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Purpose: Dyslipidemia was associated with gastric adenocarcinoma or neuroendocrine tumors, but its role in a 

more malignant entity, gastric cancer with neuroendocrine immunophenotypes (GCNEI), was unclarified. This 

study sought to explore the relationship between serum lipid levels and the biological behaviors of gastric cancer 

with neuroendocrine immunophenotypes (GCNEI). 

Methods: Patients with neuroendocrine carcinoma (NEC), GC with NEC components (GC-NEC), or GC expressing 

NE marker(s) but no NE morphology (GC-NENM) were enrolled from three centers. Their preoperative serum lipid 

levels, demographic, and clinicopathological information were analyzed and compared with those of patients with 

pure adenocarcinoma (PAC) or a background population selected from 10,061 health-check people by propensity- 

score matching. 

Results: A total of 342 GCNEI patients were enrolled. Compared with the background population, total cholesterol 

(TCHO) and high-density lipoprotein cholesterol (HDL-C) levels were lower in GCNEI. Compared with PAC, GC- 

NENM and GC-NEC showed lower triglyceride (TG) levels, while, carcinoma with NE morphology showed higher 

low-density lipoprotein cholesterol (LDL-C) levels. Among GCNEI subtypes, GC-NEC differed from the others by 

higher LDL-C and non-HDL-C levels. A higher LDL-C level and(or) lower TG, HDL-C levels correlated to higher 

stages or large tumor sizes in GC-NENM, and a lower HDL-C level correlated to large tumor sizes in GC-NEC. 

A higher LDL-C level, lower TG, HDL-C, and non-HDL levels increased the risk of GC-NEC, and lower TG, and 

HDL-C levels increased the risk of GC-NENM and NEC. 

Conclusion: GCNEI had distinct and heterogeneous serum lipid patterns, which correlated to tumor development 

and progression. 
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Gastric cancer with neuroendocrine immunophenotypes (GCNEI) is

 distinct and heterogeneous cohort of gastric malignant tumors, char-

cterized by the varying expression of the neuroendocrine-associated

rotein. According to the 2019 World Health Organization (WHO) Clas-

ification of Tumors of the Digestive System, GCNEI includes neuroen-

ocrine carcinoma (NEC) and mixed adeno-neuroendocrine carcinoma

MANEC), of which the entire or partial tumor showed NE morphol-
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gy (NEM) in addition to NE immunophenotypes, and either compo-

ent of the latter should exceed 30% [5] . In addition, GC with < 30%

EC component and GC expressing NE marker(s) but no NEM (GC-

ENM) also meet the criteria of GCNEI, although they have not been

isted in WHO classification yet. Numerous previous studies and ours

ave revealed that, compared to pure adenocarcinoma (PAC), GCNEI

howed more malignant clinicopathological features and worse progno-

is [9 , 18 , 23] . However, the underlying mechanism remains elusive so
Y. Yuan). 

tober 2020 

ticle under the CC BY-NC-ND license 

https://doi.org/10.1016/j.tranon.2020.100925
http://www.ScienceDirect.com
http://www.elsevier.com/locate/tranon
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2020.100925&domain=pdf
mailto:zhuchunpeng@zju.edu.cn
mailto:yuanying1999@zju.edu.cn
https://doi.org/10.1016/j.tranon.2020.100925
http://creativecommons.org/licenses/by-nc-nd/4.0/


Y. Zou, L. Wu, Y. Yang et al. Translational Oncology 14 (2021) 100925 

Fig. 1. Flowchart of study object selection 

GCNEI: gastric cancer with neuroendocrine immunophenotypes; GC-NENM: gastric adenocarcinoma expressing neuroendocrine markers but no neuroendocrine 

morphology; GC-NEC: mixed carcinoma with adenocarcinoma and neuroendocrine components; NEC: neuroendocrine carcinoma; PAC: pure adenocarcinoma; PSM: 

propensity-score matching. 
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The significance of serum lipids, including triglyceride (TG), to-

al cholesterol (TCHO), low-density lipoprotein cholesterol (LDL-C),

igh-density lipoprotein cholesterol (HDL-C) and non-HDL-C, have

een evaluated in various tumors, and several of them have been

roven to be associated with the biological behaviors of PAC [13] and

ell-differentiated gastroenteropancreatic/rectal neuroendocrine tu-

or (NET) ( [8] , Santos, [20] ), including tumorigenesis ( [8 , 13] , Santos,

20] ), tumor size [22] , histological differentiation [22] , distal metasta-

is [6] , neoadjuvant chemotherapy response [22] and prognosis [21] .

lthough, the association between serum lipids and stomach cancer or

ET was identified, due to the relative lack of cases, rare studies have

ocused on the significance of serum lipids in GCNEI, leaving these pa-

ients’ lipid metabolic features unexplored. 

In this study, we sought to investigate the relationship between

erum lipids levels and the clinicopathological features or the occur-

ence of GCNEI. Samples of patients with NEC, GC with varying amounts

f NEC components (GC-NEC), or GC-NENM were collected from three

enters. The serum lipid levels were analyzed and compared with the

atched PAC or a background population selected from 201 PAC and

0,061 health-check people by propensity-score matching (PSM). The

isk factors of clinicopathological features and the occurrence of GCNEI

ere also explored. 
aterials and methods 

atient and control case selection 

Pathological files of patients who underwent radical gastrectomy be-

ween 2010 and 2019 in Second Affiliated Hospital of Zhejiang Uni-

ersity School of Medicine, Union Hospital of Fujian Medical Univer-

ity or Second Affiliated Hospital of Fujian Medical University were re-

iewed. Cases were selected according to the following criteria: i. neoad-

uvant chemotherapy had not been applied; ii. pathological diagnoses

ere NEC, NEC with adenocarcinoma components, adenocarcinoma

ith NEC components, MANEC, or GC with NE differentiation, which

ere confirmed by immunohistochemical (IHC) staining for synapto-

hysin (Syn) and chromogranin A (CgA) [1] ; iii. Preoperative lipid pro-

le test was performed and the data were available ( Fig. 1 ). The IHC

taining was performed on Ventana BenchMark XT (Roche Diagnostics,

SA), BOND-MAX (Leica Biosystems, USA), or Lab Vision Autostainer

20 (Thermo Scientific, USA) according to the corresponding protocols.

he information on primary antibodies was listed in Table S1. 

A total of 201 patients who underwent radical gastrectomy and were

athologically diagnosed as PAC (negative for NE markers in IHC stain-

ng) between 2015 and 2019 in Second Affiliated Hospital of Zhejiang
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niversity School of Medicine were selected as the control groups of

AC. Another 10,061 people who underwent health check between 2015

nd 2019 in the Center for Health Management, Second Affiliated Hos-

ital of Fujian Medical University were selected as the control groups

f background people ( Fig. 1 ). Most of these people were employees

f local government or companies, and the blood test was part of their

nnual health check program provided by employers. 

This study was approved by the Institutional Review Board of Sec-

nd Affiliated Hospital of Zhejiang University (2020-ERR-031), Union

ospital of Fujian Medical University (2020KY047), and Second Affil-

ated Hospital of Fujian Medical University (2020-SAHFMER-228). Pa-

ient consent was waived by the institutional review boards, as this study

as retrospective and patients’ information was protected by a blind

ethod. 

ata collection and normalization 

Information on age, sex, body mass index (BMI, weight(kg)/

eight(m) 2 ) and preoperative distal metastasis was obtained from the

lectronic Medical Record System of each center. Clinicopathological

eatures, including tumor location (cardia and fundus, body and angle,

r antrum were classified into the upper, middle or lower third stom-

ch, respectively), tumor size, histological type, depth of invasion (T),

ymphovascular invasion (LVI), node metastasis (LNM) and the results

f IHC staining, were obtained from the Electronic Pathological Report

ystem of each center. 

TG, TCHO, LDL-C, and HDL-C levels were retrieved from the Lab

nformation System of each center directly. Non-HDL-C was calculated

s total cholesterol minus HDL-C, and its thresholds were defined by

dding 0.777 mmol/L to the LDL-C thresholds [4] . The raw data of

erum lipid levels were normalized with min-max normalization using

he following formula [7] , and the reference ranges of serum lipids were

hown in Table S2. 

 = 

𝑥 − RRlower 
RRupper − RRlower 

× 2 − 1 

: normalized data; x: raw data; RR: reference range 

ropensity-score matching and statistical analysis 

PMS was applied between each GCNEI subtype and PAC or the

ealth-check people. For the control groups of PAC, the matching was

ccording to age, sex, and pathological (pTNM) stage by the matching

atio of 1:1; for the control groups of background people, the match-

ng was according to Age and Sex by the matching ratio of 1:10. The

atching algorithm was Nearest Neighbors with calipers of width equal

o 0.05 [17] . 

The distribution of demographic, BMI, clinicopathological features,

nd serum lipid levels were compared using the 𝜒2 test or Fisher’s exact

est. One-way Analysis of Variance (ANOVA) was used in the analyses

f data following a(n) (approximately) normal distribution, including

ge, tumor size, and the normalized level of TCHO, LDL-C, HDL-C and

on-HDL-C of GCNEI patients. The non-parametric test was used in the

nalyses of data following an abnormal distribution, including TCHO,

DL-C, HDL-C, and non-HDL-C of the background population and all TG

ata. Risk analysis was performed with binary logistic regression. A P

alue less than 0.05 was considered statistically significant. Statistical

nalyses and PSM were performed with SPSS 26.0 (SPSS Inc., Chicago,

L, USA). 

esults 

he baseline characteristics of GCNEI patients 

A total of 342 GCNEI patients, including 148 GC-NENM, 114 GC-

EC, and 80 NEC patients, were enrolled in this study, of which 126

ere from Second Affiliated Hospital of Zhejiang University School of
edicine, 195 were from Union Hospital of Fujian Medical University,

nd 21 were from Second Affiliated Hospital of Fujian Medical Univer-

ity. The representative histological features of GCNEI were shown in

ig. 2 . 

The overall GCNEI patients aged 22–84 years with a mean of

9.98 ± 10.41 years, and were composed of males predominantly.

he BMI of GCNEI patients distributed between 16.04 kg/m 

2 and

8.05 kg/m 

2 , of which 76.6% was in the normal range (18.5 kg/m 

2 –

5.0 kg/m 

2 ). The upper 1/3 of the stomach was favored by nearly half

f the tumors, and the mean tumor size was 5.10 ± 2.40 cm. Over 80% of

he tumors invaded the muscularis propria and/or deeper layers. LVI and

NM were found in more than 50% and 75% of the cases, respectively,

ut distal metastasis only occurred in 4.1% of all GCNEI ( Table 1 ). 

The demographic and clinicopathological features were compara-

le among different GCNEI subtypes. Significant differences were only

ound in the terms of tumor location and depth of invasion: over half of

C-NEC and NEC were seen in the upper 1/3 of the stomach, while the

ocational distribution of GC-NENM was relatively even; the proportion

f tumors invading serosa was significantly higher in GC-NEC than in

ther subtypes ( Table 1 ). 

omparison of serum lipid levels between GCNEI patients and the 

ackground population 

With PSM, the confounding factors of age and sex were adjusted,

nd there was no statistical difference of these factors between GCNEI

ubtypes and the background population after matching (Table S3). 

The serum lipid patterns of GCNEI patients were distinct. Compared

ith the matched background population, the TCHO and HDL-C levels

ere significantly lower in all GCNEI subtypes ( Fig. 3 . A2, A4, B2, B4,

2, and C4) with additional lower TG ( Fig. 3 . B1) and higher LDL-C

evels ( Fig. 3 . B3) in GC-NEC. However, there was no statistically sig-

ificant difference in terms of non-HDL-C between all GCNEI subtypes

nd the matched background population ( Fig. 3 . A5, B5, and C5). 

omparison of serum lipid levels between GCNEI and PAC 

The confounding factors, including sex, age, and tumor stages, were

inimized by PSM. No difference was found between each GCNEI sub-

ype and the matched PAC (Table S4). 

Compared with PAC, TG, TCHO, and non-HDL-C levels were sig-

ificantly lower in GC-NENM ( Fig. 4 . A). GC-NEC possessed the most

istinct serum lipid patterns, characterized by elevated LDL-C, HDL-C,

nd non-HDL-C levels, but a reduced TG level ( Fig. 4 . B). NEC was the

ubtype with a minimum difference from PAC, as only its LDL-C level

as higher ( Fig. 4 . C). On the whole, all the differences above made

 “colder ” lipid patterns in GC-NENM patients ( Fig. 4 . D1), but much

hotter ” counterparts in GC-NEC and NEC patients ( Fig. 4 . D2 and D3),

hich indicated that GC-NEC and NEC might be associated with a sig-

ificantly different lipid microenvironment than that of GC-NENM, and

hat GC-NEC might have the closest relationship with serum lipids. 

Between each GCNEI subtype and PAC stratified by stages, differ-

nces existed in all pairs at stage III + IV ( Fig. 4 . E1 △; E2 ∗ , △, ○; and

3 ∗ ), besides, significantly lower non-HDL-C and TCHO levels were also

een in GC-NENM at stage I ( Fig. 4 . E1 ∗ , ○). These differences were gen-

rally consistent with the tendency found between unstratified GCNEI

ubtypes and PAC ( Fig. 4 . D). 

omparison of serum lipid levels among GCNEI subtypes 

According to the reference ranges in the center samples originated,

he distribution of TCHO, TG, and HDL-C levels were comparable among

ifferent GCNEI subtypes: the TCHO and TG levels of most GCNEI pa-

ients were normal, and a decreased HDL-C level was seen in 20% − 35%

f GCNEI patients. Significant differences were found in the distribution
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Fig. 2. Histological features of GCNEI 

GC-NENM showed the morphological manifestation of 

adenocarcinoma, such as glandular structures lined 

by columnar cells (A, H&E, ×200), and the NE cells 

were identified in IHC staining for Syn (B, ×200). 

GC-NEC comprised adenocarcinoma (Ade) and NEC 

(Neu) components simultaneously (C, H&E, ×40), but 

only the latter was immunoreactive for Syn (D, ×40). 

NEC was entirely composed of either small cells (E, 

H&E, ×200) or large cells (F, H&E, ×200). The for- 

mer grew densely with dust-like chromatin (E, lower 

left inset H&E, ×400), while the latter arranged in a 

relatively loose pattern with abundant cytoplasm and 

prominent nucleoli (F, lower left inset H&E, ×400, ar- 

row). Both the two types of NEC expressed Syn dif- 

fusely (G, H, Syn, ×200) with frequent mitoses (E, F, 

arrowhead). 
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f LDL-C and non-HDL-C levels, whereas more GC-NENM patients had

ecreased levels than the other two subtypes (Table S5). 

The TG, TCHO, and HDL-C levels were similar among GCNEI sub-

ypes ( Fig. 5 , A1, A2, and A4), while, the LDL-C and non-HDL-C lev-

ls of GC-NEC were significantly higher than those of GC-NENM or

EC ( Fig. 5 , A3, and A5), which was reflected by the “lipid shapes ”

n the radar chart more prominently ( Fig. 5 , A6, LDL-C: ∗ GC-NENM

s GC-NEC, △NEC vs GC-NEC; non-HDL-C: ○GC-NENM vs GC-NEC,

NEC vs GC-NEC). To evaluate if the differences of serum lipid levels

hanged among GCNEI subtypes with tumor progression, GCNEI were

tratified by pathological stages (due to the small number of cases at

tage IV, they are merged with those at stage III), and statistical dif-

erences between GC-NEC and GC-NENM increased with pathological

tages. The LDL-C ( ∗ ) level of GC-NEC was significantly higher through

ll stages ( Fig. 5 . B1, B2, and B3), and non-HDL-C ( △) or HDL-C ( ○)

howed significantly higher levels in GC-NEC from stage II ( Fig. 5 . B2

nd B3) or at stage III + IV ( Fig. 5 . B3), respectively. Further, to eval-

ate the correlation between serum lipids and tumor progression of

ach GCNEI subtype, patients were stratified by pathological stages,

nd significant differences were only found in the HDL-C levels of GC-

ENM between stage III + IV and stage I ( Fig. 5 . C1 ∗ ) or stage II ( Fig. 5 .

1 △). 
he significance of serum lipid levels on the occurrence and progression of 

CNEI 

Logistic regression analysis based on GCNEI patients and the back-

round population showed that serum lipids were associated with the

ccurrence of GCNEI independently ( Table 2 and Table S6). The risk of

ll GCNEI subtypes was increased by a lower level of TG or HDL-C, and

he risk of GC-NEC was also negatively associated with the non-HDL-

 level, but positively with the LDL-C level. In addition, age showed a

reventive role in the occurrence of all GCNEI subtypes but the hazard

atios were weak. 

In the GCNEI cohort, the serum lipid levels showed independent sig-

ificance on tumor size and tumor stages ( Table 3 and Table S7-S9). A

ower TG or HDL-C level increased the risk of large tumor size ( > 5 cm)

n GC-NENM, but only the latter was significant in GC-NEC. A larger tu-

or size or lower TG level increased the risk of both advanced (pT > 1)

nd late (III + IV) tumor stages of GC-NENM, but a lower HDL-C level or

igher LDL-C level only increased the risk of late tumor stages. More-

ver, younger age was also associated with late tumor stages indepen-

ently. However, serum lipid levels were not associated with tumor size

nd tumor stages in NEC (Table S7-S9), as well as LNM (Table S10) and

VI (Table S11) in all GCNEI subtypes. 
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Table 1 

Baseline characteristics of GCNEI patients. 

Characteristics GC-NENM n = 148 GC-NEC n = 114 NEC n = 80 P value 

Age (yr, mean ± SD) 59.68 ± 11.85 59.74 ± 9.81 60.89 ± 8.21 0.674 

Sex, n (%) 0.291 

Male 111 (75.0) 93 (81.6) 66 (82.5) 

Female 37 (25.0) 21 (18.4) 14 (17.5) 

BMI (kg/m 

2 ) 

Low ( < 18.5) 15 (10.1) 6 (5.3) 2 (2.5) 0.235 

Normal (18.5–25.0) 111 (75.0) 88 (77.2) 63 (78.8) 

High ( > 25.0) 22 (14.9) 20 (17.5) 15 (18.8) 

Location, n (%) 0.006 

Upper 1/3 52 (35.1) 58 (50.9) 44 (55.0) 

Middle 1/3 45 (30.4) 24 (21.1) 23 (28.7) 

Lower 1/3 51 (34.5) 32 (28.1) 13 (16.3) 

Tumor size (cm, mean ± SD) 5.19 ± 2.59 4.99 ± 2.40 5.08 ± 2.02 0.801 

Depth of invasion, n (%) 0.010 

T1 (LP, MM or SM) 13 (8.8) 7 (6.1) 2 (2.5) 

T2 (MP) 16 (10.8) 17 (14.9) 9 (11.3) 

T3 (SS) 97 (65.5) 60 (52.6) 61 (76.3) 

T4 (perforates serosa) 22 (14.9) 30 (26.3) 8 (10.0) 

LVI, n (%) 0.287 

Negative 73 (49.3) 46 (40.4) 33 (41.3) 

Positive 75 (50.7) 68 (59.6) 47 (58.8) 

LNM, n (%) 0.164 

Negative 37 (25.0) 22 (19.3) 25 (31.3) 

Positive 111 (75.0) 92 (80.7) 55 (68.8) 

Distal metastasis, n (%) 0.414 

Negative 143 (96.6) 107 (93.9) 78 (97.5) 

Positive 5 (3.4) 7 (6.1) 2 (2.5) 

Stage, n (%) 0.277 

I 21 (14.2) 13 (11.4) 8 (10.0) 

II 44 (29.7) 23 (20.2) 26 (32.5) 

III 79 (53.4) 71 (62.3) 44 (55.0) 

IV 4 (2.7) 7 (6.1) 2 (2.5) 

GCNEI: gastric cancer with neuroendocrine immunophenotypes; GC-NENM: gastric adenocarcinoma expressing neuroen- 

docrine markers but no neuroendocrine morphology; GC-NEC: mixed carcinoma with adenocarcinoma and neuroen- 

docrine components; NEC: neuroendocrine carcinoma; BMI: body mass index; LP: lamina propria; MM: muscularis mu- 

cosae; SM: submucosa; MP: muscularis propria; SS: subserosa; LVI: lymphovascular invasion; LNM: lymph mode metas- 

tasis. 

Table 2 

Independent risk factors of the occurrence of GCNEI. 

Subtype Factor P value HR 95% CI 

Lower Upper 

GC-NENM Age < 0.001 0.965 0.961 0.968 

TG < 0.001 0.459 0.368 0.572 

HDL-C < 0.001 0.298 0.238 0.373 

GC-NEC Age < 0.001 0.956 0.951 0.962 

TG < 0.001 0.546 0.415 0.718 

HDL-C < 0.001 0.369 0.282 0.483 

LDL-C < 0.001 6.183 2.965 12.894 

non-HDL-C 0.012 0.407 0.202 0.818 

NEC Age < 0.001 0.967 0.962 0.971 

TG < 0.001 0.430 0.318 0.583 

HDL-C < 0.001 0.332 0.242 0.454 

GC-NENM: gastric cancer expressing neuroendocrine markers but no neuroendocrine morphology; GC-NEC: 

mixed carcinoma with adenocarcinoma and neuroendocrine components; TG: triglyceride; HDL-C: high- 

density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HR: hazard ratio; CI: confidential 

interval. 
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iscussion 

In the present study, the serum lipid levels of GCNEI patients were

nalyzed and compared with matched PAC or a background population

elected by PSM. To the best of our knowledge, this is the first study to

eveal the significance of serum lipid levels in the whole spectrum of

CNEI subtypes. Generally, the serum lipid patterns of GCNEI differed

rom those of PAC or the background population, and GC-NEC had the

ost distinct serum lipid pattern. 
As a heterogeneous cohort, although all GCNEI tumors express NE

arkers, their composition is complex. In the 2019 WHO classification,

E differentiation (NED) is defined by the presence of both morphologi-

al and immunohistochemical phenotype of NE, and it would not change

he designation of an adenocarcinoma, only if the NE differentiation

eached 30% [1] . However, a growing amount of evidence supported

hat a < 30% NEC component or a component only with NE immunophe-

otypes in GC could contribute to more malignant biological behaviors

nd worse prognosis [14 , 23] . To help clarify this controversy, we inves-
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Fig. 3. Comparison of serum lipid levels between GCNEI patients and the background population 

A. Comparison of the normalized serum lipid levels between GC-NENM and the background population; B. Comparison of the normalized serum lipid levels between 

GC-NEC and the background population; C: Comparison of the normalized serum lipid levels between NEC and the background population. ∗ : values which are more 

than three box lengths from either end of the box receive; ○: values which are between one and a half and three box lengths from either end of the box. 

Table 3 

Independent risk factors of tumor size and tumor stages in multivariate analysis. 

Clinicopathological features Subtype Factor P value HR 95% CI 

Lower Upper 

Tumor size > 5cm GC-NENM TG 0.014 0.499 0.287 0.867 

HDL-C < 0.001 0.493 0.348 0.699 

GC-NEC HDL-C 0.042 0.666 0.450 0.986 

Advanced stages (pT > 1) GC-NENM Size < 0.001 2.067 1.632 2.619 

TG 0.023 0.399 0.181 0.879 

GC-NEC Size < 0.001 2.189 1.660 2.886 

Late stages (stage III + IV) GC-NENM Age 0.001 0.969 0.951 0.987 

Size < 0.001 1.406 1.173 1.685 

TG 0.002 0.279 0.124 0.628 

HDL-C 0.001 0.363 0.203 0.648 

LDL-C 0.002 1.899 1.274 2.830 

GC-NEC BMI 0.020 0.946 0.903 0.991 

Size < 0.001 1.565 1.240 1.977 

GC-NENM: gastric cancer expressing neuroendocrine markers but no neuroendocrine morphology; GC-NEC: mixed carci- 

noma with adenocarcinoma and neuroendocrine components; TG: triglyceride; HDL-C: high-density lipoprotein choles- 

terol; LDL-C: low-density lipoprotein cholesterol; BMI: body mass index; HR: hazard ratio; CI: confidential interval. 
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n  

h  
igated them from the aspect of patients’ serum lipid metabolism and en-

olled GC with any amount of NE differentiation (GC-NEC) and GC with

E immunophenotype but no NEM (GC-NENM), as well as MANEC and

EC. The results demonstrated that mixed GCNEI with NEM (GC-NEC)

as indeed an entity associated with a distinct serum lipid patterns from

hat of GC-NENM, especially at higher pTNM stages, however, the serum

ipid patterns of GC-NENM still differed from that of PAC by lower TG,

CHO, and non-HDL-C levels. These data support the demarcation in

HO classification between GCNEI with or without NEM to some de-
ree, but GC-NENM was still not the same as PAC from the aspect of

erum lipid patterns. 

The close relationship between neuroendocrine neoplasms (NENs)

nd serum lipid levels has been reported. Bai et al. [2] found that a

igher serum LDL-C level was associated with a better survival rate and

edian survival time of NENs in the digestive system (G1, G2, G3 NET,

nd a few MANEC). In Pereira’s research (Pereira, [15] ), gastrointesti-

al NET patients with a low serum HDL-C level showed significantly

igher peritumoral expression of IL-6 which was associated with sys-
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Fig. 4. Comparison of serum lipid levels between GCNEI and PAC 

A. Comparison of the normalized serum lipid levels between GC-NENM and PAC; B. Comparison of the normalized serum lipid levels between GC-NEC and PAC; C. 

Comparison of the normalized serum lipid levels between NEC and PAC; D. Summary of the significant differences between GCNEI subtypes and PAC; E. Comparison 

of the serum lipid patterns between GCNEI and PAC by pathological stages (dot line: stage I; dash line: stage II; solid line: stage III + IV). ∗ , △, ○: P < 0.05. 
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Fig. 5. Comparison of serum lipid levels and patterns among GCNEI subtypes 

A. Comparison of the normalized serum lipid levels and patterns among GCNEI subtypes; B. Comparison of the normalized serum lipid patterns among GCNEI 

subtypes by pathological stages. C. Comparison of the normalized serum lipid patterns among pathological stages. ∗ , △, ○, ◇: P < 0.05. 
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emic inflammatory status and tumor progression. Benslama et al. [3] re-

ealed that serum cholesterol level was a predictor of the response to

verolimus in metastatic NET patients, and the occurrence of hyper-

holesterolemia was associated with longer progression-free survival,

hich implied that the NET sensitive to treatment might be related with

ome specific characteristics of lipid metabolism. However, rare studies

ocused on the whole spectrum of GCNEI, especially mixed ones. The

resent study showed that TG and HDL-C levels were negatively associ-

ted with tumor size and(or) tumor progression of GC-NENM and GC-

EC, whereas a higher LDL-C level could increase the risk of progress-

ng to late tumor stages in GC-NENM patients. These results accorded

ith Pereira’s finding (Pereira, [15] ) of the protective role of HDL-C but

ere inconsistent partially with Bai’s conclusion [2] that a higher LDL-

 level was accompanied by a better prognosis. The discrepancy might

e caused by the different cohorts in the studies, as pure NETs (97.6%)

as the majority of Bai’s research while mixed carcinomas (76.6%) were

redominant in our study. Furthermore, Bai’s conclusion was based on

he overall entity of NEN, but ours were specific to a certain subtype of

CNEI. 

In this study, LDL-C showed significantly different levels among GC-

EI. The LDL-C levels of GCNEI with NEM (GC-NEC and NEC) were

igher than that of the matched PAC, which was not present between

CNEI without NEM (GC-NENM) and its matched PAC, meanwhile, in-

ide GCNEI, the LDL-C level was also significantly higher in the overall

ntity of GCNEI with NEM than that of GC-NENM (0.515 vs − 0.036,

 < 0.001). These differences divided GCNEI into two parts from the as-

ect of serum lipids and were consistent with their divergent outcomes

hat the prognosis of GCNEI with NEM was significantly worse than

hose without NEM, but no survival difference existed inside the for-

er (GC-NEC vs NEC) [14] . This phenomenon implied a correlation

etween a high LDL-C level and the worse prognosis of GCNEI with

EM, and in our study, another significance of LDL-C on the risk of

ate stages was also found in GC-NENM, which showed a higher LDL-C

evel might also cause a worse prognosis inside GCNEI without NEM.

instedt et.al [11] found that Syn-bearing intracellular vesicles were

losely related to LDL receptors (LDL-R) in either prostate NEC cells

r Syn-transfected cells. In Loeper’s study [12] , the enhanced LDL endo-

ytosis mediated by the increased activity of LDL-R could promote the

ormation of secretory granule prominently in NE cells. [11] . And the

ecreased expression of LDL-R could inhibit the cholesterol endocytosis

f NET and lead to significant tumor regression [3] . Hence, a chain from

DL-R mediated cholesterol uptake to cholesterol-related regulated exo-

ytosis [19] might exist in NEC cells and be stimulated by a high LDL-C

evel, resulting in increased plasma membrane replenishment, cell pro-

iferation, and malignant behaviors. This hypothesis might explain the

elationship between LDL-C and NE phenotypes or NEC cell activity par-

ially, but the underlying mechanism of how cholesterol metabolism af-

ected the formation of NEM still stays unclear. 

Serum lipid data of a background population were also collected

nd compared with the patients in the present study. To minimized the

onfounding factors which would affect serum lipid levels significantly,

SM was used to select the background population matched to each GC-

EI subtype. Compared with them, significantly lower TG, TCHO, and

DL-C levels, and a higher LDL-C level were observed in different GC-

EI subtypes, and TG, HDL-C, and(or) non-HDL-C, LDL-C levels were

ssociated with different GCNEI subtypes independently. In two previ-

us larger-scale studies, a lower HDL-C level [8] and a higher TCHO

16] or TG [10] level were identified as the independent risk factors of

ectal NET. And in Bai’s research [2] , a lower LDL-C was associated with

 mixed entity of NEN of the digestive system. Our finding that a lower

DL-C increased the risk of every subtype of GCNEI was consistent with

he aforementioned reports about rectal NET, but the role of TG and

DL-C was on the opposite side in our GCNEI cohort, which indicated

he potential different lipid metabolic manners between NET and NEC. 

There were several limitations in our study. Firstly, the lipid profile

dentified to represent a risk for GCNEI is the typical atherogenic pro-
le observed in patients with metabolic syndrome, thus suggesting that

his cancer population was enriched in metabolic syndrome/disorders

s compared to the background population. However, other metabolic

arameters were out of this study focus. Meanwhile, this lipid profile

ften indicated a systemic inflammatory status which has an impact on

issue inflammation. This being said implies that lipid profile could be a

urrogate marker of an inflammatory condition, which in turn is a recog-

ized carcinogenic factor for several tumors. Secondly, due to the rarity

f GCNEI, the sample size of each subtype was still too small, so that

ubgroup analyses were limited. thirdly, the percentage of NEC compo-

ents in GC-NEC was not recorded, which hindered the discussion of the

elationship between the amount of NEC components and serum lipid

evels. Lastly, as a multicenter study, the serum lipid data from differ-

nt centers were normalized before statistical analyses, so that the exact

evel corresponding to certain risk strength could not be determined. 

In summary, the present study firstly reported the distinct and het-

rogeneous serum lipid patterns of the whole spectrum of GCNEI and

ound the associations between serum lipid levels and the clinicopatho-

ogical features of each GCNEI subtype. However, due to the lack of

ata, the causality between lipids and GCNEI was not yet demonstrated

ell. Further studies are needed to evaluate the direct effect of lipids on

CNEI and to explore the underlying mechanism, which might help de-

elop potential anticancer drugs or therapies targeting metabolism for

CNEI patients. 
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