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WHO Current Classification
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Biology and Clinical Behaviour Call for a Rethinking of NET 4, _ Ovrinoweiiompmccny E
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% t0>20%)
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Can NET morphology predict NET grade?
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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: ASST Cremona
G2a and G2bh.
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A 20% Ki-67 cut-off fails to capture the clinical heterogeneity of NECs

—— n Type A vs. B log-rank p < 0.0001
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Patients at risk (n)
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Type C 82 25 7 5 <1 4 4
OS (26)
Type A 100 100 96 58 38 23 23
Type B 100 87 53 17 7 3 3
Type C 100 31 9 6 5 5 5

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

. NEC > 55% = (Type C) Poorly Differentiated+Ki-67 >55%) = MOS: 5,3
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CLASSIFICATION IN CLINICAL PRACTICE
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H-NENs: RNA-Seq - Genomic Analysis (TSO) - OS/PFS
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TSO confirmed the 3 new NEN classes: OS= NET G3, and NEC>55%

v HG-GEP-NENSs include only NET G3 and NEC

Both (2 WHO classes & 3 NEN classes) systems for properly describe HG-GEP-NENs deservel!
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Towards the Classification of the Future P¥R Reqione
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NEC, neuroendocrine carcinoma, NET, neuroendocrine tumor; G, grade.
Source: ChatGPT (OpenAl, 2026)
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NET & NEC: Two lines are said to be parallel when they lie on the same plane and ®'s'¢ma Socio Sanitario

never intersect, that is, they have no points in common, Can we be sure? Regione
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Not even molecular profiling settles the long-standing Sistema Socio Sanitario

NET G3 vs NEC debate.
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Progression of Low-Grade Neuroendocrine Tumors (NET) to High-Grade Neoplasms harnoring the ~ °/*€Ma Socio Sanitario

NEC-like co-alteration of RB1 and TP53 % Regione _
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* Histology and graFilng (WHO) N = alterations co-alteration
e Targeted sequencing / molecular profiling 20 1
e Analysis of RBT and TP53 alterations 0 -
e Immunohistochemistry for RB1 and p53 NET G1 NET G2 NET G3 NEC Accumulation of genomic alterations
and loss of differentiation
RB1 and p53 immunohistochemistry Clinical impact
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Key message Acquisition of RB1 and TP53 co-alterations is a late event in the progression from low-grade NET to high-grade neoplasms,
defines a NEC-like genomic profile, parallels loss of differentiation and is associated with aggressive clinical behavior.

Source: ChatGPT (OpenAl, 2026)
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Histological classification
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Simbolo et al. Journal of Thoracic Oncology 2019

Molecular Landscape

;/Technical replicates

LNEN latent factor 2

* Lung Large Cells Neuroendocrine Carcinomas

** Atypical Carcinoids

LNENO21 LNENO12

massimo.milione@me.com

(14% methylation, 6% expression)

3 —

Sistema Socio Sanitario

ﬂ Regione

Histopathology
® Typical

@ Atypical

® LCNEC

® Carcinoid

Machine learning
O Typical
O Atypical
O LCNEC

-1.0

—0.5 0.0

0.5

18 1.5

LNEN latent factor 1

(30% methylation, 28% expression)
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Supra-carcinoids have carcinoid-like morphology
yet molecular and clinical features of LCNEC
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MINEN Across the Current WHO Classifications Sistema Socio Sanitario
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v'"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.

v'The 30% cutoff applies exclusively to digestive MiNENSs.

Digestive System Tumours

2026 Beta edition
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Controversies in NEN: An BANETS po#on statement on the diadWO%is BME L —
treatment of mixed neuroendoc¥ine / non-neuroendocrine neoplasms (MiNEN) of - —'

the digestive system. Spada F [ J Sw)ye H submitted
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Controversies in NEN: An ETS po#on statement on the diagnosis and
treatment of mixed neuroendoc¥ine / non-neuroendocrine neoplasms (MiNEN) of
the digestive system. Spada F [ J Sw)ye H submitted
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Ki-67 assessed exclusively in the NEC component, using a 55% cut-off, predicts °'s'¢ma Socio sanilario
the clinical course of MINENSs regardless of primary site.
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Pulmonary MINENSs cluster with large-cell NECs &

Adenocarcinomas
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Shared mutations: MINENs, adenocarcinomas,
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Not all non-MINENSs are alike especially when it comes to the “magic” 30% Sistema Socio Sanitario

cutoff $ REQiGnE
Lombardia

Carcinoma with a variable neuroendocrine component xsst cremona

Consistently below the 30%
threshold

A true mixed neoplasm by
e ’ L morphology and
' \ P N | Immunophenotype, but not a
RN A o MIiNEN by the 30% rule. The two
compohnents share a monoclonal
origin, while NGS may uncover
actionable alterations

Synapthophysin
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Histotype (neuroendocrine) ma

Patients’ characteristics at first-line treatment start according to synaptophysin expression.

Characteristic Synaptophysin p-Value
Negative Positive
Count %o Count Yo
ECOG PS 0 108 76.6% 12 66.7% 0.446
1 30 21.3% 6 33.3%
2 3 2.1% 0 0.0%
First-line treatment intensity Anti-BRAF 5 3.5% (1] 0.0% 0.013
Doublet 71 50.4% 17 94.4%
immune checkpoint inhibitor (ICI) 10 7.1% 0 0.0%
Monotherapy 13 9.2% 0 0.0%
Triplet 42 29.8% 1 5.6%
First-line best response Not responders 50 36.8% 12 66.7% 0.015
Responders 86 63.2% 6 33.3%
First-line baseline 347.4 111.8 0.307 *
CEA (Carcinoembryonic antigen) — Mean (min-max) (0.1—22,260) (2.9—635.1)
First-line baseline 13.371.7 1233.6 0.109 *
CA19.9 — Mean (min-max) (2.0—563.400) (2.0—4.482)
First-line baseline p 306,410 280,667 0.559 *
latelets — Mean (min-max) (122,000—865.000) (191,000—580.000)
First-line baseline 368 369 0.994 *
LDH — Mean (min-max) (130—3,302) (143—1.,075)
First-line baseline total 8322 7111 0.281 *

WBC — Mean (min-max)

(1.100—36.000)

(4.190—14.130)

*p — value expressed for independent samples 7 test mean comparison.
ECOG PS. Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase: WBC,

white blood cell; %, prevalence.
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Not all non-MINENSs are alike especially when it comes to the “magic” 30% cutoff

(2)

Sistema Socio Sanitario

Regione
| ombardia

ASST Cremona

Ordinary
Carcinoma
Expressing
Svnaptophysin
(OCSE)

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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Do Non-MINEN Mixed Neoplasms Really Matter for Prognomsn o

DFS
Strata —— Ordinary CRC —— Syn=>=30 —— NMINEN
1.00- e s o B o
Ordinary CRC ws MIMNEMN =D AOOO L
Syn=30 ws MINEMN 0.52
= 0.75S - g
E
e e —
E=]
= 0.50 - ‘_L
=
=
(7] 0.25 -
P < 0.0001
—t-
0.00 -
o 12 24 36 a8 60 72
Time since surgery (months)
Number at risk
Ordinary CRC 534 354 176 133 113 101 o8
Syn=>=30 20 =] 4 1 1 o O
MINEN 11 7 3 2 (0] (] O
Sabella PMID 40324347

Colorectal Adenocarcinoma, VIiINEN, 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
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Take Home Message

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

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

v MiNENs: An Evolutionary Bridge Between ADK and LCNECs?

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

v Non-morphologically mixed neoplasms, Synaptophysin-expressing
ordinary carcinomas and Amphicrine carcinomas,show distinct
clinical outcomes from both conventional adenocarcinomas and
MINENSs
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