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Abstract
Mixed neuroendocrine-nonneuroendocrine neoplasms (MiNENs) of the digestive 
tract are a rare heterogeneous group of tumors that present many challenges in 
terms of diagnosis and treatment. Over the years, the diagnostic criteria, classi-
fication, and clinical behavior of these tumors have been the subjects of ongoing 
debate, and the various changes in their nomenclature have strengthened the 
challenges associated with MiNENs. This review is performed to provide an 
understanding of the key factors involved in the evolution of the designation of 
these tumors as MiNEN, highlight the current diagnostic criteria, summarize the 
latest data on pathogenesis and provide information on available treatments. 
Moreover, this work seeks to increase the awareness about these rare neoplasms 
by presenting the clinicopathological features and prognostic factors that play 
important roles in their behavior and discussing their different regions of origin in 
the gastrointestinal system (GIS). Currently, the MiNEN category also includes 
tumors in the GIS with a nonneuroendocrine component and epithelial tumors 
other than adenocarcinoma, depending on the organ of origin. Diagnosis is based 
on the presence of both morphological components in more than 30% of the 
tumor. However, this value needs to be reconfirmed with further studies and may 
be a limiting factor in the diagnosis of MiNEN by biopsy. Furthermore, available 
clinicopathological data suggest that the inclusion of amphicrine tumors in the 
definition of MiNEN is not supportive and warrants further investigation. The 
diagnosis of these tumors is not solely based on immunohistochemical findings. 
They are not hybrid tumors and both components can act independently; thus, 
careful grading of each component separately is required. In addition to 
parameters such as the metastatic state of the tumor at the time of diagnosis and 
the feasibility of surgical resection, the aggressive potential of both components 
has paramount importance in the choice of treatment. Regardless of the organ of 
origin within the GIS, almost MiNENs are tumors with poor prognosis and are 
frequently encountered in the elderly and men. They are most frequently reported 
in the colorectum, where data from molecular studies indicate a monoclonal 
origin; however, further studies are required to provide additional support for 
this origin.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i8.794
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Core Tip: Mixed neuroendocrine-nonneuroendocrine neoplasms of the gastrointestinal system are a rare 
heterogeneous group of tumors that present many challenges in terms of diagnosis and treatment. Current 
data indicate that they are more frequent in the colon and rectum and that most of them consist of 
aggressive tumors that have poor prognoses in older men. Their correct diagnosis with the proposed 
criteria and the separate assessment of the grade of each component are crucial in terms of determining the 
treatment. Although studies have indicated a monoclonal origin, further studies are needed to determine 
whether these molecular changes could become treatment targets.

Citation: Elpek GO. Mixed neuroendocrine–nonneuroendocrine neoplasms of the gastrointestinal system: An 
update. World J Gastroenterol 2022; 28(8): 794-810
URL: https://www.wjgnet.com/1007-9327/full/v28/i8/794.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i8.794

INTRODUCTION
In epithelial tumors, cells with both neuroendocrine and nonneuroendocrine features coexist in varying 
amounts, and these tumors occur in almost all organs, including those of the GIS. Although these rarely 
encountered neoplasms are well known in terms of pathology, debates remain about their diagnosis, 
classification, pathogenesis, behavior and treatment, and some points are still controversial.

The presence of different proportions of each component in a mixed epithelial tumor (each of which 
can account for 1% to 99% of the tumor) can result in a wide variety of morphologically heterogeneous 
tumors as well as different classifications and diagnostic difficulties in pathology[1]. More importantly, 
these conditions have created problems for oncologists in determining the component that should be 
targeted primarily in treatment. In addition, the assignment of different definitions to mixed epithelial 
tumors has led to great inconsistencies in the data obtained from previous studies, especially in 
determining the prognostic parameters that affect their behavior[2,3]. Therefore, different criteria have 
recently been introduced for simplifying the diagnosis and classification of these tumors based on the 
identification of prognostic parameters that may enable effective treatment for mixed epithelial tumors.

The purpose of this review is to highlight the definition of mixed neuroendocrine-nonneuroendocrine 
neoplasms (MiNENs), summarize the current approaches for their histopathological diagnosis and 
molecular findings related to their pathogenesis and address current approaches in their treatment. 
Moreover, this work is performed to raise awareness about these rare tumors of the GIS by presenting 
localization-specific demographic and clinicopathological findings.

DEFINITION OF MiNEN
Mixed tumors were first described by Cordier[4] at the beginning of the last century as neoplasia in the 
gastrointestinal tract consisting of adenocarcinoma and neuroendocrine components. However, their 
classification as a different group and their subcategories under this heading were not recommended 
until proposed by Levine in 1967[5]. Accordingly, three main subtypes have been proposed based on 
their nonneuroendocrine and neuroendocrine features: collision tumors, combined tumors, and 
amphicrine tumors. However, this nomenclature has not been entirely accepted. In addition to the 
challenges posed by their pathological heterogeneity, many different definitions (some repetitious or 
overlapping) have been provided for mixed epithelial neoplasms composed of both neuroendocrine and 
nonneuroendocrine components, which has led to further confusion among clinicians and pathologists 
by leading to considerable variability in published data[2]. In recent years, many attempts have been 
made to elucidate the clinical and biological meanings of the different combinations of components and 
simplify the diagnosis and classification, with the primary goal of developing precise diagnostic criteria 
that can be used to produce a proper prognostic classification for the management of patients. 
Standardizing the terminology to provide a prognostic classification of mixed neoplasms of the 
digestive tract was first suggested by Capella et al[6] in 2000. Accordingly, the term “mixed exocrine– 
endocrine tumor” was used by the World Health Organization (WHO) to define these neoplasms[7]. 
This category included previous subcategories suggested by Levine[5], whereas adenocarcinomas or 

https://www.wjgnet.com/1007-9327/full/v28/i8/794.htm
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squamous cell carcinomas with scattered neuroendocrine cells were excluded based on previous data 
about the absence of a relationship between the presence of neuroendocrine cells and prognosis. To 
emphasize the diagnosis, a subjective cutoff value of 30% was determined for each component to define 
mixed tumors. Ten years later, the term “mixed exocrine–endocrine tumor” was substituted by “mixed 
adeno-neuroendocrine tumor” (MANEC)[8]. Since the two components of mixed tumors of the GIS are 
not always constituted by adenocarcinomas and neuroendocrine adenocarcinoma (NEC), the term 
MANEC was not sufficient to describe these combinations. This situation encouraged many researchers 
to find another term that included other associations. In 2016, La Rosa et al[2] proposed the umbrella 
term "mixed nonneuroendocrine and neuroendocrine neoplasm" (MiNEN). Introduced first for the 
pancreas by the 2017 WHO classification of tumors of endocrine organs, this term is currently used for 
all mixed neoplasms of the GIS[9]. According to the WHO, mixed neoplasms consisting of an adenoma 
and a neuroendocrine tumor (NET) should be classified as MANETs and should not be included in the 
MiNEN group.

DIAGNOSIS OF MiNEN
Pathological evaluation of H&E-stained sections is essential for detecting the neuroendocrine and 
nonneuroendocrine components for the diagnosis of MiNEN. These findings must be confirmed by 
immunohistochemical (IHC) evaluation. IHC markers used in detecting and grading the endocrine 
component should be accompanied by markers appropriate for the type of nonneuroendocrine 
component (Figure 1). The properties and applications of these markers for neuroendocrine neoplasia 
(NEN) will be briefly mentioned here. However, comprehensive information on this subject can be 
reviewed in a previous study[10]. Although several biomarkers, including neuron-specic enolase 
(NSE), CD57, protein gene product 9.5 (PGP 9.5), insulinoma-associated protein 1 (INSM1) and 
somatostatin receptor subtype 2A (SSTR2A), have been described to date, the most widely used and 
reliable neuroendocrine markers are chromogranin A, synaptophysin, and CD56[11,12]. In the nonneur-
oendocrine component, adenocarcinomas express carcinoembryonic antigen, CA 19-9, cytokeratins 7, 
19, and AE 1/3. The immunohistochemical features of other tumors that make up this component are 
presented below according to their localization in different organs of the GIS[10-12].

Both tumor components must account for at least 30% of the whole neoplasm for the diagnosis of 
MiNEN[8]. This cutoff is arbitrary and was proposed in 1987. The basis for determining this value is the 
assumption that the prognosis is influenced by the predominant histological component and prevents 
the management of these cases without consideration of treatment guidelines[1,5]. However, this value 
has not been reaffirmed in systematic studies. Moreover, the possibility of the negative influence of a 
small component of high-grade NEN on tumor behavior should not be overlooked[13,14]. This 
quantitative threshold also poses problems for tissue biopsies. The discrimination of both components 
could not be performed accurately according to the likelihood of their presence in random biopsies, thus 
leading to potential underestimations of the frequency of MiNEN diagnosis[15]. Recently, it has been 
argued that a cutoff value is not mandatory for diagnosing MiNEN because the latest molecular 
information in the modern classification of these neoplasms has made it possible to demonstrate that 
both components are clonally related[16].

Another point to be considered is that the determination of NEN on a purely quantitative basis may 
cause problems in diagnosis, especially with the use of IHC. Indeed, it has been reported that achieving 
a diagnosis of MiNEN only by quantification with IHC findings has caused inconsistencies and 
confusion in terminology[17]. Therefore, the WHO has clearly stated that the findings of IHC alone are 
not sufficient for the diagnosis of MiNEN, and those histopathological findings should be present in 
each morphological component[9,18].

To date, the definition of MiNEN also excludes nonneuroendocrine neoplasms in which scattered 
tumor cells express neuroendocrine markers without the presence of neuroendocrine morphology 
(Table 1). Since neuroendocrine markers can be positive in many nonneuroendocrine tumors, including 
poorly differentiated adenocarcinomas, performing IHC alone may lead to an overdiagnosis of MiNEN
[19-21]. Therefore, it is highly recommended to avoid the application of neuroendocrine markers to 
tumors that do not have a morphological neuroendocrine component to overcome this difficulty.

Another issue that should be considered is that the diagnosis of MINEN must be given in cases that 
have not undergone neoadjuvant treatment. Many studies have observed that the number of neuroen-
docrine cells may increase after treatment (especially chemotherapy) in GIS adenocarcinomas[22-24]. 
The effective mechanisms of this phenomenon are not fully known and await clarification, and the latest 
WHO classification does not include these tumors in the MiNEN group.

As pointed out previously, the behavior of MiNEN does not correspond to the average of the two 
components,such as hybrid neoplasia, but the sum of the two components because each of component 
can independently progress and metastasize[17,25]. For this reason, it is crucial to detect and evaluate 
each component separately during pathological examination to determine the treatment of the tumor. 
Although the nonneuroendocrine component of many MiNENs is more frequently composed of 
adenocarcinomas, it may differ according to the location within the GIS (see below), which should be 
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Table 1 Discrimination among mixed neuroendocrine-nonneuroendocrine neoplasms, neuroendocrine tumors, and carcinomas 
according to pathological parameters

Morphology Dual differentiation present Dual differentiation absent

Immunohistochemisty

Neuroendocrine  markers (-) (+) (+) (+) (-) Few (+) cells1

Nonneuroendocrine  markers (+) Few (+) cells (+) (+) (+) (+)

Diagnosis Carcinoma NEN MiNEN Amphicrine tumor Carcinoma Carcinoma

1These cells frequently express synaptophysin, the expression of other neuroendocrine markers is rare.
NEN: Neuroendocrine neoplasia.

Figure 1 Examples of histopathological and immunohistochemical findings in gastrointestinal mixed neuroendocrine-nonneuroendo-
crine neoplasms. A: Gastric mixed neuroendocrine-nonneuroendocrine neoplasms (MiNEN) composed of a NET (lower left) intermingled with an adenocarcinoma 
(x 400); B: Colonic MiNEN constituted from a neuroendocrine carcinoma and an adenocarcinoma (x 200); C. Diffuse immunostaining with synaptophysin in the 
neuroendocrine component of a colonic MiNEN (x 200); D: The adenocarcinoma component of this MiNEN shows diffuse positivity with CK20 (x 400).

considered during evaluation. This part of the tumor should be graded according to the type of 
nonneuroendocrine component of MiNEN. Similarly, neuroendocrine components should be evaluated 
according to the WHO classification and tumors should be graded according to the Ki-67 index 
percentage and mitotic count.

SUBTYPES OF MiNEN
These tumors are subdivided into three categories. While collision MiNEN is defined as two coexisting 
cell populations that remain separate without transition, composite MiNEN involves two morpholo-
gically distinct components that coexist in an intermingled population[25]. To date, true collision tumors 
consisting of two independent neoplasms arising in the same organ, even if they abut one another, 
should not be considered MiNEN unless these components are presumed to be clonally related[18]. The 
last group includes amphicrine tumors composed of a morphologically one-cell population that displays 
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the phenotypes of neuroendocrine and adenocarcinoma phenotypes. These cells show coexisting 
morphological, immunohistochemical, and ultrastructural properties that present both neuroendocrine 
and exocrine differentiation. Although these tumors have been described for many years in many 
locations, including the GIS, there is no consensus regarding their relationship with MiNENs. These rare 
neoplasms have been observed in the stomach, pancreas, appendix, and colon[26-28]. In the appendix, 
where they are observed relatively more frequently, they are now classified as goblet cell adenocar-
cinomas[29]. Although this nomenclature does not reflect the amphicrine characteristics of the cells, the 
term goblet cell carcinoid has been used for many years to avoid misclassification. A recent elegant 
study by Huang et al[30] provided evidence that amphicrine carcinomas arising from the stomach and 
intestine are distinct tumors with different clinicopathological and pancancer transcriptome features. 
The latter revealed that although amphicrine neoplasms show similarities to adenocarcinomas, they are 
not similar to NENs. However, since the nature of NENs was not specified in the study, this finding 
awaits further investigation. In an elegant study comparing the similarities and differences in genetic 
alterations between gastric amphicrine carcinomas and MiNENs, Sun et al[31] observed that the copy 
number (CN) characteristics of gastric amphicrine carcinomas were different from those of MiNENs 
based on a hierarchical clustering analysis, thus supporting that amphicrine carcinoma is a separate 
entity from MiNENs. In addition, a higher CN level of C5 (complement C5) was observed in amphicrine 
carcinomas than in MiNENs, suggesting that these tumors might benefit more from C5 inhibitors than 
MiNENs.

Currently available data also suggest that the inclusion of amphicrine tumors in the definition of 
MiNEN is not supported based on clinical and pathological features. Moreover, the fact that amphicrine 
tumors are a subject of debate does not exclude their consideration in the differential diagnosis of 
MiNEN.

PATHOGENESIS OF MiNEN
Although the carcinogenesis of MiNEN has not been clarified, recent studies suggest that they are 
derived from a single precursor cell that has the capacity for dual differentiation after the initiation of 
carcinogenesis. Studies on colorectal MiNEN have demonstrated that both components share common 
driver genetic aberrations in critical oncogenes and/or their protein products, including tumor protein 
p53 (TP53), retinoblastoma tumor corepressor 1 (RB1), adenomatous polyposis coli (APC), phosphatase 
and tensin homolog (PTEN), Kirsten rat sarcoma viral oncogene homolog (KRAS), v-myc avian 
myelocytomatosis viral oncogene homolog (MYC), phosphatidylinositol-4,5-bisphosphate 3-kinase 
catalytic subunit alpha (PI3KCA), and v-raf murine sarcoma viral oncogene homolog B (BRAF)[32-36]. 
Recent data have also suggested that microsatellite instability (MSI) and prostaglandin E2 receptor 4 
(PTGER4) activation are also involved during the evolution of MiNEN[35]. Many studies have provided 
essential data about common driver genetic aberrations[32-34,37,38] . Indeed, both components display 
loss of heterozygosity (LOH) at multiple loci and mutations in key oncogenes with high allele 
frequencies compared to exclusive alterations of a single component, thus supporting their common 
clonal origin hypothesis, at least in the earlier steps of carcinogenesis[32-34,37,38].

In a more recent molecular study in gastric tumors with targeted DNA sequencing, a great majority of 
mutations were shared by both ADC and NEC components, and among them, TP53 was the most 
commonly mutated gene (69.2%)[39]. A subset of TP53-wild-type tumors had a microsatellite-unstable 
phenotype or amplications in various oncogenes, including ERBB2 and NMYC. While differentially 
altered genes of ADC components were signicantly associated with receptor tyrosine kinase signaling 
pathways, differentially altered genes of NEC components were signicantly associated with the 
NOTCH signaling pathway, thus providing evidence for a possible clonal origin of ADC and NEC 
components of MiNENs[39].

Due to additional genetic alterations in poorly differentiated NEC (PDNEC), it is suggested that two 
different components activate separate genetic pathways at some step of carcinogenesis[32,36,38,40]. 
Another finding supporting a common carcinogenic pathway is that a proportion of either PDNEC or 
MiNEN of the stomach and colorectum has increased methylation with a mismatch repair-deficient 
phenotype[41-44]. Since these tumors had less aggressive behavior, similar to sporadic colon adenocar-
cinoma in the elderly, it is proposed that mismatch repair deficiency could be a pathway between 
PDNEC/MiNEN and adenocarcinoma[21,25]. In addition, the neuroendocrine component of PDNEC 
carries mutations specific to the organ from which it originates and is similar to adenocarcinoma in 
localization; meanwhile, these alterations are different from a common neuroendocrine alteration. When 
CDK2A and APC mutations were compared in the PDNEC of the colon and pancreas, it was observed 
that the CDK2A mutation was higher in pancreatic PDNEC compared with APC mutations, which were 
higher in the colon; this finding was consistent with adenocarcinomas originating from these organs
[45]. The comparison of MiNEN with their pure neuroendocrine counterparts in the colon showed that 
while the former shares a similar copy number aberration profile with adenocarcinoma, the latter 
displays different structural aberrations; thus, the developmental pathway suggests that MiNEN is 
related to the nonneuroendocrine component but not to neuroendocrine carcinomas[34,35]. As noted 
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above, exclusive alterations in the neuroendocrine component carry a higher number of aberrations and 
an imbalance of alleles with a more aggressive phenotype, thus leading some authors to suggest that 
nonneuroendocrine components give rise to the neuroendocrine component through transdifferen-
tiation, where c-myc and SMARC4 are potentially involved[32,46]. A significant increase in the number 
of neuroendocrine marker-expressing cells following neoadjuvant therapy in PDNEC supports the 
development of a neuroendocrine component through the adenoma-adenocarcinoma sequence[22,24]. 
The presence of cases of MiNEN that combine PDNEC and adenoma without adenocarcinoma is also 
postulated as evidence of a common carcinogenic pathway[47]. Evidence has also been obtained that the 
two components demonstrate distinct genetic patterns, suggesting that some MiNENs have polyclonal 
origins[35,37,38]. Interestingly, well-differentiated NET components of MiNEN do not share similar 
genetic alterations observed in their adenoma/adenocarcinoma counterparts, such as LOH of APC, 
KRAS, and TP53, although they do display specific alterations that are usually found in NETs (but not 
PDNECs), such as LOH of VHL, which may also represent true collision MiNEN with an independent 
carcinogenic pathway[42,47].

MANAGEMENT OF MiNEN
Although there is no complete consensus on the treatment of MiNEN, the presence of tumor metastasis 
at the time of diagnosis and histopathological MiNEN grading of the tumor play a vital role in the 
choice of therapeutic options[20]. The classification of MiNEN according to the grade malignancy is 
presented in Table 2.

Localized MiNEN
In all localized MiNENs, curative-intent surgery is recommended as the first treatment of choice, if 
available. Even in high-grade MiNENs, because of their less aggressive behavior than pure NECs, 
tumors with an acinar component of the pancreas belonging to this category have benefited from such 
treatment[48-50]. In the same group, although combinations of etoposide (VP16) and platinum salt or a 
combination of 5-fluorouracil (5FU) with irinotecan (IRI)- or oxaliplatin (OX)-based preoperative and 
postoperative chemotherapy have been used in tumor management similar to PDNEC therapy, the role 
of adjuvant therapy is still not completely defined[44,51-53]. Moreover, in the intermediate group, 
recent studies suggest replacing this therapy with a combination of 5FU and IRI and/or OX or 
gemcitabine (GEM) and/or OX for treatment parallel to the chemotherapy applied to adenocarcinomas, 
and in some cases, radiotherapy has been used as a treatment option in addition to chemotherapy[3,54-
57].

Metastatic MiNEN
Unfortunately, extensive surgery does not seem to be an option in this group because the risk outweighs 
the benefits, especially in high-grade MiNENs. Therefore, systemic chemotherapy is generally 
performed according to the type present at metastatic sites. In patients with both components diagnosed 
either at the metastatic site or the primary tumor, therapy is based on the most aggressive component[3,
54-57]. Since some intermediate-grade MiNENs with predominant NET components frequently express 
type 2 somatostatin receptors, such cases may also benefit from long-acting somatostatin analogs and 
peptide irradiation nucleotide therapy[58-60]. Although MANET is not categorized as MiNEN, its 
neuroendocrine component can metastasize. Therefore, pure NET-based chemotherapy and peptide 
irradiation nucleotide therapy are recommended for their treatment. At present, Akt/mTOR mutations 
have not been investigated in MiNENs. However, some patients who benefit from everolimus have 
been described[61].

Despite all these findings, the fact that further studies in large series are needed to define the 
treatment of patients more precisely with MiNEN should not be overlooked. Future studies aiming to 
determine the molecular vulnerability of both components in MiNEN cases in the GIS diagnosed based 
on criteria recommended for the diagnosis of these tumors may allow for the development of targeted 
therapies against both components and improve their treatment.

The treatment approach in MiNENs in both groups is briefly presented in Tables 3 and 4.

ORGAN-SPECIFIC CLINICOPATHOLOGICAL FINDINGS
Esophagus and gastroesophageal junction
Recently, a comprehensive systematic review and a multicenter study performed by Frizziero et al[3,15] 
showed that esophageal MiNENs accounted for between 5.9% and 15.9% of all GIS MiNENs. These 
tumors, which account for approximately one-quarter of the NENs observed in this localization, show 
an apparent male predominance and are observed at advanced ages (6th decade) in the distal third of 
the esophagus[2,19,62]. Although the tumor consists of NEC and squamous cell carcinoma (SCC) in 
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Table 2 Classification of mixed neuroendocrine-nonneuroendocrine neoplasms depending on the grade of malignancy[15]

Grade of MiNEN Nonneuroendocrine component Endocrine component

High-grade Adenocarcinoma PDNEC, NET G31

Squamous cell carcinoma

Cholangiocarcinoma

Ductal and acinar cell carcinoma 

Ductal adenocarcinoma

High-grade Acinar cell carcinoma NET, G1 or G21

Ductal adenocarcinoma

Acinar cell carcinoma

Intermediate grade Adenocarcinoma NET, G1 or G21

Low-grade2 Adenoma NET, G1 or G2

1Grading should be performed according to the latest WHO classification.
2Those tumors are not included in the mixed neuroendocrine-nonneuroendocrine neoplasms category.
MiNEN: Mixed neuroendocrine-nonneuroendocrine neoplasms; PDNEC: Poorly differentiated neuroendocrine carcinoma; G: Grade; NET: 
Neuroendocrine tumor.

Table 3 Summary of the therapy protocols applied to localized mixed neuroendocrine-nonneuroendocrine neoplasms

Surgery Complete resection is possible Complete resection is not possible

MiNEN grade High Intermediate Low High Intermediate Low

Chemotherapy PDNEC-like ADC-like NR PDNEC-like ADC- like NET-like

MiNEN: Mixed neuroendocrine-nonneuroendocrine neoplasms; ADC: Adenocarcinoma; PDNEC: Poorly differentiated neuroendocrine carcinoma; NET: 
Neuroendocrine tumor.

Table 4 Summary of the therapy protocols applied to metastatic mixed neuroendocrine-nonneuroendocrine neoplasms

Metastatic component Defined Not defined

One component Two components

Chemotherapy target The metastatic component The most aggressive component The most aggressive component in the primary tumor

most cases, there are rare adenocarcinoma cases, particularly adenocarcinoma, in the background of 
Barrett's esophagus[40,63,64]. Molecular data indicate their monoclonal origin, as demonstrated by 
LOH, RB1, TP53, and alterations in TP63, SOX2, DVL3, PTEN, PIK3A, and KRAS[40]. However, the 
monoclonal origin of esophageal MiNEN with a nonendocrine component composed of adenocar-
cinoma on the background of Barrett’s metaplasia remains to be elucidated, and some authors postulate 
that this group reflects a true collision tumor rather than MiNEN[64].

In the esophagus, because the discrimination of basaloid SCC and small-cell NEC (SNEC) has 
paramount importance and may pose a diagnostic pitfall in routine microscopic evaluation, immunohis-
tochemical staining for high molecular weight cytokeratins, p63, and p40, is highly recommended to 
discriminate basaloid SCC from SCNEC[17].

Unfortunately, their lower metastatic capacity (25% vs 54%) and longer survival time (28 vs 15 mo) 
relative to pure PDNEC do not change their poor prognosis[65]. Another important finding is the 
predictive role of the Ki-67 proliferation index of NEC for prognosis[15,66]. More recently, any statist-
ically significant difference in OS between gastroesophageal GEP MiNEN vs colorectal MiNEN was 
detected[66].

Stomach
These tumors constitute 6%–20% of MiNENs located in the GIS, and 7% of NENs are located in the 
stomach[14,15,67]. Similar to those in the esophagus, stomach tumors are observed in elderly patients 
(5th-6th decades) and show a male predominance. Based on the macroscopic appearance of these tumors, 
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which are observed equally in the corpus and antrum of the stomach, they are not different from 
adenocarcinomas, and specific diagnostic findings on endoscopy have not been obtained[19]. Most of 
these aggressive tumors consist of well-differentiated adenocarcinomas, and the PDNEC component is 
mainly located deeper in the organ[68,69]. Although cases composed of adenocarcinoma and NETs have 
been recorded, it is suggested that the term MANEC can be retained for MiNEN at this location[19]. 
MiNENs composed of gastric NEN and adenocarcinoma have been described in the setting of chronic 
atrophic gastritis, etiological factors have not yet been entirely identied[70]. Recent molecular studies 
indicated a monoclonal origin[37,44,71]. Ishida et al[72] compared the molecular pathology of poorly 
differentiated NEC and MiNEN of the stomach by whole-exome sequencing. The analysis revealed 
recurrent mutations in 62% of TP53 cases, and they were more frequent in MiNENs than in NECs. 
Frameshift mutations of APC were observed in two MiNEN cases. In cases of MiNEN, two histological 
components shared mutations in TP53, APC, and ZNF521, whereas alterations in CTNNB1, KMT2C, 
PTEN, and SPEN were observed in neuroendocrine components only. They concluded that TP53 is a 
single, frequently mutated gene in gastric NEC and MiNEN, and alterations in other genes are less 
common, thus resembling the mutation profiles of gastric adenocarcinomas. Another interesting 
previous finding is the presence of ATRX gene mutations (primary partial loss) in 37% of cases 
involving a substantial proportion of gastric MiNEN[73]. However, these findings should be invest-
igated in further studies. Gastric MiNENs are tumors with a poor prognosis that show lymph node and 
distant metastases at the time of initial diagnosis, and the prognosis is slightly better than that of pure 
PDNEC[15,74,75]. Similar to these findings, in a recent study including 401 patients, the 5-year disease-
free survival was 51.1%, which was significantly better than that of NEC (47,6%) and worse than that of 
adenocarcinoma (57,8%). Furthermore, in the same series, advanced stages and lymph node metastasis 
were independent risk factors related to distant recurrence[76].

Small intestines
MiNENs of the small intestines frequently in the duodenum, where they are mainly located in the 
ampulla[77-81]. MiNENs of the jejunum and ileum are exceedingly rare, similar to PDNECs 
encountered in these regions[19]. They are equally observed in both sexes and older patients. While 
adenocarcinoma constitutes the nonneuroendocrine component of tumors in many cases, rare cases of 
SCC have also been recorded[77,78]. Since the neuroendocrine component is frequently located in the 
deeper part of the intestinal wall, they are frequently diagnosed as adenocarcinoma from biopsies[81]. 
The histological subtype of adenocarcinoma forming these tumors was also found to be associated with 
tumor behavior. MiNENs with intestinal-type adenocarcinoma have a better prognosis than those with 
the pancreaticobiliary subtype[20,25]. However, ampullary MiNENs are aggressive tumors with a poor 
prognosis and generally present at advanced stages[15,17]. This finding contrasts with MiNEN in the 
other part of the duodenum, which combine intestinal-phenotype adenocarcinoma and a well-differen-
tiated somatostatin-secreting NET[20]. They are mostly superficial and not highly aggressive, and 
distant metastasis is rare.

Appendix
The last WHO classification of MiNEN indicated that these tumors were composed of two morpholo-
gically recognizable components generally represented by adenocarcinoma and NEC, and this classi-
fication has provided knowledge about mixed tumors in the appendix[18]. The exclusion of goblet cell 
carcinoids, which are currently determined to be amphicrine tumors, from the MiNEN group has led to 
the limited applicability of past clinicopathological data on these tumors located in the appendix, thus 
necessitating further evaluation of the findings related to this group[29]. A few studies conducted in the 
recent past indicate that MiNENs constitute 10% of malignancies at this location. On the other hand, a 
systematic review showed that among the lower gastrointestinal tract organs, these tumors were most 
frequently (60.3%) localized in the appendix[82]. An interesting finding is that the age-adjusted 
incidence for MiNENs increased from 0.01/100000 person-years to 0.07/100000 person-years (range 
2004-2016), with an annual percentage change (APC) of 13.8%[83]. This finding can be attributed to the 
increase in clinical recognition and better diagnostic technologies over the years. They are observed in 
advanced age (between 58-60 years) mostly encountered incidentally and discovered at advanced stages
[56,83,84]. Although recent studies indicate that these tumors do not show sex predilection, new 
findings that APC shows significant differences according to sex (13.81% in females vs 12.24% for males) 
need to be clarified[83].

Their overall survival rate is 6.5 years, which is better than that of signet ring cell carcinomas (2.1 
years) and worse than that of goblet cell adenocarcinomas (13.8 years) and pure NETs (39.4 years)[56,
84]. In a more recent study, the prognosis of 315 patients with MiNEN was compared with that of other 
histological subtypes in the appendix, including NETs, NECs, goblet cell carcinoma, signet ring cell 
carcinoma, mucinous adenocarcinoma and nonmucinous adenocarcinoma, based on the surveillance, 
epidemiology and end results program 18 registries. The overall 5-year survival rate was 57.4%, and the 
level of invasion was the only independent factor influencing tumor behavior. In addition, multivariate 
analysis demonstrated that the prognosis of MiNENs was worse than that of NETs, NECs, goblet cell 
carcinoma, and mucinous adenocarcinoma but better than that of nonmucinous adenocarcinoma and 
signet ring cell carcinoma[83].
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Their pathological differential diagnosis should include goblet cell carcinomas, tubular-type 
carcinoids and pure NETs with glandular configurations.

Colon and rectum
Tumors in this region constitute more than half of all MiNENs of the GIS[67,85]. In particular, evidence 
has shown that they are observed more frequently than pure NETs in resections performed in this 
region[85]. Their distribution among NENs is 14-20% and 1%-3% in the colon and rectum, respectively. 
They are more common in men than women and observed at an advanced age (6th decade)[25,67,85]. 
Although they do not have specific clinical findings, they have been defined in the background of 
inflammatory bowel diseases[86-89]. As a result of their more frequent detection in these regions, the 
number of molecular studies performed in MiNEN exceeds that of other localizations, and they have 
provided important data regarding their pathogenesis. The same genetic alterations in both components 
strongly support their monoclonal origin from a common precursor progenitor cell[33,35,37,38,42]. 
Parallel to these findings, a recent case showed that in addition to microsatellite instability due to MLH1 
promoter methylation, the same mutations affecting the ARID1A, ASXL1, BLM, and RNF43 genes occur 
in both components, as determined by a multigene next-generation sequencing panel. On the other 
hand, BRCA2 has been explicitly altered in the neuroendocrine area. Although the latter observation 
suggested that BRCA2 could be a potential new target for MiNEN, the lack of this alteration in the 
nonneuroendocrine part of the tumor requires further consideration concerning intratumor hetero-
geneity[90].

Macroscopically, these tumors form masses (average 5 cm) without distinguishing features from 
adenocarcinomas. Histologically, most cases are composed of adenocarcinoma and NEC. Rare cases in 
which the nonneuroendocrine component consisted of squamous cell carcinoma have also been noted
[43,91]. If the neuroendocrine component consists of PDNEC, it is consistently observed in metastases. 
In comparison, adenocarcinomas are observed in one-third of cases[47]. Such tumors show aggressive 
behavior and have poor prognosis (overall survival: 12.2 mo) according to the Ki67 proliferative index 
of the NEC component as well as the MSI status and stage[42,43,67]. Recently, a systematic review 
demonstrated that if the neuroendocrine component consists of NETs, it is unknown which component 
will be encountered in metastatic sites because of a higher grade, and the predominance of one 
component does not warrant their presence in metastatic sites[47,92,93]. This finding emphasizes the 
complexity of MiNENs and the need for an accurate morphological description of all components. A 
recent systematic review also demonstrated that in MiNENs of the lower gastrointestinal tract, the site 
of origin in those with metastatic disease at diagnosis appeared to inuence prognosis. The median 
survival time was 12.3 mo for those with primary colonic tumors vs 11.7 mo for those with primary 
anorectal tumors, with hazard ratios of 1.13 vs 0.80, respectively[82].

Pancreas
Pancreatic MiNENs are rare tumors in which the nonneuroendocrine component can be formed by 
ductal or acinar carcinoma[18]. In addition, tumors with a nonneuroendocrine part consisting of ductal 
and acinar carcinomas are extremely rare and defined as mixed ductal-acinar-neuroendocrine 
carcinomas[94]. Tumors with mixed ductal–neuroendocrine carcinoma are rare and account for approx-
imately 0.5%–2% of all ductal adenocarcinomas and 5% of all NENs arising from this organ[27]. There is 
no sex predilection. Although the average age of onset is 68, they are observed in a wide age range, from 
21 to 68 years old. They usually consist of NEC accompanying ductal adenocarcinoma[95-97]. They can 
be located anywhere in the organ and produce clinical symptoms similar to ductal adenocarcinoma 
without specific clinical findings. Because of the rare nature of these tumors, molecular data are scarce 
and limited[46,67,98]. Therefore, the diagnosis should be performed using adenocarcinoma and 
neuroendocrine tumor-specific markers separately and morphologically because they should be clearly 
distinguished from ductal adenocarcinomas with entrapped islets and NETs with entrapped ductules in 
the differential diagnosis[17,27]. In the former, the islands present an ovoid shape and have regular 
contours constituted by endocrine cells without atypia, and express all hormones, which is inconsistent 
with a predominant cell line of tumor cells; in the latter, however, the absence of atypia of ductal cells , 
the lack of aberrant P53 staining and the low proliferative index are essential clues in the differential 
diagnosis (Figure 2). An increase in the number and size of Langerhans islands that accompany chronic 
obstructive pancreatitis is another diagnostic pitfall in the differential diagnosis. Previous reports 
indicated that mixed ductal–neuroendocrine carcinomas are aggressive tumors with poor prognoses (5-
year survival is 0%)[18,98]. More recently, lymph node metastasis was indicated as an adverse 
prognostic factor of disease-specific survival in 7 patients with mixed ductal–neuroendocrine 
carcinomas[99]. Similar findings were also observed by Zhang et al[92] in a larger number of patients. 
Although data for surgically resected cases are very limited in the literature, a cohort study reported 
that the median survival was 15.3 mo and all cases died due to disease[100]. However, in a recent study 
evaluating 8 cases with a median follow-up of 21 mo, the overall survival was 88 mo and the 5-year OS 
was 58%. In addition, the survival of these tumors was better than that of pancreatic ductal adenocar-
cinomas; thus, further investigation is warranted[101].
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Figure 2 Histopathological pitfalls in the diagnosis of mixed neuroendocrine-nonneuroendocrine neoplasms of the pancreas. A: A ductal 
adenocarcinoma of the pancreas surrounding and invading an islet in the background of chronic pancreatitis (x 200). The islet has regular contours despite an 
invasion; B: A neuroendocrine tumor of the pancreas with entrapped two ductulus without atypia. Such areas should be evaluated carefully to avoid a misdiagnosis of 
mixed neuroendocrine-nonneuroendocrine neoplasms (x 200).

Cases in which the neuroendocrine component consists of NETs have been reported, although their 
morphology resembles true collision tumors and their monoclonal origin remains to be proven[95,96].

Mixed acinar–neuroendocrine carcinomas are rare and account for nearly one-fifth of all pancreatic 
ACCs[49,94]. The features of these tumors do not differ from the macroscopic features of ACC, and the 
tumors are quite large. In the differential diagnosis, morphological and IHC findings should be 
evaluated together, such as in ductal carcinoma. It is worth noting that 20%-30% of ACCs show a small 
neuroendocrine cell population, and this morphologically undetected component should not lead to the 
diagnosis of MiNEN[49]. Immunohistochemical staining with trypsin and bcl-10 [monoclonal antibody 
directed against the C-terminal portion of bcl-10 (clone 331.3)] is very useful for identifying the acinar 
component[102] (Figure 3). However, it should be kept in mind that a significant portion of the ACC is 
stained with synaptophysin.

Moreover, since pure NETs of the pancreas have a better prognosis than these tumors, advanced 
immunohistochemical evaluations with bcl-10 and trypsin are recommended for all tumors with 
neuroendocrine-appearing pancreatic neoplasms that show a high mitotic index, abundant necrosis, and 
evident nucleoli[17]. Although these tumors seem to share the genetic changes observed in pure ACCs, 
they do not show characteristic mutations that can be found in pancreatic NETs[103,104].

A recent study suggested that c-MYC alterations are involved in mechanisms leading to the neuroen-
docrine differentiation of ACCs[46]. Surgical resection and tumor stage are the most important 
prognostic factors, and the reported 5-year survival rate is 30%–50% for patients who undergo surgery
[49,105].

Liver
The nonneuroendocrine component of MiNENs is mostly hepatocellular carcinoma (HCC) and less 
frequently cholangiocellular carcinoma, and they are rare liver tumors encountered at advanced ages 
(43-84 years) predominantly in men[2,106,107]. The neuroendocrine components of these tumors are 
predominantly NECs, and they have a dismal prognosis, with many cases presenting distant metastasis 
at the time of diagnosis[2,108,109]. More recently, the 1-year cumulative survival rate of patients was 
reported to be 53%[107].Although the pathogenesis has not been fully elucidated; neuroendocrine 
differentiation from existing HCC has been suggested[108,109].

Gallbladder and biliary tract
MiNENs of the gallbladder and biliary tract account for 10% of all biliary carcinomas and 2% of all 
hepatobiliary carcinomas[110,111]. Although considered rare, adenocarcinoma is detected in approx-
imately 30% of NENs, particularly in the gallbladder, and these tumors constitute 35% of NENs in this 
region, thus indicating that they are more frequent than previously described[79,110]. While the age 
range is relatively wider than that of many MiNENs, these tumors are observed at an advanced age 
(mean: 65 years), which is similar to those in other regions of the GIS. However, compared with the 
male dominance observed in other MiNENs, these tumors are more common in females[18]. The close 
relationships between MiNENs and inflammatory diseases in these locations suggest that inflammation 
plays a role in pathogenesis. Recent findings indicate that the NEC component of the tumor is 
composed of large cell NECs in a great majority of cases (59%), and NECs are incidentally discovered 
during imaging studies without any specific clinical findings[112]. In parallel, specific findings that 
differ from the findings for adenocarcinomas on macroscopic examination have not been observed. 
Although a considerable portion of the tumors are confined to the gallbladder wall at the time of 
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Figure 3 Acinar carcinoma of the pancreas. A: The tumor is composed of cells that demonstrate the presence of monomorphic nuclei, sometimes forming 
minute lumens. Tumor cells are in a monolayer with basally located nuclei and have a granular eosinophilic cytoplasm (x 400); B: Bcl-10 expression with higher 
staining in the apical portion of tumor cells (x 400).

diagnosis, one-fifth of the cases have serosa and one-third have adjacent organ invasion[16]. Therefore, 
the rarity of distant metastases in these tumors does not exclude the possibility that half of them 
metastasize to neighboring organs (liver, peritoneum, lymph nodes) at the time of diagnosis. On 
histopathologic evaluation, the nonneuroendocrine component often consists of adenocarcinoma and 
rarely consists of squamous cell carcinoma or carcinoma with sarcomatous or osteosarcomatous differ-
entiation[112,113]. Few cases with intracystic papillary neoplasms (IPNs) have also been reported[16]. 
The NEN component, which is usually more deeply located, often consists of NEC. Molecular studies 
support that MiNENs in this region also consist of a common precursor[16,114]. Although studies on 
IPN have indicated that the endocrine component originates from these areas, further studies are 
needed to support this finding. The one-year survival was four times higher in patients with organ-
confined tumors than in those with distant metastases, revealing that distant metastasis is the most 
effective predictive parameter for the course of the disease, thus emphasizing the importance of staging
[79,110]. A recent systemic review based on 53 studies to predict the clinicopathological features and 
prognosis of biliary MiNENs, including gallbladder MiNENs, showed a median overall survival time of 
21 mo. In addition, radical resection and small morphological subtype were independent prognostic 
factors associated with higher overall survival, and radical resection (R0) and younger age (< 65 years) 
were associated with higher recurrence-free survival time[115].

CONCLUSION
In conclusion, MiNENs of the GIS are a rare group of heterogeneous and aggressive tumors that should 
be diagnosed in patients without neoadjuvant therapy. Morphological findings are indispensable for 
their histopathological diagnosis. Evaluations based solely on the percentage of cells stained with IHC 
may lead to overdiagnosis. Since the current therapeutic approach depends on the grade of MiNEN, 
each component should be evaluated and graded separately. Although many studies support that these 
tumors are monoclonal, at least in the early stages of carcinogenesis, these data require additional 
research support.

Similarly, the 30% cutoff value should be reaffirmed by systematic studies because the possibility of 
the negative influence of a small component of high-grade NEN on tumor behavior should not be 
ignored. The deep localization of the NEN component in many organs is another potential limitation 
leading to their underestimation in biopsies. As recent findings suggest that amphicrine tumors may 
belong to a different tumor category, more studies are needed to reach a complete conclusion regarding 
these tumors.

In summary, new cases diagnosed as MiNENs in the GIS according to the currently proposed 
categories will increase awareness of these tumors, provide new data and eliminate diagnostic contro-
versies of the past.
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