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Source: ChatGPT (OpenAI, 2026)

2026 Beta edition
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Podrascanin PMID 41419712

2024

2024

2025

2026

10%

NET G2b

NET G2a

Biology and Clinical Behaviour Call for a Rethinking of NET 
Classification: The Example of NET G2
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G2 may be further subdivided into two biologically distinct subgroups: 
G2a (Ki-67 3% to <10%) - G2b (Ki-67 10% to>20%)

10%

3%

20%

10%

20%

10%

Eren PMID 38955993

Biology and Clinical Behaviour Call for a Rethinking of NET 
Classification: The Example of NET G2
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Can NET morphology predict NET grade?

Insulinoma like Somatostatinoma like Clear Cells Cystic Type Lypid rich

Courtesy Federica Grillo 
Genova University-Italy Courtesy Federica Grillo 

Genova University-Italy

histology

Insulinoma Somatostatinoma Clear Cells Cystic Type Lypid rich Pleomorphic

G1 or G2a G1 or G2a G1 or G2a G2b or G3G1 or G2a G1 or G2a G2b or G3

Oncocytic

Biology and Clinical Behaviour Call for a Rethinking of NET 
Classification: The Example of NET G2
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Transcriptomics further refines G2 NETs into two distinct molecular subgroups: 

G2a and G2b.

Mangogna et al in preparation

Biology and Clinical Behaviour Call for a Rethinking of NET 
Classification: The Example of NET G2
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G2a and G2b: Two Distinct Positions Within the NET–NEC Spectrum

Mangogna et al in preparation

G2a

G2b

Biology and Clinical Behaviour Call for a Rethinking of NET 
Classification: The Example of NET G2



NEC: POORLY Differentiated Neuroendocrine Carcinoma

Small Cells Neuroendocrine 
Carcinoma
(SCNEC)  

Large Cells Neuroendocrine 
Carcinoma
(LCNEC)  
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NET G3 = (Type A) Well Differentiated+Ki-67 21-55% = MOS: 43,6  

NEC< 55% = (Type B) Poorly Differentiated+Ki-67 21-55% = MOS: 24,5    

NEC  55% = (Type C) Poorly Differentiated+Ki-67 >55%) = MOS:  5,3     

NET G3

NEC  55%

NEC > 55%

Milione PMID 26943788

H&E: well differentiated morphology

H&E: poorly differentiated morphology

H&E: poorly differentiated morphology

Ki-67

Ki-67

Ki-67

A 20% Ki-67 cut-off fails to capture the clinical heterogeneity of NECs 
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Centonze PMID 36417840

Source: ChatGPT (OpenAI, 2026)

HIGH GRADE NENs 
(H-NENs)
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HIGH GRADE NENs 
(H-NENs)

Towards the Classification of the Future 

Source: ChatGPT (OpenAI, 2026)
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WELL DIFFERENTIATED
Neuroendocrine 

Tumors
NET 

POORLY
DIFFERENTIATED
Neuroendocrine 

Carcinomas
NEC

NET & NEC: Two lines are said to be parallel when they lie on the same plane and 
never intersect, that is, they have no points in common, Can we be sure?
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Not even molecular profiling settles the long-standing 

NET G3 vs NEC debate.

 NOTCH
 WNT Beta Catenin
 IL- 6
 JAK
 Stat
 TNF alpha

NET G3 enriched in:

 Apoptosis
 DNA damage
 Hypoxia
 Glycolysis 
 KRAS signalling
 Mtor pathway 

NEC enriched in:

Angerilli    PMID38729995
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Progression of Low-Grade Neuroendocrine Tumors (NET) to High-Grade Neoplasms harnoring the 
NEC-like co-alteration of RB1 and TP53

Joseph PMID 39556303.
Source: ChatGPT (OpenAI, 2026)
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LCNECs* + AC** :  Molecular Landscape 

Supra-carcinoids have carcinoid-like morphology
 yet molecular and clinical features of LCNEC

* Lung Large Cells Neuroendocrine Carcinomas
** Atypical Carcinoids

Simbolo et al. Journal of Thoracic Oncology 2019

Alcala et al. Nature Communications 2019
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MiNEN Across the Current WHO Classifications

MiNEN has emerged as a unifying concept for mixed 
neoplasms across organ systems.

In non-digestive systems, MiNEN encompasses 
neoplasms composed of two morphologically distinct 
components, irrespective of their relative proportions.

The 30% cutoff applies exclusively to digestive MiNENs.

WHO 2022

2026 Beta edition
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Controversies in NEN: An ENETS position statement on the diagnosis and 
treatment of mixed neuroendocrine / non-neuroendocrine neoplasms (MiNEN) of 
the digestive system. Spada F […] Sorbye H submitted

MiNEN

>30%

Non-MiNEN

<30% and other categories
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MiNEN

>30%
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Milione PMID 32365350
Milione PMID 29592868

GEP

LUNG

2026 Beta edition

Ki-67 assessed exclusively in the NEC component, using a 55% cut-off, predicts 
the clinical course of MiNENs regardless of primary site. 
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Simbolo PMID34952268 Simbolo PMID 34952268

Simbolo PMID34952268

Simbolo PMID34952268

Pulmonary MiNENs cluster with large-cell NECs & 
Adenocarcinomas
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NEC LARGE CELLS
 <55 or >55%
TP53 or RB1

KRAS
APC

BRAF
EGFR

MiNEN
 <55 or >55%

TP53 
KRAS
APC

BRAF
EGFR

Shared mutations: MiNENs, adenocarcinomas, 
large-cell NECs

ADENOCARCINOMA
TP53 
KRAS
APC

BRAF
EGFR



Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Massimo Milione

Controversies in NEN: An ENETS position statement on the diagnosis and 
treatment of mixed neuroendocrine / non-neuroendocrine neoplasms (MiNEN) of 
the digestive system. Spada F […] Sorbye H submitted

Non-MiNEN

<30% and other categories
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Not all non-MiNENs are alike especially when it comes to the “magic” 30% 
cutoff 

Consistently below the 30% 
threshold
A true mixed neoplasm by 
morphology and 
immunophenotype, but not a 
MiNEN by the 30% rule. The two 
components share a monoclonal 
origin, while NGS may uncover 
actionable alterations

Carcinoma with a variable neuroendocrine component 

Synapthophysin



Milione M, 14th December 2021

Fassan PMID 33607478

Histotype (neuroendocrine) matters, not proportion
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Not all non-MiNENs are alike especially when it comes to the “magic” 30% cutoff 
(2)

other categories

Ordinary 
Carcinoma 
Expressing 
Synaptophysin 
(OCSE)

Amphicrine Carcinoma

Their mixed nature is not morphological but immunophenotypic: amphicrine 
tumors co-express neuroendocrine and glandular markers, whereas OCSE 
retains glandular morphology despite neuroendocrine marker expression. 
The 30% cutoff is not applicable in the absence of two distinct neoplastic 
populations
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Sabella PMID 40324347

Do Non-MiNEN Mixed Neoplasms Really Matter for Prognosis?

Colorectal Adenocarcinoma, MiNEN, and the 
Spectrum of Non-MiNEN Mixed Neoplasms*: The 
Prognostic Impact of the Neuroendocrine Component

* Carcinoma with a variable neuroendocrine component + OCSE+ Amphicrine Carcinoma
 



massimo.milione@me.com Ferrara 3rd  October 2026

Take Home Message

 NETs and NECs are biologically distinct entities with different 
morphology and proliferative activity

 NET G2b, NET G3 and NEC define a biological grey zone: 
morphologically distinct, molecularly convergent.

 MiNENs: An Evolutionary Bridge Between ADK and LCNECs?

 Even below 30%, a neuroendocrine component may be clinically 
relevant and should be explicitly reported.

Non-morphologically mixed neoplasms, Synaptophysin-expressing 
ordinary carcinomas and Amphicrine carcinomas,show distinct 
clinical outcomes from both conventional adenocarcinomas and 
MiNENs
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Thank you
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