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Objectives

ÅTo discuss basic concepts in the assessment of neuroendocrine 
neoplasms

ÅTo distinguish neuroendocrine TUMORs and CARCINOMAs

ÅTo consider the differences in gastric neuroendocrine neoplasms  
versus those in the small intestine, pancreas, colon, and anus

ÅTo discuss mixed neuroendocrine non-neuroendocrine neoplasms 
(MiNENs)

ÅTo wish we could just call them carcinoids



The glorious past

ÅThere were carcinoids and there were small cell 
carcinomas and we had no problems ςbut we 
were naïve.

ÅWe had the delusion that small cell carcinomas 
were just the high-grade form of carcinoids.

ÅThen pancreatic pathology colleagues began to 
study the pancreatic lesions of these types in 
massive detail.

ÅIn 2004 the counting club was formed - we had to 
say NETs (rather than carcinoids) because it was 
easy to make acronyms and suddenly there were 
rules for all body sites based on pancreatic data.



NENs and NETs and NECs

ÅNeuroendocrine neoplasms (NENs) needed to be separated into NETs 
(neuroendocrine tumors) and NECs (neuroendocrine carcinomas).

ÅThis was by edict based on pancreatic data applied to all sites.  Counting 
mitoses or adding Ki-67/Mib1 staining became required.

ÅIt sort of worked. NETs usually were not very proliferative (a few %), and 
NECs were super proliferative (80-100%) 

ÅIf lesions that looked like NETs were moderately proliferative (in the 20-30% 
range by ki-67), they were termed NECs



Pancreatic Data
Gene Small cell 

carcinoma

Large cell 

neurondocrine

carcinoma

Well differentiated 

pancreatic NET 

(islet cell tumor)

Pancreatic ductal 

adenocarcinoma

Small cell lung 

carcinoma

KRAS 25% 33% 0% >90% Up to 10%

CDKN2A 11% 50% 0% 80-90% Up to 10%

TP53 100% 90% 4% 75% 80%

SMAD4/DPC4 0% 10% 0% 55% 0%

RB1 89% 50% 0% 13% 90%

DAXX/ATRX 0% 0% 43% 0%

MEN1 0% 0% 44% 0% 0%

mTOR family 1%

Å YachidaS, VakianiE, White CM, Zhong Y, Saunders T, Morgan R, de Wilde RF, Maitra A, Hicks J, DemarzoAM, Shi C, Sharma R, Laheru D, EdilBH, Wolfgang CL, SchulickRD, Hruban RH, Tang LH, KlimstraDS, Iacobuzio-Donahue CA. Small cell and large 
cell neuroendocrine carcinomas of the pancreas are genetically similar and distinct from well-differentiated pancreatic neuroendocrine tumors. Am J Surg Pathol. 2012 Feb;36(2):173-84. PMID: 22251937; PMCID: PMC3261427.

Å Jiao Y, Shi C, EdilBH, de Wilde RF, KlimstraDS, Maitra A, SchulickRD, Tang LH, Wolfgang CL, Choti MA, VelculescuVE, Diaz LA Jr, Vogelstein B, KinzlerKW, Hruban RH, Papadopoulos N. DAXX/ATRX, MEN1, and mTOR pathway genes are frequently 
altered in pancreatic neuroendocrine tumors. Science. 2011 Mar 4;331(6021):1199-203. PMID: 21252315; PMCID: PMC3144496.



2017 ςChanges to how things are done

ÅBased on accumulating data, NETs and NECs are essentially unrelated 
lesions and the terminology and reliance of proliferation indices can 
make things worse.

ÅBUT, we can serve patients better understanding the differences



The new recipe:

NETmorphology- AND
G1 - <2 mitosesper 10highpower fields(2 mm2) or < 3%Ki-67 index.
G2 - mitotic count2-20per 10highpower fields(2 mm2) or 3-20%Ki-67 index.
G3ςmitotic count>20per 10highpower fields(2 mm2) or >20%Ki-67 index.

NECmorphologyςAND
>20mitoses/10highpower fields(2 mm2) or >20%Ki-67 index.



Different Morphology, Genetics, and 
Treatment for NETG3 versus NEC
There are few data concerning G3 NETs throughout the body because the concept 
is recent; data are mostly extrapolated from studies of pancreatic well 
differentiated neuroendocrine (islet cell) tumors.  

In difficult cases: 

DAXX and ATRX (lost in some NETs), 

p53 (positive in NECs) 

RB protein (lost in NECs) 

Strong diffuse p16 expression (NEC, at least pancreatic NECs*). 

* Umetsu SE, Kakar S, Basturk O, Kim GE, Chatterjee D, Wen KW, et al. Integrated Genomic and Clinicopathologic Approach Distinguishes Pancreatic Grade 3 

Neuroendocrine Tumor From Neuroendocrine Carcinoma and Identifies a Subset With Molecular Overlap. Mod Pathol. 2023;36(3):100065.



Umetsu SE, Kakar S, Basturk O, Kim GE, Chatterjee D, Wen KW, et al. Integrated Genomic and Clinicopathologic Approach Distinguishes Pancreatic Grade 3 Neuroendocrine 
Tumor From Neuroendocrine Carcinoma and Identifies a Subset With Molecular Overlap. Mod Pathol. 2023;36(3):100065.



Treatment ςG3 NET versus NEC

G3 NET (somatostatin analogues, mTOR inhibitors, alkylating 
agents, VEGF inhibitors) 

NEC (platinum based chemotherapy)
RindiG, KlimstraDS, Abedi-ArdekaniB, Asa SL, Bosman FT, Brambilla E, BusamKJ, de Krijger RR, DietelM, El-Naggar AK, Fernandez-Cuesta L, KlöppelG, 
McCluggage WG, MochH, OhgakiH, Rakha EA, Reed NS, Rous BA, SasanoH, Scarpa A, ScoazecJY, Travis WD, TalliniG, TrouillasJ, van KriekenJH, Cree IA. 
A common classification framework for neuroendocrine neoplasms: an International Agency for Research on Cancer (IARC) and World Health 
Organization (WHO) expert consensus proposal. Mod Pathol. 2018 Dec;31(12):1770-1786. PMID: 30140036; PMCID: PMC6265262.



Does anyone enjoy counting Ki-67s?

Åbƻ ȅƻǳ Řƻ ƴƻǘΤ ƛǘΩǎ ǘƻǘŀƭƭȅ ōƻǊƛƴƎΦ

ÅMachines count lymphocytes ςbut so do we.

ÅMachines are more patient than humans.

ÅAI is supposed to solve it, but who has that?

Å¢ƘŜǊŜ L{ ŀ ǇƻƻǊ ƳŀƴΩǎ ǘǊƛŎƪ όŀƴŘ ǎƻƳŜ ƳŀŎƘƛƴŜǎ ǎŜŜƳ ǘƻ ǳǎŜ ƛǘ ƛƴ 
their algorithms).



Estimation of proliferation index using the 
formula for a circle. 
Å All the nuclei are counted in a straight line in 

the middle of a circle (the microscopic field) 
from one end to the other; this becomes the 
άŘƛŀƳŜǘŜǊέ ƻŦ ǘƘŜ ŎƛǊŎƭŜΦ 

Å 5ƛǾƛŘŜ ǘƘŀǘ ƴǳƳōŜǊ ōȅ н ǘƻ ƎŜǘ ǘƘŜ άǊŀŘƛǳǎέ 
(r). 

Å ¦ǎŜ ǘƘŜ ŦƻǊƳǳƭŀ ŦƻǊ ǘƘŜ ŀǊŜŀ ƻŦ ŀ ŎƛǊŎƭŜ όˉ Ȅ 
r2) and calculate that value, which is the 
number of all cells in the circle. 

Å Staying in the same field, count the number 
of positive cells. Then calculate the number 
of positive cells divided by the number for 
the area of the circle to provide an estimate 
of the proliferation index. 

Å In this example, there are 18 nuclei in the 
ƭƛƴŜΣ ǎƻ ǘƘŜ άǊŀŘƛǳǎέ ƛǎ ф ŎŜƭƭǎΦ ¢ƘŜ ǘƻǘŀƭ 
number of nuclei is thus 3.14 x (9x9) = 
254.35. There are 90 positive cells, so the 
index is 35%. 

Å Society guidelines suggest counting 500 cells, 
ǎƻ ŀ άŘƛŀƳŜǘŜǊέ ƻŦ нс ƻǊ ƳƻǊŜ ƴǳŎƭŜƛ όŀƴŘ 
ǘƘǳǎ ŀ άǊŀŘƛǳǎέ ƻŦ мо ŎŜƭƭǎύ ȅƛŜƭŘǎ ŀ ƭŀǊƎŜ 
enough denominator of cells. 



A few comments by anatomic site

ÅEsophagus

ÅStomach

ÅSmall intestine (touched upon in stomach section)

ÅColon

ÅAnus



Esophageal well differentiated neuroendocrine (carcinoid) tumor





Esophagus ς
columnar 

precursor and 
small carcinoma 



MANEC and 
MiNEN

ÅWe used to talk about mixed 
adenocarcinoma and 
neuroendocrine carcinoma (MANEC). 

ÅBUT sometimes we see mixed 
squamous and neuroendocrine 
carcinoma or even a glandular lesion 
associated with a neuroendocrine 
(carcinoid) TUMOR so WHO said 
άƳƛȄŜŘ ƴŜǳǊƻŜƴŘƻŎǊƛƴŜ-non-
ƴŜǳǊƻŜƴŘƻŎǊƛƴŜ ƴŜƻǇƭŀǎƳǎέ 
(MiNEN)





Stomach



Metaplastic Atrophic Gastritis (MAG)
Autoimmune vs. H.pylori Types

Autoimmune H. pylori





Gastric antrum



Gastric body





Autoimmune gastritis, 
pancreatic metaplasia











After many 
ȅŜŀǊǎΧΧ



Type 1 carcinoid arising in 
gastric body of 50+ woman 

with history of type 1 
diabetes



When Does It Stop Being ECL Cell Hyperplasia and 
Become Carcinoid?

ÅExtensive literature on hyperplasia-dysplasia-
neoplasia ςno practical value

ÅSome use a cut-ƻŦŦ ƻŦ лΦр ƳƳ ŀǎ άŎŀǊŎƛƴƻƛŘέ

ÅThe WHO is not clear on a cut-off size.

ÅOur definition ςƛŦ ǘƘŜ ŜƴŘƻǎŎƻǇƛǎǘ ǎŜŜǎ ŀ ƴƻŘǳƭŜ ƛǘΩǎ ŀ 
carcinoid/WDNET of ECL cell type.







Combination synaptophysin and ki-67 
stain; Ki-67 is brown.



Enterochromaffin-like 
(ECL)-cell hyperplasia





Type 1 
carcinoid -



We avoid doing ki-67 stains in Type 1 carcinoids 
since they are essentially always indolent and results 
ǎǳŎƘ ŀǎ ǘƘƛǎ ƻƴŜ ŘƻƴΩǘ ƳŜŀƴ ŀƴȅǘƘƛƴƎ - (metastases 
are rare for type 1 carcinoids and deaths are 
exceptional)



Case
Slide A is from the duodenum and 
slide B is from the stomach.  What 

syndrome can you dream up to 
explain these findings?



A





B





A, gastrin 

stain



B; Gastrin stain



Diagnosis ςZollinger-
Ellison Syndrome with a 

duodenal gastrinoma and a 
gastric carcinoid 

tumor/WDNET of ECL cell 
type ςType 2 carcinoid 





Zollinger-Ellison







MEN-1
ÁGene: Tumor suppressor gene on 
chromosome 11 (11q13)

ÁPituitary: Prolactinomas, mass effect 

ÁParathyroid: Hyperparathyroidism, 
nephrolithiasis

ÁPancreas-duodenum: Multicentric, 
gastrinomas, ulcers (PanNETs are leading 
cause of death)





> 5 mm

< 5 mm - 1 mm

< 1 mm - 0.5mm

< 0.5 mm

Gastrin     Glucagon       Insulin PP      Somatostatin     Unclassified

Endocrine tumors

Ln metas

Klöppel et al,  

Am J Surg Pathol. 2008 Jul;32(7):1101 -5.



Klöppel et al,  

Am J Surg Pathol. 2008 
Jul;32(7):1101 -5







Gastrin



Modern Gastrinoma
In the proton pump inhibitor era




