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Abstract: Gastric neuroendocrine carcinoma (NEC), including mixed neuroendocrine-non-neuroendocrine neoplasm 
(MiNEN), is uncommon and differences in clinicopathological features and outcomes of NEC arising in various 
gastric regions remain elusive. We investigated 56 consecutive NECs identified among 3961 gastrectomies per-
formed at our center between 2005 and 2021. We then compared clinicopathological characteristics and progno-
sis between gastroesophageal junctional (GEJ) NECs (N=39) and gastric non-cardiac NECs (N=17). No significant 
difference was found between the two groups in age, gender, tumor size, mixed non-neuroendocrine carcinoma 
component, MiNEN, NEC type, metastatic NEC component in lymph nodes, tumor infiltrating lymphocyte, lymph 
node metastasis, lymphovascular or perineural invasion, intestinal metaplasia in adjacent non-neoplastic mucosa, 
and expression of P53, PD-L1, TTF-1, HER2, and Ki-67. However, compared to gastric non-cardiac NECs, GEJ NECs 
displayed a significantly higher frequency of prevalence (2.79% versus 0.66%), pT3-T4 (92.3% versus 64.7%), ad-
vanced pathological stage (IIb-IV) (76.9% versus 47.1%), and a significantly lower 5-year overall survival rate (46.1% 
versus 73.1%) (P<0.05). The GEJ location was the only independent risk factor for overall survival. In stage-stratified 
comparisons, patients with stage II GEJ NEC demonstrated a significantly lower 5-year survival rate than those 
with gastric non-cardiac NEC at the same stage. Compared to non-NECs matched for age, gender, tumor location, 
and pathological summary stage, GEJ NEC was associated with significantly worse prognosis. In conclusion, GEJ 
NEC showed deeper invasion, more advanced pathological stages, and worse prognosis than gastric non-cardiac 
NEC. The findings provide pathologic evidence for individualized management strategies for patients with GEJ NEC. 
Future studies with larger samples are needed. 
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Introduction

Gastric neuroendocrine carcinoma (NEC) is 
uncommon and often combined with a non-
neuroendocrine glandular component, which is 
termed as a mixed neuroendocrine-non-neuro-
endocrine neoplasm (MiNEN), if each compo-
nent is ≥30% and morphologically and immuno-
histochemically recognizable [1]. Gastric NEC is 
a highly aggressive malignancy with poor prog-
nosis [1-3]. However, there are few studies 

focused on clinicopathological features and 
prognosis of gastroesophageal junctional (GEJ) 
NECs due to the rarity [4, 5]. In general, GEJ car-
cinoma rarely arises more than 1 cm above the 
GEJ in Chinese patients. This uncommon carci-
noma, also known as proximal gastric carcino-
ma or cardiac carcinoma in China, was regard-
ed as part of esophageal adenocarcinoma and 
classified as Siewert II and III GEJ adenocarci-
nomas. The current 8th edition of the American 
Joint Committee on Cancer stage manual (AJCC 
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8) reclassified Siewert II GEJ adenocarcinoma 
without esophageal extension and Siewert III 
GEJ adenocarcinoma as gastric carcinoma [6]. 
Emerging evidence suggests that GEJ carcino-
ma displays unique clinicopathological fea-
tures, such as a broader histopathological 
spectrum and a lower risk of nodal metastasis 
in early GEJ carcinoma than in early gastric 
non-cardiac carcinoma [7-9]. The advances in 
investigation of molecular pathogenesis mech-
anisms also uncovered characteristic genetic 
profiles of GEJ carcinoma, such as higher fre-
quencies of p53 gene mutation and HER2 gene 
amplification [8-11]. These recent findings sug-
gest potential existence of different clinico-
pathological features between GEJ and gastric 
non-cardiac NECs. Herein, we analyzed clinico-
pathologic and prognostic features of GEJ NECs 
in comparison with those of gastric non-cardiac 
NECs. We also compared patient survival out-
comes between NEC and non-neuroendocrine 
carcinomas (non-NEC) cases matched for age, 
gender, tumor location, and stage. 

Materials and methods

Patient selection

Electronic pathology archives were searched 
for the diagnosis of carcinoma in gastrectomies 
over the period from June 1, 2005 to December 
31, 2021 in the Department of Pathology of the 
Changzhou No. 2 People’s Hospital in the 
Jiangsu Province of China. Cases diagnosed as 
“neuroendocrine carcinoma”, “small cell carci-
noma”, “mixed adenoneuroendocrine carcino-
ma”, or “carcinoma with neuroendocrine differ-
entiation” in gastric, distal esophageal, and 
GEJ regions were selected. Gender-, tumor 
location-, and pathologic stage-matched con-
current gastric non-NECs with follow-up infor-
mation, and non-NEC patients with age differ-
ence within 5 years of corresponding NEC 
patients were randomly selected as the control 
group for survival outcome comparison analy-
sis. The exclusion criteria were as follows: 1) 
synchronous malignancy, 2) a history of neoad-
juvant therapy, 3) a palliative gastrectomy or 
gastrectomy with a non-R0 resection margin. 
Patient private identification information, such 
as name, phone number, and address, etc., 
was deleted and each case was indexed with a 
pathology accession number to protect patient 
privacy. The study protocol was approved by the 

Medical Ethics Committee of the Changzhou 
No. 2 People’s Hospital in the Jiangsu Province 
of China (2022; KY001-01). Written informed 
consents from patients for the use of tumor tis-
sues for research were obtained prior to the 
resection procedure.

Study and control groups

GEJ carcinoma was defined as carcinomas with 
epicenters located in the region of 5 cm above 
and 5 cm below the GEJ line. Gastric non-cardi-
ac carcinoma referred to carcinomas with epi-
centers in other regions of the stomach. In dif-
ficult cases with questionable information on 
tumor location, endoscopic and radiologic 
images and reports were reviewed. Overall, the 
study group consisted of 56 consecutive NECs, 
in which 39 were classified as GEJ NEC, while 
17 were gastric non-cardiac NEC. The informa-
tion on survival was available for 36 GEJ NECs 
and 17 gastric non-cardiac NECs. The control 
group was selected randomly by SPSS 26.0 
software and composed of non-NEC cases (1:1 
matched for age, gender, tumor location, and 
pathologic stage, as defined above). 

Clinicopathological investigation

All histology slides, including corresponding 
immunostains, of each eligible NEC case were 
retrieved and reviewed by two experienced 
senior pathologists to confirm the diagnosis of 
NEC, based on the 5th edition of the World 
Health Organization (WHO) diagnostic criteria 
for the digestive tract tumors (2019) [1]. NECs 
were subclassified into small and large cell 
types, as defined by the WHO criteria. The small 
cell type was diagnosed as tumor cells showing 
a significantly high nuclear/cytoplasmic ratio, 
scant cytoplasm, and hyperchromatic nuclei 
with fine granular chromatin and indistinct 
nucleoli. The large cell type demonstrated 
tumor cells with moderate cytoplasm, promi-
nent nucleoli, and round or irregular nuclei [1, 
2]. For NEC with both small and large cell types, 
the predominant type was recorded. Gastric 
NEC mixed with no less than 30% non-neuroen-
docrine carcinoma components was subclassi-
fied as MiNEN. The AJCC 8 was followed for 
pathologic staging [6]. Tumor-infiltrating lym-
phocytes in NEC were evaluated by following 
the guidelines proposed by the International 
Immuno-Oncology Biomarker Working Group 
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[12]. In brief, tumor-infiltrating lymphocytes 
were assessed within the stromal compart-
ment of a tumor mass and scored as a percent-
age of the stromal area that was occupied by 
mononuclear inflammatory cells over the total 
intratumoral stromal area. Scores were aver-
aged across the whole slide at 200 × 
magnification. 

Construction of tissue microarray, immuno-
histochemical staining, fluorescence in situ 
hybridization (FISH), ebstein barr virus (EBV) 
detection 

For making a tissue microarray paraffin block, 
we used a hollow needle to remove one tissue 
core, 2 mm in diameter, from a representative 
tumor cell-rich area in a formalin-fixed paraffin-
embedded tumor tissue block of each gastric 
NEC case. Under a routine protocol, a microar-
ray tissue block was then cut at 4 μm in thick-
ness and subjected to routine hematoxylin 
eosin and immunohistochemical stains. 

For immunohistochemistry, tissue sections 
were routinely immunostained with the DAKO 
PharmDx Link 48 Autostainer for PD-L1 (22C3, 
Dako, Carpentaria, CA), MLH1 (ES05, DAKO, 
Dako, Carpentaria, CA), PMS2 (EP51, Dako, 
Carpentaria, CA), MSH2 (FE11, Dako, Car- 
pentaria, CA), MSH6 (EP49, Dako, Carpentaria, 
CA), and the Ventana Benchmark GT autostain-
er for HER2 (4B5, Ventana, Tucson, USA), Ki-67 
(30-9, Ventana, Tucson, USA), P53 (MX008, 
Maxim, Fuzhou, China), and TTF-1 (SPT24, 
Maxim, Fuzhou, China). PD-L1 expression was 
assessed by the combined positive score (CPS), 
which was calculated by dividing the number of 
tumor cells and immune cells with at least par-
tial membranous PD-L1 staining by the number 
of viable tumor cells counted, and multiplied by 
100 [13]. A CPS of 1 or greater was regarded as 
PD-L1 positive. Strong diffuse nuclear staining 
in over 60% of tumor cells or complete absence 
of tumor cell staining was considered as posi-
tive for aberrant P53 gene expression. Any 
nuclear immunoreactivity in tumor cells was 
deemed as positive for MLH1, PMS2, MSH2, 
and MSH6 gene expression. When more than 
5% tumor cell nuclei were positive for TTF-1 
gene expression, the case was diagnosed to be 
TTF-1-positive. HER2 immunostain was evalu-
ated for NEC and non-NEC components sepa-
rately and graded with a score of 0, 1+, 2+, or 

3+, according to the American Society of Clinical 
Oncology guideline [14]. For cases with a HER2 
immuinostain score of 2+, a fluorescence in 
situ hybridization (FISH) test was performed  
to assess HER2 gene amplification with a  
commercial dual-color HER2 probe kit (IBP, 
Guangzhou, China), according to the manufac-
turer’s protocol. The criterion for HER2 positivi-
ty was based on an immunostaining score of 
3+ or HER2 gene amplification determined by 
the FISH test for cases with an immunostain 
score of 2+. Appropriate positive and negative 
controls were included in each immunostain 
run or FISH test. 

The presence of EBV in NECs was assessed 
with the EBER chromogenic in situ hybridization 
(CISH) test. This was performed manually on an 
unstained tissue microarray section in 3 μm 
thickness, using a probe complementary to the 
EBV-encoded RNA (Zhongshan Jinqiao, Beijing, 
China). The hybridization signal was detected 
with an anti-digoxigenin antibody-horseradish 
peroxidase conjugate and counterstained with 
hematoxylin. A known EBV-positive nasopha-
ryngeal carcinoma tumor section was included 
in each run as the positive control. 

Patient survival investigation

Patient survival investigation was carried out 
via a review of the patient’s electronic medical 
record, or telephone interview by the authors to 
the patient or patient family members. The 
number of overall survival months after gas-
trectomy was calculated from the date of surgi-
cal resection to the date of last follow-up inter-
view or patient death of all causes. The calcu-
lated total number of survival days was round-
ed up to the number of survival months after 
surgery. 

Statistical analysis

Clinicopathological features, including patient 
age, gender, tumor size, mixed non-NEC compo-
nent, MiNEN, pathological tumor stage, patho-
logical summary stage, lymphovascular inva-
sion, perineural invasion, lymph node metasta-
sis, NEC type, metastatic NEC component in a 
lymph node, tumor infiltrating lymphocyte, 
intestinal metaplasia in adjacent non-neoplas-
tic mucosa, immunohistochemical profile, and 
overall survival outcome were statistically ana-
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lyzed and compared between groups. Com- 
parisons of categorical variables were deter-
mined with the Chi-square test. Continuous 
values, such as patient age and tumor size, 
were compared with the Student’s t test or 
Mann-Whitney test, as appropriate. Overall sur-
vival rates were estimated with the Kaplan-
Meier method with a log rank test. The reverse 
Kaplan-Meier method was used to calculate 
the follow-up time. A Cox proportional hazards 
model was used in the multivariate survival 
analysis for independent risk factors of overall 
survival. P<0.05 was considered to be statisti-
cally significant. All statistical analyses were 
performed with IBM SPSS Statistics version 
26.0 (IBM, Armonk, NY, USA). 

Results

Among 3961 consecutive gastrectomies for 
carcinomas, 56 (1.41%, 56/3961) gastric carci-
nomas were diagnosed as NECs, in which 39 
(0.98%, 39/3961) epicentered in the GEJ 
region, and 17 (0.43%, 17/3961) were in gas-
tric non-cardiac regions. None of the epicen-
ters of GEJ NEC tumors located 1 cm above the 
GEJ line. Statistically, NEC significantly more 
frequently occurred in the GEJ region (2.79%, 
39/1397) than in any other gastric non-cardiac 
region (0.66%, 17/2564) (P<0.001). 

Clinicopathological characteristics

As shown in Table 1, there was no significant 
difference in patient mean age, gender, tumor 
size, NEC type, mixed non-NEC component, 
MiNEN, and tumor infiltrating lymphocyte. 
Although GEJ NEC showed higher frequencies 
of lymph node metastasis (71.8% versus 
58.8%), lymphovascular invasion (76.9% ver-
sus 52.9%), and perineural invasion (35.9% 
versus 23.5%) than gastric non-cardiac NEC, 
the difference did not reach a statistically sig-
nificant level (P=0.339, 0.073, 0.362, respec-
tively). For cases with lymph node metastasis, 
there was no significant difference in preva-
lence of the presence of an NEC component in 
metastatic lymph nodes between the two 
groups, as also in the immunohistochemical 
expression of Ki-67, PD-L1, P53, HER2, and 
TTF-1 genes. However, the proportions of tumor 
stage T3-T4 (92.3% versus 64.7%) and patho-
logical summary stage IIb-IV (76.9% versus 
47.1%) were significantly higher in the GEJ NEC 
group than in the gastric non-cardiac NEC 
group (P=0.029, 0.028, respectively) (Table 1). 

None of the patients with gastric NECs had a 
clinical history of autoimmune gastritis nor rel-
evant histopathological features in gastrecto-
my specimens. 

Histopathological analysis

Microscopically, the proportion of the NEC large 
cell type (83.9%, 47/56) was higher than that of 
the small cell type (16.1%, 9/56). MiNEN was 
diagnosed in 14 (25%, 14/56) NECs. A non-
NEC adenocarcinoma component was observed 
in 33 NECs with a range of 1% to 70% of the 
estimated tumor volume with various morphol-
ogies, such as tubular, papillary, poorly cohe-
sive/signet ring cell, and mucinous adenocarci-
nomas. Most non-NEC components were locat-
ed in the superficial layer of a tumor, except for 
5 cases in which both non-NEC adenocarcino-
ma and NEC components co-existed in the 
same layer of the gastric wall. An NEC compo-
nent of gastric NEC was identified in metastatic 
lymph nodes of 36 (64.3%, 36/56) cases, and 
absent in only 2 cases (Figure 1). The percent-
age of tumor infiltrating lymphocytes in the stro-
mal compartment ranged from 0% to 50% 
(median: 5%). 

Immunohistochemical, FISH, and CISH studies

Striking Ki-67 nuclear expression was observed 
in gastric NEC with a median prevalence of 70% 
(range: 20-90%) (Figure 2A). The frequency of 
aberrant P53 immunoreactivity was seen in 
75% (42/56) of gastric NECs (Figure 2B). In the 
NEC component, HER2 1+ membranous immu-
nopositivity was identified in only two cases, 
and absent in the remaining cases. In the non-
NEC component, HER2 2+ was identified in 3 
cases (Figure 2C), in which HER2 gene amplifi-
cation (3.6%, 2/56) in two cases were further 
confirmed by a positive FISH test. At a CPS ≥1 
cutoff, PD-L1 expression was positive in 21.4% 
(12/56) of the cases (CPS range: 1-40) (Figure 
2D). TTF-1 nuclear immunoreactivity was seen 
in 7 cases (12.5%, 7/56), including 4 of 9 small 
cell NECs and 3 of 47 large cell NECs (Figure 
2E). All NEC cases retained the nuclear expres-
sion of MLH1, PMS2, MSH2, and MSH6 genes 
(Figure 2F). None of the NEC cases was 
EBV-positive. 

Post-resection survival

The median post-operative follow-up period 
was 77 months (range, 3-144 month). Three 
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Table 1. Comparison of clinicopathologic features between gastroesophageal junctional (GEJ) and 
gastric non-cardiac neuroendocrine carcinomas (NEC)

Clinicopathological feature GEJ NEC 
(n=39), n (%)

Gastric non-cardiac NEC 
(n=17), n (%) P

Age (year)
Mean+/-SD 67.26+/-7.01 67.76+/-9.98 0.828
    ≤68 23 (59.0) 7 (41.2) 0.219
    ≥69 16 (41.0) 10 (58.8)
Gender
    Male 33 (84.6) 13 (76.5) 0.725
    Female 6 (15.4) 4 (23.5)
Tumor size (cm)
    Median 5 4.5 0.781
    ≤5 24 (61.5) 10 (60.7) 0.848
    >5 15 (38.5) 7 (39.3)
Mixed non-neuroendocrine carcinoma component
    Absent 13 (33.3) 10 (58.8) 0.075
    Present 26 (66.7) 7 (41.2)
MiNEN
    No 29 (74.4) 13 (76.5) 0.867
    Yes 10 (25.6) 4 (23.5)
pT stage
    T1/T2 3 (7.7) 6 (35.3) 0.029
    T3/T4 36 (92.3) 11 (64.7)
Lymph node metastasis
    Absent 11 (28.2) 7 (41.2) 0.339
    Present 28 (71.8) 10 (58.8)
Pathological summary stage
    pI-IIA 9 (23.1) 9 (52.9) 0.028
    pIIB-IV 30 (76.9) 8 (47.1)
Lymphovascular invasion
    Absent 9 (23.1) 8 (47.1) 0.073
    Present 30 (76.9) 9 (52.9)
Perineural invasion
    Absent 25 (64.1) 13 (76.5) 0.362
    Present 14 (35.9) 4 (23.5)
NEC type
    Large cell 32 (82.1%) 15 (88.2) 0.854
    Small cell 7 (17.9) 2 (11.8)
Metastatic NEC component in lymph node*

    Absent 2 (7.1) 0 (0) 0.532
    Present 26 (92.9) 10 (100)
Tumor infiltrating lymphocyte 
    <10% 26 (66.7) 11 (64.7) 0.887
    ≥10% 13 (33.3) 6 (33.9)
Intestinal metaplasia in adjacent non-neoplastic mucosa 
    Absent 9 (23.1) 1 (5.9) 0.244
    Present 30 (76.9) 16 (94.1)
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Ki-67 index (%)
    <70 20 (51.3) 8 (47.1) 0.771
    ≥70 19 (48.7) 9 (52.9)
PD-L1 expression
    Negative 29 (74.4) 15 (88.2) 0.418
    Positive 10 (25.6) 2 (11.8)
P53 expression
    Negative 8 (20.5) 6 (35.3) 0.401
    Positive 31 (79.5) 11 (64.7)
HER2 gene amplification
    Negative 38 (97.4) 16 (94.1) 0.519
    Positive 1 (2.6) 1 (5.9)
TTF-1 expression
    Negative 34 (87.2) 15 (88.2) 1.000
    Positive 5 (12.8) 2 (11.8)
Note: *: compared among cases with lymph node metastasis. Abbreviations: MiNEN: Mixed Neuroendocrine-Non-Neuroendo-
crine Neoplasm; SD: Standard Deviation. 

Figure 1. Histological features of gastric neuroendocrine carcinoma (NEC). 
(A) A representative photomicrograph of gastroesophageal junctional (GEJ) 
large cell NEC invaded the distal esophagus. (B) In a gastric non-cardiac 
small cell NEC, the tumor invaded the pyloduodenal junction submucosally. 
(C) An early mixed neuroendocrine non-neuroendocrine carcinoma showed 
the co-existence of well differentiated tubular adenocarcinoma (left) and 
NEC (right), the latter of which invaded deeper than the former. The tran-
sition of two components is enlarged in the insert in the left lower quad-
rant. (D) Both tubular adenocarcinoma (arrow) and NEC components (arrow 
head) of a mixed gastric NEC tumor metastasized to one lymph node, which 
are enlarged in the inserts in the left upper quadrant for NEC and the right 
lower quadrant for tubular adenocarcinoma, respectively (Hematoxylin-eosin 
stain, × 40 in C, D, × 100 in B, × 200 in A and the inserts of C and D). 

(5.4%, 3/56) GEJ NEC patients were lost to fol-
low-up. Patients with GEJ NEC demonstrated a 

significantly lower 5-year over-
all survival rate (46.1%), com-
pared to those with gastric 
non-cardiac NEC (73.1%) (P= 
0.030) (Table 2; Figure 3A). By 
univariate analysis, significant 
risk factors for overall survival 
also included lymph node me- 
tastasis and pathological su- 
mmary stage (Table 2; Figure 
3B and 3C). The GEJ location 
was found to be the only inde-
pendent risk factor for worse 
overall survival (Hazards Ra- 
tio: 2.922; 95% confidence 
interval: 1.003-8.514, P= 
0.049) (Table 3). The patients 
with PD-L1-positive NEC tu- 
mors demonstrated a higher 
5-year overall survival rate 
(83.3%), compared to PD-L1-
negative counterparts (44.4%); 
the difference almost reached 
a statistically significant level 
(P=0.052) (Table 2; Figure 
3D). Stage-stratified compari-
sons were not analyzed in 
cases with stage I (N=5) or IV 
(N=3) carcinomas due to the 
small sample sizes. In com-
parison among cases with 
stage II NEC, the 5-year overall 

survival rate was significantly lower in patients 
with GEJ NEC (51.2%) than those with gastric 
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non-cardiac NEC (83.3%) (P=0.046). Although 
the patients with stage III GEJ NEC also demon-
strated a lower 5-year survival rate (46.2%) 
than the patients with gastric non-cardiac NEC 
at the same stage (75.0%), the difference did 
not reach a statistically significant level. 

Overall survival analysis was carried out in 36 
GEJ NECs, 17 gastric non-cardiac NECs, and 53 
matched gastric adenocarcinoma control cases 
with follow-up survival information. The 5-year 
survival rate was significantly lower in patients 
with GEJ NEC (46.1%) than those with GEJ non-
NEC carcinoma (61.8%) (P=0.046, Figure 4). 

tomies for carcinomas, which is similar to that 
reported recently by another institution in 
China [4], but is higher than that reported from 
Japan (0.64%) and Brazil (0.8%) [2, 15]. The dis-
crepancy may be related to the differences in 
geography and patient ethnicity. Over the past 
decades, the incidence of gastric neuroendo-
crine neoplasm, including NEC, increased 
steadily from 1975 to 2016, according to the 
study in American patients, based on the 
United States Surveillance, Epidemiology, and 
End Results (SEER) database [16]. The high 
prevalence of NEC in our study may reflect a 
similar trend in China, probably due to the 

Figure 2. Representative photomicrographs of immunohistochemistry. (A) 
The Ki-67 proliferative index was about 70% for a mixed neuroendocrine 
non-neuroendocrine carcinoma. (B) A gastric NEC was diffusely strong 
positive for P53. (C) The adenocarcinoma component of a gastric NEC was 
HER2-posivie with a score of 2+. (D) Tumor cells exhibited expression of PD-
L1 in a gastric neuroendocrine carcinoma. (E) A small cell type gastric NEC 
was diffusely positive for TTF-1. (F) A gastric NEC retained the expression of 
MLH1 (Immunohistochemical stain, A, B, × 200, C-F, × 400). 

However, patients with gastric 
non-cardiac NEC showed no 
significant difference in 5-year 
survival in comparison with 
those with gastric non-cardi- 
ac non-NEC adenocarcino- 
ma (73.1% versus 71.9%, P= 
0.791). There was no statisti-
cally significant difference in 
patient age, tumor size, preva-
lence of lymph node metasta-
sis, and follow-up time bet- 
ween paired groups. 

Discussion

In this retrospective compari-
son study, GEJ NECs, com-
pared to gastric non-cardiac 
NECs, showed worse clinico-
pathological features as fol-
lows: 1) a higher frequency of 
pathologic tumor stages of 
pT3-T4; 2) a larger proportion 
of advanced pathological su- 
mmary stages IIb-IV; and 3) a 
lower 5-year overall survival 
rate. Although this subset of 
gastric carcinoma is rare, GEJ 
NEC is fatal and requires an 
urgent measure for early 
detection, prompt resection, 
and active post-surgery sur-
veillance to identify and treat 
early recurrence and metasta-
sis to improve survival out- 
comes. 

In the present study, NEC con-
stituted only 1.41% of gastrec-
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Table 2. Univariate survival analysis of risk factors on overall survival in patients with gastroesopha-
geal junctional or gastric non-cardiac neuroendocrine carcinoma
Clinicopathological feature 5-Year survival rate (%) P
Age (year) 0.122
    ≤68 60.4
    ≥69 51.2
Gender 0.789
    Male 56.3
    Female 50.8
Tumor size (cm) 0.929
    ≤5 56.5
    >5 54.2
Tumor location 0.030
    Gastroesophageal junctional 46.1
    Gastric non-cardiac 73.1
Mixed non-neuroendocrine carcinoma component 0.693
    Absent 61.5
    Present 52.3
MiNEN 0.511
    No 57.8
    Yes 50.8
pT stage 0.120
    pT1-T2 85.7
    pT3-T4 49.8
Lymph node metastasis 0.043
    Absent 76.6
    Present 45.8
Pathological summary stage 0.016
    pI-IIA 83.9
    pIIB-IV 43.9
Lymphovascular invasion 0.362
    Absent 59.3
    Present 54.4
Perineural invasion 0.491
    Absent 58
    Present 52
Neuroendocrine carcinoma type 0.908
    Large cell 54.3
    Small cell 62.5
Tumor infiltrating lymphocyte 0.434
    <10% 55.6
    ≥10% 55.5
Intestinal metaplasia in adjacent non-neoplastic mucosa 0.171
    Absent 35.4
    Present 61.2
Ki-67 index (%) 0.096
    <70 75
    ≥70 47.1
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increasing awareness of NEC by pathologists 
and a wide availability of upper endoscopy and 
improved laboratory testing methods in recent 
years in China. 

GEJ and gastric non-cardiac NECs showed 
bleak clinicopathologic features, such as the 
advanced age (mean: 67.41 years), large tumor 
size (median: 5 cm), a high prevalence of back-

ground intestinal metaplasia (82.1%, 46/56), a 
high Ki-67 index (median: 70%), and a high 
prevalence of aberrant P53 expression (75%, 
42/56), which were comparable to the results 
of previous studies [2, 3, 5, 17-27]. The present 
study demonstrated a high prevalence of lym-
phovascular invasion (69.6%), perineural inva-
sion (32.1%), lymph node metastasis (67.9%), 
high tumor stages pT2-T4 (94.6%), and ad- 

PD-L1 expression 0.052
    Negative 44.4
    Positive 83.3
P53 expression 0.165
    Negative 90.9
    Positive 48.1
TTF-1 expression 0.364
    Negative 53.9
    Positive 71.4
Abbreviation: MiNEN: Mixed Neuroendocrine-Non-Neuroendocrine Neoplasm.

Figure 3. Kaplan-Meier overall survival curves for patients with gastric neuroendocrine carcinoma (NEC) with com-
parisons between gastroesophageal junctional (GEJ) and gastric non-cardiac locations (A), the presence or absence 
of lymph node metastasis (LNM) (B), pathology summary stages I-IIA versus IIB-IV (C), and the presence or absence 
of PD-L1 expression (D). 
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vanced pathological stages II-IV (89.3%), which 
was parallel to that previously reported, ranging 
from 59% to 92% for lymph node metastasis, 
34.3% to 78% for lymphovascular invasion, 
31.4% to 58.7% for perineural invasion, 86.7% 
to 100% for pathology tumor stages T2-T4, 75% 
to 97.8% for advanced pathological stage [2, 3, 
18-25, 28-30]. As expected, the 5-year survival 
rate (49%) of NEC in our cohort was depressing, 
but similar to the data (38.7% to 52.5%) report-
ed previously from Japan, China, and United 
States [2, 3, 16, 21, 31]. 

cal stage than gastric non-cardiac NEC. In gen-
eral, GEJ NECs at T1 stage are very rare [2-4, 
22, 33, 34], as also demonstrated in our study. 
We did not see a single GEJ NEC case staged at 
pT1 and only 3 cases at pT2. The disproportion-
ally low frequency of early GEJ NEC illustrates 
the difficulty in early detection by endoscopists 
for several reasons. First, early gastric NEC 
tends to be small in size and superficial without 
symptoms and is hard to be detected endo-
scopically [34]. Second, the challenging anato-
my for upper endoscopy in the GEJ region often 

Table 3. Cox multivariate regression analysis on overall survival in 
patients with gastroesophageal junctional or gastric non-cardiac 
neuroendocrine carcinoma

Clinicopathological feature Hazard ratio 95% Confidence 
interval P

Tumor location
    Gastric non-cardiac Reference 0.049
    Gastroesophageal junctional 2.922 1.003-8.514
Lymph node metastasis
    Absent Reference
    Present 1.684 0.364-7.794 0.505
Pathological summary stage
    pI-IIA Reference 0.377
    pIIB-IV 2.121 0.400-11.258

Figure 4. Comparison of Kaplan-Meier overall survival curves for patients 
with gastroesophageal junctional neuroendocrine carcinoma (GEJ NEC) ver-
sus those with gastroesophageal junctional non-neuroendocrine carcinoma 
(GEJ non-NEC).

The prevalence of gastric NEC 
with epicenter located in the 
GEJ region or the upper stom-
ach is high in Chinese patients. 
Most Chinese studies descri- 
bed a prevalence of ≥40% [3, 
16, 20-23, 28, 32], which is 
higher than that reported by 
Korean and Japanese investi-
gators with a range of 17.5% 
to 40% [2, 19, 24, 29]. How- 
ever, in two previous and pres-
ent studies [28, 32], the prev-
alence of GEJ NEC is much 
higher, ranging from 50%, 
57.5% to the current 69.6%. 
We must point out that those 
two Chinese institutions and 
our hospital are in the same 
East China gastric cancer 
endemic region where GEJ 
carcinoma is very common. 
Therefore, the high prevalence 
of GEJ NEC in our study may 
reflect geographical variation. 

We showed for the first time 
that GEJ NEC was associated 
with a worse prognosis, com-
pared to GEJ non-NEC or gas-
tric non-cardiac NEC. Although 
gastric NEC is well-known as a 
highly aggressive carcinoma 
with a worse prognosis than 
gastric non-NEC [2, 3, 29-31], 
our study specifically revealed 
that it was GEJ NEC, not gas-
tric non-cardiac NEC, that had 
worse prognosis because of 
high prevalence of deep inva-
sion and advanced pathologi-
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leads to a high tumor-detection-missing rate, 
even in sedative endoscopy [35]. Third, GEJ 
NEC is highly aggressive and may develop rap-
idly from an invisible early stage into a large 
mass lesion over a short period of time, as 
shown in other’s and our present studies with a 
high Ki-67 proliferation index [5, 20, 36]. Thus, 
a meticulous inspection of the entire GEJ 
mucosa at upper endoscopy is very important 
to reduce the missing rate and improve early 
diagnosis with prompt therapy. 

In GEJ NEC, we showed an alarmingly high fre-
quency of tumor deep invasion and advanced 
pathological stages, which correlated with a 
lower survival rate and worse overall survival, 
compared to NEC in other gastric regions. The 
lower survival rate and worse overall survival in 
Chinese patients with NEC of the upper stom-
ach, in comparisons to that of other gastric 
regions, were also reported before [31, 37]. A 
recent study in American patients, based on 
the SEER database, analyzed the prognosis of 
gastric NEC patients and demonstrated signifi-
cantly worse prognosis in patients with GEJ 
NEC than those with gastric non-cardiac NEC 
[16], as shown in our study in Chinese patients. 
However, there were two studies from China 
that reported better prognosis for patients with 
GEJ NEC than patients with gastric non-cardiac 
NEC located in the corpus or antrum [22, 25]. 
The discrepancy may be related to the small 
samples (N=43) and inclusion of non-resect-
able and palliative gastrectomy cases in those 
two reports. To exclude the potential effect of 
advanced stage on prognosis of the patients 
with GEJ NEC, we used stage-stratified and 
multivariate survival analyses. Our results 
revealed that patients with stage II or III GEJ 
NEC demonstrated worse prognosis than those 
with gastric non-cardiac NEC, although the sta-
tistically significant difference was not reached 
in the stage III cases, which may be related to 
the small sample size of gastric non-cardiac 
NEC cases (n=4). We demonstrated the GEJ 
location as the only independent risk factor for 
overall survival of gastric NEC patients. 

At present, PD-L1 expression in gastric NEC 
remains unknown. We showed that gastric NEC 
patients with positive PD-L1 (CPS ≥1) expres-
sion in tumors demonstrated a better progno-
sis that almost reached a statistically signifi-
cant level (P=0.052). A similar association 

between PD-L1 expression and the prognosis 
of gastric carcinoma patients has been report-
ed before [38, 39]. However, the only one previ-
ous study on the prognostic significance of 
PD-L1 in gastric NEC reported a worse progno-
sis in gastric NEC with high expression of PD-L1 
[40]. This opposite conclusion may be related 
to the different PD-L1 antibody and evaluation 
methods that they used [40]. To the best of our 
knowledge, our study was the first to analyze 
the prognostic value of PD-L1 expression in 
gastric NEC with the United States Food and 
Drug Administration (FDA)-approved PD-L1 
antibody 22C3 and the widely-adopted CPS 
method for staining data analysis. 

The major limitations of our study are several: 
First, as the first comparison study on the GEJ 
NECs and gastric non-cardiac NECs, our sam-
ple size was relatively small and future studies 
with larger samples, especially from other eth-
nic patient populations, are required for valida-
tion. Second, the inherited selection bias of a 
retrospective study is unavoidable. We mini-
mized this bias in this study by collecting con-
secutive NEC cases for the project with con-
trols, the number of which was limited but the 
controls matched for age, gender, tumor loca-
tion, and stage could provide strong qualified 
evidence. Third, Siewert I NEC was absent in 
the cohort because of the rarity in the Chinese 
population. Future studies in western popula-
tions in which esophageal adenocarcinoma 
prevails are needed for validation. Finally, 
molecular tumorigenesis mechanism of this 
uncommon carcinoma was not investigated in 
the present study, but we plan to do it in the 
near future. 

In summary, compared to gastric non-cardiac 
NEC, GEJ NEC showed more aggressive clinico-
pathologic features with deeper invasion depth, 
more cases at advanced stages, and worse 
prognosis. 
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