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Guidelines have differed in their opinion regarding the indications for endoscopic resection of
gastric-neuroendocrine neoplasms (g-NENs) and duodenal-NENs (d-NENs). We examined
the association between size and lymph node metastasis (LNM) to identify candidates most
suitable for endoscopic resection. We identified 706 patients with T1/T2 g-NENs and 621
patients with T1/T2 d-NENs from the SEER database. The prevalence of LNM and risk
factors associated with LNM were analyzed. LNM was present in 8.1% of patients with
gastroduodenal neuroendocrine tumors (NETs) and 31.6% of patients with neuroendocrine
carcinomas (NECs). Multivariate logistic regression indicated that tumor size >10mm,
greater invasion depth, and poor differentiation were independently associated with LNM.
In addition, the percentage of g-NETs invading submucosa with LNM increased with tumor
size (≤10 mm,3.9%;11–20 mm,8.6%;>20 mm,16.1%). However, in contrast to the low
LNM risk in patients with small g-NETs (≤10 mm), we found that LNM rate exceeded 5%
even for patients with small submucosal-infiltrating d-NETs. Among patients with nodal-
negative g-NETs, the cause specific survival (CSS) was similar for those who received
surgical resection and endoscopic resection. Among patients with d-NETs, the CSS was
better for those who received endoscopic resection. In conclusion, patients with d-NETs
had a higher probability of LNM than those with g-NETs. Endoscopic resection can be
utilized for curative treatment of submucosa-infiltrating g-NETs and intramucosal d-NETs
when the size is 10mmor less. These results reinforce the need to search for LNM in lesions
that are larger than 10 mm.

Keywords: upper gastrointestinal tract, neuroendocrine neoplasm, lymph node metastasis, endoscopic
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INTRODUCTION

Gastroduodenal neuroendocrine neoplasms (NENs), including
gastric neuroendocrine neoplasms (g-NENs) and duodenal
neuroendocrine neoplasms (d-NENs), account for approximately
10% of NENs within the digestive system (1, 2). With advances in
endoscopic techniques, clinicians now incidentally detect an
increasing number of gastroduodenal NENs and remove them
endoscopically at an early stage (3, 4). Similar to early gastric
cancer, the potential risk of lymph node metastasis (LNM) must
be considered before endoscopic resection. There are some
differences in the guidelines of major European and North
American societies regarding the endoscopic management of
superficial gastroduodenal NENs (5–7).

Most g-NENs arise from enterochromaffin-like (ECL) cells
and multiple guidelines classify them into three types: type 1 (70–
80%) is associated with autoimmune gastritis, type 2 (5–6%)
results from gastrinoma, and type 3 (14–25%) occurs without
hypergastrinaemia (8). The current European Neuroendocrine
Tumor Society (ENETS) consensus guidelines consider patients
with type 1 g-NENs larger than 10 mm to have an increased risk
of metastasis. However, the guidelines of the North American
Neuroendocrine Tumor Society (NANETS) recommend that
type 1 and 2 g-NENs that are confined to the submucosa, less
than 20 mm in diameter, and with no more than six polyps could
be resected endoscopically (5). Moreover, the most recent
National Comprehensive Cancer Network (NCCN) guidelines
suggested that endoscopic resection should be reserved for small
(<10 mm), low-grade, and superficial g-NENs (9). Thus, there
are differences in whether endoscopic resection should be
utilized for curative treatment of g-NENs with diameters of 10
to 20 mm.

More than 90% of d-NENs are in the first or second part of the
duodenum, and they are generally small (1.2–1.5 cm) and solitary
(8, 10). The ENETS guidelines state that nonampullary d-NENs
less than 10 mm in diameter and confined to the submucosal layer
are candidates for endoscopic treatment. However, there is no
consensus regarding the use of endoscopic or surgical resection for
d-NENs that are 10 to 20 mm in diameter (6), and the NANETS
and NCCN guidelines do not specifically refer to endoscopic
management of d-NENs.

In this study, we examined the indications for endoscopic
resection of T1/T2 g-NENs and d-NENs, with a focus on
neoplasms that are 10 to 20 mm in diameter, by determining
the relationship between the size of gastroduodenal NENs and
the prevalence of LNM in a large population.
Abbreviations: NEN, neuroendocrine neoplasm; g-NEN, gastric neuroendocrine
neoplasm; d-NEN, duodenal neuroendocrine neoplasm; LNM, lymph node
metastasis; ECL, enterochromaffin-like; ENETS, European Neuroendocrine
Tumor Society; EUS, endoscopic ultrasound; NANETS, North American
Neuroendocrine Tumor Society; NCCN, National Comprehensive Cancer
Network; SEER, Surveillance, Epidemiology, and End Results; AJCC, American
Joint Committee on Cancer; ICD, International Classification of Diseases; NET,
neuroendocrine tumor; NEC, neuroendocrine carcinoma; CSS, cause-specific
survival; OS, overall survival; aOR, adjusted odds ratio; CI, confidence interval;
aHR, adjusted hazard ratio; EMR, endoscopic mucosal resection; ESD, endoscopic
submucosal dissection; LVI, lymph vascular involvement.
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MATERIALS AND METHODS

Study Population
We retrieved clinicopathological data of all patients who were
diagnosed with a g-NEN or d-NEN between 2004 and 2015 from
National Cancer Institute-sponsored Surveillance, Epidemiology,
and End Results (SEER) Program (www.seer.cancer.gov). This
registry has research data from 1975 to 2016, and was released in
April 2019. The annually-updated SEER database is one of the
largest registries in the world, consists of 18 population-based
cancer registries, and comprises about 28% of all US cancer cases
(11). According to American Joint Committee on Cancer
(AJCC) 8th TNM staging system for g-NEN and d-NEN, a T1
tumor is one that has invaded the lamina propria or submucosa
and is 10 mm or less in size, and a T2 tumor is one that has
invaded the muscularis propria or is more than 10 mm in
size (12).

The inclusion criteria were: NEN as the primary tumor;
histological ly confirmed gastroduodenal NEN with
International Classification of Diseases (ICD) histologic codes
of 8240 to 8249, 8152 to 8156, 8013, or 8041; primary site ICD
code of C16.0 to C16.9 for g-NEN, and C17.0 for d-NEN; and
stage T1 or T2. The exclusion criteria were: missing information
on tumor size, tumor grade, or lymph node metastasis status;
unknown T stage or stage T3 or T4; presence of distant
metastasis; receipt of preoperative radiotherapy; and a d-NEN
located in the ampulla of Vater.

Definitions of NET and NEC
The term ‘NEN’ refers to two groups of neoplasms with distinct
prognoses: neuroendocrine tumor (NET) and neuroendocrine
carcinoma (NEC). This study followed the 2019 WHO
classification and grading criteria for tumors of the gastrointestinal
tract (13), which defined well ormoderately differentiated gastric and
duodenal NENs as ‘g-NETs’ and ‘d-NETs’, and poorly differentiated
gastroduodenal NENs as ‘g-NECs’ and ‘d-NECs’. We referred to the
LNM rate of T1a early gastric cancer (14), which is deed as an entity
with low risk of LNM, to define the ‘low LNM risk’ as <5% for
gastroduodenal NETs in this study.

Survival Analysis
Surgery of SEER primary site code 20 to 27 was defined as local
tumor excision (endoscopic treatment including polypectomy,
excisional biopsy, and electrocautery) and code 30 to 90 as open
surgery. Nodal involvement was determined by examination of
lymph nodes during open surgery or by pre-resection imaging
(endoscopic ultrasound, computed tomography scanning, or
magnetic resonance imaging) for patients who received endoscopic
treatment (15). Cause-specific survival (CSS) was defined as the time
from diagnosis to death from gastroduodenal NEN. Multivariate
Cox regression analysis for two end points — overall survival (OS)
and CSS — was used to assess the prognostic effects of age, sex,
tumor size, and treatment method for patients with nodal-negative
NETs that were confined to the submucosa. Survival curves were
plotted using the Kaplan-Meier method, and the log-rank test was
utilized to determine significance of differences for two comparisons:
May 2021 | Volume 12 | Article 658392
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nodal-negative patients who underwent endoscopic excision vs. open
surgery and patients with LNM vs. no LNM.

Statistical Analysis
Continuous variables were presented as means ± standard
deviations, and categorical data as numbers and percentages.
Continuous variables with or without normal distribution were
compared using Student’s t-test or the two-sample Mann-Whitney
U test, as appropriate. Categorical data were compared using the
chi-squared test or Fisher’s exact test, as appropriate. Stratified
categorical data were compared using the Cochran-Mantel-
Haenszel test. A multivariate logistic regression model was
employed to identify factors independently associated with LNM.
All statistical analyses were performed by IBM SPSS version 22.0
and R version 3.6.1 (https://www.r-project.org/). For all statistical
tests, a two-sided P value less than 0.05 was regarded significant.
RESULTS

Clinical Characteristics of Patients
We retrospectively examined 1327 patients from the SEER database
who had stage T1/T2 gastroduodenal NENs and were diagnosed
Frontiers in Endocrinology | www.frontiersin.org 3
between 2004 and 2015 (Tables 1 and 2). There were 706 patients
with g-NENs and 621 patients with d-NENs, and the average age at
diagnosis was 59.5 ± 12.9 years for those with g-NENs and 62.2 ±
12.0 years for those with d-NENs. Females accounted for 62.6% of
g-NEN patients and 50.5% of d-NEN patients. A total of 95.5% of g-
NENs were g-NETs with good differentiation, and 99% of d-NENs
were d-NETs. The overall prevalence of LNM was 5.8% among
those with g-NENs and 12.1% among those with d-NENs. Analysis
of multiple clinicopathological variables indicated LNM had
significant associations with male sex, early diagnosis, poor
differentiation, deep invasion, and tumor size in patients with g-
NENs and d-NENs (all P < 0.05). Our comparison of patients with
and without LNM also indicated differences in race/ethnicity of
those with g-NENs (P = 0.03) and age differences in those with d-
NEN (P < 0.001). However, g-NEN location was not associated with
LNM (P = 0.21).

Risk Factors for Lymph Node Involvement
We also examined potential risk factors for LNM in patients with
gastroduodenal NENs (Tables 3 and 4). To avoid the effect of
multicollinearity among tumor size, invasion depth, and tumor
differentiation (P < 0.001 identified by Spearman’s correlation
analyses, data not shown), we first employed univariate logistic
TABLE 1 | Characteristics of patients with T1/T2 g-NENs (n = 706) with and without LNM.

Variable No LNM (n = 665) With LNM (n = 41) P

Age at diagnosis (mean ± SD) 59.3 ± 13.0 62.2 ± 9.8 0.17
Male (%) 238 (35.8%) 26 (63.4%) <0.001
Year of diagnosis <0.001
2004-2007 26 (3.9%) 8 (19.5%)
2008-2011 151 (22.7%) 11 (26.8%)
2012-2015 488 (73.4%) 22 (53.7%)

Race/Ethnicity 0.03
Non-Hispanic White 381 (57.3%) 22 (53.7%)
Black 95 (14.3%) 5 (12.2%)
Hispanic White 43 (21.5%) 6 (14.6%)
Asian/Pacific Islanders 32 (4.8%) 7 (17.1%)
American Indian/Alaska Native 5 (0.8%) 0
Unknown 9 (1.4%) 1 (2.4%)

Tumor differentiation <0.001
Well differentiated 531 (79.8%) 24 (58.5%)
Moderately differentiated 112 (16.8%) 7 (17.1%)
Poorly differentiated (NEC) 22 (3.3%) 10 (24.4%)

Depth of invasion <0.001
Mucosa 153 (23.0%) 3 (7.3%)
Submucosa 267 (40.2%) 20 (48.8%)
Muscularis propria 84 (12.6%) 14 (34.1%)
T1, NOS 129 (19.4%) 0
T2, NOS 32 (4.8%) 4 (9.8%)

Tumor size <0.001
≤10 mm 452 (68.0%) 9 (22.0%)
11- 20 mm 136 (20.5%) 10 (24.4%)
21- 50 mm 68 (10.2%) 14 (34.1%)
>50 mm 9 (1.3%) 8 (19.5%)

Location 0.21
Cardia/Fundus 105 (15.8%) 8 (19.5%)
Body 219 (32.9%) 10 (24.4%)
Antrum/Pylorus 145 (21.8%) 14 (34.1%)
Stomach, NOS 196 (29.5%) 9 (22.0%)
May 2021 | Volume 12 | Article
LNM, lymph node metastasis; g-NEN, gastric neuroendocrine neoplasm; SD, standard deviation; NEC, neuroendocrine carcinoma; NOS, Not otherwise specified.
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regression and then used a multivariate model that adjusted for
demographic factors (age, sex, and race). The results indicated
that tumor size greater than 10 mm, depth of invasion, and poor
differentiation were risk factors for LNM in patients with g-
NENs in the unadjusted and multivariable logistic regression (all
P < 0.05). The results were similar for patients with d-NENs.

Our results also indicated that tumor size (stratified as ≤10, 10–20,
and >20 mm) had a high correlation with LNM in patients with g-
NENs and d-NENs (both P < 0.001 for trend). Notably, compared
with NENs of 10 mm or less in diameter, the risk of LNM was
Frontiers in Endocrinology | www.frontiersin.org 4
significantly increased in patients with tumors that were 11 to 20mm
in diameter among those with g-NENs [adjusted odds ratio (aOR):
3.96, 95% confidence interval (CI): 1.54–10.2; P = 0.004] and among
those with d-NENs (aOR: 4.11, 95% CI: 2.31–7.33; P < 0.001).

Prevalence of LNM in NETs With
Different Sizes
Overall, 104 of 1289 patients with gastroduodenal NETs (8.1%) and
12of 38patientswithNECs (31.6%)hadLNM.Thus, as expected, the
prevalence of LNMwas greater in patientswithNEC(Chi-squareP<
TABLE 2 | Characteristics of patients with T1/T2 d-NENs (n = 621) with and without LNM.

Variable No LNM (n = 546) With LNM (n = 75) P

Age at diagnosis (mean ± SD) 63.0 ± 11.9 56.8 ± 11.9 <0.001
Male (%) 280 (51.3%) 29 (38.7%) 0.04
Year of diagnosis <0.001
2004-2007 19 (3.5%) 6 (8.0%)
2008-2011 110 (20.1%) 28 (37.3%)
2012-2015 417 (76.4%) 41 (54.7%)

Race/Ethnicity 0.39
Non-Hispanic White 290 (53.1%) 49 (65.3%)
Black 150 (27.5%) 16 (21.3%)
Hispanic White 61 (11.2%) 4 (5.3%)
Asian/Pacific Islanders 37 (6.8%) 5 (6.7%)
American Indian/Alaska Native 2 (0.4%) 0
Unknown 6 (1.1%) 1 (1.3%)

Tumor differentiation 0.02
Well differentiated 478 (87.5%) 57 (76.0%)
Moderately differentiated 64 (11.7%) 16 (21.3%)
Poorly differentiated (NEC) 4 (0.7%) 2 (2.7%)

Depth of invasion <0.001
Mucosa 191 (35.0%) 10 (13.3%)
Submucosa 280 (51.3%) 26 (34.7%)
Muscularis propria 51 (9.3%) 36 (48.0%)
T1, NOS 18 (3.3%) 1 (1.3%)
T2, NOS 6 (1.1%) 2 (2.7%)

Tumor size <0.001
≤10 mm 404 (74.0%) 29 (37.3%)
11- 20 mm 117 (21.4%) 30 (40.0%)
21- 50 mm 17 (3.1%) 15 (20.0%)
>50 mm 8 (1.5%) 2 (2.7%)
May 2021 | Volume 12 | Article
LNM, lymph node metastasis; d-NEN, duodenal neuroendocrine neoplasm; SD, standard deviation; NEC, neuroendocrine carcinoma; NOS, Not otherwise specified.
TABLE 3 | Logistic regression of factors associated with LNM in patients with g-NENs.

Variable Model 1 P Model 2 P
OR (95% CI) OR (95% CI)

Tumor differentiation
Well differentiated Reference – Reference –

Moderately differentiated 1.38 (0.58-3.29) 0.46 1.37 (0.57-3.27) 0.48
Poorly differentiated (NEC) 10.06 (4.29-23.58) <0.001 8.38 (3.41-20.58) <0.001

Depth of invasion*
Mucosa Reference – Reference –

Submucosa 3.82 (1.12-13.07) 0.03 3.92 (1.14-13.54) 0.03
Muscularis propria 8.50 (2.38-30.42) 0.001 8.82 (2.44-31.96) 0.001

Tumor size
≤10 mm Reference – Reference –

11- 20 mm 3.69 (1.47-9.27) 0.005 3.96 (1.54-10.20) 0.004
>20 mm 14.35 (6.37-32.33) <0.001 17.38 (7.38-40.92) <0.001
*Cohort size, n = 541 (data on specific layer of invasion depth were available only in 541 out of 706 g-NEN patients). Logistic regression was utilized to explore the association of tumor
differentiation, size, and invasive depth with LNM in model 1 (univariate). Confounding variables of age, sex, and race were adjusted in model 2. LNM, lymph node metastasis; g-NEN,
gastric neuroendocrine neoplasm; OR, odds ratio; CI, confidence interval.
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0.001,Figures 1A,B). Analysis ofNECs indicated therewas noLNM
in the 2 patients with T1 d-NEC, but LNM was present in 20.0% of
patientswithT1g-NEC,33.3%ofpatientswithT2g-NEC, and50.0%
of patients with T2 d-NEC. Analysis of patients withNETs indicated
that LNM was present in 1.8% of patients with T1 g-NET, 9.7% of
patients with T2 g-NET, 5.4% of patients with T1 d-NET, and 24.4%
of patients with T2 d-NET. Thus, patients with T1/T2
gastroduodenal NECs are not optimal candidates for endoscopic
resection due to the high prevalence of LNM. We therefore focused
on T1/T2 gastroduodenal NETs in our subsequent analysis.
Frontiers in Endocrinology | www.frontiersin.org 5
We examined the association of invasion depth, tumor size,
and LNM in patients with gastroduodenal NETs for whom data
on invasion depth were available (Table 5). Among 517 patients
with g-NETs, LNM status was detected in 254 patients using
cross-sectional imaging or endoscopic ultrasound (EUS) and in
263 patients by open surgery. Analysis of the 517 patients with g-
NETs indicated LNM occurred in 1.9% of patients with tumors
in the mucosa, 6.4% of patients with tumors in the submucosa,
and 12.3% of patients with tumors in the muscularis propria.
Among 589 patients with d-NETs, LNM status was detected in
TABLE 4 | Logistic regression of factors associated with LNM in patients with d-NENs.

Variable Model 1 P Model 2 P
OR (95% CI) OR (95% CI)

Tumor differentiation
Well differentiated Reference – Reference –

Moderately differentiated 2.10 (1.14-3.87) 0.02 1.94 (1.02-3.67) 0.04
Poorly differentiated (NEC) 4.19 (0.75-23.40) 0.10 5.71 (0.95-34.19) 0.06

Depth of invasion*
Mucosa Reference – Reference –

Submucosa 1.77 (0.84-3.76) 0.14 1.86 (0.87-4.00) 0.11
Muscularis propria 13.48 (6.27-28.99) <0.001 13.18 (6.00-28.95) <0.001

Tumor size
≤10 mm Reference – Reference –

11- 20 mm 3.70 (2.13-6.44) <0.001 4.11 (2.31-7.33) <0.001
>20 mm 9.81 (4.75-20.27) <0.001 9.73 (4.52-20.95) <0.001
May 2021 | Volume 12 | Article
*Cohort size, n = 594 (data on specific layer of invasion depth were available only in 594 out of 621 d-NEN patients). Logistic regression was utilized to explore the association of tumor
differentiation, size, and invasive depth with LNM in model 1 (univariate). Confounding variables of age, sex, and race were adjusted in model 2. LNM, lymph node metastasis; d-NEN,
duodenal neuroendocrine neoplasm; OR, odds ratio; CI, confidence interval.
A B

C

FIGURE 1 | Incidence of LNM in patients with g-NENs and d-NENs. (A) LNM rates in T1 and T2 stages stratified by tumor differentiation. (B) Comparison of LNM
rates in all NETs (n = 1289) and all NECs (n = 38). (C) Risk of LNM in NETs with different invasion depths and sizes. g-NEN, gastric neuroendocrine neoplasm;
d-NEN, duodenal neuroendocrine neoplasm; LNM, lymph node metastasis; NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma.
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288 patients using cross-sectional imaging or EUS and in 301
patients by open surgery. Analysis of the 589 patients with d-
NETs indicated LMN occurred in 5% of patients with tumors in
the mucosa, 8.6% of patients with tumors in the submucosa, and
40.0% of patients with tumors in the muscularis propria. Our
analysis of the relationship of LNM in each layer with tumor size
indicated a high risk for LNM (nodal metastasis rate > 5%) in 8 of
the 9 subgroups of patients with d-NETs, but not in the subgroup
with mucosal tumors smaller than 10 mm. There was also a high
risk for LNM in 5 of the 9 subgroups of patients with g-NETs, but
not in the 3 subgroups with tumors smaller than 10 mm or in the
subgroup with mucosal tumors that were 11 to 20 mm (Table 5
and Figure 1C).

NEN-Specific Survival According to Tumor
Stage/Grade and Treatment Modality
Patients with g-NENs had a median follow-up period of 43.7
months and an overall 5-year survival rate of 84.0%. Patients
with d-NENs had a median follow-up period of 43.2 months and
Frontiers in Endocrinology | www.frontiersin.org 6
an overall 5-year survival of 87.1%. We then determined CSS
analysis on four different subgroups for patients with g-NENs
and d-NENs: T1 nodal-negative NETs, T2 nodal-negative,
nodal-positive NETs, and NECs (Figure 2). The results
indicated NEN-specific survival for NEC patients was
significantly worse than the other 3 subgroups among patients
with d-NENs (P < 0.001) and among patients with g-NENs (P =
0.02). However, the CSS was not significantly different in nodal-
negative NET patients with stage T1 or T2. Univariate and
multivariate Cox regression analysis indicated that LNM
increased the risk for poor OS and CSS in patients with T1/T2
g-NETs (adjusted hazard ratio (aHR): 6.15, 95% CI: 2.67–14.1;
P < 0.001; Supplementary Table 1). In addition, analysis of
patients with T1/T2 d-NETs indicated that increased age was
associated with worse OS (aHR: 1.05, 95% CI: 1.03–1.08;
P < 0.001) and nodal involvement was associated with
decreased CSS (aHR: 4.25, 95% CI: 1.24–14.5; P = 0.02).

Next, we compared the CSS rates of patients who underwent
local excision (endoscopic treatment including polypectomy,
TABLE 5 | Association of invasion depth, tumor size, and LNM in 1106 patients with gastroduodenal NETs.

Invasion depth Prevalence of LNM P

Total ≤10 mm 11-20 mm >20 mm

g-NETs (n = 517) <0.001
Mucosa 3/155 (1.9%) 1/130 (0.8%) 0/14 2/11 (18.2%)
Submucosa 18/281 (6.4%) 7/180 (3.9%) 6/70 (8.6%) 5/31 (16.1%)
Muscularis propria 10/81 (12.3%) 0/18 4/39 (10.3%) 6/24 (25.0%)

d-NETs (n = 589) <0.001
Mucosa 10/200 (5.0%) 5/158 (3.2%) 3/31 (9.7%) 2/11 (18.2%)
Submucosa 26/304 (8.6%) 16/229 (7.0%) 4/61 (6.6%) 6/14 (42.9%)
Muscularis propria 34/85 (40.0%) 6/24 (25.0%) 21/48 (43.8%) 7/13 (53.8%)
May 2021 | Volume 12 | Article
LNM, lymph node metastases; NET, neuroendocrine tumor; g-NEN, gastric neuroendocrine neoplasm; d-NEN, duodenal neuroendocrine neoplasm.
A B

FIGURE 2 | Cause-specific survival in four clinical subgroups (T1 nodal-negative NETs, T2 nodal-negative NETs, nodal-positive NETs, and NECs) among patients
with g-NENs (A) and d-NENs (B). NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; g-NEN, gastric neuroendocrine neoplasm; d-NEN, duodenal
neuroendocrine neoplasm.
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excisional biopsy, and electrocautery) or surgical resection. There
were 470 patients with nodal-negative g-NETs and 400 patients
with nodal-negative d-NETs with tumors confined to submucosal
layer for whom information on treatment was available. Among
them, 587 patients (67.5%) received local excision and 283 patients
(32.5%) received radical surgery. For patients with g-NETs, the
unadjusted Kaplan-Meier curves were similar in the two groups
(Supplementary Figure 1A). However, for patients with d-NETs,
those who received surgical resection had a significantly worse CSS
(P = 0.004; Supplementary Figure 1B). In agreement, Cox
regression analysis with adjustment for age, sex, and tumor size
also demonstrated that open surgical treatment was associated with
poor CSS in patients with nodal-negative d-NETs confined to the
submucosa (Supplementary Table 2).
DISCUSSION

This large population-based study examined risk factors for
LNM in patients who had T1/T2 upper gastrointestinal NENs.
We found that tumor differentiation, size, and infiltration depth
were significantly associated with LNM. Patients with poorly-
differentiated NECs had a high risk of LNM, indicating that
endoscopic resection was an inappropriate treatment. Thus we
further investigated the association of tumor size, tumor
invasion, and LNM in patients with early gastroduodenal
NETs to identify the suitability of endoscopic resection.

Our findings indicated that patients with a tumor of 11 to
20 mm had a higher risk of LNM than patients with a tumor than
10 mm for those with early-stage g-NETs or early-stage d-NETs.
As such, it should be prudent to perform endoscopic resection of
intermediate-sized gastroduodenal NETs (11–20 mm); EUS and
abdominal enhancement computed tomography are needed to
assess tumor infiltration and LNM for patients with these NETs.
Our results suggest that surgical resection is most appropriate when
the tumor is larger than 20 mm. In contrast to early gastrointestinal
cancer, NETs originate from endocrine cells in the deep mucosa.
Previous research showed that cold biopsy forceps polypectomy
was inadequate for curative treatment of gastrointestinal NETs
because of the high rates of submucosal infiltration. Instead,
pathological examination after complete resection by snare
polypectomy with electrocauterization, endoscopic mucosal
resection (EMR), or endoscopic submucosal dissection (ESD) are
appropriate alternatives for biopsy of NETs (16). ESD is a safe and
effective procedure that provides accurate pathological assessment
and curative treatment for patients with upper gastrointestinal
NETs (4, 17, 18). In our opinion, patients with intermediate-sized
NETs who are willing to receive endoscopic resection should be
informed of a risk for the need of additional open surgery, and
diagnostic EMR/ESD can be performed after careful evaluation. As
pointed out in ENETS guidelines, EUS should be performed for g-
NETs larger than 10 mm before endoscopic excision. Even if
curative endoscopic resection is achieved, regular follow-ups are
important for patients whose gastroduodenal NETs were larger
than 10 mm. If the pathological examination of ESD specimen
shows lymphvascular invasion or muscularis propria invasion,
Frontiers in Endocrinology | www.frontiersin.org 7
additional surgical resection with lymph node dissection is
necessary for NET patients, considering worse prognosis of
recurrence in regional lymph node (19).

There are five clinical entities of d-NENs, and the twomain ones
are gastrinomas (non-functional neoplasms with positive
neuroendocrine markers) and somatostatinomas. Duodenal
gastrinomas are associated with multiple endocrine neoplasia type
1, and somatostatinomas often occur in the periampullary region
(10). The term ‘d-NEN’ in the present study excludes tumors in the
ampulla of Vater, because these tumors cannot be resected using
endoscopy. A previous study reported that patients with d-NENs
had better prognosis but a higher probability of regional LNM than
those with g-NENs (20). We also observed higher rates of LNM of
d-NETs than NETs from the stomach (5.4% vs. 1.8% for T1, 24.4%
vs. 9.7% for T2). In addition, consistent with previous reports that
less than 1 to 3% of d-NENs are poorly differentiated (21), nearly all
d-NENs in our study (615 of 621) were well-differentiated. This
might be related to the more favorable outcomes of these patients.
To date, there is no consensus about the association between tumor
size and the prevalence of LNM in patients with NETs in the
duodenum due to the rarity of this clinical entity (21). As expected,
we found that the incidence of LNM increased as tumor size
increased. However, in contrast to the low risk of LNM in
patients with small g-NETs, we found that the rate of LNM
exceeded 5% even for patients with small d-NETs (≤10 mm) that
were in the submucosal layer. In other words, the risk of LNM in
patients with d-NETs that are less than 10 mm in diameter must be
considered when selecting a treatment.

We also compared the long-term survival of patients with upper
gastrointestinal NETs who underwent endoscopic resection vs.
surgical resection. Our results showed that patients in these two
groups had similar survival when they had nodal-negative g-NETs
that were confined to the submucosa, but there was improved CSS
for patients with d-NETs who underwent endoscopic treatment. A
possible explanation for this phenomenon is that some surgical
complications resulted from large-scale surgical resection caused
worse prognosis in some elderly patients. However, the risk of
perforation is higher for endoscopic resection of d-NETs because
the bowel wall of the duodenum is thinner (22). A previous study
reported a perforation rate of about 6 to 7% (18, 23). As such,
although endoscopic resection of d-NETs may improve CSS by
reducing the complications resulting from open surgery,
considering risk of LNM and perforation, only patients with d-
NETs that are small and superficial are candidates for endoscopic
treatment by experienced endoscopists (24).

Some limitations should be noted in this SEER-based analysis.
The major drawback was missing data on mitotic counts and Ki-67
labeling, which are widely used in clinical practice for assessment of
proliferation. According to the newest WHO classification, NETs
and NECs are distinguished by tumor cell differentiation, and
poorly-differentiated NECs are not formally graded but are
considered high-grade by definition (13). Even so, our inability to
grade NETs influenced the accuracy and reliability of our findings
regarding the patterns of LNM.

Another shortcoming was that we could not classify patients
with g-NENs according to clinical subgroups (types 1–3 according
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to etiology, in which type 3 lesions have the poorest differentiation
and are associated with the poorest clinical outcome). As indicated
in ENETS guidelines, open surgery was recommended for type 1 g-
NENs with poor differentiation, metastasis, or muscularis propria
invasion, and for all type 2 and type 3 g-NENs (6, 7). Because type 1
and type 2 gastric NENs account for the vast majority of g-NETs,
and because most type 3 g-NENs are g-NECs (6, 25), we tried to
compensate for this limitation by separately assessing LNM in
patients with NETs and NECs. Although there were still some
type 3 tumors in patients within g-NETs, previous studies found
that endoscopic resection of small and well-differentiated type 3 g-
NETs can be curative, similar to type 1 and 2 g-NETs (26–28).
Besides, the SEER database does not document the exact locations
of d-NENs, and we could not exclude the possibility that some d-
NENs were in the third and fourth part of the duodenum. Although
neoplasms at these sites account for less than 10% of all d-NENs,
these regions are inaccessible by upper endoscopy (8). In addition,
information of Somatostatin Receptor Scintigraphy was lacking,
which might underestimate the presence of small lymph nodal
metastases. Also, the SEER database also has no data on lymph
vascular involvement (LVI), which is closely associated with LNM.
Because LVI is crucial for clinical judgement of curative resection
after ESD (29), further studies should examine the relationship
between size and grade of NETs and LVI.

In summary, our results showed that LNM was more common
in patients with superficial gastroduodenal NETs in which the
tumor was more than 10 mm in diameter. In light of the low
LNM rate, our results support the use of endoscopic resection for
curative treatment of g-NETs that are 10 mm and smaller and
confined to the submucosa, as well as intramucosal d-NETs. LNM
was more common in patients with d-NETs than g-NETs, and we
therefore suggest that the risk of nodal involvement should
considered even for submucosa-infiltrating d-NETs that are
smaller than 10 mm. Further validation of these findings in a
multicenter prospective study is warranted.
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