1.8 cm[57].

Gastrin producing NETs: Gastrin producing duodenal NET was the 
most common type of duodenal NEN, accounting for approximately 
62-65% of cases. Among gastrin producing tumors, clinical 
functioning tumors associated with ZES were called gastrinoma. 
Gastrinomas were usually sporadic and 25-33% of them were 
associated with MEN 1. Gastrinomas were usually located in the 
duodenal bulb and polypoid lesions less than 2 cm and confined to 
the mucosa or submucosal layer. In 60-75% of patients with sporadic 
ZES, gastrinomas were located in the duodenum while the rest were 
in the pancreas. In contrast, almost all cases associated with MEN 1 
were located in the duodenum [58]. Duodenal gastrinomas of sporadic 
cases were mostly single, whereas those associated with MEN 1were 
almost always multiple and very small, less than 1 mm. Tumors that 
were not accompanied by ZES usually had no symptoms and were 
found in older people. Local lymph node metastasis was found in 
60-80% of the cases at the time of diagnosis. In these cases, lymph 
nodes were larger than the primary tumor and could be mistaken for 
a pancreatic tumor. Liver metastases occurred in approximately 10% 
of cases and occurred several years after development of the disease. 
Local lymph node metastasis did not affect the survival of patients 
with ZES. Pancreatic gastrinomas were always sporadic and had no 
association with MEN 1. Liver metastasis in pancreatic gastrinoma  
occurred earlier than in duodenal gastrinoma[55].

Somatostatinoma: Somatostatinoma was the second most common 
type (18-21%) of duodenal NEN and usually occurred around the 
periampullary area with an average size of 2.3 cm. Histologically, 
somatostatinoma showed a glandular pattern with a psammoma body. 
The risk of metastasis was over 50% if it invaded the muscle layer, 
was larger than 2 cm, or showed an increased proliferative rate[55]. 
However, lymph node metastasis around the duodenum may occur 
even in tumors with a diameter between 1 cm and 2 cm or smaller. 
Liver metastasis was rare, but in recurrent cases the liver was the 
most common site of metastases. Duodenal somatostatinoma did 
not cause somatostatin syndrome (cholelithiasis, diabetes, weight 
loss, diarrhea, hypochlohydria, achlohydria, and anemia), unlike 
pancreatic somatostatinoma. 
    Ampullary somatostatinoma was frequent in patients with 

neurofibromatosis type 1 (von Recklinghausen's disease). Twenty 
to thirty percent of somatostatinoma cases were associated with 
neurofibromatosis.

Gangliocytic paraganglioma: Gangliocytic paraganglioma 
accounted for 9% of duodenal NEN. Polypoid tumors occurred in 
the ampulla of Vater and periampullary area with size that varied 
from 1.5-7 cm. In general, gangliocytic paraganglioma occurred at a 
younger age than other duodenal NENs. Tumors consisted of three 
different types of tumor cells, epithelial/endocrine cells, spindle-
shaped Schwann cells, and ganglion cells. The epithelial/endocrine 
cells were somatostatin and pancreatic polypeptide-positive, the 
spindle cells expressed neurofilament and S-100, and the ganglion 
cells were neuron specific enolase-positive. Even with cases in which 
the tumor was large and invaded the muscle layer, local lymph node 
metastasis was rare and it took a benign course[59]. Sometimes large (>2 
cm) tumors spread to regional lymph nodes and endocrine cells of the 
lesion contributed to malignancy. Gangliocytic paraganglioma did not 
show specific symptoms, but some cases were found by postprandial 
abdominal pain and upper gastrointestinal bleeding symptoms such 
as melena. Intestinal or biliary obstruction could occur. Gangliocytic 
paraganglioma is not associated with familial syndromes.

Non-functional duodenal NET: Non-functional NET was composed 
of calcitonin-secreting cells or EC cells that normally secrete 
serotonin. It did not cause hormone induced clinical syndrome. 
Incidence of non-functional NET was rare and it showed few signs 
or symptoms of invasive growth. The prognosis was very good 
compared to the prognoses for gastrinoma associated with ZES 
syndrome or ampullary somatostatinoma. Metastasis did not occur 
until the tumors invaded beyond the submucosal layer[2].

Poorly differentiated NEC: Poorly differentiated NEC is very rare 
and was mainly located in the ampulla and periampullary area. It 
was 2-3 cm in size, larger than a typical duodenal NEN and ulcerated 
or protruding tumor. Histologically, poorly differentiated NEC 
is an undifferentiated small cell carcinoma that characteristically 
invades the muscle layer. Clinically, most patients had jaundice and 
bleeding, and the NEC was hormone-inactive. At diagnosis, poorly 
differentiated NEC was in an advanced stage with regional lymph 
node or liver metastases[60]. In patients with metastases, the median 
survival was 14.5 months.

Clinical manifestations
In most cases, there was no specific clinical hormonal syndrome and 
the tumors were sporadic and slow growing[61]. They were found 
by chance with gastroscopy due to symptoms unrelated to NEN. 
Common symptoms include vague abdominal pain (37%), upper 
gastrointestinal bleeding (21%), anemia (21%), and jaundice (18%) 
[62]. Periampully or ampulla of Vater NENs often caused symptoms 
such as jaundice, abdominal pain, nausea, diarrhea, and vomiting. 
Jaundice occurred in up to 60% of cases in some reports.
    Duodenal NENs were usually asymptomatic regarding 
hormones, but ZES was present in approximately 10±3% of 
cases and Cushing's syndrome was present in 4±2%. In rare cases, 
acromegaly due to the NET that secreted growth hormones (GRFoma) 
occurred. There were also rare functional duodenal NETs such as 
insulinoma and glucagonoma[62]. Patients with ZES complained of 
symptoms such as heartburn, duodenal ulcer disease, and chronic 
diarrhea[63]. The clinical characteristics of patients with ZES did not 
differ in frequency between duodenum and pancreas gastrinoma and 
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they did not help find the primary location of gastrinoma. Fasting 
serum gastrin was significantly higher in patients with pancreatic 
gastrinoma than duodenal gastrinoma. Therefore, less than five times 
fasting gastrin indicated a duodenal tumor. Because liver metastasis 
was much more common in pancreatic gastrinoma than in duodenal 
gastrinoma, the10-year survival rate of duodenal gastrinoma was 
94%, significantly higher than that of pancreatic gastrinoma, 59%[64]. 
Typical carcinoid syndrome occurred only exceptionally in duodenal 
NEN and was associated with liver metastasis of the tumor.

Diagnosis 
Most duodenal NENs were found as a tumor in the lumen by 
endoscopy, CT, and magnetic resonance imaging (MRI). Duodenal 
NENs can be diagnosed by endoscopy with biopsy, and lymph node 
metastasis can be predicted by tumor size and depth of invasion. 
Therefore, EUS, abdominal CT, and scintigraphy can help to 
diagnose peripheral metastasis, staging, and histological features.

Treatments
There is not the established guidelines about the treatment of 
duodenal NEN yet, but the same methods used for gastric NENs can 
be attempted. Small duodenal NENs could be treated by endoscopic 
resection and surgeries, such as Whipple's procedure, may be 
considered for large tumors. The indication of endoscopic resection 
is difficult to define exactly. However, based on experience and data, 
an estimated size of less than 1 cm indicates endoscopic resection. A 
size of up to 2 cm may be included in the indication as well. It was 
thought to be beneficial to estimate the invasion depth of duodenal 
NENs through EUS[65]. There is not enough data about the treatment 
of duodenal NENs and further studies are needed.

Prognosis
Metastasis from duodenal NENs was observed in 6-10% of cases[55,66]. 
In duodenal NENs that were not associated with hormone syndrome, 
there was a very low probability of metastasis if they were smaller 
than 10 mm and showed GI without muscle layer involvement of 
vascular invasion. These cases could be considered early duodenal 
NENs. In duodenal NENs associated with ZES, regardless of 
association with MEN 1, regional lymph nodes and distant organ 
metastasis may occur in tumors having a size of only a few mm.
    The five-year survival rate of duodenal NENs has been reported 
as 84%[15]. However, survival rates vary depending on histological 
type, range of lesion, presence of hormone syndrome, and genetic 
background. If localized, the 5-year survival rate was 95%, but this 
rate decreased to about 10% in metastatic cases.

CONCLUSION
Gastric and duodenal NENs show a variety of clinical features 
and characteristics depending on anatomical position, origin of 
neuroendocrine cells, and secreting products. However, they also 
have many common features according to classification. Through the 
identification of biological characteristics of NEN, a more accurate 
and meaningful classification system for individualized therapy could 
become available. This would also improve assessments for patient 
prognosis.
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