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Outline
ÅMost frequent dx errors, challenges, questions

Å2022 WHO Classification of Endocrine and 
Neuroendocrine Tumors 

ÅWHO Classifications, including GI 2010 vs 2019

ÅGEP-NET Site-Specific Considerations 

ÅNew Non-IHC Stuff for PancNET

ÅKi-67

Å!ŘŘΩƭIHC Applications 
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Most Frequent Diagnostic Errors in 
Neuroendocrine Neoplasia

ÅMistaking a non-neuroendocrine carcinoma (typically a 
solid adenocarcinoma) for a neuroendocrine carcinoma
ïNon-neuroendocrine carcinoma with occult NE diff
ïSMARCA4-deficient carcinoma

ÅMost diagnoses of NET G3 are incorrect
ïNEC, AdCAwith occult NE dif, acinar cell ca, iCC

ÅFailing to initially recognize NET
ïCK7/CK20-double negativity equated with broad-spectrum 

keratin-negativity
ïVaried morphologies (eg, spindle cell)

ÅMistaking para/pheofor NET
ïShould demonstrate broad-spectrum epithelial marker+

ÅMistaking small, crushed NET for NEC
ïKi-67 is mandatory in all NET/NEC
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My Most Frequent Diagnostic Challenges

ÅHigh-grade neuroendocrine neoplasm with 
ambiguous morphology                                                              
(ie, is it NET G3 or large cell NEC?)
ïp53, Rb, CXCR4

ïSSTR2, some NET SOO IHC

ÅDemonstrating broad-spectrum epithelial 
marker+ in a NEC
ïMay need to use multiple broad-spectrum epithelial 

markers (including EpCAM)

ïRb, TTF-1 or ASCL1
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These are the Diagnostic Questions

ÅIs it a NET (vs LG epithelial neo or PARA/PHEO)?

ïBroad-spectrum epithelial marker+

ïCgAand/or Syn ALWAYS diffusely, strongly positive

ÅIs it a NEC (vs non-NEC or small round blue cell 
tumor)?

ïBroad-spectrum epithelial marker+

ïCgAand/or Syn only occ. mod-strong, multifocal-diffuse

ïOther support: dot-like keratin, INSM1 ms/md, Rb loss, 
TTF-1/ASCL1+, CXCR4+, SSTR2+, POU2F3+ (15%)
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Diagnostic Questions Continued

ÅIs it a NET G3 or a NEC?

ïp53, Rb, SSTR2, CXCR4, NET SOO

ÅNET Site of Origin?
ïMarkers of midgut, pancreatic, lung, and rectal origin

ÅNEC Site of Origin?

ïTTF-1 (viscera), CK20 (skin)
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WHO 2022 Classification of Endocrine 
and Neuroendocrine Tumors
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WHO 2022 Classification of Endocrine 
and Neuroendocrine Tumors

Å Includes neuroendocrine neoplasms of non-endocrine organs 
(previously only pancNET, MTC, and pitNET, among NETs)

Å Pancreatic neuroendocrine lesions <0.5 cm:                              
neuroendocrine microadenomaĄneuroendocrinemicrotumor

ÅGangliocyticparagangliomaĄcompositegangliocytoma/neuroma and 
neuroendocrine tumor (CoGNET)

Å Cauda equina paragangliomaĄcaudaequina neuroendocrine tumor
Åά{ǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ǘƻ ǇŜǊŦƻǊƳ Yƛ-ст ƻƴ ŀƭƭ b9bǎέ
Å Two-tiered grading system for medullary thyroid carcinoma
ï low-grade (all of the following): <5 mits/2mm2, no necrosis, Ki-67 PI<5%
ïhigh-ƎǊŀŘŜ όŀƴȅ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎύΥ җр mits/2mm2, necrosis, Ki-ст tL җр҈

Å Diagnosis of MiNENdepends on identification of two morphologically 
distinct components (rather than arbitrary 30% cutoff)

ÅwŜƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ǘŜǊƳ άŀƳǇƘƛŎǊƛƴŜ ŎŀǊŎƛƴƻƳŀέ 
ÅtƘŜƻŎƘǊƻƳƻŎȅǘƻƳŀ άŘŜƳƻǘŜŘέ ǘƻ ŀŘǊŜƴŀƭ ǇŀǊŀƎŀƴƎƭƛƻƳŀ
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Type IV and V Gastric NETs
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Dichotomous Tumor Biology

ÅWell-differentiated Ą neuroendocrine tumor

ÅPoorly differentiated Ą neuroendocrine carcinoma

ÅPrognosis

ïb9¢Υ άƎƻƻŘέΣ ǾŀǊƛŀōƭŜΣ ǎǘŀƎŜ ŀƴŘ site dependent

ïb9/Υ άōŀŘέ (e.g., median survival for extensive stage disease             
6-12 mo); Merkel cell more favorable, esp. for limited stage

Genetics

NET NEC

Genomic instability Low High

p53 Wild-type Mutant

Rb Intact Lost

Therapy (ExtensiveStage Dz)

NET NEC

Site dependent
Å Octreotide
Å PRRT
Å mTORinhibitor 

(everolimus)
Å TKI (sunitinib)
Å Chemo (CAP/TEM)

Å Platinum/ Etoposide
Å Chemo for non-NE 

CA native to site
Å Anti-PD-L1 (MCC)
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Biallelic inactivation of TP53 and RB1 is the Molecular 
Genetic Hallmark of Small Cell Lung Cancer

TP53 and RB1 
biallelic loss in 
100% and 93%

(n=108)

p53 Mut Rb Lost

SCLC 76% 87%

EPV 76% 55%

Merkel 39% 44%

30 SCLC,21 EPV, 41 Merkel
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Genetics of Large Cell Neuroendocrine Carcinoma: 
SCLC-like (40%; RB1 inactivated), NSCLC-like (55%; KRAS/STK11 mutant), 

and rare carcinoid-like (5%; MEN1 mutant) tumors
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Genetics of High-Grade GEP-NENs 
(152 NEC/29 NET G3): 

Frequent TP53 (64% mut)/RB1 (14% mut, 34% CN loss) 
alterations in NEC; additional mutations typical of 
adenocarcinoma depending on origin (APC, BRAF)
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Genetics of NET

Midgut1, 2 Pancreas3 Lung4, 5

CDKN1B (p27) inactivation 
(5-10%)

MEN1 (40%) MEN1 (10%)

Loss of chr 11 and 18 DAXX (20-25%) EIF1AX (9%)

Gain of chr 4, 5, 19, 20 ATRX (10-15%) ARID1A (6-7%)

mTOR pathway (15%; 
PTEN, TSC1, TSC2, DEPDC5)

!ŘŘΩƭ chromatin 
remodelling

PMID: 1. 23676460, 2. 24185511; 3. 28199314; 4. 24670920, 27873319
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Issues with WHO 2010

ÅG1/G2 Ki-ст άƘƻƭŜέ

ÅNET G3

ÅMixed tumors composed of various elements
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Tumor Grade (WHO 2010)

Grade Mitotic Rate 
(mitotic figures 
per 10 HPF)

Operator Proliferation 
Index (Ki-67%)

G1 (low grade) <2 AND Җн҈

G2 (int. grade) 2-20 OR 3-20%

G3 (high grade) >20 OR >20%
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PMID: 25723112
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Ki-67
66M  p/w RUQ pain; met NET to liver w/ Ki-67 2.4%; 
SOO IHC c/w pancNET; distal pancreatectomy
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Ki-67 PI: 3.5% (G2)

Ki-67 PI: 44% (G3)
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56-year-old woman with midgut NET s/p 
ileocecectomy in 2013; now for debulking 
of progressive disease on octreotide Ki-67
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Ki-67 PI: 0.75% (G1)

Ki-67 PI: 35% (G3)


