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Abstract

Background: Gastric neoplasms containing neuroendocrine carcinoma (NEC) components are rare malignancies
with highly aggressive behavior and a poor prognosis and include pure NEC and mixed tumors containing NEC
components. We aimed to investigate whether there is a distinct difference in overall survival (OS) between gastric
neoplasms containing NEC components and gastric adenocarcinoma.

Methods: Surgically resected gastric neoplasms containing NEC components (n = 180) and gastric
adenocarcinomas (n = 785) from January 2013 to December 2019 at Peking University Cancer Hospital were
retrospectively analysed. Patients were categorized into a surgical group and a neoadjuvant group and adjusted
using propensity score matching. In the two groups, gastric neoplasms containing NEC components were divided
into pure NEC and mixed tumors with less than 30% (< 30% G-HMINEN), between 30 and 70% (G-HMINEN) and
more than 70% (> 70% G-HMINEN) neuroendocrine carcinoma components. OS was compared between these
groups and the gastric adenocarcinoma group.

Results: The OS of gastric neoplasms containing neuroendocrine NEC components was poorer than that of gastric
adenocarcinomas in the surgical group, regardless of whether the percentage of neuroendocrine cancer
components was less than 30%, between 30 and 70%, more than 70% or 100%. Cox multivariable regression
analysis suggested that tumor category (neoplasms containing NEC components or gastric adenocarcinoma) was
an independent risk factor for prognosis. Interestingly, among patients receiving neoadjuvant therapy, the
difference was not significant.
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Conclusions: Gastric neoplasms containing any proportion of NEC components had poorer overall survival than
gastric adenocarcinoma in patients treated with surgery directly, indicating that these neoplasms are more
malignant than gastric adenocarcinoma. Among the patients receiving neoadjuvant therapy, the difference in
overall survival was not significant, which was in sharp contrast with the results of the surgery group, suggesting
that neoadjuvant therapy may have a good effect in the treatment of these neoplasms.
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Background
Gastric neoplasms containing neuroendocrine carcinoma
(NEC) components are a heterogeneous subgroup of
gastric cancer with highly aggressive behavior and poor
prognosis and include pure NECs and mixed tumors
containing NEC components. Every year there are
approximately 1 million new cases of gastric cancer
worldwide, and gastric neoplasms containing NEC com-
ponents account for approximately 0.1-0.6% of these
cases [1, 2]. Given the low incidence, there is little com-
prehensive basic and clinical research to systematically
guide the treatment of these gastric neoplasms, making
the prognosis of these tumors unsatisfactory [3-7].
According to the 2017 World Health Organization
(WHO) digestive neuroendocrine tumor classification,
neuroendocrine neoplasm (NEN) can be divided into
three categories based on Ki-67 levels and mitotic counts
(x 10 HPF): Grade 1 (G1, Ki67 < 2%, mitoses< 2), Grade
2 (G2, 3% < Ki67 <20%, 2 < mitoses<20), Grade 3 (G3,
Ki67 > 20%, mitoses>20) [8]. Meanwhile, the American
Joint Committee on Cancer (AJCC) defines highly differ-
entiated NEN as a neuroendocrine tumor (NET) and the
poorly differentiated NEN as a neuroendocrine carcin-
oma (NEC) based on the degree of tumor cell differenti-
ation. Generally, G1, G2, and rare well-differentiated G3
NENs belong to the NETs, while poorly differentiated
G3 NENs belong to NECs [8, 9]. Gastric mixed
neuroendocrine-non-neuroendocrine  neoplasm (G-
MINEN) is a special type of gastric NEN that is defined
as containing more than 30% of both neuroendocrine
and non-neuroendocrine components [8], accounting
for approximately 7% of all G-NENs and 25% of gastric
neuroendocrine carcinomas (G-NECs) [4—6]. For those
mixed tumors with less than 30% or more than 70%
neuroendocrine carcinoma components, there is no uni-
form definition. Considering the heterogeneity of
MIiNEN and the malignancy degree of the different com-
ponents in the tumor, La Rosa et al. [10, 11] proposed
dividing MINEN into three categories: high-grade,
intermediate-grade and low-grade. High-grade MiNEN
consists of NEC and carcinoma/adenoma, intermediate-
grade MiMEN consists of NET and carcinoma, and low-
grade MINEN consists of NET and adenoma. Therefore,
in this study, gastric high-grade mixed neuroendocrine-

non-neuroendocrine neoplasm (G-HMiIiNEN) was de-
fined as gastric cancer containing more than 30% of both
neuroendocrine  carcinoma and adenocarcinoma
components.

Generally, the prognosis of mixed tumors is largely de-
termined by the most malignant component. Kim et al.
[12] found that G-NEC has shorter progression-free sur-
vival (PFS) than gastric adenocarcinoma. Huang et al.
[13] found that the prognosis of patients with more than
50% of neuroendocrine cancer components is signifi-
cantly poorer than that of patients with less than 50%
components. All of these studies provide evidence that
tumors containing neuroendocrine cancer components
may contribute to a worse prognosis. Therefore, we
hypothesized that a mixed tumor containing neuroendo-
crine carcinoma components would have a worse prog-
nosis than pure adenocarcinoma alone. We sought to
find studies on the overall survival (OS) comparison be-
tween G-HMINEN and gastric adenocarcinoma but
failed. Thus, we think that a study of the comparison of
the OS of G-HMINEN and gastric adenocarcinoma will
provide a valuable supplement to current research on G-
HMINEN. To overcome the bias caused by the differ-
ences between the covariates in the comparison, we used
propensity score matching (PSM) to match important
factors such as age, gender, tumor location, tumor size,
pathological staging, and adjuvant chemotherapy be-
tween the two groups, making the research results more
reliable.

Methods

Patient selection

We retrospectively collected patients diagnosed with
gastric NENs and underwent radical resection at Peking
University Cancer Hospital, Beijing, from January 2013
to December 2019. The inclusion criteria were as fol-
lows: (1) pathologically confirmed pure NEC or tumor
containing NEC components; (2) no other tumors were
diagnosed before the operation; (3) complete clinico-
pathological information and survival information that
could be obtained through follow-up. Patients diagnosed
with ¢cM1 or cT4b before surgery or died from peri-
operative complications were excluded from the study.
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Patients with gastric adenocarcinomas undergoing rad-
ical surgery were randomly selected for PSM analyses.

Follow-up

We followed the patients at least twice a year. Serum
tumor markers test, gastroscope, and computed tomog-
raphy (CT) scans were used to reexamine patients after
surgery. Depending on the patients’ status, Magnetic
resonance imaging (MRI) and Positron emission tomog-
raphy & computed tomography (PET-CT) were also
considered. For patients who cannot regularly visit our
center for postoperative examination, we use telephone
follow-up to obtain survival information.

Diagnosis and classification

We re-evaluated the diagnosis and classification of G-
HMINEN. Mixed tumors with less than 30% or more
than 70% neuroendocrine carcinoma components were
also included in this study, which were defined as < 30%
G-HMINEN and >70% G-HMINEN, respectively. A
tumor consisting of 100% NEC is defined as pure NEC.
All neuroendocrine tumors were identified, diagnosed,
and classified by two independent pathologists in ac-
cordance with the 2017 WHO classification of tumors
[8]. Neuroendocrine components were identified by
histological features and immunohistochemical specifi-
city marks, such as synaptophysin (Syn), chromogranin
A (CgA), and neuro cell adhesion molecule (CD56 or
NCAM). The tumor staging described in the study was
based on the AJCC 8th Edition TNM Staging Guidelines
[9]. All possible disagreements were discussed in our
study group.

Definition of variables and groups

In this study, patients were divided into a surgical group
and a neoadjuvant group based on whether they had re-
ceived neoadjuvant therapy before surgery. Patients in
the surgery group were assessed by the pTNM staging
system, while patients in the neoadjuvant treatment
group were assessed by the ypTNM staging system. OS
refers to the time from surgery to the last follow-up, the
time of death, or the end of follow-up (e.g., loss of
follow-up or other cause of death).

Propensity score matching

To accurately compare the prognosis of G-HMiNEN
and gastric adenocarcinoma, we employed PSM to bal-
ance the differences between the two groups. PSM was
performed through the Pamatching 3.04 plug-in in SPSS
22.0 software. Logistic regression models were used to
estimate propensity scores based on gender, age, tumor
location, tumor size, and pathological staging. Given a
0.2 caliper width, 1:2 nearest neighbor matching was
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performed. The chi-squared test and Mann-Whitney U
test were used to further verify the matching results.

Statistical analysis

All statistical analyses were performed using SPSS 22.0
statistical software (IBM, United States). The chi-
squared test and Mann-Whitney U test were used for
statistical analysis of categorical variables and continu-
ous variables, respectively. Kaplan-Meier method was
used for the comparison of OS. The log-rank test was
used to compare survival rates. Multivariable Cox pro-
portional hazards models were used to identify predic-
tors of survival outcome. P <0.05 was regarded as the
threshold of significance.

Results

Patient selection and PSM results

Between 2013 and 2019, among the patients treated at
the Gastrointestinal Cancer Center of Peking University
Cancer Hospital, a total of 180 patients with gastric neo-
plasms containing NEC components met the inclusion
criteria for the study, including 55 cases of pure NEC
and 125 cases of mixed-type. Of these patients, a total of
65 patients received neoadjuvant therapy (NEC: 27, >
70% G-HMINEN: 5, G-HMINEN: 19, <30% G-
HMINEN: 12), while the remaining 117 patients received
surgery directly (NEC: 28, >70% G-HMINEN: 8, G-
HMINEN: 43, <30% G-HMINEN: 38). There were an
insufficient number of patients in group >70% G-
HMINEN group to conduct effective statistical analysis,
so we combined the >70% G-HMINEN group with the
NEC group for further analysis. We also randomly se-
lected 785 patients with gastric adenocarcinoma who
underwent radical surgery. Among them, 477 patients
received neoadjuvant therapy, and the remaining 308 pa-
tients were treated with surgery directly (Fig. 1).

Immunohistochemical specificity markers were utilized
to identify the neuroendocrine components (Fig. 2a).
Syn was expressed in almost all neoplasms containing
NEC components (98.3%), while the positive rates of
CgA and CD56 were much lower (62.8 and 66.7%,
respectively). No significant difference in the positive
rate of Syn and CgA was observed between pure NEC, >
70% G-HMINEN, G-HMINEN, and <30% G-HMINEN
(Fig. 2b, c), only the positive rate of CD56 was found to
be higher in the pure NEC group than that in the < 30%
G-HMINEN group (Fig. 2d).

Therefore, prior to OS comparison, PSM was
performed to ensure that there were no significant dif-
ferences in patient gender, age, tumor location, tumor
size, pathological staging, and adjuvant chemotherapy
between the two groups.
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Fig. 1 Flow chart of patient enrolment
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Comparison of OS between all patients with NEC
components and patients with gastric adenocarcinoma in
the surgical group and neoadjuvant group

Before PSM, we compared the survival curves be-
tween all patients with NEC components and patients
with gastric adenocarcinoma by the Kaplan-Meier
method (Fig. 3). Apparently, patients with NEC com-
ponents had a poorer OS than those with gastric
adenocarcinoma (Fig. 3a, p < 0.0001) in the surgical

group. In contrast, no significant difference was ob-
served between the patients receiving neoadjuvant
therapy (Fig. 3b, p = 0.1467). According to the pro-
portion of NEC components, patients were classified
into pure NEC, >70% G-HMINEN, G-HMINEN,
and < 30% G-HMINEN. The OS was also compared
between patients with adenocarcinoma and these
groups, and the results were similar to the overall
comparison (Fig. 3¢, d).
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Fig. 2 lllustrations of immunohistochemical staining patterns in gastric neoplasms containing NEC components. a. An overview of the expression
of Syn, CgA, and CD56 in tumors containing NEC components. b. Syn expression in different NEC component groups. ¢. CgA expression in
different NEC component groups. d. CD56 expression in different NEC component groups. CD56, neuro cell adhesion molecule; CgA,
chromogranin A; NEC, neuroendocrine carcinoma; Syn, synaptophysin; P-value < 0.05 (¥)
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carcinoma; OS, overall survival; PSM, propensity score matching

Fig. 3 Comparison of OS between gastric neoplasms containing NEC components and gastric adenocarcinoma. a. OS comparison between
gastric neoplasms containing NEC components and gastric adenocarcinoma before PSM in the surgical group. b. OS comparison between gastric
neoplasms containing NEC components and gastric adenocarcinoma before PSM in the neoadjuvant group. ¢. OS comparison between different
NEC content groups (pure NEC, > 70% G-HMINEN, G-HMINEN, and < 30% G-HMINEN) and gastric adenocarcinoma before PSM in the surgical
group. d. OS comparison between the different NEC content groups and gastric adenocarcinoma before PSM in the neoadjuvant group. e. OS
comparison for patients in the surgical group after PSM. f. OS comparison for patients in the neoadjuvant group after PSM. NEC, neuroendocrine

Before PSM, significant differences between the base-
line characteristics were observed in the surgical group
and the neoadjuvant group (Table 1 & Table 2). To bal-
ance the clinicopathological differences between the two
groups, PSM was performed to ensure that there were
no significant differences in patient gender, age, tumor
location, tumor size, pathological staging, and adjuvant
chemotherapy between the two groups. The detailed
clinicopathological characteristics before and after PSM
are shown in Table 1 and Table 2.

As a result, 88 patients with NEC components and
128 patients with gastric adenocarcinoma were matched
in the surgical group (Table 1). Patients with NEC com-
ponents also had a poorer OS than those with gastric
adenocarcinoma (Fig. 3e, p =0.0133). Multivariable ana-
lysis showed that adjuvant therapy, tumor category, and
TNM stage were independent prognostic factors
(Table 3).

To investigate whether neoadjuvant therapy had an ef-
fect on OS, 60 patients with NEC components and 120
patients with gastric adenocarcinoma were matched in
the neoadjuvant group (Table 2). Interestingly, Kaplan-
Meier analysis showed that among patients receiving
neoadjuvant therapy, there was still no significant differ-
ence in OS between the two groups (Fig. 3f, p = 0.3140).

Comparison of OS between patients with different
proportions of NEC components and patients with gastric
adenocarcinoma
To investigate whether the level of NEC components
had an effect on OS in the surgical group, <30% G-
HMINEN, G-HMINEN, pure NEC, and pure NEC plus
>70% G-HMINEN were compared with gastric adeno-
carcinoma after PSM. The results showed that even the
group with the lowest proportion of NEC components,
the <30% G-HMINEN group, had a poorer OS than
adenocarcinoma (Fig. 4a, P = 0.0130). As expected, the
G-HMINEN, pure NEC, and pure NEC plus >70% G-
HMINEN groups, each with relatively high proportions
of NEC components, had worse OS than the gastric
adenocarcinoma group (Fig. 4b-d, P = 0.0271, 0.0174,
0.0310). Detailed clinical information after matching is
shown in Additional file 1: Tables S1-54.

PSM was also performed in the neoadjuvant group. In
contrast to the results of the surgery group, in the pure

NEC group (containing the highest proportion of
NEC component), there was still no significant
difference in OS from gastric adenocarcinoma (Fig.
5d). The other three groups with lower NEC content
were also not significantly different from gastric
adenocarcinoma in terms of OS (Fig. 5a-c). Detailed
clinicopathological characteristics before and after
PSM are shown in Additional file 1: Tables S5-S8.

Discussion

Among gastric neuroendocrine neoplasms, the tumor
containing NEC components is a special type, including
pure NEC and mixed tumor containing NEC compo-
nents. The incidence of these tumors is extremely low,
but they are more invasive and have a poorer prognosis
than well-differentiated G-NENs [4, 5].

In previous study, Kim et al. found that in patients
who had not received neoadjuvant chemotherapy,
progression-free survival (PFS) of pure G-NEC was
poorer than that of gastric adenocarcinoma, while the
PES of mixed-type tumors was not significantly different
from that of gastric adenocarcinoma [12]. In Kim’s
study, the mixed type was defined as NET mixed with
gastric cancer, rather than NEC. NET is much less ma-
lignant than NEC [14, 15]. This may be the reason why
there was no significant difference in OS between mixed
type and gastric adenocarcinomas. In addition, mixed tu-
mors with less than 30% or more than 70% of NEC com-
ponents were not included in that study, which we
believe was a deficit of the study. PES is an important in-
dicator for evaluating prognosis, in many cases, it can re-
flect the trend of OS. Based on Kim’s research results,
we regarded tumors containing NEC components as a
whole and found that the OS of these tumors was poorer
than that of adenocarcinoma in the surgical group. In
the comparison of OS between mixed tumors with dif-
ferent proportions of NEC components and gastric
adenocarcinoma, the results for pure NEC cases was
similar to Kim’s. While the OS of mixed tumors was also
poorer than that of gastric adenocarcinoma, whether the
proportion of neuroendocrine cancer components was
less than 30%, between 30 and 70%, or more than 70%,
which was not mentioned in Kim’s study. Cox multivari-
able regression analysis showed that tumor category
(neoplasm with NEC component or adenocarcinoma),
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Patient Characteristics

Unmatched comparison

Matched comparison

Patients with NEC Gastric P value Patients with NEC Gastric P value
components (n=117) adenocarcinoma components (n = 88) adenocarcinoma
(n=308) (n=128)
Age (year), mean £ SD 61.7+94 552+108 <0.001 59.7£94 589+9.7 0.551
Gender (male/female) 100/17 282/26 0.063 76/12 112/16 0.807
BMI, mean + SD 241 +31 236+36 0.100 244 %31 238+36 0.182
Adjuvant therapy <0.001 0.189
Yes 87 (74.4) 109 (354) 58 (65.9) 73 (57.0)
No 30 (25.6) 199 (64.6) 30 (34.1) 55 (43.0)
Tumor location <0.001 0679
Upper third 70 (59.8) 74 (24.0) 46 (52.3) 60 (46.9)
Middle third 18 (154) 41 (133) 14 (15.9) 19 (14.8)
Lower third 28 (239) 192 (62.3) 28 (31.8) 48 (37.5)
Entire 109 1(0.3) 0 (0.0) 1(0.8)
Tumor size 0.023 0.669
<5cm 80 (684) 243 (78.9) 63 (71.6) 95 (74.2)
25cm 37 (316) 65 (21.1) 25 (284) 33 (25.8)
Type of gastrectomy <0.001 0.077
Total gastrectomy 78 (66.7) 79 (25.6) 53 (60.2) 59 (46.1)
Distal gastrectomy 29 (24.8) 206 (66.9) 29 (33.0) 51 (39.8)
Proximal gastrectomy 10 (8.5) 23 (7.5) 6 (6.8) 18 (14.1)
Surgical procedure <0.001 0.001
Open 106 (90.6) 212 (68.6) 80 (90.9) 92 (71.9)
Laparoscopic 11 (94) 96 (32.2) 8(9.1) 36 (28.1)
T stage <0.001 <0.001
T 16 (13.7) 195 (63.3) 14 (15.9) 53 (414)
T2 26 (22.2) 18 (5.8) 25 (284) 12 (94)
T3 48 (41.0) 49 (15.9) 27 (30.7) 35(27.3)
T4 27 (23.1) 46 (14.9) 22 (25.0) 28 (21.9)
N stage <0.001 0428
NO 48 (41.0) 210 (68.2) 37 (42.0) 62 (484)
N1 32 (274) 26 (84) 22 (25.0) 22 (17.2)
N2 20 (17.1) 27 (8.8) 16 (18.2) 16 (18.2)
N3 17 (14.5) 45 (14.6) 13 (14.8) 24 (18.8)
M stage 0.216 0406
MO 117 (100.0) 304 (98.7) 88 (100.0) 127 (99.2)
M1 0 (0.0) 4(13) 0 (0.0) 1(0.8)
pTNM stage <0.001 0.399
I 30 (25.6) 202 (65.6) 30 (34.1) 56 (43.8)
Il 47 (40.2) 32 (104) 26 (29.5) 30 (234)
Il 40 (34.2) 70 (22.7) 32 (36.4) 41 (32.0)
% 0 (0.0) 4(13) 0(0.0) 1(08)

BMI Body Mass Index, MiNEN Mixed neuroendocrine-non-neuroendocrine neoplasm, NEC neuroendocrine carcinoma, PSM Propensity Score Matching
Patients with NEC components: NEC, < 30% high grade MiNEN, high grade MiNEN and >70% high grade MiNEN
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Table 2 Comparison of clinicopathological characteristics before and after PSM in neoadjuvant group
Patient Characteristics Unmatched comparison Matched comparison
Patients with NEC Gastric P value Patients with NEC Gastric P value
components (n = 63) adenocarcinoma components (n = 60) adenocarcinoma
(n=477) (n=120)
Age (year), mean + SD 612+96 583+103 0.037 613+97 60.2+95 0484
Gender (male/female) 52/11 367/110 0316 50/10 104/16 0549
BMI, mean + SD 241+39 235+34 0.285 239+39 238+34 0.855
Adjuvant therapy 0.124 0.173
Yes 58 (92.1) 459 (96.2) 56 (93.9) 117 (97.5)
No 5(79) 18 (3.8) 4 (6.7) 3(25)
Tumor location <0.001 0361
Upper third 46 (73.0) 222 (46.5) 43 (71.7) 79 (65.8)
Middle third 9(14.3) 50 (10.5) 9(15.0) 13 (10.8)
Lower third 7(11.1) 189 (39.6) 7(11.7) 21(175)
Entire 1(1.6) 16 (3.4) 1(1.7) 7 (5.8)
Tumor size 0325 0.594
<5cm 36 (57.1) 303 (63.5) 33 (55.0) 71 (59.2)
=5cm 27 (42.9) 174 (36.5) 27 (45.0) 49 (40.8)
Type of gastrectomy <0.001 0974
Total gastrectomy 50 (79.4) 239 (50.1) 47 (78.3) 94 (78.3)
Distal gastrectomy 7 (11.1) 181 (37.9) 7 (11.7) 15 (12.5)
Proximal gastrectomy 6 (9.5 57 (11.9) 6 (10.0) 11 (9.2
Surgical procedure 0.394 1.000
Open 60 (95.2) 440 (92.2) 57 (95.0) 114 (95.0)
Laparoscopic 3(4.8) 37 (7.8) 3(5.0) 6 (5.0)
T stage <0.001 0.065
T0 1(1.6) 0 (0.0) 0 (0.0) 0 (0.0
T 348 28 (5.9) 3 (5.0) 325
T2 3(4.8) 60 (12.6) 3 (5.0) 15(125)
T3 35 (55.6) 154 (32.3) 34 (56.7) 47 (39.2)
T4 21 (333) 235 (49.6) 20 (333) 55 (45.8)
N stage 0.017 0.186
NO 17 (27.0) 158 (33.1) 16 (26.7) 44 (36.7)
N1 22 (34.9) 99 (20.8) 21 (35.0) 33 (27.5)
N2 14 (22.2) 80 (16.8) 14 (23.3) 17 (14.2)
N3 10 (15.9) 140 (294) 9 (15.0) 26 (21.7)
M stage 0.041 0.721
MO 60 (95.2) 471 (98.7) 59 (98.3) 117 (97.5)
M1 3 (48 6(1.3) 1(1.7) 3(25)
ypTNM stage 0.001 0.950
0 1(16) 0(0.0) 0(0.0) 0(0.0)
| 4(6.3) 52 (109) 4 (6.7) 6 (5.0)
Il 31 (49.2) 163 (34.2) 31 (517) 64 (53.3)
il 24 (38.1) 256 (53.7) 24 (40.0) 47 (39.2)
\% 3 (48) 6(13) 10.7) 3(25)

BMI Body Mass Index, MiNEN Mixed neuroendocrine-non-neuroendocrine neoplasm, NEC neuroendocrine carcinoma, PSM Propensity Score Matching
Patients with NEC components: NEC, < 30% high grade MiNEN, high grade MiNEN and > 70% high grade MiNEN
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Table 3 Univariate and multivariate analyses of survival after PSM in surgical group

Patient Characteristics Univariate analysis

Multivariate analysis

HR 95% Cl P value HR 95% Cl P value

Age (year) 0.993 0.966-1.021 0.608

Gender
male vs. female 0.542 0271-1.084 0.083
BMI 0.989 0.915-1.069 0.782

Adjuvant therapy
Yes vs. No 9490 3411-26.400 <0.001 23434 2.348-222.841 0.007

Tumor size
25cmvs. < 5cm 2.557 1.458-4.485 0.001 1318 0.710-2.448 0.381

Tumor category
Carcinoma with NEC component vs. 2.067 1.150-3.715 0.015 1.955 1.050-3.642 0.035
Gastric adenocarcinoma vs.

Type of gastrectomy 0.021 0.230
Total gastrectomy 1 1 - 1 1 -
Distal gastrectomy 0.382 0.193-0.758 0.006 0.545 0.256-1.160 0.115
Proximal gastrectomy 0.643 0.268-1.543 0.323 1.130 0.449-2.844 0.795

Surgical procedure 0499
Laparoscopic vs. Open 0.959 0491-1.874 0.904

TNM stage <0.001 0.009
| 1 1 - 1 1
Il 3678 1.254-10.756 0.018 0.176 0.021-1.484 0.110
M1l 10.657 4.161-27.296 < 0.001 0487 0.062-3.802 0492
% 30.036 3.443-262.046 0.002 2477 0.139-44.100 0.537

tumor size, and TNM staging were independent risk fac-
tors for prognosis. This suggests that the prognosis of
gastric neoplasms with NEC components is substantially
different from that of gastric adenocarcinoma, and even
a small percentage (< 30%) of NEC components can also
impair prognosis, which challenges the current cut-off
value of 30%.

The proportion of each component that must theoret-
ically be greater than 30% was set in 1987 [16]. And
since 2010, WHO has also adopted this standard to de-
fine MINEN [16]. This largely avoids the overdiagnosis
of MIiNEN in tumors with only focal neuroendocrine
marker expression and no corresponding morphological
changes. In addition, it also prevents clinicians from
dealing with these rare neoplasms too often without
guidelines [15]. Nevertheless, it is now being questioned
by an increasing number of scholars. The components
in mixed tumors are not evenly distributed. For large tu-
mors, the randomness of biopsy and postoperative
pathological sampling causes the proportion of each
component to fluctuate greatly, making it difficult to de-
scribe the proportion of each component precisely [15].
Park et al. compared the OS between tumors with more
than 10% NEC components and gastric adenocarcinoma

with or without less than 10% NEC, and they found that
tumors with an NEC composition of more than 10% had
a worse prognosis. This suggests that even a small pro-
portion of malignant components can affect prognosis
[3]. While in Park’s study, for unknown reasons, the au-
thors did not compare the prognosis of mixed tumors
with NEC components less than 10% with gastric
adenocarcinomas directly, nor did they compare all
NEC-containing tumors as a whole with gastric adeno-
carcinoma, which we believe was a deficit of the study.
In our study, we regarded tumors containing NEC
components as a whole and found that the OS of these
tumors was poorer than that of adenocarcinoma in the
surgical group. In addition, we also found that the OS of
mixed tumors with less than 30%, between 30 and 70%,
more than 70% NEC components or pure NEC was
worse than that of gastric adenocarcinoma. Analysis of
immunohistochemical markers show that there was no
significant difference in the positive rate of Syn and CgA
between different NEC content groups, only the positive
rate of CD56 was found to be higher in the pure NEC
group than that in the <30% G-HMINEN group. The
role of CD56 in the diagnosis of NEC is still controver-
sial. However, Syn and CgA are two well-recognized
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Fig. 4 Comparison of OS between gastric neoplasm with different proportions of NEC and gastric adenocarcinoma in the surgical group. a.
Overall survival comparison between < 30% G-HMINEN and gastric adenocarcinoma. b. Overall survival comparison between G-HMINEN and
gastric adenocarcinoma. . Overall survival comparison between > 70% G-HMiNEN plus pure NEC and gastric adenocarcinoma. d. Overall survival

Overall survival by surgery
a (after PSM)
100
© w
2 i
2
=
(2]
e 50
8 —— Gastric adenocarcinoma
1
gf 7 <30%G-HMINEN
P =0.0130
0 T T T I T T T I T L] L] I
0 1000 2000 3000
Survival days
Overall survival by surgery
C (after PSM)
100
©
2 i
2
=]
(2]
e 504
8 —— Gastric Adenocarconoma
=
nq_) b —— >70%G-HMiNEN+pure NEC
P=0.0174
0 T T T I T T T I T L] L] I
0 1000 2000 3000
Survival days
comparison between pure NEC alone and gastric adenocarcinoma

Overall survival by surgery

b (after PSM)
100
©
2 i
<
=
(7]
t 50
[}]
% —i— Gastric adenocarcinoma
o 1 —— G-HMINEN
P =0.0271
0 L] L] L] I L] L] L] I L] L] L] I
0 1000 2000 3000
Survival days
Overall survival by surgery
d (after PSM)
100
©
2 i
2
=2
(7]
€ 50
g —l— Gastric Adenocarconoma
& ; —— Pure NEC
P =0.0310
L] L] L] I L] L] L] I L] L] L] I
0 1000 2000 3000

Survival days

markers. Therefore, from the results of immunohisto-
chemistry, we believed that there was no significantly
difference in tumors containing NEC components.
Studies on the molecular mechanism of pathogenesis
show that NEC components and adenocarcinoma com-
ponents have similar genomic abnormalities, similar
losses of heterozygosity (LOH) and mutations at mul-
tiple loci and key oncogenes, such as TP53, APC, and RB
genes. All these results imply that the two components
in the mixed tumor may have a common origin and ac-
quire biphenotypic differentiation during carcinogenesis
[17-24]. Moreover, in the WHO definition of mixed
neuroendocrine and non-neuroendocrine neoplasms of
other organs (i.e., lung and thyroid) [25], no minimum

percentage for either ingredient is established. Therefore,
we believe that mixed tumors containing NEC compo-
nents are actually of the same origin, have similar bio-
logical characteristics, and are different from gastric
adenocarcinoma. We propose considering mixed tumors
containing NEC components as a whole, rather than de-
fining them based on the 30% definition for both tumor
components, which has not been raised by other studies.

Previously, many studies have confirmed the efficacy
of neoadjuvant chemotherapy in gastric adenocarcinoma
[26, 27]. In a retrospective study involving 69 patients,
Ma et al. found that neoadjuvant chemotherapy im-
proves the survival of patients with NEC and HMiNEN
of the stomach [28]. Van der Veen et al. reported that
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Fig. 5 Comparison of OS between gastric neoplasm with different proportions of NEC components and gastric adenocarcinoma in the
neoadjuvant group. a. Overall survival comparison between < 30% G-HMINEN and gastric adenocarcinoma. b. Overall survival comparison
between G-HMINEN and gastric adenocarcinoma. c. Overall survival comparison between > 70% G-HMINEN plus pure NEC and gastric
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neoadjuvant chemotherapy could not benefit the survival
of patients with mixed tumors containing NEC compo-
nents [29]. However, because only eight patients were
included in the neoadjuvant group, Van’s results are
questionable. In our study, among patients receiving
neoadjuvant therapy, no significant difference in OS
between mixed tumor and gastric adenocarcinoma was
observed. Even for the pure NEC group with the highest
NEC content, there was no significant difference,
suggesting that neoadjuvant therapy may have a positive
effect on these neoplasms.

Although this is only a single-center retrospective
study, the sample we reported is considerable for this
rare disease, which can provide new ideas for clinical

and basic research. In addition, we proposed treating
all gastric neoplasms containing NEC components as
a whole and found that neoadjuvant therapy may
have a good effect on these neoplasms. In the future,
we will conduct more genomics studies to confirm
our ideas. This study also has its limitations. Due to
the lack of recurrence and detailed chemotherapy in-
formation, we were unable to compare progression-
free survival and analyse the effects of different
chemotherapy regimens. As a retrospective study, des-
pite our performing PSM in advance, selection bias
cannot be completely avoided. In addition, since the
exact proportion of each component in the mixed
tumor could not be obtained, we could not determine
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whether there is a cutoff value for the diagnosis of
the mixed tumor with NEC component less than
30%, so we could only treat all mixed tumors with
NEC component as a whole.

Conclusions

Our study demonstrated that gastric neoplasms with
NEC components, regardless of the proportion of com-
ponents, have poorer overall survival than gastric adeno-
carcinoma, indicating a higher degree of malignancy
than gastric adenocarcinoma. Among the patients re-
ceiving neoadjuvant therapy, the difference in overall
survival was not significant, which was in sharp contrast
with the results of the surgery group, suggesting that
neoadjuvant therapy may have a good effect on the
prognosis of these malignancies. Therefore, for this type
of malignancy, we should adopt more aggressive and
powerful treatments than those used for gastric adeno-
carcinoma to improve the prognosis of patients. Neoad-
juvant chemotherapy may be a good way to improve the
efficacy of treatment for these tumors at advanced
stages.
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