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Mixed neuroendocrine non-neuroendocrine neoplasms in gastroenteropancreatic

tract

Diaz-Lopez Set al. MiNEN in GEP tract

Mixed neuroendocrine non-neuroendocrine neoplasms (MiNENs) are a heterogeneous
group of malignant neoplasms that can settle in the gastroenteropancreatic tract. They
are composed of a neuroendocrine (NE) and a non-NE component in at least 30% of
each tumour. The non-NE component can include different histological combinations of
glandular, squamous, mucinous and sarcomatoid phenotypes, and one or both of the
components can be low-or high grade malignant. Recent changes in the nomenclature
of these neoplasms might lead to great deal of confusion, and the lack of specific clinical
trials is the main reason why their management is difficult. The review aims to clarify
the definition of MiNEN and analyze available evidence about their diagnosis and
treatment options according to their location and extension through careful analysis of
the available data. It would be important to reach a general consensus on their
diagnosis in order to construct a classification that remains stable over time and
facilitates the design of clinical trials that, due to their low incidence, will require long
recruitment periods.
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Core Tip: In this review we try to clarify definition of mixed neuroendocrine (NE) non-
NE tumours that have been changed along past years and analyze available evidence
about their diagnosis and treatment options according to their location and extension.
We have to bear in mind that we do not have validated protocols or clinical guidelines
on the management of this group of diseases, although most authors propose treating
mixed NE non-NE neoplasm with the high-grade NE component as treatment target. In
any case, the lack of high-quality scientific evidence, based on randomised clinical trials,

makes it essential to deepen our knowledge of this group of neoplasms.

INTRODUCTION

The first description of the mixed tumour (neuroendocrine non-neuroendocrine
tumour) was given by Cordier who, defined a gastric tumour with an endocrine and an
exocrine component in 1924011, In 1987, Lewin(2l proposed a group of mixed glandular-
endocrine composite tumours inside carcinoid tumours and divided them into three
categories: Collision, composite and arBJhicrinelf*I. In 2000, a classification of endocrine
neoplasms was adopted that included mixed exocrine-endocrine carcinomas, with each
component present in at least 30% of the tumour. This cut-off point was established
because it is very unusual for a less represented component to influence the biological
behaviour of the cancerl*?l. In 2010, the World Health Orgnazation (WHO) International
Histological Classification of Tumoursl®l classified the mixed neoplasms composed of a
neuroendocrine (NE) and an exocrine component as “mixed adeno-neuroendocrine
carcinomas” (MANECs) and, in 2017, the term MANEC was r ssified as “mixed
neuroendocrine non-neuroendocrine neoplasm” (MiNEN)/7l, with the term “exocrine”
being replaced by the more general term “non-neuroendocrine” to include all the
possible histological wvariants, which are glandular, squamous, mucinous and
sarcomatoid phenotypes, and the term “carcinoma” being replaced by the term
“neoplasm” because sometimes one or both components are low-grade malignant/5°l.

Figure 1 shows the evolution of this concept over the years.
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MiINEN classifies the heterogeneous spectrum of possible combinations of NE and

non-NE elements, and the combinations of morphologies are largely determined by site
of origin. Non-NE neoplasms with focal NE differentiation (NNE-NED) are non-NE
neoplasms that show NE differentiation but do not reach the 30% threshold, so do not
meet the criteria for consideration as MiNENs. This threshold was established
arbitrarily and may change in the future as we learn more about these malignancies!!0l.

In 2006, a claﬁsiﬁcation system for NE neoplasms was proposed based on the Ki-67
index and was formally adopted by the WHO classification in 2010. Thus, NE tumours
with low Ki-67 scores (< 20%-grade 1 or 2) were called NE tumours (NETs), while
tumours with high Ki-67 scores (> 20%-grade 3) were divided into two types: Poorly
differentiated tumours, called NECs,_and well-differentiated tumours, as for Grade 1
and 2 tumours, were called NETs. Any NE neoplasm, whether NET or NEC, can
constitute the NE component of a MiNEN. In Table 1, we can see the classification of the
NE component according to morphology, mitoses and differentiation(¢-%11: Most
MiINENs have a poorly differentiated NE component and are usually diagnosed in
advanced stages, while low-grade MiNENs are rare and mainly located in the
gastrointestinal tract(512l.

Morphologically, they can be divided into three types: collision, compound and

amphicrine, summarised in Table 2[13],

TERATURE REVIEW

The methodology used in this article is a narrative review through careful analysis of
the available data. We conducted a PubMed search of articles published in English up
to and including July 2023, using the terms “mixed tumours”, “mixed neuroendocrine
non-neuroendocrine  neoplasms”, “mixed adeno-neuroendocrine glrcinomas”,

“gastroenteropancreatic tract”, “treatment”, “

etiology”, and “diagnosis”. No exclusion
criteria were used. We selected articles based on their relevance and interest to the
review. Some additional articles were retrieved from the reference lists of previously

selected articles.
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ETIOLOGY AND PHYSIOPATHOLOGY

There are three theories about the origin of MiNENSs, the first proposing that both
components derive from a common pluripotent stem cell progenitor that achieves the
NE and non-NE phenotypic differentiation during carcinogenesis (Figure 2). The
second one also defends a monocanal origin but with a gradual process, NE
trans/dedifferentiation developing from a non-NE epithelial phenotype by the
progressive accumulation of genetic aberrations that can include stromal
microenvironmental changes (Figure 3). The third one establishes that both components

emerge differently from precursor cells in a synchronous or metachronous way (Figure
4)[814-18]

The first two hypotheses are the most accepted because the majority of chromosomal
and genetic abnormalities are found in the NE component rather than the non-NE
component, and they suggest that progression from a non-NE to a NE cell phenotype is
more frequent. It is assumed that a specific genomic event or catastrophe-a
chromoptisis-occurs in an adenocarcinomatous polyp. Among the notable genetic
alterations, it has been suggested that the inactivation of SMARC4A and the activation
of ¢-MYC are driver mutations responsible for the transdifferentiation of
adenocarcino (ADC) to a NE phenotype. TP53 is the most common mutation in

MINEN and the NE component often acquires more mutations than the non-NE

component/141619-21],

EPIDEMIOLOGY AND LOCATIONS IN GASTROENTEROPANCREATIC TRACT

The incidence and prevalence of MINENs are not clear and are probably
underestimated. According to the Rare Cancer Surveillance (RARECARE) project of the
European Union, in 2008 the incidence was less than 0.1/100000 people per year and
there were only 96 cases of MANEC in the entire continent

(http:/ / www.rarecare.eu/)22l. MiNENs account for less than 5% of all digestive NE
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neoplasmsl®13], although the incidence is probably increasing due to the improvement
in diagnostic methods.

This type of tumour usually originates in organs that have NE cells and in which NE
tumours frequently develop, such as the pancreas, the appendix, the colon and, less
commonly, the small intestinel>?I. In gastroenteropancreatic (GEP) tract, approximately
the 82% of MiNENs are diagnosed as localised tumours and the 18% as metastatic
diseasel'4].

No risk factors have been established but it is suspected that inflammatory bowel
disease could be one in colorectal location (CCR)[2+20], autoimmune chronic atrophic
gastritis in gastric tumours(?28] and esophageal neoplasms are associated with Barrett
esophagus!?l, although none of these has been confirmed as such with certainty.

Next, we discuss the most important aspects of the GEP tract by location.

Esophagus

Esophageal NE neoplasms are rarelahan other GEP NE tumours and represent 0.04%-
1.00% of all esophageal tumoursl. In a case series of 69 MiNENs[?ll, the esophagus and
the gastroesophageal junction were identified as the second most common sites of
origin (15.9% of cases in the series) after colorectal location.

In the esophagus, the predominant non-NE component is ADC, with the squamous
cell component being very rare, to the point that less than 10 cases of MiNEN
compound squamous cell carcinoma have thus far been reported in the international
literature32l,

The average age at diagnosis is 66 years and there is a greater prevalence in males
(ratio 6:1). Over 50% of cases originate in the lower third of the esophagus. Most
patients present with symptoms such as dysphagia and weight loss; pain or bleeding is
less common, and only a small proportion of patients are asymptomatic, with tumours

being discovered incidentally during endoscopyml.




In a series of 40 cases of esophageal NE tumours, MiNENs were less frequently
metastatic than poorly differentiated NE carcinomas (25% vs 54%, P = 0.036) and patient
survival was higher (28 months vs 15 months, P = 0.031)[3.

Gastric

Gastric MiNENSs represent pproximately 7% of all gastric NENs and 25% of all poorly
differentiated gastric NE carcinomas, although their prevalence is not entirely known.
They can be large, polypoid, ul&ati\re and/or stenotic lesions. The NE component is
usually a NEC, less commonly a NET, and the non-NE component is usually an ADC
or, rarely, a squamous cell carcinoma, especially when located in the cardiac region!30:34].

Some Asian studies show that almost 70% of poorly differentiated gastric NE
carcinomas contain at least a minor ADC component3%36],

According to the literaturel3”l, men are the most frequently affected (ratio 2:1) at 65
years ofﬁge (range: 41-76 years). The diagnosis of MiNENSs is usually late, with non-
specific gastric cancer symptoms, and the diagnosis is often made in advanced stages of
the disease, with distant metastasis at the time of diagnosis. Because of this, it is

assumed that the prognosis is worse than for isolated ADC or pure NECPF7], although

some studies suggest that the prognosis is the same or even slightly betterl30l.

Pancreatic
Pancreatic MiNENs present 0.5% of all pancreatic ADCs and 5% of all pancreatic
NENSs(®3L

The NE component is usually an NEC but may occasionally be a G1 or G2 NET. The
epithelial component can be an acinar-an acinar-MiNEN, which is the most common
neoplasm-or a ductal-an adeno-MiNENI3%,

The preoperative diagnosis of MiNEN is rare and its treatment is mainly based on
postoperative pathological examination. Between 40% and 80% of pancreatic ADCs

contain NE islets, which may lead to overdiagnosis of MiNEN. Similarly, 5% to 10% of

pancreatic NENs may contain non-neoplastic ducts that should not be misdiagnosed as
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MiINENs. The prognosis of pancreatic MiNEN is intermediate between that of pure

ADC and that of pure G1-G2 NET, and similar to that of “pure” NEC[1338],

According to a study by Angelico et alP8l, the case: pancreatic adeno-MiNEN tested
in the literature occur mainly in men (ratio 4:1) with a mean age of 61.7 years (range: 24-
82). The presenting symptoms are abdominal pain, obstructive jaundice, weight loss,
anaemia, nausea and/or vomiting, and in 25% of cases diagnosis is incidental. The
location is mainly in the head of the pancreas and almost a fifth of the cases are located

in the body or tail of the pancreas. Most are diagnosed in the advanced stages (III or IV).

Gallbladder and biliary tra

MiNENSs originating in the extrahepatic bile ducts and the gallbladder account for 5% to
35% of all cholangiocarcinomas and NENs from these primary sites, with intrahepatic
biliary MiNENs being extremely rare. They are generally composed of an NEC and
pleomorphic ADC. According to the available evidence, over the 33% of gallbladder
NECs coptain an ADC component (MiNEN)®0L.

Most are found after cholecystectomy for cholecystitis, surgery for suspected biliary
malignancy or autopsy(!340l.

The prognosis depends on the stage at diagnosis and the exact histological
components. In a study by Wang et all*], most tumours were diagnosed as advanced
disease although the 100% of patients underwent resectiog _surgery with a median
survival of 11.5 months. In another study by Kim et all*l], E median survival of 20

patients with curatively resected biliary NE tumours was 13.7 months.

Duadenmajejunum, and ileum
MiINENs can develop in the duodenum and often combine an intestinal phenotype
ADC with a well-differentiated somatostatin-secreting NET. They are mostly
superficial, not very aggressive and rarely metastasise.

Half of all ampullary MiNENSs have an intermediate grade of malignancy, combining

well-differentiated G1-G2 NETs and ADC components.
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2
Poorly differentiated NECs and MiNENs of the jejunum and ileum are rare, and
usually include a well-differentiated NET associated with an adenoma or ADC

component, with an intermediate degree of malignancy(1342.

CCR

The colon is the most frequent site for MiNENs. Watanabe et all*3 found that around
3.2% of all colorectal cancers (CRCs) in Japanese hospital records were MiNENs. In
another studyi4l of 988 resected CRCs, MiNENSs represented 2.4% of the total number.
In a Bayesian analysis of CRC by Grossi ef all*], the average age of diagnosis was 64.2
years with a standard deviation of 13.6 years and there was no predominance of gender.
The most frequent location was the appendix followed by the ascending colon, and
31.8% of cases at diagnosis had metastatic disease. The onset symptoms are similar to
those of other colorectal neoplasms, that is, changes in bowel habits, abdominal pain
and weight loss, among others, with systemic symptoms of NE tumours of the

gastrointestinal tract, such as carcinoid syndrome, being very infrequent(24346:47],

DIAGNOSIS AND PATHOLOGICAL ANATOMY

There is usually only a small biopsy sample for diagnosis. e two components may be
difficult to identify uging conventional morphological techniques, particularly when
poorly differentiated. Biopsies may not accurately distinguish MiNENSs from their pure
counterparts, especially since this distinction depends on a quantitative threshold. In
Frizziero et al", only one third of the cases were able to identify the presence of mixed
histology.

To establish the NE diagnosis, immunohistochemical positivity of at least two of the
following markers is necessary: Synaptophysin, chromogranin (CgA), CD56, and
insulinoma-associated protein 1, and the calculation of Ki67 for tumour gradingl82343,46-
48]

It is important that pathologists determine the percentage of each component,

emphasising the 30% threshold. As mentioned above, NNE-NED are neoplasms in
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which this threshold is not reached. A scattered minor NE component in a NNE
malignancy does not significantly affect prognosis, although recent studies have shown
that the presence of NEC > 10% could be clinically relevant, so it is possible that, in the
future, the definition changes again(24°l. Regardless of the cut;off point, it is important
to note that tumours can present a discordant NED spectrum and that only a subset of
these tumours should be classified as MiNENS.

In ADC samples, there may be cell groups with aberrant expression of NE markers,
especially synaptophysin and CgA, but without recognisable NE morphology, which
can lead to confusion. Neoplasms that grow too large and invade physiological NE
structures, such as acinar ADC in the pancreas that can include normal physiological
islets of Langerhans, should also not be confused with MiNENSs, despite the danger of
pcﬁtive staining for NE markers!>0l.

The non-NE component of MiNEN is ADC in 92% of cases. Squamous cell carcinoma,
hepatocellular carcinoma and mixed adenosquamous carcinoma are the most common
of the remaining non-NE components in the cases reported thus farl4l It is
recommended that the same molecular studies be performed on the ADC component of
the MiNEN as would be performed on an ADC tumour from the same anatomical
organ. Mutations affecting mismatch repair (MMR), BRAF V600E, and Her-2 have been
shown to occur in both components of MiNEN, suggesting the interesting option of
using the same targeted therapies during treatment as those used in ADC
tumours[1?5152], In addition to these genes, others have been sequenced in a significant
proportion within MiNEN, such as PTEN, PI3KCA and RB1[16.1851,53],

Furthermore, endocrine tumourcells can be divided according to histomorphological
criteria into small and large. The small cell morphology here is similar to that of sm
cell carcinoma elsewhere, that is, small, uniform and with round or oval nuclei. In
contrast, large cell NECg (LCNECs) have a larger cell size than small cell carcinoma.
Distinguishing LCNEC from small cell carcinoma may sometimes be difficult. The Ki-67
index may be useful as the rate of LCNEC ranges from 40% to 80%, while small cell
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carcinoma averages 80%. In MiNEN, the NEC component is more commonly an
LCNEC than a small cell carcinomal10.43.54],

Currently, there is no classification within the broad spectrum of MiIiNEN, even
though it groups together heterogeneous components with a multitude of possible
combinations that could have prognostic and therapeutic implications. Simply
designating a tumour as MIiNEN is insufficient and sometimes conveys little useful
information. La Rosa et all55] used a division that can help us in the management of this
disease: (1) High grade: NEC component is the most present; (2) intermediate grade:
Tumours in which the non-NE component is the most aggressive, such as ADC with a
NET component; and (3) low grade: Indolent tumours in which a NET is the most

aggressive component.

METASTATIC DISEASE
In a study of 129 patientsl®l, 76.3% with MiNEN and 23.7% with NNE-NED, 80

underwent surgical removal of the primary tumour and lymph nodes (LN), and 34 with
distant metastases underwent biopsy of both the primary tumour and the meastatic
lesions. Of the patients with LN metastasis, 68.8% exhibited a pure NE or
ADC/squamous carcinoma (AS) component in metastatic LNs, while 20% showed
different components in different LNs, and only 11.2% exhibited both NE and AS
components in the same LN. In the patients with distant metastases, 26.5% of the
distant metastases had coexisting NE and AS components, 70.6% had a pure NE
component and 2.9% had a pure AS component.

In the case of metastatic disease, both components can metastasise, but it is more
common for the poorly differentjgted component to do so (in most cases it is the NE
component), and the histological subtype of the primary tumour is not a good predictor
of the pattern of metastasis. It has been syggested that a second look at the biopsy be
taken in the following situations#57l: (1) In the presence of synchronous distant

metastases when the original sample is from the primary tumour; (2) In metastatic
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recurrence of a previously resected MiNEN; and (3) in development of new or rapidly
growing metastatic lesions during treatment, in the setting of otherwise stable disease.

The most frequent metastatic locations are the liver followed by lung and LNs[311,

PROGNOSTIC

The NE component usually dictates the prognosisi®®l, In retrospective analyses, the
grade and the differentiation of the components have been shown to have a direct
impact on survivall®ll. According to initial classification proposed by La Rosa et all5] the
prognosis depends on the TNM and the type of tumour, and no differences were found
in prognosis when comparing NEC and MANEC (P = 0.82), so it is assumed that the
prognosis is determined by the endocrine component.

In the study by Laenkholm et all62], in 50 patients with GEP-MiINEN, significant
prognostic factors were disease stage, surgical r(aection and performance status at
diagnosis. Further analysis of this study reveals that MiNEN had a median overall
survival (OS) of 30 months compared with NET (50 months, P < 0.001), GEP-NEC (14
months, P = 0.001) and poorly differentiated ADC (18 months, P = 0.45)[21],

Another studyl®®l of resegtable gastric cancer that included 503 NECs, 401 MiNENs
and 2785 ADCs concluded that the 5-year disease-free survival (DFS) was 47.5%, 51.1%
and 57.8%, respectively. The shorter DFS of NEC and MiNEN compared with ADC was
statistically significant, while the difference between NEC and MiNEN was not.

Chen et all*4] established as an independent prognostic factor, the presence of the NE
component in over 50% of the tumour mass. In a multivariable analysis of a database by
Milione et all®5], a Ki67 index of = 55% in the NE component was established as an
independent prognostic factor, reaching statistical significance with P < 0.0001. Other
factors that reached statistical significance were tumour location (colorectal tumours
had worse survival than pancreaticobiliary and gastroesophageal tumours), a mitotic

count of 50/10 HPF, and mutations in the KRAS, BRAF, or TP53 genes, as previously

discussed, and that they were more frequent than in pure ADC.
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STAGING

TNM staging does not have a specific protocol for this type of neoplasm and is applied
according to AJCC guidelines, using the samedjrotocol as for the anatomical location in
which the neoplasm appears. In cases where a NET is the most aggressive component,

the protocol for NET from the same anatomical location is used!'°l.

TREATMENT
The therapatic management of patients with MiNEN is confusing. Despite being
recognised as a clinical entity by the WHO and the European NE Tumor Society, there
are no specific validated treatment guidelines available.

The first step in deciding on the management is to present the case to a
multidisciplinary committee at the time of diagnosis and jointly decide which attitude

to adopt.

Localised disease
The objective is surgery with curative intent, with special importance placed on
achieving adequate margins free of neoplasia (R0). The median OS for localized
MiNEN, including local and advanced (stages I-II), is 39 monthsl®®l and the median OS
for stage IV is 11 months. In a study of 201 patients with surgically resected GEP NE
tumours (68% NEC, 23% MINEN, and 9% G3 NET), the median progression-free
survival (PFS) after RO resection was 10 months the median OS was 35 months; for
cases with microscopically affected margins (R1), the median PFS was 8 months and the
median OS gas 22 months; and for patients with macroscopically affected margins (R2
resections), the median PFS was only 2 months and the median OS was 8 months. These
differences were statistically significant (R0 vs R1 vs R2, P < 0.001; RO + R1 s R2, P <
0.001). It is notable that among RO resections, the tumour site did not affect the
prognosis.

Neoadjuvant chemoradiation may be considered depending on the location of the

tumour (for example, in the rectum) and whether the risk of local recurrence is high.
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Induction with chemotherapy alone followed by surgery is an option for locally

advanced tumours with the goal of facilitating surgery, decreasirﬁ postoperative
morbidity and delaying adjuvant therapy if indicated. In a study of 69 patients with
locally advanced NEC (n = 50) or MANEC (n = 19) of the stomach who underwent
gastrectomy with D2 Lymphadenectomy, neoadjuvant chemotherapy (HR: 0.37, P =
0.025) was an independent factor affecting prognosisl®’l. Although we only have case
reports on MiNENSs, in the pancreas and the rectum, neoadjuvant therapy would be
justified following the guidelines for pure ADC in those sites. Regarding the type of
chemotherapy, it would be more appropriate to use guidelines for the non-NE
component, since induction is not recommended in NE neoplasms. This is one of the
points that should be clarified as soon as possible.

The benefit of adjuvant therapy after resection of localised tumours has not yet been
confirmed, although there are some retrospective studies that suggest favourable
results, as summarised in Table 3[40,43,67-70]_

However, we still do not know which chemotherapy regimen offers the most benefits
in the adjuvant setting: Regimens targeting the non-NE component or those targeting
the NE component. According to the studies we have reviewed, we must choose the
regimen H'Et targets the most aggressive component. In the case of NEC, we should
prescribe four to six cycles of adjuvant chemotherapy with a platinum salt
(cisplatin/ carboplatin) plus etoposide, similarly to the small cell lung cancer (SCLC)
protocol”l], and when the non-NE component is the more aggressive, we should choose
the treatment regimen according to the location. Adjuvant therapy is not indicated
when both components are low gradel”2l.

Following the above arguments, we summarise the adjuvant treatment

recommendations in the algorithm presented in Figure 5.

dvanced and metastatic disease
The treatment of metastatic MiNEN should target the predominant neoplastic

component of the metastatic disease rather than the predominant component of the
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primary tumour. In metastatic stages, the studies currently available recommend
treating the most predominant and/or aggressive component, which in most cases is
NECE!,

Surgery should not be performed in locally advanced stages where R0 surgery is not
guaranteed, and the disease should be treated as metastaticl*®>73l. In such patients,
neoadjuvant chemotherapy with or without radiation can be attempted, as mentioned
above, for conversion to a resectable tumour, hence the importance of discussing the
case in a multidisciplinary ComEttee. In certain cases, such as CRC, induction
chemotherapy can be performed for conversion surgery of liver metastases and/or
surgical cytoreduction of the primary tumourl74l.

As has already been stated, in disseminated disease, a biopsy is necessary in order to
know which component has metastasised, since in most cases only one histological
component metastasises. Depending on what the subtype is, a decision will be made on
the most appropriate scheme. It is important to perform a rebiopsy in metastasic
patients who have progressed beyond the first line of treatment to check which

component has developed and/or mutated.

NEC as the more aggressive component
By analogy with SCLC, the first line in metastatic or unresectable disease should
include systemic chemotherapy combining etoaoside or irinotecan and a platinum
salt™l. At the molecular level, there is a greater expression of excision repair 1, a non-
catalytic subunit of endonuclease, which participates in DNA repair in the NE
component and suggests a better response to the combined treatment of platinum and
etoposidel”®], although tEre are studies showing results that are discordant with this
molecular explanation. A multicenter retrospective studyl”’l of gastrointestinal NEC
showed the benefit of irinotecan plus cisplatin (IP) over etoposide plus (EP) cisplatin. Of
the 258 patients, 62% received IP, 18% EP and 14% FOLFOX. The response rates were

50% for IP and 28% for EP, and the median OS was 13.0 and 7.3 months for IP and EP,
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respectively. Therefore, an alternative first-line regimen is the irinotecan/cisplatin
co&bination.

In a retrospective study of 101 patients with metastatic MiNEN, there was no
significant difference in progression-free survival or OS between non-NE and NE
chemotherapy regimens|78l.

The optimal number of cycles is not known, although the SCLC guidelines state that 4
to 6 cycles of treatment should be administered, but it is advisable to continue as long as
possible in order to achieve the maximum response, always taking tolerance into
account!79l.

If there few studies of the first line, after progression there are even fewer and the
majority are case reports based on recommendations for other types of tumour. First-
line treatment can be reintroduced if progression occurs more than 3 months after
discontinuationl”™!. Otherwise, combinations of 5-fluorouracil and irinotecan,
temozolomidel5?], amrubicin(8), or streptozocin (STZ)[81l in monotherapy are suggested.
Temozolomide with_or without capecitabine (CAPTEM), and bevacizumab was
administered in the second line after cisplatin-based chemotherapy in a cohort of 25
patients with GEP-NEC with a response rate of 33% and a median OS of 22 months/82l.
In another study of temozolomide in monotherapy in 28 patients with NEC, there was
no response and the median survival was only 3.5 months, although the patients with
Ki-67 lower than 50% did have better outcgmesl®3!.

As noted previously, the amplification of KRAS, BRAF V600E, APC, MMR and Her-2
can occur in both components of MiNEN, raising the possibility of targeted therapies(°l.

Some authors have reported other approaches, such as Lee et all®l, who present the
case of a 61-year-old man diagnosed with stage IV MANEC of the colon with peritoneal
dissemination who was treated, after progression to chemotherapy, with surgery plus
hyperthermic intraﬁitoneal chemotherapy but died 9 months after surgery. Vanacker
et all’®l prescribed high-dose induction chemotherapy with carboplatin, mitoxantrone
and cyclophosphamide followed by autologous stem cell transplantation, with DFS of

30 months at the time of publication. In the fourth line of treatment, Stueger et all%]
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prescribed immunotherapy based on pembrolizumab in a patient with PDL-1
expression of 1%-5%. They reported 14 months of PFS at the time of publication.
Semrau et all®l present a stage IV rectal MiNEN with liver involvement treated with
chemotherapy based on cisplatin plus irinotecan and fractionated radiotherapy, with
complete remission at the beginning but hepatic progression after 3 months of follow-
up. They reintroduced cisplatin plus irinotecan followed by stereotactic body

radiotherapy in liver metastasis, resulting in complete remission with 5 years of DFS.

High grade non-NE as the more aggressive component
In this case, as in localised disease, management should follow the indications of the

clinical guidelines according to the location of the primary tumour.

NET G1, G2 and G3/Low non-NE component

The treatment should be similar to that of “pure NETs”. Firstly, somatostatin analogues
have been proposed for MiNENs with NET G1 and G2 components, since the
expression of somatostatin receptor type 5 is 81.8% and 60% in Gl and G2,
respectively#’l. Radiotherapy with radionuclides (PRRT) is considered at progression,
which has demonstrated a survival benefit, and sunitinib or everolimus in successive
lines!7s!.

In NET G3, the treatment is similar to that of pure NETs and is based on
chemotherapy. First-line STZ with 5-fuorouracil, or temozolomide and CAPTEM are the
preferred treatment options. In subsequent lines, it is possible to use FOLFOX or
everolimus or, if possible, PRRTI751.

Following the above arguments, we summarise the metastatic treatment

recommendations in the algorithm presented in Figure 6.

DISCUSSION
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There are different treatment strategies but there are currently no validated protocols or
clinical guidelines on the management of this disease, although most authors propose
treating MiNEN with the high-grade NE component as the treatment target.

In any case, the lack of high-quality scientific evidence, based on randomised clinical
trials, makes it essential to deepen our knowledge of this group of neoplasms so that we
can develop a more effective approach to identifying the best treatment strategy and
thus improve the current poor results. We also have to bear in mind that over the last
two decades there have been many changes in the definition of this type of neoplasm,
which has hindered the design, development and execution of large-scale clinical trials.
It would be important to reach a general consensus on their diagnosis in order to
construct a classification that remains stable over time and facilitates the design of

clinical trials that, due to their low incidence, will require long recruitment periods.

CONCLUSION

There are different treatment strategies but there are currently no validated protocols or
clinical guidelines on the management of this disease, although most authors propose
treating MiNEN with the high-grade NE component as the treatment target. In any
case, the lack of high-quality scientific evidence, based on randomised clinical trials,
makes it essential to deepen our knowledge of this group of neoplasms so that we can
develop a more effective approach to identifying the best treatment strategy and thus
improve the current poor results. We also have to bear in mind that over the last two
decades there have been many changes in the definition of this type of neoplasm, which
has hindered the design, development and execution of large-scale clinical trials. It
would be important to reach a general consensus on their diagnosis in order to
construct a classification that remains stable over time and facilitates the design of

clinical trials that, due to their low incidence, will require long recruitment periods.

ACKNOWLEDGEMENTS

17/ 38




Thanks are due to Mark Wills, academic translator, and proofreader, for his help with

the style and inner coherence of the language used in this article.

REFERENCES

1 Cordier R. Les Cellules argentaffines dans les tumeurs intestinales. Arch Int Med 1924;
1-5

2 Lewin K. Carcinoid tumors and the mixed (composite) glandular-endocrine cell
carcinomas. Am | Surg Pathol 1987; 11 Suppl 1: 71-86 [PMID: 3544888 DOI:
10.1097/00000478-198700111-00007]

3 Minaya-Bravo AM, Garcia Mabhillo JC, Mendoza Moreno F, Noguelares Fraguas F,
Granell J. Large cell neuroendocrine-Adenocarcinona mixed tumour of colon: Collision
tumour with peculiar behaviour. What do we know about these tumours? Ann Med
Surg (Lond) 2015; 4: 399-403 [PMID: 26635955 DOI: 10.1016/j.amsu.2015.10.004]

4 Solcia E, Kloppel G, Sobin LH. Histological Typing of Endocrine Tumours (WHO
International Histological Classification of Tumours. 2nd ed. Berlin: Springer, 2000 [DOI:
10.1007/ 978-3-642-59655-1]

5 La Rosa S, Marando A, Sessa F, Capella C. Mixed Adenoneuroendocrine Carcinomas
(MANEGCs) of the Gastrointestinal Tract: An Update. Cancers (Basel) 2012; 4: 11-30
[PMID: 24213223 DOI: 10.3390/ cancers4010011]

6 Bosman FT, Carneiro F, Hruban RH, Theise ND. WHOQO Classification of Tumours of
the Digestive System. 2010. [cited 10 January 2024]. Available from:
https:/ /www.semanticscholar.org/paper/ WHO-Classification-of-Tumours-of-the-
Digestive-Bosman/55e625ed523c7bb433d459f18a5fc9fedf445398

7 Lloyd RV, Osamura, RY, Klo“ppel G, Rosai J. WHO Classification of Tumors of
Endocrine Organs. 4% ed. 2017. [cited 10 January 2024]. Available from:
https:/ /www iarc.who.int/news-events/ who-classification-of -tumours-of-endocrine-
organs/

8 Kanthan R, Tharmaradinam S, Asif T, Ahmed S, Kanthan SC. Mixed epithelial

endocrine neoplasms of the colon and rectum-An evolution over time: A systematic

18/ 38




review. World | Gastroenterol 2020; 26: 5181-5206 [PMID: 32982118 DOI:
10.3748/ wjg.v26.134.5181]

9 Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, Washington
KM, Carneiro F, Cree TA; WHO Classification of Tumours Editorial Board. The 2019
WHO classification of tumours of the digestive system. Histopathology 2020; 76: 182-188
[PMID: 31433515 DOL: 10.1111 /his.13975]

10 Toor D, Loree JM, Gao ZH, Wang G, Zhou C. Mixed neuroendocrine-non-
neuroendocrine neoplasms of the digestive system: A mini-review. World | Gastroenterol
2022; 28: 2076-2087 [PMID: 35664032 DOI: 10.3748 / wjg.v28.i119.2076]

11 Rindi G, Kloppel G, Alhman H, Caplin M, Couvelard A, de Herder WW, Erikssson
B, Falchetti A, Falconi M, Komminoth P, Kérner M, Lopes JM, McNicol AM, Nilsson O,
Perren A, Scarpa A, Scoazec JY, Wiedenmann B; all other Frascati Consensus
Conference participants; European Neuroendocrine Tumor Society (ENETS). TNM
staging of foregut (neuro)endocrine tumors: a consensus proposal including a grading
system. Virchows Arch 2006; 449: 395-401 [PMID: 16967267 DOI: 10.1007/s00428-006-
0250-1]

12 La Rosa S, Marando A, Furlan D, Sahnane N, Capella C. Colorectal poorly
differentiated neuroendocrine carcinomas and mixed adenoneuroendocrine
carcinomas: insights into the diagnostic immunophenotype, assessment of methylation
profile, and search for prognostic markers. Am | Surg Pathol 2012; 36: 601-611 [PMID:
22314183 DOI: 10.1097 /PAS.0b013e318242e21c]

13 de Mestier L, Cros J. Digestive system mixed neuroendocrine-non-neuroendocrine
neoplasms (MiNEN). Ann Endocrinol (Paris) 2019; 80: 172-173 [PMID: 31064662 DOL:
10.1016/j.and 0.2019.04.006]

14 Frizziero M, Chakrabarty B, Nagy B, Lamarca A, Hubner RA, Valle JW, McNamara
MG. Mixed Neuroendocrine Non-Neuroendocrine Neoplasms: A Systematic Review of
a Controversial and Underestimated Diagnosis. | Clin Med 2020; 9 [PMID: 31963850
DOI: 10.3390/jem9010273]

19/ 38




15 Bazerbachi F, Kermanshahi TR, Monteiro C. Early precursor of mixed endocrine-
exocrine tumors of the gastrointestinal tract: histologic and molecular correlations.
Ochsner [ 2015; 15: 97-101 [PMID: 25829889]

16 Scardoni M, Vittoria E, Volante M, Rusev B, Bersani S, Mafficini A, Gottardi M,
Giandomenico V, Malleo G, Butturini G, Cingarlini S, Fassan M, Scarpa A. Mixed
adenoneuroendocrine carcinomas of the gastrointestinal tract: targeted next-generation
sequencing suggests a monoclonal origin of the two components. Neuroendocrinology
2014; 100: 310-316 [PMID: 25342539 DOI: 10.1159/000369071]

17 Woischke C, Schaaf CW, Yang HM, Vieth M, Veits L, Geddert H, Mirkl B, Stémmer
P, Schaeffer DF, Frolich M, Blum H, Vosberg S, Greif PA, Jung A, Kirchner T, Horst D.
In-depth mutational analyses of colorectal neuroendocrine carcinomas with adenoma or
adenocarcinoma components. Mod Pathol 2017; 30: 95-103 [PMID: 27586204 DOI:
10.1038/ modpathol.2016.150]

18 Yuan W, Liu Z, Lei W, Sun L, Yang H, Wang Y, Ramdas S, Dong X, Xu R, Cai H, Li
JZ, Ke Y. Mutation landscape and intra-tumor heterogeneity of two MANECsSs of the
esophagus revealed by multi-region sequencing. Oncotarget 2017; 8: 69610-69621 [PMID:
29050228 DOI: 10.18632/ oncotarget.18678]

19 Vanacker L, Smeets D, Hoorens A, Teugels E, Algaba R, Dehou MF, De Becker A,
Lambrechts D, De Greve ]. Mixed adenoneuroendocrine carcinoma of the colon:
molecular pathogenesis and treatment. Anticancer Res 2014; 34: 5517-5521 [PMID:
25275049]

20 Farooq F, Zarrabi K, Sweeney K, Kim ], Bandovic ], Patel C, Choi M. Multiregion
Comprehensive Genomic Profiling of a Gastric Mixed Neuroendocrine-
Nonneuroendocrine Neoplasm with Trilineage Differentiation. | Gastric Cancer 2018; 18:
200-207 [PMID: 29984070 DOI: 10.5230/jgc.2018.18.e16]

21 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: 721-735 [PMID: 35347561 DOI: 10.1007 /s11864-022-00968-y]




22 Lim LX, De Robles MS, Winn RD, Hart KA. A case report of metastatic mixed adeno-
neuroendocrine carcinoma of the anus presenting as anal pain. Int | Surg Case Rep 2020;
71: 240-243 [PMID: 32480333 DOI: 10.1016 /j.ijscr.2020.04.065]

23 Qiu S, Pellino G, Warren OJ, Mills S, Goldin R, Kontovounisios C, Tekkis PP. Mixed
adenoneuroendocrine carcinoma of the colon and rectum. Acta Chir Belg 2018; 118: 273-
277 [PMID: 29911510 DOI: 10.1080/00015458.2018.1482697 |

24 Guadagno E, De Rosa F, Borrelli G, Luglio G, Bucci L, Del Basso De Caro M. High-
grade MINEN in a Long-standing History of Ulcerative Colitis: An Unexpected
Evolution. Inflamm Bowel Dis 2019; 25: e38-e39 [PMID: 30085060 DOI:
10.1093/ibd/izy257]

25 Derikx LA, Vierdag WM, Kievit W, Bosch S, Hoentjen F, Nagtegaal ID. Is the
prevalence of colonic neuroendocrine tumors increased in patients with inflammatory
bowel disease? Int | Cancer 2016; 139: 535-542 [PMID: 26992110 DOI: 10.1002/ijc.30096]
26 Idoate-Gastearena MA, Machuca-Aguado ], Trigo-Sanchez I, Gargallo-Tatay P,
Rodriguez-Zarco E, Garcia De Sola C, Rios-Martin JJ. Proposed oncogenesis of mixed
adenocarcinoma and poorly differentiated neuroendocrine carcinoma in Crohn's
disease: A comparative morphomolecular study. | Dig Dis 2023; 24: 142-146 [PMID:
37010042 DOI: 10.1111/1751-2980.13169]

27 Adhikari D, Conte C, Eskreis D, Urmacher C, Ellen K. Combined adenocarcinoma
and carcinoid tumor in atrophic gastritis. Ann Clin Lab Sci 2002; 32: 422-427 [PMID:
12458898

28 Ronellenfitsch U, Strobel P, Schwarzbach MH, Staiger WI, Gragert D, Kadhler G. A
composite adenoendocrine carcinoma of the stomach arising from a neuroendocrine
tumor. | Gastrointest Surg 2007; 11: 1573-1575 [PMID: 17436049 DOI: 10.1007 /s11605-
007-0172-5]

29 Cary NR, Barron D], McGoldrick JP, Wells FC. Combined oesophageal
adenocarcinoma and carcinoid in Barrett's oesophagitis: potential role of
enterochromaffin-like cells in oesophageal malignancy. Thorax 1993; 48: 404-405 [PMID:
8511743 DOI: 10.1136/ thx.48.4.404]

21/38




30 Mastracci L, Rindi G, Grillo F, Solcia E, Campora M, Fassan M, Parente P, Vanoli A,
La Rosa S. Neuroendocrine neoplasms of the esophagus and stomach. Pathologica 2021;
113: 5-11 [PMID: 33686305 DOI: 10.32074/1591-951X-229]

31 Frizziero M, Wang X, Chakrabarty B, Childs A, Luong TV, Walter T, Khan MS,
Morgan M, Christian A, Elshafie M, Shah T, Minicozzi A, Mansoor W, Meyer T,
Lamarca A, Hubner RA, Valle JW, McNamara MG. Retrospective study on mixed
neuroendocrine non-neuroendocrine neoplasms from five European centres. World |
Gastroenterol 2019; 25: 5991-6005 [PMID: 31660035 DOI: 10.3748 / wjg.v25.i39.5991]

32 Dasari CS, Ozlem U, Kohli DR. Composite Neuroendocrine and Squamous Cell
Tumor of the Esophagus. ACG Case Rep ] 2019; 6: e00248 [PMID: 32042839 DOI:
10.14309/ crj.0000000000000248]

33 Maru DM, Khurana H, Rashid A, Correa AM, Anandasabapathy S, Krishnan S,
Komaki R, Ajani JA, Swisher SG, Hofstetter WL. Retrospective study of
clinicopathologic features and prognosis of high-grade neuroendocrine carcinoma of
the esophagus. Am | Surg Pathol 2008; 32: 1404-1411 [PMID: 18670347 DOI:
10.1097/ PAS.0b013e31816bf41f]

34 La Rosa S, Inzani F, Vanoli A, Klersy C, Dainese L, Rindi G, Capella C, Bordi C,
Solcia E. Histologic characterization and improved prognostic evaluation of 209 gastric
neuroendocrine neoplasms. Hum Pathol 2011; 42: 1373-1384 [PMID: 21531442 DOI:
10.1016/j.humpath.2011.01.018]

35 Nishikura K, Watanabe H, Iwafuchi M, Fujiwara T, Kojima K, Ajioka Y.
Carcinogenesis of gastric endocrine cell carcinoma: analysis of histopathology and p53
gene alteration. Gastric Cancer 2003; 6: 203-209 [PMID: 14716513 DOI: 10.1007 /s10120-
003-0249-0]

36 Ishida M, Sekine S, Fukagawa T, Ohashi M, Morita S, Taniguchi H, Katai H, Tsuda
H, Kushima R. Neuroendocrine carcinoma of the stomach: morphologic and
immunohistochemical characteristics and prognosis. Am | Surg Pathol 2013; 37: 949-959
[PMID: 23759931 DOI: 10.1097 /PAS.0b013e31828f59d]

22/38




37 Ramos MFKP, Pereira MA, Arabi AYM, Mazepa MM, Dias AR, Ribeiro U ]Jr,
Zilberstein B, Nahas SC. Gastric Mixed Neuroendocrine Non-Neuroendocrine
Neoplasms: A Western Center Case Series. Med Sci (Basel) 2021; 9 [PMID: 34201925 DOI:
10.3390/ medsci9030047]

38 Angelico R, Siragusa L, Pathirannehalage Don CB, Sensi B, Billeci F, Vattermoli L,
Padial B, Palmieri G, Anselmo A, Coppola A, Tisone G, Manzia TM. Pancreatic Adeno-
MINEN, a Rare Newly Defined Entity with Challenging Diagnosis and Treatment: A
Case Report with Systematic Literature Review and Pooled Analysis. | Clin Med 2022; 11
[PMID: 36078951 DOI: 10.3390/jcm11175021]

39 Basturk O, Tang L, Hruban RH, Adsay V, Yang Z, Krasinskas AM, Vakiani E, La
Rosa S, Jang KT, Frankel WL, Liu X, Zhang L, Giordano TJ, Bellizzi AM, Chen JH, Shi C,
Allen P, Reidy DL, Wolfgang CL, Saka B, Rezaee N, Deshpande V, Klimstra DS. Poorly
differentiated neuroendocrine carcinomas of the pancreas: a clinicopathologic analysis
of 44 cases. Am | Surg Pathol 2014; 38: 437-447 [PMID: 24503751 DOI:
10.1097/ PAS.0000000000000169]

40 Wang P, Chen ], Jiang Y, Jia C, Pang J, Wang S, Chang X. Neuroendocrine
Neoplasms of the Gallbladder: A Clinicopathological Analysis of 13 Patients and a
Review of the Literature. Gastroenterol Res Pract 2021; 2021: 5592525 [PMID: 34122537
DOI: 10.1155/2021 /5592525]

41 Kim ], Lee W], Lee SH, Lee KB, Ryu JK, Kim YT, Kim SW, Yoon YB, Hwang JH, Han
HS, Woo SM, Park SJ. Clinical features of 20 patients with curatively resected biliary
neuroendocrine tumours. Dig Liver Dis 2011; 43: 965-970 [PMID: 21856258 DOI:
10.1016/j.d1d.2011.07.010]

42 Milione M, Parente P, Grillo F, Zamboni G, Mastracci L, Capella C, Fassan M, Vanoli
A. Neuroendocrine neoplasms of the duodenum, ampullary region, jejunum and ileum.
Pathologica 2021; 113: 12-18 [PMID: 33686306 DOI: 10.32074/1591-951X-228]

43 Watanabe J, Suwa Y, Ota M, Ishibe A, Masui H, Nagahori K, Tsuura Y, Endo L.

Clinicopathological and Prognostic Evaluations of Mixed Adenoneuroendocrine




Carcinoma of the Colon and Rectum: A Case-Matched Study. Dis Colon Rectum 2016; 59:
1160-1167 [PMID: 27824701 DOI: 10.1097/ DCR.0000000000000702]

44 Saclarides TJ, Szeluga D, Staren ED. Neuroendocrine cancers of the colon and
rectum. Results of a ten-year experience. Dis Colon Rectum 1994; 37: 635-642 [PMID:
8026228 DOI: 10.1007 / BF02054405]

45 Grossi U, Bonis A, Carrington EV, Mazzobel E, Santoro GA, Cattaneo L, Centonze G,
Gallo G, Kazemi Nava A, Romano M, Di Tanna GL, Zanus G. Mixed
adenoneuroendocrine carcinoma (MANEC) of the lower gastrointestinal tract: A
systematic review with Bayesian hierarchical survival analysis. Eur | Surg Oncol 2021;
47: 2893-2899 [PMID: 34052038 DOI: 10.1016/j.ejs0.2021.05.021]

46 Paspala A, Machairas N, Prodromidou A, Spartalis E, loannidis A, Kostakis ID,
Papaconstantinou D, Nikiteas N. Management of MANEC of the colon and rectum: A
comprehensive review of the literature. Mol Clin Oncol 2018; 9: 219-222 [PMID: 30101026
DOI: 10.3892 /mc0.2018.1649]

47 Tanaka T, Kaneko M, Nozawa H, Emoto S, Murono K, Otani K, Sasaki K, Nishikawa
T, Kiyomatsu T, Hata K, Morikawa T, Kawai K, Watanabe T. Diagnosis, Assessment,
and Therapeutic Strategy for Colorectal Mixed Adenoneuroendocrine Carcinoma.
Neuroendocrinology 2017; 105: 426-434 [PMID: 28641295 DOI: 10.1159/000478743]

48 Bellizzi AM. Immunohistochemistry in the diagnosis and classification of
neuroendocrine neoplasms: what can brown do for you? Hum Pathol 2020; 96: 8-33
[PMID: 31857137 DOI: 10.1016/j.humpath.2019.12.002]

49 Park JY, Ryu MH, Park YS, Park HJ, Ryoo BY, Kim MG, Yook JH, Kim BS, Kang YK.
Prognostic significance of neuroendocrine components in gastric carcinomas. Eur |
Cancer 2014; 50: 2802-2809 [PMID: 25201164 DOI: 10.1016/j.ejca.2014.08.004]

50 Uccella S, La Rosa S. Looking into digestive mixed neuroendocrine-
nonneuroendocrine neoplasms: subtypes, prognosis, and predictive factors.
Histopathology 2020; 77: 700-717 [PMID: 32538468 DOI: 10.1111/ his.14178]

51 Jesinghaus M, Konukiewitz B, Keller G, Kloor M, Steiger K, Reiche M, Penzel R,
Endris V, Arsenic R, Hermann G, Stenzinger A, Weichert W, Pfarr N, Kloppel G.

24/ 38




Colorectal mixed adenoneuroendocrine carcinomas and neuroendocrine carcinomas are
genetically closely related to colorectal adenocarcinomas. Mod Pathol 2017; 30: 610-619
[PMID: 28059096 DOI: 10.1038 / modpathol.2016.220]

52 Girardi DM, Silva ACB, Régo JFM, Coudry RA, Riechelmann RP. Unraveling
molecular pathways of poorly differentiated neuroendocrine carcinomas of the
gastroenteropancreatic system: A systematic review. Cancer Treat Rev 2017; 56: 28-35
[PMID: 28456055 DOI: 10.1016/j.ctrv.2017.04.002]

53 Gurzu S, Fetyko A, Bara T, Banias L, Butiurca VO, Bara T Jr, Tudorache V, Jung I.
Gastrointestinal ~ mixed  adenoneuroendocrine  carcinoma  (MANEC): An
immunohistochemistry study of 13 microsatellite stable cases. Pathol Res Pract 2019; 215:
152697 [PMID: 31704155 DOIL 10.1016/ j.prp.2019.152697]

54 Olevian DC, Nikiforova MN, Chiosea S, Sun W, Bahary N, Kuan SF, Pai RK.
Colorectal poorly differentiated neuroendocrine carcinomas frequently exhibit BRAF
mutations and are associated with poor overall survival. Hum Pathol 2016; 49: 124-134
[PMID: 26826419 DOI: 10.1016/j.humpath.2015.11.004]

55 La Rosa S, Sessa F, Uccella S. Mixed Neuroendocrine-Nonneuroendocrine
Neoplasms (MiNENSs): Unifying the Concept of a Heterogeneous Group of Neoplasms.
Endocr Pathol 2016; 27: 284-311 [PMID: 27169712 DOI: 10.1007 / s12022-016-9432-9]

56 Zhang P, Li Z, Li], Li], Zhang X, LuZ, Sun Y, Li Y, Zhou J, Wang X, Peng Z, Shen L,
Lu M. Clinicopathological features and lymph node and distant metastasis patterns in
patients with gastroenteropancreatic mixed neuroendocrine-non-neuroendocrine
neoplasm. Cancer Med 2021; 10: 4855-4863 [PMID: 34109756 DOI: 10.1002/cam4.4031]

57 LiY, Yau A, Schaeffer D, Magliocco A, Gui X, Urbanski S, Waghray R, Owen D, Gao
ZH. Colorectal glandular-neuroendocrine mixed tumor: pathologic spectrum and
clinical implications. Am ] Surg Pathol 2011; 35: 413-425 [PMID: 21317713 DOI:
10.1097/PAS.0b013e3182093657]

58 Brathwaite S, Rock ], Yearsley MM, Bekaii-Saab T, Wei L, Frankel WL, Hays J, Wu C,

Abdel-Misih S. Mixed Adeno-neuroendocrine Carcinoma: An Aggressive Clinical

25/38




Entity. Ann Surg Oncol 2016; 23: 2281-2286 [PMID: 26965701 DOI: 10.1245/s10434-016-
5179-2]

59 Smith JD, Reidy DL, Goodman KA, Shia ], Nash GM. A retrospective review of 126
high-grade neuroendocrine carcinomas of the colon and rectum. Ann Surg Oncol 2014;
21: 2956-2962 [PMID: 24763982 DOI: 10.1245/510434-014-3725-3]

60 Song LJ, Yuan L. Comparative analysis of colorectal mixed adenoneuroendocrine
carcinoma and adenocarcinoma with neuroendocrine differentiation: a population-
based study. Int | Clin Exp Pathol 2019;12: 922-932 [PMID: 31933902]

61 Nunez-Valdovinos B, Carmona-Bayonas A, Jimenez-Fonseca P, Capdevila ],
Castafio-Pascual A, Benavent M, Pi Barrio ]J], Teule A, Alonso V, Custodio A, Marazuela
M, Segura A, Beguiristain A, Llanos M, Martinez Del Prado MP, Diaz-Perez JA,
Castellano D, Sevilla I, Lopez C, Alonso T, Garcia-Carbonero R. Neuroendocrine Tumor
Heterogeneity Adds Uncertainty to the World Health Organization 2010 Classification:
Real-World Data from the Spanish Tumor Registry (R-GETNE). Oncologist 2018; 23: 422-
432 [PMID: 29330208 DOI: 10.1634 / theoncologist.2017-0364]

62 Laenkholm IT, Langer SW, Andreassen M, Holmager P, Kjaer A, Klose M,
Federspiel BH, Hansen CP, Knigge U. A short report of 50 patients with
gastroenteropancreatic  mixed  neuroendocrine-non-neuroendocrine  neoplasms
(MINEN).  Acta  Oncol  2021; 60: 808-812 [PMID: 33779475 DOIL
10.1080/ 0284186X.2021.1903077]

63 Lin J, Zhao Y, Zhou Y, Tian Y, He Q, Lin ], Hao H, Zou B, Jiang L, Zhao G, Lin W, Xu
Y,LiZ XueF, LiS, FuW,Li Y, Xu Z, Li Y, Chen ], Zhou X, Zhu Z, Cai L, Li E, Li H,
Zheng C, Li P, Huang C, Xie ]J. Comparison of Survival and Patterns of Recurrence in
Gastric Neuroendocrine Carcinoma, Mixed Adenoneuroendocrine Carcinoma, and
Adenocarcinoma. JAMA Netw Open 2021; 4: 2114180 [PMID: 34313744 DOI:
10.1001/ jamanetworkopen.2021.14180]

64 Chen MH, Kuo Y], Yeh YC, Lin YC, Tzeng CH, Liu CY, Chang PM, Chen MH, Jeng

YM, Chao Y. High neuroendocrine component is a factor for poor prognosis in




gastrointestinal high-grade malignant mixed adenoneuroendocrine neoplasms. | Chin
Med Assoc 2015; 78: 454-459 [PMID: 26002564 DOI: 10.1016/j.jcma.2015.04.002]

65 Milione M, Maisonneuve P, Pellegrinelli A, Grillo F, Albarello L, Spaggiari P, Vanoli
A, Tagliabue G, Pisa E, Messerini L, Centonze G, Inzani F, Scarpa A, Papotti M, Volante
M, Sessa F, Fazio N, Pruneri G, Rindi G, Solcia E, La Rosa S, Capella C. Ki67
proliferative index of the neuroendocrine component drives MANEC prognosis. Endocr
Relat Cancer 2018; 25: 583-593 [PMID: 29592868 DOI: 10.1530/ ERC-17-0557]

66 Pommergaard HC, Nielsen K, Sorbye H, Federspiel B, Tabaksblat EM, Vestermark
LW, Janson ET, Hansen CP, Ladekarl M, Garresori H, Hjortland GO, Sundlév A,
Galleberg R, Knigge P, Kjaer A, Langer SW, Knigge U. Surgery of the primary tumour
in 201 patients with high-grade gastroenteropancreatic neuroendocrine and mixed
neuroendocrine-non-neuroendocrine neoplasms. | Neuroendocrinol 2021; 33: €12967
[PMID: 33769624 DOLI: 10.1111/jne.12967]

67 Ma F, Wang B, Xue L, Kang W, Li Y, Li W, Liu H, Ma S, Tian Y. Neoadjuvant
chemotherapy improves the survival of patients with neuroendocrine carcinoma and
mixed adenoneuroendocrine carcinoma of the stomach. | Cancer Res Clin Oncol 2020;
146: 2135-2142 [PMID: 32306127 DOI: 10.1007 /s00432-020-03214-w]

68 Wen LJ, Chen JH, Xu HJ, Yu Q, Deng Y, Liu K. The clinical profiles, management,
and prognostic factors of biliary mixed neuroendocrine nonneuroendocrine neoplasms:
A systematic review of the literature. Medicine (Baltimore) 2020; 99: €23271 [PMID:
33327249 DOI: 10.1097 /MD.0000000000023271]

69 Nieflen A, Schimmack S, Weber TF, Mayer P, Bergmann F, Hinz U, Biichler MW,
Strobel O. Presentation and outcome of mixed neuroendocrine non-neuroendocrine
neoplasms of the pancreas. Pancreatology 2021; 21: 224-235 [PMID: 33309225 DOI:
10.1016/j.pan.2020.11.020]

70 Zheng H, Zhao Y, He Q, Hao H, Tian Y, Zou B, Jiang L, Qiu X, Zhou Y, Li Z, Xu Y,
Zhao G, XueF, LiS,FuW, LiY, Zhou X, LiY, Zhu Z, Chen J, Xu Z, Cai L, Li E, Li H, Xie
J, Zheng C, Lu J, Li P, Huang C. Multi-institutional development and validation of a

nomogram to predict recurrence after curative resection of gastric

27/ 38




neuroendocrine/mixed adenoneuroendocrine carcinoma. Gastric Cancer 2021; 24: 503-
514 [PMID: 32915373 DOI: 10.1007 /s10120-020-01119-8]

71 Ganti AKP, Loo BW, Bassetti M, Blakely C, Chiang A, D'Amico TA, D'Avella C,
Dowlati A, Downey R], Edelman M, Florsheim C, Gold KA, Goldman JW, Grecula ]JC,
Hann C, lams W, Iyengar P, Kelly K, Khalil M, Koczywas M, Merritt RE, Mohindra N,
Molina J, Moran C, Pokharel S, Puri S, Qin A, Rusthoven C, Sands J, Santana-Davila R,
Shafique M, Wagqgar SN, Gregory KM, Hughes M. Small Cell Lung Cancer, Version
2.2022, NCCN Clinical Practice Guidelines in Oncology. | Natl Compr Canc Netw 2021;
19: 1441-1464 [PMID: 34902832 DOI: 10.6004 /jnccn.2021.0058]

72 Holmager P, Langer SW, Kjaer A, Ringholm L, Garbyal RS, Pommergaard HC,
Hansen CP, Federspiel B, Andreassen M, Knigge U. 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: 806-817 [PMID: 35362798 DOI: 10.1007/s11864-022-00969-x]

73 Sorbye H, Strosberg ], Baudin E, Klimstra DS, Yao JC. Gastroenteropancreatic high-
grade neuroendocrine carcinoma. Cancer 2014; 120: 2814-2823 [PMID: 24771552 DOL:
10.1002/ cncr.28721]

74 Sato O, Tsuchikawa T, Yamada T, Sato D, Nakanishi Y, Asano T, Noji T, Yo K,
Ebihara Y, Murakami S, Nakamura T, Okamura K, Shichinohe T, Mitsuhashi T, Hirano
S. Metastatic mixed adenoneuroendocrine carcinoma of the liver successfully resected
by hepatic trisectionectomy following chemotherapy: A case report. Clin Case Rep 2019;
7: 491-496 [PMID: 30899479 DOI: 10.1002/ ccr3.1968]

75 Castillon JC, Gordoa TA, Bayonas AC, Carretero AC, Garcia-Carbonero R, Pulido
EG, Fonseca PJ, Lete AL, Huerta AS, Plazas JG. SEOM-GETNE clinical guidelines for
the diagnosis and treatment of gastroenteropancreatic and bronchial neuroendocrine
neoplasms (NENs) (2022). Clin Transl Oncol 2023; 25: 2692-2706 [PMID: 37204633 DOL:
10.1007/ s12094-023-03205-6]

76 Volante M, Monica V, Birocco N, Brizzi MP, Busso S, Daniele L, La Rosa S, Righi L,

Sapino A, Berruti A, Scagliotti GV, Papotti M. Expression analysis of genes involved in

28/ 38




DNA repair or synthesis in mixed neuroendocrine/nonneuroendocrine carcinomas.
Neuroendocrinology 2015; 101: 151-160 [PMID: 25633872 DOI: 10.1159/000375449]

77 Yamaguchi T, Machida N, Morizane C, Kasuga A, Takahashi H, Sudo K, Nishina T,
Tobimatsu K, Ishido K, Furuse J, Boku N, Okusaka T. Multicenter retrospective analysis
of systemic chemotherapy for advanced neuroendocrine carcinoma of the digestive
system. Cancer Sci 2014; 105: 1176-1181 [PMID: 24975505 DOI: 10.1111/ cas.12473]

78 Apostolidis L, Bergmann F, Haag GM, Jaeger D, Winkler EC. Treatment outcomes of
patients with mixed neuroendocrine-nonneuroendocrine neoplasms (MiNEN). | Clin
Oncol 2018; 36 Suppl 15: €16163-e16163 [DOI: 10.1200/]CO.2018.36.15_suppl.e16163]

79 Garcia-Campelo R, Sullivan I, Arriola E, Insa A, Juan Vidal O, Cruz-Castellanos P,
Moran T, Reguart N, Zugazagoitia ], Démine M. SEOM-GECP Clinical guidelines for
diagnosis, treatment and follow-up of small-cell lung cancer (SCLC) (2022). Clin Transl
Oncol 2023; 25: 2679-2691 [PMID: 37418123 DOI: 10.1007/512094-023-03216-3]

80 Araki T, Takashima A, Hamaguchi T, Honma Y, Iwasa S, Okita N, Kato K, Yamada
Y, Hashimoto H, Taniguchi H, Kushima R, Nakao K, Boku N, Shimada Y. Amrubicin in
patients with platinum-refractory metastatic neuroendocrine carcinoma and mixed
adenoneuroendocrine carcinoma of the gastrointestinal tract. Anticancer Drugs 2016; 27:
794-799 [PMID: 27341105 DOI: 10.1097 / CAD.0000000000000393]

81 Michael A, Nath DK. Neoadjuvant and Adjuvant Chemotherapeutic Strategy of
Colorectal Mixed Adeno-Neuroendocrine Carcinomas. Cureus 2021; 13: e16645 [PMID:
34458045 DOI: 10.7759 / cureus.16645]

82 Welin S, Sorbye H, Sebjornsen S, Knappskog S, Busch C, Oberg K. Clinical effect of
temozolomide-based chemotherapy in poorly differentiated endocrine carcinoma after
progression on first-line chemotherapy. Cancer 2011; 117: 4617-4622 [PMID: 21456005
DOI: 10.1002/cner.26124]

83 Olsen IH, Serensen ]B, Federspiel B, Kjaer A, Hansen CP, Knigge U, Langer SW.
Temozolomide as second or third line treatment of patients with neuroendocrine
carcinomas. ScientificWorldJournal 2012; 2012: 170496 [PMID: 22973169 DOL
10.1100/2012/170496]

29/ 38




84 Lee S, Kim E, Park DG. Peritoneal metastatic mixed adenoneuroendocrine carcinoma
treated with cytoreduction surgery and hyperthermic intraperitoneal chemotherapy: a
case report. Ann Coloproctol 2022 [PMID: 36404497 DOI: 10.3393/ ac.2022.00339.0048]

85 Stueger A, Winder T, Tinguely M, Petrausch U, Helbling D. Metastatic Mixed
Adenoneuroendocrine Carcinoma of the Colon with Response to Inmunotherapy with
Pembrolizumab: A Case Report. | Immunother 2019; 42: 274-277 [PMID: 31219972 DOI:
10.1097/ CJ1.0000000000000279]

86 Semrau S, Agaimy A, Pavel M, Lubgan D, Schmidt D, Cavallaro A, Golcher H,
Griitzmann R, Fietkau R. Long-term control with chemoradiation of initially metastatic
mixed adenoneuroendocrine carcinoma of the rectum: a case report. | Med Case Rep

2019; 13: 82 [PMID: 30902067 DOI: 10.1186/513256-019-1995-x|




otnotes

Conflict-of-interest statement: The authors declare the following financial
interests / pers&nal relationships which may be considered as potential competing
interests: S. Diaz-Lopez: Travel expenses/Congress Support: Merck, Pfizer, LEO
Pharma, IPSEN Pharma; J. Jiménez-Castro: Honoraria: Servier, Merck. Travel
expenses/Congress Support: Amgen; CE Robles-Barraza: Honoraria: GSK, Aztra,
Pharmamar, Roche. Travel expenses/Congress support: GSK, Aztra; C. Ayala-de
Miguel: Honoraria: LEO Pharma. Travel expenses/Congress Support: Pfizer, Novartis;
M. Chaves-Conde: Honoraria: Merck. Travel expenses/Congress Support: Pfizer, MSD,
Merck.

Open-Access: This article is an open-access article that was selected by an in-house
editor and fully peer-reviewed by external reviewers. It is distributed in accordance
with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the
original work is properly cited and the wuse is non-commercial. See:

https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Provenance and peer review: Invited article; Externally peer reviewed.

Peer-review model: Single blind

Peer-review started: December 6, 2023
First decision: January 6, 2024

Article in press:

Specialty type: Oncology
Country/Territory of origin: Spain

Peer-review report’s scientific quality classification

31/38




Grade A (Excellent): 0
Grade B (Very good): B
Grade C (Good): C
Grade D (Fair): 0
Grade E (Poor): 0

P-Reviewer: Cigrovski Berkovic M, Croatia; Sun D, China S-Editor: Chen YL L-Editor:
A P-Editor:

32/38




Figure Legends

Figure 1 Evolution of the current concept over the years. MANECs: Mixed adeno-
neuroendocrine carcinomas; MiNEN: Mixed neuroendocrine non-neuroendocrine

neoplasms

Figure 2 Origin according to the theory of a common pluripotent stem cell progenitor.

Non-NE: Non-neuroendocrine; NE: Neuroendocrine.

Figure 3 Origin according to the theory of a common monoclonal origin with a
gradual process, neuroendocrine trans/dedifferentiation. ~Non-NE: Non-

neuroendocrine; NE: Neuroendocrine.

Figure 4 Origin according to the theory of an epithelial and endocrine components
that arise differently from precursor cells in a synchronous or metachronous manner.

Non-NE: Non-neuroendocrine.

Figure 5 Adjuvant treatment recommendations. NET: Neuroendocrine tumours; NEC:
Poorly differentiated neuroendocrine cancers; Non-NE: Non-neuroendocrine; MiNEN:

Mixed neuroendocrine non-neuroendocrine neoplasms.

Figure 6 Metastatic treatments recommendations. NET: Neuroendocrine tumours;
NEC: Poorly differentiated neuroendocrine cancers; Non-NE: Non-neuroendocrine; M:
Month; 1L: First line treatment; 2L: Second line treatment; FOLFIRI: Irinotecan plus 5-
fluorouracil; CAPTEM: Capecitabine plus temozolamide; BV: Bevacizumab; STZ:

Streptozocin; MMR: Mismatch repair; SSTR-5: Expression of somatostatin receptor type
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5; PRRT: Radiotherapy with radionuclides; AS: Somatostatin anologues; FOLFOX:

Oxaliplatin plus 5-fluorouracil.




Table 1 Classification of neuroendocrine component

mitoses, and differentiation

according to morphology,

Neuroendocrine Mitotic index Ki-67

component

NET G1 Mitotic index < 2 per 10 Ki-67 <3%
high-power field

NET G2 Mitotic index 2-20 high- Ki-67 3%-20%
power field

NET G3 Mitotic index > 20 high- Ki-67 >20%
power field

Poorly differentiated Mitotic index > 20 high- Ki-67 >20%

neuroendocrine cancers power field

NET: Neuroendocrine tumours; NEC: Poorly differentiated neuroendocrine cancers; G:

Grade.




Table 2 Types of mixed neuroendocrine non-neuroendocrine neoplasm according to

morphology

Types

Description

Collision

Composite

Amphicrine

The juxtaposition of two populations of
coexisting malignant cells that generally
do not have a common precursor and are
separated with no transition zone between
the two

Two morphologically distinct components
that coexist in an intermixed population or
with a predominant component and a
focal area of another minority component
A population of single cells that display

the phenotypes of at least two neoplasms




Table

3 Adjuvant treatment in mixed neuroendocrine non-neuroendocrine

neoplasms
Ref. Number Location Chemotherapy  Result
scheme
Wen et allesl, n=67 Biliary tract Adjuvant CT-RT OS, P =0.076
2020 after RO (n = 22)
vs only surgery
(n = 29;
platinum  and
fluoropyrimidine
regimens
Niefien et alltl, n=13 Pancreatic Adjuvant after At 17-month
2021 surgery (n = 11); llow-up, 2
gemcitabine = 9; patients were

platinum-

etoposide =2

alive with no
evidence of
disease, 2 were
alive with
disease and 9
had died from
the disease. 2
patients  who
had received
NE regimens

were alive
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Zheng et all®, n=777
2021

Watanabe et -
all¥3, 2016

Wang et all¥0], -
2021

Gastric

CCR

Gallbladder

Adjuvant  after
surgery (n =
198); unspecified

regimen

Adjuvant  after
surgery

(MANEC n = 15
vs ADC n = 23);

platinum  and
fluoropyrimidine
regimens

Adjuvant  after
surgery (n = 15)
vs only surgery
(n = 15);

capecitabine

DES, P=0.051

DFS, P = 0.268;
there were no
differences

between them

DES, P=0.916

CT-RT: Chemotherapy and radiotherapy; R0: Adequate margins free

Overall survival; NE: Neuroendocrine; DFS: Disease free survival;

of neoplasia; OS:
CCR: Colorectal

cancer; MANEC: Mixed adeno-neuroendocrine carcinomas; ADC: Adenocarcinoma.
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