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Abstract
AIM: To clarify the short and long-term results and to 

prove the usefulness of endoscopic resection in type 3 
gastric neuroendocrine tumors (NETs).

METHODS: Of the 119 type 3 gastric NETs diagnosed 
from January 1996 to September 2011, 50 patients 
treated with endoscopic resection were enrolled in this 
study. For endoscopic resection, endoscopic mucosal 
resection (EMR) or endoscopic submucosal dissection 
(ESD) was used. Therapeutic efficacy, complications, 
and follow-up results were evaluated retrospectively.

RESULTS: EMR was performed in 41 cases and ESD 
in 9 cases. Pathologically complete resection was per-
formed in 40 cases (80.0%) and incomplete resection 
specimens were observed in 10 cases (7 vs  3 patients 
in the EMR vs  ESD group, P  = 0.249). Upon analysis 
of the incomplete resection group, lateral or vertical 
margin invasion was found in six cases (14.6%) in the 
EMR group and in one case in the ESD group (11.1%). 
Lymphovascular invasions were observed in two cases 
(22.2%) in the ESD group and in one case (2.4%) 
in the EMR group (P  = 0.080). During the follow-up 
period (43.73; 13-60 mo), there was no evidence of 
tumor recurrence in either the pathologically complete 
resection group or the incomplete resection group. No 
recurrence was reported during follow-up. In addition, 
no mortality was reported in either the complete resec-
tion group or the incomplete resection group for the 
duration of the follow-up period.

CONCLUSION: Less than 2 cm sized confined sub-
mucosal layer type 3 gastric NET with no evidence of 
lymphovascular invasion, endoscopic treatment could 
be considered at initial treatment.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Endoscopic treatment was suitable for tumors 
measuring approximately 20 mm or smaller in size, 
with no lymph node or distant metastasis and limited to 
the submucosal layer of type 3 gastric neuroendocrine 
tumors (NETs), similar to endoscopic treatment guide-
lines applied to other gastrointestinal NETs.
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INTRODUCTION
Neuroendocrine tumors (NETs) are slow-growing malig-
nancies with distinct biological and clinical characteristics. 
Although these tumors have long been a source of  clini-
cal and pathologic interest, their fundamental biology still 
eludes precise delineation[1]. Despite the relative rarity 
of  gastric NETs, their diagnosis is increasing due to the 
recent widespread use of  diagnostic endoscopy[2-4]. Yearly 
age-adjusted incidence is approximately 0.2 per popula-
tion of  100000. 

Enterochromaffin-like (ECL) cells, the main endo-
crine cell types in type 1 and type 2 gastric NETs, are 
highly susceptible to gastrin trophic stimuli. Under cir-
cumstances that cause hypergastrinemia, such as chronic 
atrophic gastritis (CAG) in pernicious anemia (type 1) 
or gastrin-producing neoplasms in Zollinger-Ellison 
syndrome (ZES)/multiple endocrine neoplasia (MEN) 1 
(type 2), multiple ECL cell carcinoids occur in the oxyn-
tic corpus and fundus mucosa of  the stomach[5,6]. Type 1 
and 2 gastric NETs are usually considered benign, with 
a low risk of  malignancy. However, type 3 gastric NETs 
are composed of  different endocrine cells, which grow 
sporadically, irrespective of  gastrin, in an otherwise nor-
mal mucosa. Most of  these tumors show lymphoinva-
sion, angioinvasion, and deep wall invasion at the time 
of  diagnosis, and they often present with metastases, 
which are found in 50%-70% of  well-differentiated, and 
in up to 100% of  poorly differentiated tumors[6-9]. As a 
worse overall mortality of  type 3 gastric NETs, aggres-
sive surgery is considered the initial therapeutic approach, 
generally. Many reports on the efficacy of  endoscopic 
treatment for gastric NETs have been published[10-13]. 
However, few studies have reported on endoscopic treat-
ment of  type 3 gastric NETs. 

In this study, we will conduct a retrospective review 
of  the outcomes and long-term prognosis of  endoscopic 
treatment on type 3 gastric NETs. In addition, we dem-
onstrate the efficacy of  endoscopic treatment on type 3 
gastric NETs.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the 
Declaration of  Helsinki (2000) of  the World Medical As-
sociation. This study was approved ethically by University 
Hospital Kyungpook Trust (KNUMC_ 12-1005). All pa-
tients provided informed written consent for this study. 

Patients
After receiving appropriate Institutional Review Board 
approval, members of  the Korean college of  Helico-
bacter and Upper Gastrointestinal Research retrospec-
tively enrolled patients who were diagnosed with histo-
logically proven gastric NETs from 10 hospitals between 
January 1996 and September 2011. Based on endoscopic 
findings, all gastric NETs were classified according to the 
Paris endoscopic classification[14]. Abdominal computed 
tomography (CT) scans were available for diagnosis 
of  lymph node involvement or other organ metastasis. 
These patients were then analyzed with respect to their 
presenting signs and symptoms, associated disease, tumor 
characteristics (number, size, site, and the presence of  
metastasis), and outcome. From the 225 gastric NETs, 
we reviewed patients’ plasma gastrin levels and other as-
sociated diseases, such as ZES and multiple endocrine 
neoplasia (MEN) type 1, to diagnose type 3 gastric NETs. 
The exact criteria used to decide between endoscopic or 
surgical treatment was dependent on the tumor size, tu-
mor shape (combined ulceration or depressed lesions), or 
evidence of  adjacent lymph node metastasis. 

Histopathologic findings and TNM stage of gastric NETs
Resection specimens processed by formalin fixation were 
serially sectioned at 2 mm intervals, and tumor involve-
ment to the lateral and vertical margins was assessed. In 
addition, histopathological type, tumor size, depth of  
invasion, and lymphovascular invasion were evaluated 
microscopically. Pathologically complete resection was 
defined according to the following findings: (1) en bloc 
resection; (2) the tumor was a well-differentiated neuro-
endocrine tumor (classical-type carcinoid) according to 
World Health Organization (WHO) classification[15]; (3) 
tumor invasion was limited to the submucosal layer; (4) 
no lateral and vertical margin involvement; and (5) no 
lymphovascular invasion.

Endoscopic findings and endoscopic mucosal resection 
and endoscopic submucosal dissection procedures
We evaluated tumor characteristics, such as the measured 
size, number, and location of  tumors. Tumor size was es-
timated using biopsy forceps (FB 21K-1; Olympus Medi-
cal Systems Co, Tokyo, Japan), which was approximately 
6 mm in length when opened. Tumor location was re-
ported according to the longitudinal axis (fundus, cardia, 
body, or antrum). All lesions were imaged with adjacent 
anatomical structures to ensure that the exact location of  
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the tumor was recorded and proved histologically by en-
doscopic biopsy. Endoscopic ultrasonography was used 
for measuring the depth of  invasion of  gastric NETs. 
Endoscopic mucosal resection (EMR) or endoscopic 
submucosal dissection (ESD) was performed after ob-
taining informed consent. Submucosal injection of  saline 
mixed with epinephrine was performed to elevate tumor 
tissues from the underlying muscularis propria. Next, 
EMR, using a hood and snare, or submucosal dissection 
was applied for removal of  the lesion.

Follow-up after endoscopic resection
The follow-up program consisted of  endoscopic exami-
nations at three, six, and twelve-month intervals, and CT 
scans and blood tests were performed at 12-month inter-
vals. Follow-up endoscopy was performed depending on 
the follow-up program, and for histological examinations 
of  NETs recurrence, biopsies were performed at iatro-
genic ulcer scar lesions that had undergone endoscopic 
treatment. CT examination findings were normal in all 

patients at the end of  follow up.

Statistical analysis
All continuous variable data are presented as the mean ± 
SE. Statistical significance was calculated using unpaired 
Student’s t test. To assess the difference between two pro-
cedures, univariate analysis was performed using Student’
s t-test. Statistical significance was set at 0.05. All analy-
ses were performed using SPSS version 18.0 (SPSS Inc., 
United States).

RESULTS
Patient baseline characteristics
Overall, in the 226 cases of  gastric NETs, 119 cases 
(52.4%) were diagnosed as type 3 gastric NETs. Of  the 
119 patients, 50 patients (42.0%) received endoscopic 
interventions for the treatment of  type 3 gastric NET 
lesions (Figure 1). The average age of  the patients was 
58.6 (25-85) years. Twenty-eight (56.0%) patients were 
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Gastric NETs (n  = 226)

Type 3 NETs (n  = 119)

Type 1 Gastric NETs (n  = 107)

Follow up loss

Endoscopic resection 
(n  = 50)

EMR (n  = 41) ESD (n  = 9)

Complete resection 
(n  = 34)

Incomplete resection 
(n  = 7)

Lymphovascular invasion 
1 case - Additional operation 

Vertical and Lateral margin (+): 
6 cases - observation

Follow up 
(n  = 31)

Follow up 
(n  = 6)

CR: 31 CR: 6

Complete resection
(n  = 6)

Incomplete resection
(n  = 3)

Lymphovascular invasion 
2 cases - Additional operation

Vertical and Lateral margin (+): 
1 case - observation

Follow up 
(n  = 5)

Follow up 
(n  = 3)

CR: 5 CR: 3

Surgery
(n  = 39)

Observation
(n  = 15)

Follow up 
(n  = 33)

CR: 29 
PD: 4
(Recur: 4 
Additional
Operation: 2
Death: 2)

No recurrence in the endoscopic resection

Follow up median 46 mo

Follow up 
(n  = 14)

No change: 11
Tumor 
progression: 3 
(Death: 1)

Figure 1  Flow chart of type 3 gastric neuroendocrine tumors. Of all type 3 gastric neuroendocrine tumors (NETs) (n = 119), 39 patients were treated with surgery, 
50 patients were treated using an endoscopic method, and 15 patients were followed up only by observation. In the endoscopic treatment group, 41 patients were 
treated with endoscopic mucosal resection (EMR), and nine patients were treated with endoscopic submucosal dissection (ESD). Upon analysis of the resected speci-
mens, histologically incomplete resections were found in seven cases in the EMR group and three cases in the ESD group, and lymphovascular invasion was found 
in one case in the EMR group and two cases in the ESD group. All cases of lymphovascular invasion were treated with an additional operation. During the median 
follow-up duration (46 mo), there was no recurrence of gastric NETs in the endoscopic resection group. 
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vs 14.2 mm in the EMR vs ESD group, P = 0.055). All tu-
mors were determined as pathologically well-differentiat-
ed neuroendocrine tumors. Upon analysis of  the resected 
specimens, 11 tumors and six tumors in the EMR and 
ESD groups, respectively, were gastric NETs measuring 
10 mm or more in size (P = 0.031); pathologically com-
plete resections were achieved in 40 cases (80.0%), and 
incomplete resection specimens were seen in 10 cases 
(7 vs 3 patients in the EMR vs ESD group, P = 0.249). 
Lateral or vertical margin invasion was found in six cases 
(14.6%) in the EMR group and in one case in the ESD 
group (11.1%). Lymphovascular invasions were observed 
in two cases (22.2%) in the ESD group and in one case 
(2.4%) in the EMR group (P = 0.080) (Table 2). 

The mean tumor size of  a complete resection was 
9.6 (2-32) mm, and the size for an incomplete resection 
was 12.4 (3-20) mm (P = 0.011). The mean tumor size of  
lymphovascular invasion cases was larger than that of  the 
no lymphovascular invasion group, however, there was 
no significant difference (P = 0.416) (Table 3). All cases 
of  with a lymphovascular invasion tumor underwent an 
additional operation, while other incomplete resection 
cases were followed up by observation (Figure 1). There 
were no complications after the endoscopic treatment 
procedures.

Follow-up
Of  the 50 patients who underwent endoscopic treat-
ment, five patients (10.0%) were lost to follow-up, and 
45 patients (90%) were included in the follow-up. The 
median follow-up duration was 46 (13-60) mo. No evi-
dence of  tumor recurrence was found upon endoscopic 
and histological examinations in both groups. There was 
also no evidence of  recurrence during follow-up imaging 
studies. In addition, no mortality was reported in either 
the complete resection group or the incomplete resection 
group during the follow-up duration. If  5 years was used 
as a cut-off  point, 20 patients showed a disease-free state 
during this period.

DISCUSSION
Carcinoids were first described by Oberndorfer in 1907 
to describe a group of  tumors of  the gastrointestinal 
tract that had a relatively indolent course and were con-

male and 22 (44.0%) patients were female. Asymptomatic 
patients were the most common, and abdominal discom-
fort was the second most common presenting symptom 
(28.0%) in patients who had type 3 gastric NETs. Upon 
analysis of  the associated underlying disease, five patients 
(10.0%) had diabetes mellitus (DM), one patient (2.0%) 
had thyroid disease and early gastric cancer (EGC), and 
two patients (4.0%) had other combined malignancies 
(Table 1).

Tumor characteristic and metastasis
Based on the endoscopic findings, superficial elevated 
type (type IIa) and solitary lesions (96%) were most prev-
alent. Upon analysis of  the location of  the type 3 gastric 
NETs, 38 lesions (76.0%) were found on the body. Based 
on the EUS evaluation, there were 49 cases (98.0%) of  
confined tumors in the mucosal or submucosal layer, and 
one tumor (2.0%) was suspicious of  invasion into the 
muscular propria (MP) layer. No lymphatic invasion or 
other organ metastasis findings was observed in the im-
aging stud (Table 1).

Treatment modality and results
Of  the 50 patients who had been treated with endoscopic 
intervention, 41 patients (82.0%) were treated by EMR 
and 9 patients (18.0%) were treated by ESD. The mean 
tumor size of  the gastric NETs was 10.2 ± 6.3 mm, and 
compared with the mean tumor size, no significant dif-
ference was observed between the two groups (9.3 mm 

Table 1  Patient characteristics of 51 gastric endocrine 
tumors who underwent endoscopic resection  n  (%)

Male:female 28:22
Mean age, yr 58.6 ± 12.2
   Associated symptoms
   Abdominal discomfort 14 (28.0)
   Body weight loss 1 (2.0)
   Diarrhea 1 (2.0)
   Other symptom 1 (2.0)
Associated disease
   Diabetes mellitus   5 (10.0)
   Thyroid disease 1 (2.0)
   Combined other malignancy 2 (4.0)
Number of tumors
   1 48 (96.0)
   ≥ 2 2 (4.0)
Tumor location
   Antrum 4 (8.0)
   Body  38 (76.0)
   Fundus or cardia   8 (16.0)
Tumor size
   ≤ 10 mm 33 (66.0)
   > 10 mm 17 (34.0)
EUS invasion depth
   Mucosa and submucosa 49 (98.0)
   MP 1 (2.0)
Treatment methods
   EMR 41 (82.0)
   ESD   9 (18.0)

GET: Gastric endocrine tumor; MP: Muscularis propria; EMR: Endoscopic 
mucosal resection; ESD: Endoscopic submucosal dissection. 

Table 2  Treatment outcomes after endoscopic treatment of 
gastric endocrine tumors  n  (%)

EMR
(n  = 41)

ESD
(n  = 9)

P  value

Mean resection size (range, mm) 9.3 ± 5.6 14.2 ± 7.8 0.055
Tumor size > 10 mm 11 (26.8) 6 (66.7) 0.031
Pathologically complete resection 35 (85.4) 6 (66.7) 0.249
Lymphovascular invasion 1 (2.4) 2 (22.2) 0.080
Additional operation 1 (2.4) 2 (22.2) 0.080

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal 
dissection. 
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sidered to be intermediate between adenomas and carci-
nomas in terms of  malignancy potential. Currently, these 
tumors are also known by the modern term of  gastric 
NETs, which include a subset of  tumors demonstrating 
features of  neuroendocrine differentiation[15]. Surgery 
has been the most common treatment of  gastric NETs; 
however, these tumors often receive suboptimal manage-
ment, and some patients still undergo inappropriate sur-
gery. As the diagnosis of  gastric NETs is increasing with 
the widespread use of  screening diagnostic endoscopy, 
treatment using the endoscopic method is becoming a 
matter of  concern. In type 1 gastric NETs, endoscopic 
polypectomy or endoscopic mucosal resection is small (< 
1 cm) and few (< 3-5 cm) in number[16] because the clini-
cal behavior of  these tumors is usually indolent. Most 
are grade 1 tumors with TNM stage I disease and no 
mortality during prolonged follow-up[17]. Type 3 gastric 
NETs represent 15%-25% of  NETs and are not related 
to hypergastrinemia and ECL hyperplasia. The lesions 
are typically solitary, larger than 1-2 cm, ulcerated, and 
deeply invasive. The lesions are usually located in the gas-
tric fundus and body, but may also occur in the antrum; 
they are also more frequent in males[6,18-20] and are char-
acterized by a far more aggressive course. Type 3 gastric 
NETs present with lymph node and distant metastases in 
more than 50% of  cases. Therefore, partial or total gas-
trectomy with local lymph node resection is considered 
an acceptable treatment[21,22] in the absence of  visceral 
metastases. Additionally, systemic chemotherapy is also 
considered appropriate if  surgery is not feasible, even 
if, thus far, the results are not very encouraging[23]. Only 
small (< 10 mm), well differentiated (G1) type 3 gastric 
NETs may be treated non-operatively by endoscopic 
resection. Because of  the generally favorable tumor biol-
ogy, surgery and/or local ablation should be considered 
even in metastatic gastric NETs[3]. Recently, Saund et al[24] 
reported that tumor size and depth can predict lymph 
node metastasis for gastric NETs and that endoscopic 
resection may be appropriate for intraepithelial (IE) tu-
mors <2 cm and perhaps tumors < 1 cm invading into 
the lamina propria or submucosa. In our present study, 
complete pathological resections were achieved in 80.4% 
of  patients (85.4% in the EMR group vs 66.7% in the 
ESD group). Better results for the pathological complete 
resection rate for treatment have usually been reported 
with the ESD technique. However, in the current study, 
the EMR group showed a more preferable complete 
resection rate compared with the ESD group. We pre-

sumed that tumor size is a contributing factor. Based on 
analysis of  resected tumor size, the mean tumor size of  
the ESD group was larger than that of  the EMR group (P 
= 0.055), and the pathologically complete resection ratio 
showed no significant difference in both modality groups 
(P = 0.249). Even in cases with tumor sizes greater than 
10 mm (14 cases), which were confined to the submu-
cosal layer and no lymphovascular invasion, endoscopic 
treatment showed no recurrence during the follow-up 
duration. Considering these factors, the ESD technique 
was useful for large type 3 gastric NETs. The long-term 
results of  the endoscopic treatment only group (n = 43) 
showed no recurrence or mortality. Therefore, we could 
conclude that endoscopic treatment was suitable for tu-
mors measuring approximately 20 mm or smaller in size, 
with no lymph node or distant metastasis and limited to 
the submucosal layer of  type 3 gastric NETs, similar to 
endoscopic treatment guidelines applied to other gastro-
intestinal NETs.

Our study has some limitations. First, this study is a 
retrospective analysis of  clinical records. However, the 
data are believed to be reliable because all patients with 
type 3 gastric NETs treated using the endoscopic method 
at 10 institutions between January 1996 and September 
2011 were included. The second limitation is that this 
study has a possible selection bias because it was not 
randomized. However, we consider the selection bias to 
be minimal because the patient characteristics and the 
median tumor sizes of  patients with type 3 gastric NETs 
were not different. Third, the outcome of  the endoscopic 
resection and selection of  methods for endoscopic resec-
tion were different for each institution. However, each 
operator had sufficient skill to perform the endoscopic 
procedure, and the modality of  endoscopic treatment 
was generally accepted for the treatment of  gastric NETs. 
The final limitation is that we enrolled patients accord-
ing to the WHO 2000 system for NET classification, 
due to retrospective study design. Therefore, we could 
not evaluate tumor histology on the basis of  proliferative 
activity (Ki-67 index, mitotic rate) in which gastric NETs 
are graded as G1, G2, or G3.

In a conclusion, if  the tumor is confined in the sub-
mucosal layer, there is no evidence of  lymphovascular 
invasion, and the tumor size is smaller than 2 cm, endo-
scopic treatment could be applied for the initial treatment 
of  type 3 gastric NETs. 

COMMENTS
Background
Lots of controversies still exist about the optimal treatment of gastric neuroen-
docrine tumors (NETs). Type 3 gastric NETs are known as more aggressive 
disease course compared with type 1 gastric NETs. So, management of type 3 
gastric NETs are comparable to that used for gastric adenocarcinomas, which 
includes partial or total gastrectomy with extended lymph node resection. How-
ever, in the case of small sized tumor, endoscopic resection is applied for initial 
treatment, nowadays. 
Research frontiers
To evaluate of the long-term results and to prove the usefulness of endoscopic 
resection in type 3 gastric NETs. 

Table 3  Analysis of resected tumors

Tumor size P  value

Complete resection (range, mm)
   Yes (n = 40)   9.6 ± 6.3 0.011
   No (  = 10) 12.4 ± 6.1
Lymphovascular invasion (range, mm)
   Yes (n = 3) 16.3 ± 4.2 0.416
   No (n = 47)   9.8 ± 6.2

Kwon YH et al . Endoscopic resection for type 3 gastric NET

 COMMENTS



8708 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Innovations and breakthroughs
Endoscopic treatment was suitable for tumors measuring approximately 20 mm 
or smaller in size, with no lymph node or distant metastasis and limited to the 
submucosal layer of type 3 gastric NETs.
Applications
This present study suggest that the tumor size, the depth of invasion and 
evidence of lymphovascular invasion must be considered before performing 
endoscopic treatment for type 3 gastric NETs. 
Peer review
This study described the efficacy of endoscopic resection for the type 3 gastric 
NETs which size is less than 2 cm, confined submucosal layer, and no evidence 
of lymphovascular invasion.
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