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Abstract

A new subcategory, grade 3 neuroendocrine tumors, is incorporated into the grading 
system of pancreatic neuroendocrine neoplasms in the 2017 WHO classification in order 
to differentiate grade 3 neuroendocrine tumors from neuroendocrine carcinomas. The 
2019 WHO classification extends the concept of grade 3 neuroendocrine tumors to 
gastrointestinal high-grade neuroendocrine neoplasms. However, there is still limited 
study focusing on the gastric grade 3 neuroendocrine tumors and gastric neuroendocrine 
carcinomas. We retrospectively enrolled 151 gastric high-grade neuroendocrine neoplasms 
patients, who underwent radical resection from January 2007 to December 2015. 
Clinicopathologic and prognostic features were studied. The Surveillance, Epidemiology, 
and End Results (SEER) database was used to verify the prognostic determinants found in 
the Zhongshan cohort. Neuroendocrine carcinomas showed a higher Ki67 index and higher 
mitotic count than grade 3 neuroendocrine tumors. We identified 109 (72.2%) patients with 
neuroendocrine carcinomas, 12 (7.9%) patients with grade 3 neuroendocrine tumors, and 
30 (19.9%) patients with mixed neuroendocrine-non-neuroendocrine neoplasms. Although 
neuroendocrine carcinomas demonstrated higher Ki67 index (P = 0.004) and mitoses 
(P = 0.001) than grade 3 neuroendocrine tumors, their prognosis after radical resection did 
not demonstrate significant differences (P = 0.709). Tumor size, perineural invasion, and 
TNM stage were independent prognostic factors of gastric high-grade  
neuroendocrine neoplasms.

Introduction

Gastroenteropancreatic neuroendocrine neoplasms  
(GEP-NENs) are a group of rare neoplasms, which are 
reported since the 1900s. The 2010 WHO classification 
categorized GEP-NENs into three groups mainly according 
to its proliferative activity (1). The prognosis of high-grade 
GEP-NENs, also known as grade 3 GEP-NENs, was much 
worse than that of grade 1 neuroendocrine tumors (G1 
NET) and grade 2 neuroendocrine tumors (G2 NET) (2, 3, 4).  

However, the 2010 WHO classification was challenged 
after several studies reported that some cases of high-
grade GEP-NENs also presented a well-differentiated 
pattern (5, 6). NORDIC study also reported heterogeneity 
in high-grade GEP-NENs (7). Thus, the concept of grade 
3 neuroendocrine tumor (G3 NET) was proposed and 
investigated in GEP-NENs. Several studies on GEP-NENs 
reported that G3 NET showed a worse prognosis than G1/G2 
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NET but better prognosis than neuroendocrine carcinoma 
(NEC), and NEC presented a higher Ki67 index than G3 
NET (8, 9). 2018 IARC separated G3 NET from high-grade 
neuroendocrine neoplasms (NENs) in the gastrointestinal 
(GI) tract according to previous studies on GEP-NENs 
(10, 11). 2019 WHO classification included the G3 NET 
subgroup into the categories of gastric neuroendocrine 
neoplasms (gNENs) (12).

However, Coriat et  al. (13) found that the gastric-
originated neoplasms accounted for 8–24% in G3 NET 
and 7–8% in NEC in several major studies on GEP-NENs. 
The investigation on gastric high-grade neuroendocrine 
neoplasms were usually mixed with intestinal, pancreatic, 
and lung NEC. Fang et al. (14) reported that the prognosis 
of GEP-NENs significantly differed by deriving site (range of 
3-year OS rate, 48.5–90.2%). However, there are still limited 
studies focusing on stomach investigating the difference 
between gastric G3 NET and NEC. Besides, only few studies 
investigate the prognostic determinants of resected high-
grade gNENs in the Asian population (15, 16, 17). Our 
study aims to investigate the prognostic difference between 
gastric G3 NET and NEC and find out the prognostic 
determinants of resected high-grade gNENs.

Materials and methods

We retrospectively searched the database of Zhongshan 
Hospital, Fudan University for all patients with pathologically 
confirmed high-grade gNENs, who underwent surgical 
resection from January 2007 to December 2015. This study was 
approved by the Ethics Committee of Zhongshan Hospital, 
Fudan University (B2018-157). Two experienced pathologists 
in gNENs (Prof Ji and Dr Xie) reviewed and confirmed the 
pathologic characteristics including tumor differentiation, 
Ki67 index, mitotic count, immunohistochemical results 
(CD56, chromogranin A (CgA), and synaptophysin (Syn)), 
and percentage of NEN components. Primary antibody 
of CD56 (Leica, NCL-CD56-1B6) was used at a dilution of 
1:100. Primary antibody of CgA (DAKO) and Syn (DAKO) 
was used at a dilution of 1:200. According to 2019 WHO 
classification, neuroendocrine tumor (NET) was defined 
as well-differentiated NENs and was classified as G1 (Ki67 
index < 3% or mitoses/2 mm2 < 2), G2 (Ki67 index 3–20% or 
mitoses/2 mm2 2–20), and G3 (Ki67 index >20% or mitoses/2 
mm2 > 20); NEC was defined as poorly differentiated NENs 
which exhibited G3 characteristics (12). In the cases of 
mixed neuroendocrine-non-neuroendocrine neoplasms 
(MiNENs), the differentiation, Ki67 index, and mitotic count 
were based on NENs. According to recent clinical practice 

guidelines (18, 19), the pTNM stages of high-grade gNENs 
were evaluated according to American Joint Committee 
on Cancer (AJCC) 8th edition staging manual for gastric 
adenocarcinoma (20).

The SEER database was used to verify the determinants 
found in the Zhongshan cohort. The cohort was retrieved 
according to the International Classification of Diseases for 
Oncology (ICD-O-3) in the database (Incidence-SEER 18 
Regs Research Data + Hurricane Katrina Impacted Louisiana 
Cases, Nov 2016 Sub, 1973–2014 varying). The ICD-O-3 
code of site was restricted to the stomach, C16.0–C16.9. The 
following ICD-O-3 codes of histology were selected: large cell 
carcinoma (8012–8013), small cell carcinoma (8041–8044), 
carcinoid tumor (8240), argentaffin carcinoid tumor (8241), 
enterochromaffin cell tumor (8242), mucocarcinoid tumor 
(8243), mixed adenoneuroendocrine carcinoma (8244), 
adenocarcinoid tumor (8245), neuroendocrine carcinoid 
(8246), and atypical carcinoid tumor (8249). For the data 
of Ki67 index and mitotic count which was not available in 
the SEER database, we only enrolled poorly differentiated 
cases into our study. We screened patients who underwent 
surgical resection by code of RX Summ–Surg Prim Site 
(1998+). We excluded patients who could not be reclassified 
by the latest AJCC TNM classifications for incomplete data. 
TNM information was retrieved by the following codes: 
Derived AJCC Stage Group 7th ed (2010+), Derived AJCC 
Stage Group 6th ed (2004+), CS tumor size (2004+), Regional 
nodes positive (1988+). Collected information included 
recode of race, tumor behavior, grade, T stage, number of 
positive lymph nodes, number of retrieved lymph nodes, 
metastatic disease, surgery, survival etc.

Statistical analysis was performed using SPSS, version 
19.0 (IBM). Comparisons of characteristics between groups 
were performed by χ2-test or Mann–Whitney U-test. Overall 
survival (OS)/disease-free survival (DFS) was calculated from 
the date of surgical intervention until the date of the last 
contact or date of death/recurrence. Survivals were analyzed 
by Kaplan–Meier curves, and comparisons were performed 
using log-rank test. Cox proportional hazards regression 
model was used to identify the prognostic factors. Statistical 
significance was defined as a two-sided P < 0.05.

Results

Clinicopathologic features of patients from 
Zhongshan Hospital

Total of 151 patients with high-grade gNEN were included 
in our study (Table 1). We identified 109 (72.2%) patients of 
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NEC, 12 (7.9%) patients of G3 NET, and 30 (19.9%) patients 
of MiNEN. All 151 cases were type 3 g-NENs according 
to ENETS Consensus Guidelines for Gastroduodenal 
Neoplasms (21). The median age at surgery was 63 
(range, 44–85), and the male/female ratio was 5.6:1. The 
differences in the clinicopathological characteristics of the 
high-grade gNENs were summarized in Table 1. The size of 
tumor showed no significant difference in NEC, G3 NET, 
and MiNEN (P = 0.881). NEC showed higher Ki67 index 
(P = 0.004) and higher mitotic count (P = 0.001) than G3 
NET. The median Ki67 index of NEC and G3 NET was 70% 
(range, 10–95%; IQR, 40–80%) and 30% (range, 25–65%; 
IQR, 25–30%), respectively. The positive rate of CD56, 
CgA, and Syn was 72.8, 78.1, and 88.7%, respectively.

In our study, distant metastasis was found in  
11 patients at the initial diagnosis, and 6 out of 11 patients 
underwent radical surgery (combined resection). Totally, 
7 of 151 patients underwent palliative surgery because 
of multiple liver metastases (5/7) and locally advanced  

disease (2/7). Adjuvant chemotherapy was conducted on 
80 patients but a platinum-based regimen was carried out 
in only 37 patients.

Survival analysis and prognostic factors of 
Zhongshan cohort

The median follow-up duration was 34.3 months (range, 
1.2–144.6 months). Seventy-three patients (48.3%) died 
of tumor recurrence or tumor-related complications. The 
overall survival of NEC, G3 NET, and MiNEN shows no 
significant difference (log-rank, P = 0.709) (Fig. 1). The 
5-year OS rates of stages I, II, III, and IV are 81.6, 57.5, 
45.0 and 9.1%, respectively (log-rank, P = 0.001; Fig. 2A). 
Survival curves are well discriminated by TNM stages.

Disease-free survival was available in 119 cases because 
of 7 non-radical cases and 25 incomplete follow-up 
cases. Overall survival and disease-free survival were 
investigated in univariate Cox regression and multivariate 

Table 1 Clinicopathologic features of the Zhongshan cohort.

Characteristics All cases NEC G3 NET MiNEN P value

Total, n (%) 151 (100) 109 (72.2) 12 (7.9) 30 (19.9)
Sex, n (%) 0.778
 Male 128 (84.8) 92 (84.4) 11 (91.7) 25 (83.3)
 Female 23 (15.2) 17 (15.6) 1 (8.3) 5 (16.7)
Age, n (%) 0.949
 ≤65 84 (55.6) 61 (56.0) 7 (58.3) 16 (53.3)
 >65 67 (44.4) 48 (44.0) 5 (41.7) 14 (46.7)
Tumor size, median (cm) 4.0 4.0 3.0 4.0 0.881
 IQR 2.5–6.0 3.0–6.0 2.5–5.0 2.3–6.0
 Range 1.0–13.0 1.5–12.0 2.0–11.0 1.0–13.0
Ki67 index, n (%)a 0.004
 <55 53 (36.1) 34 (31.8) 9 (81.8) 10 (34.5)
 ≥55 94 (63.9) 73 (68.2) 2 (18.2) 19 (65.5)
Mitotic count, median (10 HPF) 24 26 9 24 0.001
 IQR 15–36 18–39 4–17 18–33
 Range 2–74 4–74 2–34 12–62
Positive CD56, n (%) 110 (72.8) 82 (75.2) 12 (100) 16 (53.3)
Positive CgA, n (%) 118 (78.1) 85 (78.0) 10 (83.3) 23 (76.7)
Positive Syn, n (%) 134 (88.7) 98 (89.9) 10 (83.3) 26 (86.7)
T stage, n (%) 0.274
 T1/T2 39 (25.8) 26 (23.9) 2 (16.7) 11 (36.7)
 T3/T4 112 (74.2) 83 (76.1) 10 (83.3) 19 (63.3)
Lymphovascular invasion, n (%) 0.232
 Absent 57 (37.7) 39 (35.8) 3 (25.0) 15 (50.0)
 Present 94 (62.3) 70 (64.2) 9 (75.0) 15 (50.0)
Perineural invasion, n (%) 0.648
 Absent 85 (56.3) 60 (55.0) 6 (50.0) 19 (63.3)
 Present 66 (43.7) 49 (45.0) 6 (50.0) 11 (36.7)
TNM stage, n (%) 0.105
 I 21 (13.9) 13 (11.9) 2 (16.7) 6 (20.0)
 II 37 (24.5) 30 (27.5) 0 7 (23.3)
 III 82 (54.3) 59 (54.1) 7 (58.3) 16 (53.3)
 IV 11 (7.3) 7 (6.4) 3 (25.0) 1 (3.3)

aData were available in 147 cases. The cases with missing data of Ki67 were classified by mitotic count.
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Cox regression analysis. Univariate Cox regression 
analysis showed differentiation was not a significant 
prognostic factor of high-grade gNENs in OS (P = 0.227) 
and DFS (P = 0.143) (Table 2). Tumor with adenocarcinoma 
components did not demonstrate significant impact 
on OS (P = 0.538) and DFS (P = 0.705). T stage (P = 0.019 
OS; P = 0.018, DFS) and N stage (P = 0.058, OS; P = 0.112, 
DFS) showed potential influence on OS and DFS. Tumor 
size (P = 0.020, OS; P = 0.016, DFS), perineural invasion 
(P = 0.007, OS; P = 0.022, DFS) and TNM stage (P = 0.001, 
OS; P = 0.002, DFS) proved to be prognostic factors. 
Platinum-based adjuvant chemotherapy demonstrated 
beneficiat in overall survival (P = 0.025). Multivariate Cox 
regression analysis showed that tumor size (P = 0.044, 
OS; P = 0.026, DFS), perineural invasion (P = 0.016, OS; 
P = 0.030, DFS) and TNM stage (P < 0.001, OS; P = 0.003, 
DFS) were independent prognostic factors of gastric high-
grade neuroendocrine neoplasms (Table 3).

Clinicopathologic features and prognostic factors 
of SEER data

We enrolled 65 patients with poorly differentiated gNEC 
from SEER database (Supplementary Table 1, see section 
on supplementary materials given at the end of this 

article). In SEER data set, the median follow-up duration 
was 18 months (range, 1.0–121.0 months). OS rates of 1-, 
3-, and 5-year were 91.6, 63.2, and 43.4%, respectively. 
Overall survival is discriminated by TNM stages (P = 0.005) 
(Fig. 2B). Cox regression analysis shows that TNM stages 
(P = 0.026) are associated with overall survival (Table 4).

Figure 1
Kaplan–Meier curves of overall survival of NEC, G3 NET, and MiNEN 
patients from the Zhongshan cohort (P = 0.709, log-rank test).

Figure 2
(A) Kaplan–Meier curves of overall survival of patients from the 
Zhongshan cohort (P = 0.001, log-rank test). (B) Kaplan–Meier curves of 
overall survival of patients from SEER cohort (P = 0.005, log-rank test). 
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Table 2 Univariate analysis of overall survival and disease-free survival in Zhongshan data set.

Characteristics
Overall survival Disease-free survival

HR (95% CI) P value HR (95% CI) P value

Tumor size (cm)
 ≤4 1.000 1.000
 >4 1.730 (1.092–2.741) 0.020 1.983 (1.138–3.457) 0.016
Adenocarcinoma components
 Absent 1.000 1.000
 Present 1.168 (0.712–1.916) 0.538 1.117 (0.630–1.981) 0.705
Differentiation
 Well differentiated 1.000 1.000
 Poorly differentiated 0.662 (0.339–1.293) 0.227 0.525 (0.222–1.242) 0.143
Ki67 indexa

 <55 1.000 1.000
 ≥55 1.051 (0.649–1.701) 0.840 0.729 (0.416–1.278) 0.270
T stage
 T1/T2 1.000 1.000
 T3/T4 2.163 (1.138–4.112) 0.019 2.384 (1.157–4.910) 0.018
Lymphatic metastases
 N0 1.000 1.000
 N1 1.696 (0.810–3.552) 0.161 1.833 (0.754–4.459) 0.181
 N2 1.927 (0.943–3.938) 0.072 2.056 (0.845–5.004) 0.112
 N3 2.084 (0.975–4.452) 0.058 2.189 (0.833–5.754) 0.112
Lymphovascular invasion
 Absent 1.000 1.000
 Present 1.535 (0.936–2.517) 0.090 1.377 (0.772–2.456) 0.278
Perineural invasion
 Absent 1.000 1.000
 Present 1.886 (1.188–2.996) 0.007 1.914 (1.096–3.342) 0.022
Adjuvant chemotherapy
 Negative 1.000 1.000
 Positive 0.957 (0.602–1.522) 0.852 1.090 (0.616–1.930) 0.767
Type of regimenb

 Platinum-based 1.000 1.000
 Others 2.204 (1.104–4.399) 0.025 1.048 (0.517–2.122) 0.897
TNM stage 
 I 1.000 1.000
 II 1.820 (0.584–5.673) 0.302 3.627 (0.811–16.215) 0.092
 III 3.476 (1.250–9.664) 0.017 5.945 (1.421–24.867) 0.015
 IV 6.870 (2.147–21.980) 0.001 13.095 (2.534–67.670) 0.002

aData were available in 147 cases; bAdjuvant chemotherapy was carried out in 80 cases. Platinum-based regimens included EP, IP, EOX, XELOX, DOS, etc. 
Other types of regimens included S-1, capecitabine, etc.

Table 3 Multivariate analysis of overall survival and disease-free survival in the Zhongshan data set.

Characteristics
Overall survival Disease-free survival

HR (95% CI) P value HR (95% CI) P value

Tumor size (cm)
 ≤4 1.000 1.000
 >4 1.623 (1.014–2.597) 0.044 1.973 (1.086–3.583) 0.026
Differentiation
 Well differentiated 1.000 1.000
 Poorly differentiated 0.988 (0.489–1.999) 0.974 1.076 (0.402–2.879) 0.884
Perineural invasion
 Absent 1.000 1.000
 Present 1.973 (1.114–2.887) 0.016 1.948 (1.067–3.557) 0.030
TNM stage 
 I/II 1.000 1.000
 III 1.863 (1.033–3.360) 0.039 1.625 (0.829–3.183) 0.157
 IV 4.545 (1.973–10.472) <0.001 5.621 (1.818–17.385) 0.003
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Discussion

In our study, the heterogeneity of gNENs was investigated. 
NEC demonstrated a higher Ki67 index and mitoses than 
G3 NET. Although their pathologic features were partially 
different, NEC and G3 NET showed a similar prognosis 
after radical resection (Fig. 1). Differentiation failed to 
predict the prognosis of high-grade gNENs either in OS or 
DFS (Table 3). Meanwhile, tumor size, perineural invasion, 
TNM stages were independent prognostic factors of 
resected high-grade gNENs.

Previous study on GEP-NENs reported that G3 NET 
accounted for 18–31% of the G3 NENs (8, 9, 22). Our 
results demonstrated that the rate of G3 NET was 7.9% in 
high-grade gNENs. In recent years, researchers realized 
that tumor heterogeneity was an important influence 
factor of prognosis and therapeutic sensitivity. Several 
studies have reported the heterogeneity of high-grade 
GEP-NENs. Basturk et  al. (8) and Heetfeld et  al. (9) found 
that the Ki67 index or mitotic count of GEP-NEC was 
significantly higher than that of G3 GEP-NET. In our study, 
with the data focusing on high-grade gNENs, we also 
found that NEC showed a higher Ki67 index and mitotic 
count than G3 NET. Regarding the prognosis, Heetfeld 
et  al. (9) investigated 204 cases of high-grade GEP-NENs, 
17 patients of gNEN included, and found that the median 
overall survival of G3 NET was significantly higher than 
that of NEC. Afterwards, Milione et  al. (22) studied 136 
cases of G3 GEP-NEN, 28 patients of gNEN included, and 
demonstrated that NEC had a worse prognosis than G3 
NET. However, the percentage of gNENs in these studies 
was relatively limited. So, based on one of the major 
Chinese centers of GI carcinomas, our study focused on 

the characteristics of resected gastric G3 NET and NEC and 
the prognostic factors of high-grade gNENs. Not consistent 
with the previous studies, our results showed that the 
overall survival of patients with resected gastric NEC and 
G3 NET has no significant difference. One of the possible 
reasons might be that patients in our study received 
radical resection and gNENs were investigated together 
with other GEP-NENs in some previous studies. Fang 
et al. (3) demonstrated that the prognosis of GEP-NENs of 
different sites varied significantly. Similarly, Milione et al. 
(22) suggested that midgut and/or hindgut sites of origin 
correlated with a worse survival when compared with the 
origin of the foregut. Therefore, the difference in surgical 
prognosis of gastric G3 NET and NEC needs further 
investigation by a larger cohort.

In our study, we confirmed the prognostic role of 
tumor size and perineural invasion in high-grade gNENs 
(15, 23). As to the Ki67 index and prognosis, several 
retrospective studies indicated that the Ki67 index was an 
important prognostic factor of high-grade GEP-NENs (7, 
9, 22, 23). However, a prospective study put forward that 
the Ki67 index had limited prognostic value (24). In our 
study, the Ki67 index did not show significant correlation 
with prognosis. It seems that the significance of the Ki67 
index to prognosis needs to be further investigated in  
high-grade gNENs.

In our study, adjuvant chemotherapy did not 
demonstrate benefit on OS (P = 0.852) and DFS (P = 0.767). 
This was probably because some chemotherapy regimens 
in our study did not use platinum drugs, resulting in 
poor efficacy. One reason was that standard care of 
chemotherapy was not confirmed by large-scale clinical 
trial around 2010 (25). Therefore, we further investigated 
the efficacy of platinum drugs. The platinum-based 
adjuvant chemotherapy demonstrated benefit on OS 
(P = 0.025), which confirmed the results of previous  
studies (9, 22).

Our study had several limitations. First and most 
importantly, this was a retrospective single-center study, 
which may lead to unaccounted biases. Data of Ki67 index 
were not available in four patients and these patients were 
diagnosed with G3 NENs by mitotic count. Secondly, SEER 
database lacked several tumor characteristics such as the 
Ki67 index and mitotic count. The cohort we selected 
from the SEER database only contained NEC patients 
while 9.9% of Zhongshan cases were G3 NET patients. As a 
result, we could not compare NEC with G3 NET in the SEER 
cohort. Thirdly, we enrolled a small number of patients 
with gastric G3 NET because of the rarity, and further 
investigation was needed to clarify the difference between 

Table 4 Cox regression analysis of overall survival in the 
SEER cohort.

Characteristics HR (95% CI) P value

Sex
 Male 1.000
 Female 0.892 (0.441–1.803) 0.750
Age (year)
 ≤65 1.000
 >65 1.482 (0.759–2.892) 0.249
Race
 White 1.000
 Black 0.994 (0.404–2.442) 0.989
 Other 0.850 (0.238–3.039) 0.802
Tumor size (cm)
 ≤4 1.000
 >4 1.029 (0.458–2.311) 0.944
TNM stage
 I/II 1.000
 III/IV 2.272 (1.105–4.672) 0.026
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G3 NET and NEC. Nevertheless, surgery is still the main 
primary treatment for both locoregional G3 NET and NEC. 
Despite these limitations, we carried out a focused study 
on resected gastric high-grade gNENs, and the prognostic 
determinants were explored. We believe that the 2019 
WHO classification on gastric G3 NET and NEC needs 
further verification by clinical and genomic dimensions in 
the future.

Conclusion

High-grade gNENs demonstrate heterogeneity in 
clinicopathologic features. G3 NET and NEC show 
different characteristics in morphology, Ki67 index, and 
mitotic count. However, the prognosis of G3 NET and NEC 
has no significant difference after radical resection. Tumor 
size, perineural invasion, and TNM stage are prognostic 
determinants of high-grade gNENs.
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