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Gastric mixed neuroendocrine
non-neuroendocrine neoplasms
Li Liu1†, Qian Li2†, Wenxuan Liu1, Zhendong Qiu1, Zhongkai Wu1,
Danli Yu2*† and Wenhong Deng1*†

1Department of General Surgery, Renmin Hospital of Wuhan University, Wuhan, Hubei, China,
2Department of Ultrasound Imaging, Hubei Cancer Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, Hubei, China
The uncommon tumour known as gastric mixed neuroendocrine-non-

neuroendocrine neoplasms (G-MiNENs) is made up of parts of neuroendocrine

carcinoma and adenocarcinoma. The biological and clinical features are different

from those of gastric adenocarcinoma. Their pathophysiology, diagnostic standards,

and clinical behaviour have all been the subject of lengthy debates, and their

nomenclature has undergone multiple changes. Its emergence has created new

challenges in the classification and diagnosis of gastric tumours. This review will

update information on the topic, covering molecular aspects, diagnostic criteria,

treatment, and prognostic factor discovery. It will also provide a historical context

that will aid in understanding the evolution of the idea and nomenclature of mixed

gastric tumours. Additionally, it will provide the reader a thorough understanding of

this difficult topic of cancer that is applicable to real-world situations.
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Abbreviations: G-MiNENs, gastric mixed neuroendocrine-non-neuroendocrine neoplasms; GEP-NEN,

gastroenteropancreatic neuroendocrine neoplasm; NENs, neuroendocrine neoplasms; NE, neuroendocrine;

NNE, non-neuroendocrine; NECs, neuroendocrine carcinomas; NETs, neuroendocrine tumours; NNE-NED,

Non-neuroendocrine tumours with neuroendocrine differentiation; MEECs, mixed exocrine-endocrine

carcinomas; MANECs, mixed adeno-neuroendocrine carcinomas; ADC, adenocarcinoma; CNV, copy

number variation; MSI, microsatellite instability; CN, copy number; IHC, immunohistochemistry; DFS,

disease-free survival; OS, overall survival; NAC, neoadjuvant chemotherapy; MMR, DNA mismatch repair;

dMMR, mismatch repair deficiency; pMMR, mismatch repair proficiency.
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Introduction

Rare malignant tumours are known as mixed neuroendocrine-

non-neuroendocrine neoplasms (MiNENs). A subgroup of gastric

tumours known as g-MiNENs, or gastric mixed neuroendocrine-

non-neuroendocrine neoplasms, is morphologically diverse and

clinically aggressive. Most individuals with MiNENs are older

than 50 years of age, and most MiNENs are discovered at an

advanced stage of illness (1). As awareness of MiNEN increases and

diagnostic techniques improve, the number of patients tends to

increase (2).

The emergence of MiNEN has brought new challenges in the

classification and diagnosis of gastric tumours. G-MiNENs are

usually large, polypoid, ulcerated or stenotic lesions (3), with a

male predominance in g-MINENs (4). MiNENs can occur

throughout the body, but most are located in the gastrointestinal

tract (5), especially the stomach (6–8). In a large cohort study of

1857 cases of gastroenteropancreatic neuroendocrine neoplasm

(GEP-NEN), a total of 129 cases were diagnosed with MINENs,

with the highest proportion of primary lesions being in the stomach

(78 cases, 60.5%). The number and percentage of patients with

other focal sites were: colorectal (19, 14.7%), oesophageal (13,

10.1%), duodenal (5, 3.9%), biliary (4, 3.1%), pancreatic (4, 3.1%)

and other sites (6, 4.7%) (9). In addition, compared to other

digestive tract organs, the stomach had a lower rate of MiNENs

survival (10). G-MiNENs remain a rare tumour, accounting for less

than 1% of all gastric tumours (4, 11), In a study that included 3961

patients after gastrectomy for gastric cancer, pathological findings

showed that there were only 14 cases of g-MINENs, accounting for

0.35% of gastric cancer resections, in which the prevalence of

MINENs was significantly higher in the gastro-oesophageal

junction than in other regions of the stomach (12). Given that g-

MiNEN is rare and heterogeneous, questions about their

pathogenesis, diagnostic criteria, treatment and prognosis have

been a matter of debate for many years.

This study aims to clarify what is meant by gastric mixed

neuroendocrine-non-neuroendocrine neoplasms, summarize

current methods for diagnosing them histopathologically and for

determining the molecular evidence pertaining to their

pathophysiology, and discuss current methods for treating them.

This paper assesses the clinicopathological characteristics and

therapeutic advancements in patients with g-MiNENs by

reviewing recent studies and reports on the condition. The aim is

to make continuous progress in the understanding and treatment of

the disease, leading to better survival and prognosis for patients.
Definition of MiNENs

Mixed neuroendocrine-non-neuroendocrine neoplasms are

neuroendocrine neoplasms (NENs) that contain both neuroendocrine

(NE) and non-neuroendocrine (NNE) components, with at least 30% of

each component (13). In the stomach, the NNE component of more

than 90% of cases consists of adenocarcinomas and rarely other epithelial

tumours, including imprinted cell carcinoma and squamous cell

carcinoma (14).
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MiNENs are a specific type of NENs. NENs are a class of

tumours originating from peptidergic neurons and neuroendocrine

cells that have neuroendocrine differentiation and express

neuroendocrine markers (15). The histological differentiation of

NENs is categorized into two groups: poorly differentiated

neuroendocrine carcinomas (NECs) and well-differentiated

neuroendocrine tumours (NETs).The neuroendocrine component

of the majority of g-MiNENs consists of NECs, and rarely NETs

(16). Adenocarcinomas made up the majority of the g-MINEN

exocrine components observed, while NECs made up the majority

of the NE components (17). G-MiNENs, which consist of both

neuroendocrine and non-neuroendocrine components, are

uncommon, making up approximately 7% of all gastric

neuroendocrine tumours and 25% of all gastric poorly

differentiated neuroendocrine carcinomas (18).

It is important to note that MiNENs have a certain scope of

application. Lewin (19) first established a comprehensive

classification scheme for mixed neuroendocrine tumours in 1987,

referring to what we now refer to as MiNENs as “composite

glandular-endocrine cell carcinomas”. His classification scheme

separates these tumours from non-NE tumours with less than

30% NE differentiation, as well as from collision tumours and

amphicrine tumours. A particular subtype of mixed NENs is

called MiNENs (Figure 1). In general, the morphology of

MiNENs is expressed as a composite tumour since both NE and

NNE components are closely intermingled and originate from a

single common precursor cell. Two distinct primary tumours that

have unintentionally developed into the same area are what make

up collision tumours. Every tumour begins as a distinct progenitor

cell that has undergone autonomous molecular evolution (20). Each

sort of single cell that makes up an amphicrine tumour has both NE

and NNE characteristics. Mucus vesicles and neurosecretory

granules, for instance, can be seen in the same cell using electron

microscopy. While they are somewhat more common in the

pancreas, these tumours are incredibly uncommon in the

stomach (21). Non-neuroendocrine tumours with neuroendocrine

differentiation (NNE-NED) are non-NE tumours that exhibit NE

differentiation, but not enough of it to be classified as a MiNENs. It

is important to acknowledge that the present threshold of 30% was

initially established in 1987 in an arbitrary manner. Its purpose was

to delineate and establish a distinct diagnostic category for tumours

exhibiting a significant proportion of both non-neuroendocrine and

NE components. Additionally, this threshold aimed to exclude

tumours lacking NE characteristics but containing scattered NE

cells whose clinical relevance remained uncertain (22). Despite its

significant contribution to the recognition of MiNENs as separate

diagnostic entities, the establishment of this criterion lacks support

from clinical or scientific data (23). Recent research findings have

indicated that adopting lower standards may be more suitable, as

even a 10% NED status has a notable impact on prognosis (24). As

we learn more about these tumours, it increases the likelihood that

formally defined thresholds will change in the future.

The naming of MiNENs has undergone many changes over the

past few decades, the alterations in their terminology further

emphasize the difficulties linked to MiNENs. Mixed tumours with

exocrine and neuroendocrine components were first described by
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Cordier in 1924 (25), only a short time following the discovery of

pure NE tumours in 1907 (26). Since then, a multitude of distinct

designations have been employed, leading to perplexity within the

medical community comprising physicians, surgeons, and

pathologists. These designations include argentaffin cell

adenocarcinoma, mucin-producing carcinoid, and composite

carcinoid. In 2000, Capella et al. launched the initial endeavour to

establish a standardized vocabulary and prognostic classification for

mixed tumours occurring in the gastrointestinal tract (27). These

tumours were categorized as “mixed exocrine-endocrine

carcinomas” (MEECs) by the WHO Classification of Tumours of

the Digestive System the same year. This classification system is

used to identify tumours that have both a neuroendocrine and an

exocrine component (28). The terminology encompasses the three

types postulated by Lewin (19) (collision, association, and

amphibious tumours); nonetheless, it is noteworthy that non-

neuroendocrine carcinomas exhibi t ing only sporadic

neuroendocrine cells were seemingly not included under this

classification. The primary rationale behind this decision was

based on the understanding that the existence of scattered

neuroendocrine cells in adenocarcinomas or squamous cell

carcinomas does not hold predictive significance. In order to

underscore and strengthen this notion, a predetermined threshold

of 30% was implemented for each constituent to classify the tumour

as mixed. This threshold still exists, however, there is debate

concerning its biological significance. The term was short-lived, in

the later 2010 edition of the World Health Organization

classification of tumours of the digestive system, the term “mixed

adeno-neuroendocrine carcinomas (MANECs)” was officially

adopted as the terminology. The selection of this phrase is likely

due to the fact that mixed tumours typically comprise

adenocarcinoma and NEC in the majority of instances. Although

this assumption is correct, the accumulation of clinical practice has

revealed that in some cases the composition of non-neuroendocrine

tumours is not limited to adenocarcinomas, and that
Frontiers in Oncology 03
neuroendocrine tumours may also be composed of NETs, and it

is clear that MANEC is applicable to the diagnosis of only a

proportion of mixed tumours (29). In 2016, La Rosa et al (30)

proposed the umbrella term “Mixed Neuroendocrine and Non-

Neuroendocrine Neoplasms (MiNENs) “. One notable benefit of

employing this terminology is its ability to encompass a wide range

of entities resulting from various combinations of components. This

catch-all word effectively encompasses the diverse array of entities

in question. Hence, it is imperative to regard MiNENs as a

conceptual classification rather than a precise diagnostic entity

(31). The aforementioned terminology was first established in the

fifth edition of the World Health Organization’s categorization of

tumours of the digestive system in the year 2019 (16). Tumours

having both NE and any NNE component can be identified using

this new nomenclature; both components must account for more

than 30% of the total tumour composition. Only mixed tumours

originating in the digestive system were eligible for the proposal’s

acceptance, nevertheless. It is important to note that “MiNENs” is a

phrase used to describe a variety of mixed NE tumours; it is not a

diagnosis. The term alone doesn’t provide any helpful context such

as tumour composition to the oncologist, and the pathologist must

ensure that these components are clearly communicated to enable

the oncologist to divide up the risk and make appropriate

management plans (21).
Pathogenesis of gastric MiNENs

The mechanisms by which g-MiNENs occur are unknown.

however, three primary hypotheses have been put forth: first, the

neuroendocrine and non-neuroendocrine components merge after

the generation of separate progenitors independently of each other,

with the adenocarcinoma cells being differentiated from pluripotent

stem cells, and the neuroendocrine cells originating from embryonic

neuronal cells. Another theory is that these two constituents stem
FIGURE 1

Classification system for mixed neuroendocrine tumours.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1335760
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2024.1335760
from shared pluripotent stem cell progenitors that experience dual

phenotypic differentiation in the course of carcinogenesis. The third

hypothesis posits that both components are derived from shared

monoclonal cells, but the process of neuroendocrine differentiation

takes place in a non-neuroendocrine phenotype as a result of the

accumulation of genetic abnormalities. After the recent discovery of

an overlapping mutational spectrum of the two cell varieties that

comprise gastric MiNEN, this last hypothesis seems to be the most

accepted today (4, 32).

Recent studies have shown that g-MiNENs are derived from a

single precursor cell that is doubly differentiated after the onset of

carcinogenesis (33). As demonstrated in some malignancies, poorly

differentiated carcinomas may also be transformed into alternative

transcriptional programmes induced by cellular plasticity, leading

to neuroendocrine differentiation (34). Several studies have

conducted comparisons of the mutational characteristics of NE

and non-NE components, revealing a shared mutational foundation

as well as distinct mutations unique to each component (9, 35).

Yeo et al, sequencing analysis of 10 g-MINENs showed that the

vast majority of mutations in g-MiNENs were shared by

adenocarcinoma (ADC) and NEC components, with the most

common genomic variants being mutations in the TP53 gene and

deletions in the ATRX gene. The NEN component in g-MiNENs

carried 1.5 times more genetic variation than nNENs, most of which

was copy number variation (CNV). nNENs showed copy number

gain in MYC genes and copy number loss in CDKN2A and

CDKN2B genes. nNENs showed exclusive CNV in RB1, RAD50,

FANCD2. TERT, CCND, FGF19, FGF3, FGFR1, and RICTOR

genes with exclusive CNV. Compared to NENs, nNENs had

higher missense mutations in the PIK3CA and ARID1A genes.

Furthermore, three unique variations in the NBN, KRAS, and

CTNNB1 genes were present in nNENs (36). Ishida et al.

analysed the molecular pathological features of g-MiNENs. The

results showed that TP53 was the most common mutation and was

more common in MiNENs than in NEC. Some patients with g-

MiNENs had high levels of microsatellite instability (MSI), as well

as mutations in the neuroendocrine tumour (NET)-related genes

MEN1 and ATRX1. In g-MiNENs patients, mutations in TP53,

APC, and ZNF521 were shared by the two histological components,

whereas changes in CTNNB1, KMT2C, PTEN, and SPEN were only

seen in the neuroendocrine component. To summarize, TP53 is a

frequently mutated gene in gastric NECs and MiNENs, while

mutations in other genes are less prevalent. This pattern of

mutational spectrum in NECs and MiNENs resembles that

observed in gastric adenocarcinoma (37). Additionally,

chromosomal abnormalities and allelic imbalances in the NEN

component increased, indicating that c-Myc and SMARCA

mutations might be involved in transdifferentiation (21). This

implies that MiNENs might originate as non-NE tumours and

subsequently undergo transdifferentiation to develop an aggressive

NEC component. Furthermore, it is possible that certain cases of g-

MiNENs harbour cancer-associated disease-causing mutations that

are exclusive to the NEN component, which supports the notion of

a monoclonal origin and a multistep progression model for the

development of g-MiNENs. In a recent molecular study of targeted

DNA sequencing for gastric tumours, it was similarly found that the
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ADC and NEC components shared the great majority of alterations,

with TP53 being the most frequently altered gene. The significant

correlation between the differentially altered genes in the ADC

component and the receptor tyrosine kinase signalling pathway and

the significant correlation between the differentially altered genes in

the NEC component and the NOTCH signalling pathway suggests

that the ADC and NEC components of g-MiNENs may have

originated from a common clone (35). Another finding that

supports a common oncogenic pathway is the increased

methylation of a portion of g-MiNENs, creating a mismatch

repair-deficient phenotype. Mismatch repair errors are thought to

be a potential link between MiNENs and adenocarcinoma because

of the less aggressive behaviour of these tumours (35). Sun et al (38)

determined and analysed data from high-resolution copy number

(CN) analysis in the NEC and adenocarcinoma components of

eight g-MiNENs. Both components typically showed a number of

common CNVs, such as loss of FAT1 and gain of CCNE1. The

possibility that morphologically diverse tumour cells have a

monoclonal origin is supported by the discovery of shared CNVs

in both components. CCNE1 gain and FAT1 loss may promote

tumourigenesis in g-MiNENs in part by regulating cell cycle G1/S

checkpoint signalling. The neuroendocrine differentiation of g-

MiNENs may be aided by certain CNV and pathway

abnormalities, for example, MAPK1 deletion and modified

MAPK signalling pathways, that were discovered during analyses

that focused on NEC components. Furthermore, our investigation

revealed that compared to the adenocarcinoma component, the

NEC component had higher CNV and CN loss. There appears to be

high genetic heterogeneity of NEC components in g-MiNENs, as

the NEC components of various cases did not cluster in hierarchical

cluster analysis.

As mentioned above, based on available data from molecular

and genetic investigations of gastric MiNENs, the neuroendocrine

and non-neuroendocrine components appear to have a shared

monoclonal origin, even though the histological origin and

molecular mechanisms of g-MiNENs are still contentious. The

origin of MiNENs has been connected to mutations in MiNENs-

associated genes, with TP53 mutations being the most common.

Furthermore, microsatellite instability and mutations in the

tumour-associated genes BRAF and KRAS have been identified as

probable causes of MiNENs (39, 40). The transition from non-

neuroendocrine to neuroendocrine cellular phenotypes may occur

more frequently than previously believed, as evidenced by the

greater prevalence of chromosomal and genetic defects in

neuroendocrine components compared to non-neuroendocrine

components. Exclusive alterations in the neuroendocrine

component carry more aberrations and allelic imbalances with

more aggressive phenotypes, thus leading to the generation of a

neuroendocrine component from the non-neuroendocrine

component through transdifferentiation.
Diagnosis of gastric MiNENs

Clinical manifestations and symptoms of g-MiNENs are non-

specific clinical signs and symptoms similar to those of other gastric
frontiersin.org
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tumours, including dyspepsia, abdominal pain, nausea, vomiting and

weight loss. Histologically, they consist mainly of adenocarcinoma

and NEC. However, due to the heterogeneity of MiNENs, some

clinical differences may exist (41). Most cases of MiNENs develop

slowly and imperceptibly, and for many patients the disease is usually

at an advanced stage at the time of consultation with a doctor, and

most show lymph node and distant metastases (8). For individuals

with G-MiNEN, upper gastrointestinal endoscopy and improved CT

scanning are essential components of a comprehensive diagnostic

evaluation (42). Neuroendocrine cancer pictures on CT analysis

typically show isointense lesions during the pre-contrast phase,

which are markedly amplified during the arterial phase following

intravenous contrast administration (43, 44). With regard to

endoscopy, MiNENs usually show typical manifestations: on

imaging endoscopy, mucosal congestion in the area of the lesion,

usually associated with central depression, is usually seen; with

endoscopic magnification, central discolouration associated with

visible subepithelial capillaries, forming a corkscrew pattern, is

usually noted (45). Thus, MINENs usually show up on endoscopic

imaging as isolated lesions, frequently in the stomach’s body or

fundus, and typically measuring at least 2 centimetres in diameter

(Figure 2) (46). Early detection and diagnosis of MiNEN are

frequently crucial yet challenging. When sufficient specimens are

collected following surgery, MiNENs is typically diagnosed with

nonspecific symptoms of stomach cancer (at an advanced disease

stage). Endoscopic observation and biopsy alone are not always

sufficient to diagnose MiNENs, and extra consideration should be

given to potential bias when interpreting biopsy specimens. A

significant number of MiNENs cases continue to be misdiagnosed,

largely as a result of inadequate histological examination parameter

selection (47). Therefore, it is necessary to assess pathological

specimens following the surgical excision of the complete tumour.

The key to the diagnosis of MiNENs is the identification and

classification of mixed tissues by histopathological analysis and

immunohistochemistry (IHC) techniques on surgical specimens.

According to the WHO classification, adenocarcinoma and
Frontiers in Oncology 05
neuroendocrine carcinoma must be present in at least 30% of each

component for the pathological diagnosis of MiNENs to be

made (48).

The diagnosis of MiNENs is mainly based on histopathological

examination, and should be suspected when haematoxylin and

eosin stains show the existence of both neuroendocrine and

adenocarcinoma components (49). The next step is to confirm

the diagnosis using appropriate immunohistochemical methods,

detecting at least 2 of the 3 pathological neuroendocrine markers

(synaptophysin, chromogranin A and CD56) (50–52). It is

necessary to employ IHC techniques and the identification of

morphological features for the two cellular components utilized to

detect and grade neuroendocrine or non-neuroendocrine

conditions. This can be challenging when both components are

poorly distinguished (53). The properties of these IHC markers in

gastric MINENs will be briefly described here (Table 1).

Three key neuroendocrine markers (CD56, chromogranin A, and

synaptophysin) were substantially expressed in the neuroendocrine

component. A variety of neuroendocrine biomarkers have been

described to date, neuron-specific enolase (NSE), CD57, protein

gene product 9.5 (PGP 9.5), insulinoma-associated protein 1

(INSM1), somatostatin receptor subtype 2A (SSTR2A), CK35BH11,

and so on, however chromogranin A, synaptophysin, and CD56 are

the most commonly used and trustworthy neuroendocrine markers

(54). Adenocarcinomas express carcinoembryonic antigen (CEA),

CA 19-9, cytokeratins 7, 19, AE 1/3, CK7, CK20, and caudal type

homeobox 2 in the non-neuroendocrine component (4, 6).

It’s also important to keep in mind that diagnosing NEN solely

through quantitative means could result in issues, especially when

using IHC. Indeed, it has been reported that diagnosing MiNENs

solely by quantifying IHC results can lead to terminological

inconsistencies and confusion (55). Therefore, the WHO makes it

very evident that these histological findings must be present in each

morphological component and that IHC data alone are insufficient

for the diagnosis of MiNENs (56). Another issue that should be

considered is the necessity to give a diagnosis of MINENs in cases

that do not receive neoadjuvant therapy. Numerous investigations

have noted a potential rise in neuroendocrine cells following

treatment for gastric adenocarcinoma (particularly chemotherapy)

(57, 58). These tumours are not classified as MiNENs in the most

recent WHO classification, and the precise mechanism underlying

this behaviour is yet unclear (56).
FIGURE 2

Endoscopic picture of gastric mixed neuroendocrine-non-
neuroendocrine neoplasms.
TABLE 1 Diagnostic markers for gastric MINENs.

G-
MINENs
components

Diagnostic markers

Neuroendocrine
components

CD56, chromogranin A(CgA); synaptophysin (Syn);
neuron-specificenolase (NSE); CD57; protein gene product
9.5 (PGP 9.5); insulinoma-associated protein 1 (INSM1);
somatostatin receptor subtype 2A (SSTR2A); CK35BH11

Adenocarcinoma
component

carcinoembryonic antigen (CEA); CA19-9;
cytokeratins7,19; AE 1/3; CK7; CK20; caudal type
homeobox 2(CDX2)
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Staging of gastric MiNENs

Currently, there is no specific TNM staging system for gastric

MiNENs, and staging criteria now depend on the assessment of size,

degree of invasion, and its relationship to anatomical landmarks

similar to non-NEC staging of the same site, but with differences

between them that complicate assessment. For localized gastric

MiNENs, endoscopic ultrasound (EUS) is recommended for

staging all gastric MiNENs in addition to standard cross-sectional

imaging as a complement to conventional imaging. In patients at risk

for clinically significant residual or developing metastatic disease,

somatostatin receptor (SSTR) imaging is necessary as a supplement to

conventional imaging to confirm the presence of SSTR expression. It

is recommended that the imaging of choice for SSTR-positive

MiNENs is SSTR imaging plus CT and/or MRI. When clinical and

laboratory findings suggest disease progression, the detection of new

lesions by SSTR PET/CT associated with lesions showing stable

disease on CT is considered sufficient to establish progression.
Treatment of gastric MiNENs

Due to its low prevalence, there is still some controversy about

which treatment option is the best one (38, 59). According to the

WHO recommendations, MiNENs is recommended as an

adenocarcinoma treatment (16). Nonetheless, according to other

writers, the most aggressive histological components should

determine the course of treatment (4). There are currently very

few published case series on g-MiNENs, and no clinical practice

guidelines have been created. Based on the Japanese categorization

of gastric cancer, adjuvant chemotherapy and classical surgical

resection along with lymph node dissection is the standard

treatment plan for MiNENs. If there are no contraindications,

aggressive surgery is the first line of treatment for g-MiNENs, and

chemotherapy is the preferred course of treatment for advanced

tumours that are poorly differentiated or that are growing

quickly (60).

As of right now, the majority of research points to surgical

excision as the main course of treatment for MiNENs in the

gastrointestinal system, and surgical resection is considered to be

the only curative therapy (61–63). Even in cases where patients have

distant metastases, palliative treatment is still necessary. In general,

surgery significantly improves survival in these patients, and

patients who undergo surgical resection may have better general

status and a lower burden of liver metastases. If feasible, curative

surgery is essential for the treatment of MiNENs. Iwasaki, et al (11)

evaluated the long-term outcome after surgery in six patients with

g-MiNENs. The findings indicated that the most prevalent surgical

treatment was total gastrectomy, which was followed by proximal

and distal gastrectomy. 4 patients had no recurrence after resection.

Following resection, the median duration of overall survival was

68.7 months. Surgical treatment is more effective in patients with

MiNENs. In the context of a multimodal treatment regimen that

also includes chemotherapy, aggressive resection has the potential

to enhance prognosis, despite the paucity of information regarding

the efficacy of surgery alone (11). Pommergaard et al. studied the
Frontiers in Oncology 06
efficacy of surgical treatment for g-MiNENs and found that patients

treated surgically achieved a better survival benefit, with a median

disease-free survival (DFS) of 12 months and a median overall

survival (OS) of 32 months for patients with MINENs stage I-III.

The median OS was 39 months and the median DFS was 21 months

for patients with stage I–III with R0 resection. The median PFS/DFS

and OS for patients with MINENs stage IV were 4 and 11 months,

respectively. The median OS was 32 months and the median DFS

was 6 months for patients with stage IV and R0 resection. In

addition, it was shown that surgery of the primary tumour in

patients with local-regional high-grade MiNENs has a better long-

term outcome. Patients with primary tumours and distant

metastatic disease (stage IV) may also benefit from surgical

treatment (64). Laenkholm et al. found that patients with

localised disease or localised disease with regional lymph node

metastases had longer survival than patients with disseminated

disease. Compared to patients who did not have surgery, those who

had radical resection had a longer median overall survival, and the

results of this study also emphasise the importance of patients

undergoing surgery, and that surgery for localised disease at an early

stage is more effective (7). A single-centre study that included 20

patients, 90% of whom had regional or metastatic disease. Here, R0

resection was associated with improved OS (65). This contrasts with

a previous SEER database study that included 41 patients with g-

MiNENs and found no prognostic impact of surgery, but did not

report tumour staging data (10). Differences in outcomes may be

due to the small number of patients included in the study or

unequal tumour stages, and more clinical studies with large

samples need to be supported in order to eliminate the possibility

of surgical bias. For surgical treatment, surgical resection and lymph

node dissection are the standard of care. However, the prognosis for

patients undergoing these treatments remains poor, with less than

30 per cent of patients with neuroendocrine tumours being cured by

surgery alone, and recurrence is relatively common (65, 66).

Therefore, multimodal treatment strategies need to be developed

and established to improve patient prognosis.

In many cases of MiNENs, due to their aggressive nature,

MiNENs are usually diagnosed with distant metastases; therefore,

in many circumstances, the combination of chemotherapy and

cytotoxic medicines is a key component of the treatment plan (9).

Regarding typical first-line chemotherapy for MiNENs, there is

currently no agreement. Usually, systemic chemotherapy is given

based on the kind of metastatic location that is there. Treatment for

individuals with two components identified in the main tumour or

at the metastatic location is determined by which component is the

most aggressive (67). The National Comprehensive Cancer

Network guidelines recommend treatments that are largely

similar to protocols such as EP and IP for small cell lung cancer

(68). However, CDDP+ETP is advised by the European Society for

Neuroendocrine Tumours recommendations (69). According to

recent research, the combination of etoposide and platinum (EP

regimen) (70), or 5-fluorouracil plus irinotecan, temozolomide, or

enzobiocin, is the recommended therapy for advanced MiNENs

(71). However, Woo et al. (72) treated two patients with g-MiNENs

with irinotecan in combination with cisplatin chemotherapy (IP

regimen) and surgery, meaning that they will live for longer than
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three and seven years, respectively. Woo et al. (72) compared the IP

with the EP regimen for the treatment of GEPNECs, the study

revealed that the intervention group had a higher response rate,

together with a notable duration of long-term survival spanning

over three years. In the context of treating digestive neuroendocrine

tumours, several studies have indicated that the occurrence of grade

4 adverse events and treatment-related fatalities was comparatively

reduced in the irinotecan group as compared to the etoposide group

(73–75). When evaluating progression-free survival and disease

control rates, it was shown that the IP regimen exhibited a higher

level of superiority compared to irinotecan monotherapy (72). This

observation implies that including IP regimens into the selection of

first treatment for gastric MiNENs should be given high

importance. It has also been shown that cisplatin/5-FU in

combination with etoposide is a common chemotherapy regimen

used for the treatment of MiNENs, similar to that used for

adenocarcinomas (76). The prognosis of patients with MiNENs

tumours that have spread to distant places can be considerably

improved via a combination of surgical removal of each metastasis

and systemic treatment (77). The prolongation of progression-free

survival in patients with metastatic neuroendocrine tumours can be

achieved by the appropriate utilization of systemic chemotherapy in

conjunction with somatostatin analogues, such as octreotide and

lanreotide (8). In most cases, MiNEN expresses the somatostatin

receptor on the cell surface, and octreotide and lanreotide are

synthetic somatostatin analogues with longer half-lives than

natural somatostatin (78). Octreotide and lanreotide were first

shown to control hormone cell secretion, including inhibition of

growth factors and nutrient hormones. They then also showed

antiproliferative effects, such as inhibition of angiogenesis and

modulation of the immune system (79). These effects are crucial

for the clinical treatment of gastric MiNEN.

Given the elevated frequency of recurrence observed in these

tumours, neoadjuvant chemotherapy (NAC) and adjuvant

chemotherapy may provide a survival benefit for patients with g-

MINENs with an acceptable level of toxicity (80). Immunotherapy

by targeting immune checkpoints has been successfully used for g-

MINENs (81–83). Mixed neuroendocrine and non-neuroendocrine

components complicate the biological behaviour of MiNENs.

Genetic analyses suggest that the two components share the same

clonal origin. However, the adjuvant therapies for these two

components are quite different (84). In addition, although a

number of molecularly targeted drugs and immunotherapies have

been initially used to treat MiNENs, evidence of efficacy is limited

(1, 85, 86). Given that certain intermediate MiNENs frequently

exhibit a significant presence of type 2 somatostatin receptors, it is

plausible that patients with such conditions might potentially derive

therapeutic benefits from the administration of long-acting

somatostatin analogues and peptide-irradiated nucleotide

treatment (56). Wang et al (87) evaluated the effect of NAC on

these patients with g-MiNENs disease and found that patients

belonging to the NAC group had superior overall survival

outcomes compared to individuals who underwent surgery alone.

The results of the multifactorial analysis indicated that NAC,

adjuvant chemotherapy, and clinical N-staging were identified as

independent variables that significantly influenced overall survival.
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Neoadjuvant chemotherapy may be in the process of becoming the

mainstream treatment for g-MiNENs in the future.

Notwithstanding these findings, it is imperative to acknowledge

the necessity for more extensive investigations in order to establish a

more precise therapy approach for individuals diagnosed with

MiNENs. Future research endeavours seek to elucidate the

molecular susceptibility of the two constituents in instances of

MiNENs in accordance with the diagnostic criteria advocated for

these neoplasms. Additionally, potential efforts may be made to

devise targeted therapeutic interventions against these two

constituents, therefore enhancing their management and treatment.

It is recommended that patients diagnosed with MiNENs undergo a

comprehensive and intensive multidisciplinary oncological treatment

approach. The determination of the most effective treatment strategy

should be based on careful consideration of the specific components

of the MiNENs.
Prognosis of gastric MiNEN

G-MiNENs is considered to be a rare and aggressive tumour

(90), and given its rarity and variability, the prognosis for MiNENs

patients is still up for debate (91). Because MiNENs typically

present with non-specific symptoms of gastric cancer and are

typically identified at late stages of the illness, including distant

metastases at the time of diagnosis, some writers have claimed that

the prognosis for MiNENs is typically rather bad (89). However,

some publications state that these individuals’ prognosis is

comparable to that of gastric adenocarcinoma (4). In general,

their prognosis is connected to aggressive behaviour, strong

aggressiveness and high lymph node dissemination. In addition,

the neuroendocrine component seems to be a major determinant of

their clinical progression and prognosis (56, 92). Patients with

MiNENs have a poor prognosis because to the tumours’

heterogeneity, fast development, high risk of lymph node

metastases, and invasiveness (93). Huang et al (8) included 46

patients with GEP-MiNENs of which 35 had gastric tumours, 9 had

intestinal tumours and 2 had pancreatic tumours. The median age

of the patients was 66 years with a male to female ratio of 2.83. 14

patients had distant metastases, of which 13 had liver metastases.

The median overall survival was 30 months. The findings indicated

that many characteristics, including a Ki-67 index of ≥50%, a high

proportion of neuroendocrine carcinoma, lymph node

involvement, distant metastasis, and a high clinical stage, were

identified as independent risk factors that significantly influenced

the prognosis of individuals diagnosed with g-MiNENs.

G-MiNENs are a class of extremely dangerous tumours. The

prognosis and other clinical outcomes of individuals with these

tumours have not been well documented in research to far

(Table 2). Patients with basic gastric adenocarcinoma and gastric

neuroendocrine carcinoma may fare better than those with

MiNENs (94, 95). However, it is unclear whether the prognosis of

MiNEN of the stomach is better or worse than gastric

neuroendocrine carcinoma (NEC) (96). Choi et al. (97) evaluated

the clinicopathological outcomes and prognosis of patients with

gastric NECs and g-MiNENs, and the study included 36 patients
frontiersin.org

https://doi.org/10.3389/fonc.2024.1335760
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2024.1335760
with gastric NECs and 85 patients with MiNENs. The findings

demonstrated that whereas OS and DFS were comparable in

patients with NECs and high-grade MiNENs, the DFS of patients

with NECs was considerably worse than that of patients with

intermediate-grade MiNENs. Cheng et al. (12), out of 56 patients

with gastric NECs included, of which 14 were g-MINENs,

discovered that the 5-year survival rate for non-MINENs was

57.8% and for MINENs was 50.8%. Although MINENs showed

lower survival, there was no statistical difference between the two,

probably due to the small sample size. Iwasaki (11) et al. included

seven patients with gastric NECs and six patients with g-MiNENs in

their prognosis and found that the distinction between those with

MiNENs and those with NECs was not statistically significant in

terms of recurrence-free period and overall survival. An analysis of

the SEER database based on a large sample of 12,878 patients with

NECs or MiNENs revealed no discernible variation in survival

between gastrointestinal system patients with NECs and MiNENs.

Patients with MiNENs who are aged 55 years or older, have been

diagnosed with TNM stage III-IV, or have not undergone surgical

therapy exhibit independent unfavourable prognostic markers (10).

The 5-year disease-free survival (DFS) rates of 503 NECs, 401

MiNENs, and 2785 gastric adenocarcinomas were 47.5%, 51.1%,

and 57.8%, respectively, according to a newly published survival

comparison. In comparison to adenocarcinomas, DFS was shorter

in NECs and MiNENs; however, there was no statistically

significant difference between NECs and MiNENs (98).

Large lymph node and liver metastases are common diagnoses

for G-MiNENs, and these conditions are significant risk factors for

a poor prognosis (99). On the metastatic pattern, there isn’t

agreement in the literature, nevertheless. The fraction of the main

tumour component was used to categorize MiNENs cases in the

current investigation, and each patient’s distant lesions and

metastatic lymph node pathological components were evaluated.

In every group, the percentage of pure NE infiltration-positive

lymph nodes rose in proportion to the amount of NE component

in the main tumour (100). Prior case reports have demonstrated

that neuroendocrine carcinoma, as opposed to adenocarcinoma, is

typically responsible for the invasion of lymph nodes and liver

metastases (101). For patients with MiNENs, the fraction of

components inside the original lesion offers useful information
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of recurrence in distant metastases is increased when there is a NE

component in the original tumour (39).

Recent research has demonstrated that the more invasive

neuroendocrine component has a major role in determining the

prognosis of MiNENs (89). MiNENs is usually a highly aggressive

tumour associated with a poor prognostic outlook. It combines high-

grade neuroendocrine and non-neuroendocrine components, and

clinically, there is controversy around MiNEN’s biological behaviour

and prognostic variables. There are now two primary viewpoints in

the field:(1) It has been suggested that the clinical course of MiNENs

is determined by the volume ratio of the two components. According

to Chen et al. (102), patients with MiNENs had an independent

unfavourable prognostic factor in the high-volume (>50%) high-

grade NE component. It was hypothesized that the primary

histological component, as opposed to the histological component

that makes up less than 30% of the entire tumour, influences the

prognosis (103). (2) Regardless of the ratio, some studies have

suggested that the more aggressive parts of the tumour should be

the focus of treatment. They contend that the prognosis is impacted

by a somewhat hypo-differentiated NEC component since, according

to current research, the most aggressive component often determines

the prognosis and malignant potential of MiNENs (104). Recent

studies have shown that a higher Ki-67 index of the NEC component

in gastric MiNENs is associated with a shorter OS (38), and an

increased proportion of the NEC component and metastatic NEC

component in lymph nodes is associated with a poor prognosis (55,

105). The proportion of each component inside the main tumour and

the regional lymph node metastatic component were shown to be

significantly correlated by Zhang et al. (9). A notable characteristic of

the NE component was its tendency to spread, and even in cases

where it made up less than 30% of the total volume of the mixed

tumour, the NE component may still spread to distant metastases and

affect the prognosis.

Microsatellite instability, a helpful screening sign for Lynch

syndrome patients and a predictive factor for chemotherapeutic

intervention, is caused by DNA mismatch repair (MMR)

deficiencies (88). It is commonly recognized that a variety of

genetic characteristics give important information that helps

patients receive anti-tumour medication. Well-characterized
TABLE 2 Clinical features and prognosis of gastric MiNENs.

Reference Year Area n M/F Organ Treatmemt Median OS
(month)

Woo (72) 2022 China 2 1/1 gastric Surgery and chemotherapy 36m

Iwasaki (11) 2022 Japan 6 6/0 gastric Surgery 74.7m

Huang (8) 2021 China 35 34/12 gastric Surgery 30m

Zhang (9) 2021 China 78 – gastric Surgery 28.7m

Ramos (4) 2021 Brazil 5 4/1 gastric Surgery and chemotherapy 37.0m

Lou (88) 2021 China 28 – gastric – 46.1m

Chen (55) 2019 China 10 6/4 gastric Surgery and chemotherapy/radiotherapy/immunotherapy 18.6m

Wu (89) 2018 China 40 37/3 gastric Surgery and chemotherapy 12m
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oncogenes and/or their protein products, including as TP53, KRAS,

BRAF, RB1, PTEN, APC, PI3KCA, and MYC, are the most

frequently altered genes in MiNENs (106). Microsatellite

instability (MSI) considered a putative driver of MiNENs events

(39). Mutations in the mismatch repair genes, which are responsible

for repairing DNA replication mistakes, are often the cause of MSI,

an increase in highly repetitive DNA sequences (microsatellites)

that leads to the creation of tumours (107). According to a number

of studies, MSI testing can be utilized as a first screening for Lynch

syndrome, a significant tumour prognostic factor, and a molecular

biomarker for adjuvant chemotherapy and immunotherapy

prognosis (108). In order to characterize the clinicopathological

characteristics and prognosis of 44 individuals with MiNENs, Lou

et al. (88) looked into their MMR status. A comprehensive

immunohistochemical analysis was conducted on four mismatch

repair proteins, namely MLH1, MSH2, MSH6, and PMS2. The

average age at the time of diagnosis was found to be 61 years, with a

majority of 75% of the patients being male. Lymph node metastases

were detected in 14 individuals, accounting for 35.9% of the patient

population. The predominant site of tumour localization seen in the

study was the stomach, accounting for 28 individuals or 63.6% of

the total cases. The analysis of clinicopathological data revealed a

statistically significant correlation between mismatch repair deficit

(MMR deficiency) and early TNM staging, as well as a more

favourable prognosis in patients with MiNEN. Furthermore, the

group with mismatch repair deficiency (dMMR) exhibited a longer

overall survival (OS) compared to the group with mismatch repair

proficiency (pMMR) (88).
Conclusion

Overall, gastric MiNENs are a rare malignant tumour,

accounting for less than 1% of all gastric tumours. They contain

both neuroendocrine (NE) and non-neuroendocrine (NNE)

components, with at least 30% of each. Furthermore, it should be

noted that mixed primary tumours containing less than 30% of the

original tumour volume as a neuroendocrine component are

nevertheless capable of metastasizing and impacting prognosis.

This observation underscores the need for additional investigation

into the diagnostic criteria for MiNENs. The majority of g-MiNENs

have an exocrine component of adenocarcinoma and a

neuroendocrine component of NEC. Available molecular and

genetic findings of g-MiNENs suggest that the neuroendocrine

and non-neuroendocrine components are derived from a similar

monoclonal origin. The key to the diagnosis of MiNENs is the

detection of at least two of the three pathological neuroendocrine
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markers (synaptophysin, chromogranin A and CD56) by

histopathological analyses and immunohistochemistry (IHC)

techniques in surgical specimens. Radical surgery is the primary

therapeutic approach after the diagnosis of g-MiNENs. In cases of

poorly differentiated or fast advancing advanced tumours,

chemotherapy is considered the preferred treatment modality.

The prognosis of patients with g-MiNENs is influenced by several

independent risk variables, including the Ki-67 index, NEC

proportion, lymph node involvement, distant metastases, clinical

stage, and microsatellite instability. The current literature found

that g-MiNENs have a low surgical cure rate and poor prognosis,

requiring multidisciplinary oncological management. There is a

need to further explore the molecular basis and cytokine

involvement in these tumours to identify therapeutic targets.
Author contributions

WD: Project administration, Writing – review & editing.

LL: Writing – original draft. QL: Writing – original draft.

WL: Writing – original draft. ZQ: Writing – original draft. ZW:

Writing – original draft. DY: Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the National Natural Science Foundation of

China (No. 82172855).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Song H, Yang S, Zhang Y, Hua Y, Kleeff J, Liu Q. Comprehensive analysis of
mixed neuroendocrine non-neuroendocrine neoplasms (MiNENs): A SEER database
analysis of 767 cases. Front Oncol. (2022) 12:1007317. doi: 10.3389/fonc.2022.1007317
2. Wang J, He A, Feng Q, Hou P, Wu J, Huang Z, et al. Gastrointestinal mixed
adenoneuroendocrine carcinoma: a population level analysis of epidemiological trends.
J Transl Med. (2020) 18:128. doi: 10.1186/s12967-020-02293-0
frontiersin.org

https://doi.org/10.3389/fonc.2022.1007317
https://doi.org/10.1186/s12967-020-02293-0
https://doi.org/10.3389/fonc.2024.1335760
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2024.1335760
3. Mastracci L, Rindi G, Grillo F, Solcia E, Campora M, Fassan M, et al.
Neuroendocrine neoplasms of the esophagus and stomach. Pathologica. (2021)
113:5–11. doi: 10.32074/1591-951X-229

4. Ramos M, Pereira MA, Arabi AYM, Mazepa MM, Dias AR, Ribeiro U Jr, et al.
Gastric mixed neuroendocrine non-neuroendocrine neoplasms: A western center case
series. Med Sci (Basel). (2021) 9(3):47. doi: 10.3390/medsci9030047

5. La Rosa S, Marando A, Sessa F, Capella C. Mixed adenoneuroendocrine
carcinomas (MANECs) of the gastrointestinal tract: an update. Cancers (Basel).
(2012) 4:11–30. doi: 10.3390/cancers4010011

6. Qiu R, Xiao C, Yu S, Wang M. Mixed neuroendocrine and non-neuroendocrine
tumor with unique triphasic histological pattern: A challenging case report. Asian J
Surg. (2022) 45:520–2. doi: 10.1016/j.asjsur.2021.09.031

7. Laenkholm IT, Langer SW, Andreassen M, Holmager P, Kjaer A, Klose M, et al. A
short report of 50 patients with gastroenteropancreatic mixed neuroendocrine-non-
neuroendocrine neoplasms (MiNEN). Acta Oncol. (2021) 60:808–12. doi: 10.1080/
0284186X.2021.1903077

8. Huang YC, Yang NN, Chen HC, Huang YL, Yan WT, Yang RX, et al.
Cl inicopathological features and prognost ic factors associated with
gastroenteropancreatic mixed neuroendocrine non-neuroendocrine neoplasms in
Chinese patients. World J Gastroenterol. (2021) 27:624–40. doi: 10.3748/wjg.v27.i7.624

9. Zhang P, Li Z, Li J, Zhang X, Lu Z, Sun Y, et al. Clinicopathological features and
lymph node and distant metastasis patterns in patients with gastroenteropancreatic
mixed neuroendocrine-non-neuroendocrine neoplasm. Cancer Med. (2021) 10:4855–
63. doi: 10.1002/cam4.4031

10. Shi H, Qi C, Meng L, Yao H, Jiang C, Fan M, et al. Do neuroendocrine
carcinomas and mixed neuroendocrine-non-neuroendocrine neoplasm of the
gastrointestinal tract have the same prognosis? A SEER database analysis of 12,878
cases. Ther Adv Endocrinol Metab. (2020) 11:2042018820938304. doi: 10.1177/
2042018820938304

11. Iwasaki K, Barroga E, Enomoto M, Tsurui K, Shimoda Y, Matsumoto M, et al.
Long-term surgical outcomes of gastric neuroendocrine carcinoma and mixed
neuroendocrine-non-neuroendocrine neoplasms. World J Surg Oncol. (2022) 20:165.
doi: 10.1186/s12957-022-02625-y

12. Cheng Y, Zhang X, Zhou X, Xu K, Lin M, Huang Q. Differences in
clinicopathology and prognosis between gastroesophageal junctional and gastric
non-cardiac neuroendocrine carcinomas: a retrospective comparison study of
consecutive 56 cases from a single institution in China. Am J Cancer Res. (2022)
12:4737–50.

13. Farooq F, Zarrabi K, Sweeney K, Kim J, Bandovic J, Patel C, et al. Multiregion
comprehensive genomic profi l ing of a gastric mixed neuroendocrine-
nonneuroendocrine neoplasm with Trilineage differentiation. J Gastric Cancer.
(2018) 18:200–7. doi: 10.5230/jgc.2018.18.e16

14. La Rosa S, Uccella S, Molinari F, Savio A, Mete O, Vanoli A, et al. Mixed
adenoma well-differentiated neuroendocrine tumor (MANET) of the digestive system:
an indolent subtype of mixed neuroendocrine-nonNeuroendocrine neoplasm
(MiNEN). Am J Surg Pathol. (2018) 42:1503–12. doi: 10.1097/PAS.0000000000001123

15. Effraimidis G, Knigge U, Rossing M, Oturai P, Rasmussen Å K, Feldt-Rasmussen
U. Multiple endocrine neoplasia type 1 (MEN-1) and neuroendocrine neoplasms
(NENs). Semin Cancer Biol. (2022) 79:141–62. doi: 10.1016/j.semcancer.2021.04.011

16. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, et al.
The 2019 WHO classification of tumours of the digestive system. Histopathology.
(2020) 76:182–8. doi: 10.1111/his.13975

17. De Mestier L, Cros J, Neuzillet C, Hentic O, Egal A, Muller N, et al. Digestive
system mixed neuroendocrine-non-neuroendocrine neoplasms. Neuroendocrinology.
(2017) 105:412–25. doi: 10.1159/000475527

18. Holmager P, Langer SW, Kjaer A, Ringholm L, Garbyal RS, Pommergaard HC, et al.
Surgery in patients with gastro-entero-pancreatic neuroendocrine carcinomas,
neuroendocrine tumors G3 and high grade mixed neuroendocrine-non-neuroendocrine
neoplasms. Curr Treat Options Oncol. (2022) 23:806–17. doi: 10.1007/s11864-022-00969-x

19. Lewin K. Carcinoid tumors and the mixed (composite) glandular-endocrine cell
carcinomas. Am J Surg Pathol. (1987) 11:71–86. doi: 10.1097/00000478-198700111-
00007

20. Yamamoto M, Ozawa S, Koyanagi K, Oguma J, Kazuno A, Ninomiya Y, et al.
Mixed adenoneuroendocrine carcinoma of the esophagogastric junction: a case report.
Surg Case Rep. (2018) 4:56. doi: 10.1186/s40792-018-0464-x

21. Toor D, Loree JM, Gao ZH, Wang G, Zhou C. Mixed neuroendocrine-non-
neuroendocrine neoplasms of the digestive system: A mini-review. World J
Gastroenterol. (2022) 28:2076–87. doi: 10.3748/wjg.v28.i19.2076

22. Van Der Veen A, Seesing MFJ, Wijnhoven BPL, de Steur WO, van Berge
Henegouwen MI, Rosman C, et al. Management of resectable esophageal and gastric
(mixed adeno)neuroendocrine carcinoma: A nationwide cohort study. Eur J Surg
Oncol. (2018) 44:1955–62. doi: 10.1016/j.ejso.2018.07.058

23. Kubo K, Kimura N, Mabe K, Nishimura Y, Kato M. Synchronous triple gastric
cancer incorporating mixed adenocarcinoma and neuroendocrine tumor completely
resected with endoscopic submucosal dissection. Intern Med. (2018) 57:2951–5.
doi: 10.2169/internalmedicine.0842-18

24. Jacob A, Raj R, Allison DB, Soares HP, Chauhan A. An update on the
management of mixed neuroendocrine-non-neuroendocrine neoplasms (MiNEN).
Curr Treat Options Oncol. (2022) 23:721–35. doi: 10.1007/s11864-022-00968-y
Frontiers in Oncology 10
25. Cordier R. Les cellules argentaffines dans les tumeurs. Arch internationales
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