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Abstract

Mixed neuroendocrine non-neuroendocrine neoplasms (MiNENSs) are rare mixed
tumors containing both neuroendocrine and non-neuroendocrine components
that occupy at least 30% of the whole tumor. Biologically, both components ap-
pear to derive from an identical cellular precursor undergoing early dual differ-
entiation or late transdifferentiation. While our understanding of MiNENs has im-
proved in recent years, many areas of uncertainty remain. In this context, setting
diagnostic criteria capable of capturing the continuum of disease biology while
providing clinically meaningful information in terms of prognosis and response to
treatments appears vital to advance the field and improve patients’ outcomes.
Evidence is needed to generate robust classification schemes, and multi-institu-
tional cooperation will likely play a crucial role in building adequately powered
cohorts to address some of the most pressing questions discussed in this Editorial.
What is the minimum representation for each component needed to define
MiNENs? How can the epidemiology of MiNENs change according to different
diagnostic definitions? How can we generate the clinical evidence nee-ded to
optimize the management of MiNENSs?
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Core Tip: In this Editorial, we highlight potential pitfalls in the current classification of mixed neuroendocrine non-neuroen-
docrine neoplasms and comment on challenges in the management of this heterogeneous group of malignancies in light of
the paucity of evidence in the field. Improved biological and clinical knowledge is needed to generate robust classification
schemes that will in turn provide clarity on the epidemiology of the disease, prognosis of affected patients and guidance for
treatment tailoring.
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INTRODUCTION

In their timely review in this issue of World Journal of Gastrointestinal Oncology, Diaz-Lopez et al[1] provide a compre-
hensive description of the biology and clinical management of mixed neuroendocrine non-neuroendocrine neoplasms
(MiNENSs). According to the 2022 World Health Organization (WHO) classification[2], MiNENs consist of both a neu-
roendocrine component and an adenocarcinoma, signet ring cell carcinoma or, more rarely, squamous cell carcinoma
component, with each component exceeding 30%. While knowledge of this group of malignancies has evolved in recent
years, the emergence of new data has perhaps raised as many questions as it has answered.

One key theme around MiNENSs is how we exactly define them. “All models are wrong, but some are useful” is an
aphorism attributed to the statistician George Box. While histopathological classifications are imperfect per se, they
provide crucial information in oncology. However, a priori evidence (i.e. survival rates according to different groups) is
needed to build models (histopathological classifications) capable of conveying useful information. Where is the evidence
when it comes to the WHO classification of MiNENs? Non-neuroendocrine components are present in approximately
40% of gastroenteropancreatic neuroendocrine carcinomas[3], a figure way larger than the perceived frequency of
MiNENSs. Indeed, only a proportion of such malignancies (namely those tumors harboring neuroendocrine and non-
neuroendocrine components exceeding the arbitrarily established 30% cut-off) are currently captured as MiNENs ac-
cording to the 2022 WHO classification[2]. Is thus a scattered minor neuroendocrine or non-neuroendocrine component
irrelevant in terms of clinical behavior, treatment response or prognosis? Possibly no, at least according to studies sho-
wing that a neuroendocrine component > 20% or even > 10% can affect patients” prognosis[4-7]. Not only do these data
question the appropriateness of the arbitrarily chosen 30% cut-off, they also indicate that divergent lineage differentiation
(namely the presence of neuroendocrine component in non-neuroendocrine cancers and vice versa) has profound
prognostic (and perhaps therapeutic) implications per se. Notably, such concept has been already incorporated in the last
edition of the WHO classification of thoracic tumors where “combined neuroendocrine/non-neuroendocrine lung
tumors” refer to mixed entities combining high-grade neoplasms representing at least 10% of the whole tumor[8]. While
the arbitrarily chosen 30% cut-off will be probably revisited in the upcoming WHO classifications of digestive tumors,
quantification and reporting of the neuroendocrine and non-neuroendocrine components in mixed tumors is presently
advisable. Why relatively small foci of neuroendocrine components in non-neuroendocrine cancers may dictate an
aggressive clinical behavior remains largely unknown.

Building a model upon high-level evidence is key to render the model itself relevant and useful. While a relevant
model should be able to precisely capture the biology of the disease in its entirety, a useful model should be able to set the
criteria needed for defining the epidemiology of the disease, predicting prognosis and, ideally, response to treatments.

BUILDING A RELEVANT MODEL

So far, fundamental research investigating the molecular alterations of MiNENs has relied on the WHO classification
criteria. This means that molecular investigations have been carried out on samples selected within the boundaries
imposed by the WHO classification. By doing so, several distinctive traits of MiNENs have been identified. First, multiple
studies[9-11] have shown that neuroendocrine and non-neuroendocrine components share a common trunk of mutations,
with passenger mutations showing segregation in a specific component. Second, the spectrum of shared mutations is
typically similar to that observed in pure adenocarcinomas of the specific anatomic site[11]. Third, allelic imbalances and
chromosomal aberrations are more frequent in the neuroendocrine component rather than in the non-neuroendocrine
component[12]. While these observations support the hypothesis that the neuroendocrine and non-neuroendocrine co-
mponents of MiNENs have a monoclonal origin and then undergo an early dual differentiation or a late subclonal tran-
sdifferentiation, whether such a biological process could be confined within the boundaries of a percent threshold is
disputable. In this context, whether divergent molecular alterations could be found in mixed tumors with different
neuroendocrine/non-neuroendocrine percent representation (including representation below the 30% threshold) is
currently unknown. A critical appraisal of the molecular underpinnings of mixed tumors of the digestive tract according
to the relative component distribution is needed to inform future classification schemes.
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BUILDING A USEFUL MODEL

Inconsistent reporting and varying nomenclature over the past several decades make it difficult to estimate the actual
incidence of MiNENs. However, it is likely that the frequency of MiNENSs is currently underestimated, primarily as result
of challenges in diagnosis. Well-curated multi-institutional analyses from tertiary centers managing high volumes of
patients with NENs might provide a better snapshot than tumor registries, although representativeness of the sample
would be matter of concern. What would be the impact of lowering the percent threshold for each component in mixed
tumors of the digestive tract in terms of incidence and prevalence? No answer can be given at present.

As pointed out by Diaz-Lopez and colleagues in their review[1], the neuroendocrine component of MiNENSs dictates
patients’ prognosis. Several lines of evidence support this conclusion. First, survival outcomes of MiNENs compare
similarly to those of NEC patients, diverging from those of non-neuroendocrine cancers[13]. Second, the neuroendocrine
component is almost always responsible for the metastatic process[14,15]. Third, the Ki-67 index of the neuroendocrine
component determines the natural history of the disease[16,17]. Nevertheless, these concepts represent an oversimpli-
fication of the MiNEN reality. Indeed, MiNENSs can contain tumor entities with variable degrees of biological aggress-
iveness in the neuroendocrine and non-neuroendocrine component, and a widely accepted grading system is presently
lacking. Although La Rosa’s proposal[3] to subdivide MiNENs into low-grade, intermediate-grade and high-grade
entities according to the most aggressive component appears valuable to inform management decisions (Table 1), its
prognostic relevance remains to be evaluated by large series studies. In this regard, caution should be posed when inter-
preting survival outcomes in MiNEN patients. Indeed, only lower stage tumors are likely to undergo surgery and can be
consequently diagnosed as MiNENSs, whereas advanced tumors are more likely to undergo biopsy and can be possibly
categorized based on a sample where the dual component is not represented. As result, while observational studies may
overestimate the benefit of surgery in MiNENs, comparisons between MiNENs and other tumor entities such as pure
NECs or pure non-neuroendocrine cancers hold a substantial risk of selection bias and immortal time bias.

Table 1 Proposed grading and systemic management of mixed neuroendocrine non-neuroendocrine neoplasms

Grades Neuroendocrine component Non-neuroendocrine component Systemic management
Low Well-differentiated NET, Grade 1 Ki- Adenoma Somatostatin analogs; Radiolabeled somatostatin
67 < 3%, MI <2/10 HPF, Grade 2 Ki- analogs (when SSTR"); Everolimus; Sunitinib
67 3-20, MI 2-20/10 HPF (pancreatic primaries); Temozolomide-based
chemotherapy
Intermediate Well-differentiated NET, Grade 1 Ki- Adenocarcinoma, signet ring cell carcinoma, 5-FU-based regimens (i.e. FOLFIRINOX, FOLFIRI,
67 <3%, MI < 2/10 HPF, Grade 2 Ki- mucinous neoplasm FOLFOX, etc), Targeted therapies according to
67 3-20, MI 2-20/10 HPF molecular profiling
High NEC (small/large cell) Adenocarcinoma, squamous cell carcinoma, Etoposide/Platinum
acinar cell carcinoma, adenosquamous 5-FU-based regimens (i.e. FOLFIRINOX, FOLFIRI,
carcinoma, mucinous carcinoma, signet ring FOLFOX, etc), Targeted therapies according to
cell carcinoma molecular profiling

HPF: High power field; MI: Mitotic index; NEC: Neuroendocrine carcinoma; NET: Neuroendocrine tumor.

Evidence on MiNEN treatment is very limited, and guidelines[18] often extrapolate data from neuroendocrine and
non-neuroendocrine space. In most institutions, when a poorly differentiated neuroendocrine component is present, the
etoposide/platinum regimen is recommended; on the other hand, when the non-neuroendocrine component is the most
aggressive one, 5-FU-based combinations are preferred[19]. Whether etoposide/platinum combination is the most
effective option for the upfront treatment of high-grade NENs has been recently questioned[20], and prospective evi-
dence, possibly generated by using innovative clinical trial designs[21], is needed to guide the management of patients
with MiNEN.

CONCLUSION

The frequency of MiNENs appears very low at present, but future changes to the WHO classification as well as improved
recognition of these entities among both pathologists and clinicians might change the epidemiology of the disease,
allowing a better understanding of their biology, natural history and clinical management. While the need of the hour is
how we exactly define MiNENSs, questing for high-level evidence through collaborative studies will certainly be instru-
mental to improve patients” outcomes.
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