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If Ki-67 index of NET show 2.5%, is this G1? G2? Or G1.5? 



Ki-67 index of NET 

• 15% of PanNET fall 
within 2-3% range of 
Ki-67 proliferation 
index. 



Ki-67 index of NET 



Ki-67 index of NET 

Pancreas 2010;39:753-766 



Practical Issues in 

Grading of NET 

• Hot spot interpretation: heterogeneity of 
mitotic count. 

• Discordant mitotic rate and Ki-67 
proliferation index: when the mitotic rate 
and Ki-67 index indicate different grades, 
it is recommended to assign the higher 
grade 

• How do you count? 



Heterogeneity of Ki-67 

Am J Surg Pathol 2010;34:300–313 

        1.4%  vs.   21.5% 



Problems with Ki-67 index:  

How do you count? 

1. Eyeballing 

2. Counting # of cells by live microscope 

3. Counting # of cells by digital image 

analysis 

4. Manual counting # of cells on a printed 

photomicrography 



Eyeballing:  

is it reproducable? 

Results of “eyeballing” of Ki-67 index by 18 observers in 45 cases  
illustrates striking inter-observer variability  

Am J Surg Pathol. 2012;36(12):1761-70 



Problems with Ki-67 index:  

How do you count? 

1. Eyeballing  

 About 60% of the cases have an index close 

to the categorical cut-off index 

 Only 5% are in the extremes (<1% and > 30%) 

Mod Pathol 2015;28(5):686-694 
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Machine also counts 

Lymphocytes, Endothelial cells, 
hemosiderin, etc… 
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How do you count? 

1. Eyeballing 

2. Counting # of cells by live microscope 

3. Counting # of cells by digital image 
analysis 

4. Manual counting # of cells on a printed 
photomicrography 

 



Manual count on  

printed photomicrography 

Manual count on a printed photomicrography  
is the most applicable approach 

(practical and accurate) in daily practice  

Mod Pathol 2015;28(5):686-694 



Dual IHC of 

Synaptophysin & Ki-67 

Mod Pathol 2017;30:620-629 



Heterogeneity of NEC 
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Am J Surg Pathol 2015;39:683-690 
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WD PanNET  

with high Ki-67 index 

Annals oncol 2013;24:152-160 
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Genetics of WD PanNET 

• Lack alterations in genes involved in 

ductal neoplasia: KRAS, CDKN2A, SMAD4 

mutation, p53, etc… 

• Alterations in chromatin remodeling genes;  

MEN1 (44%), DAXX OR ATRX (43%), 

which culminate in loss of corresponding 

protein expression 

Science 2011;331(6021):1199-1203 



Genetics of WD PanNET 

• MEN1 inactivation (44%) 

– Previously known 

• DAXX/ATRX mutation (43%) 

– DAXX (death-domain-associated protein, Chr 
6p) 

– ATRX: thalassemia/mental retardation 
syndrome X-linked 

– Together form a complex 

– Both required for H3.3 incorporation in 
telomeres 

• mTOR pathway  (15%): PTEN (7.3%), 
TSC2 (8.8%), PIK3CA (1.4%) 

 
Science 2011;331(6021):1199-1203 



PD PanNEC (G3) 



PD PanNEC (G3) 



Ki-67 index of NEC 



PD PanNECs 

• Share some of genotypic alterations of 
conventional pancreatic ductal 
adenocarcinoma including KRAS, p16, 
p53, CDKN1A, and SMAD4 

• Lack alterations in MEN1, DAXX, or 
ATRX 

• Common RB1 gene mutations and 
associated loss of Rb protein expression 
(89% of small cell, 60% of large cell type) 



Practical approach to 

classification of G3 tumor 

Am J Surg Pathol 2016;40:1192-1202 



Neuroendocrine neoplasm 

Typical Morphology Ambiguous Case 

Am J Surg Pathol 2016;40:1192-1202 



High-grade Neuroencrine 

Neoplasm of Pancreas 

Am J Surg Pathol 2016;40:1192-1202 



Confidence Curve 



IHC profile of G3 

Am J Surg Pathol 2016;40:1192-1202 

Loss of RB, SMAD4: PD PanNEC 

Loss of ATRX/DAXX: WD PanNET 



Diagnostic algorithm for Pancreatic 

high-grade neuroendocrine neoplasms 

Am J Surg Pathol 2016;40:1192-1202 



Pancreas Neuroendocrine 

Neoplasms 

WD PanNET PD PanNEC 

No KRAS, CDKN2A, 
SMAD4 mutations, except 

rare (~4%) p53 

KRAS, CDKN2A, SMAD4 
and P53 mutation 

Often have MEN1, DAXX or 
ATRX mutations 

No MEN1, DAXX, ATRX 
mutations 

No RB1 mutation  Common RB1 mutation 



WHO Neuroendocrine Neoplasm 

Grading Classifications 

WHO 2010 WHO 2017 (in press) 

Neuroendocrine tumor (NET) 
G1/G2 

NET G1/G2/G3 (WD 
neuroendocrine neoplasm) 

Neuroendocrine carcinoma 
(NEC) G3 

NEC G3 (PD neuroendocrine 
carcinoma) 

Mixed neuroendocrine 
carcinoma (MANEC) 

Mixed neuroendocrine-
nonneuroendocrine 
neoplasm (MiNEN) 



Somatostain receptor  

in NET 



Possible algorithm for treatment 

approach in patients with GEP-NETs 

Curr Treat Options Oncol 2017;18:72 



KOPANA 

• Korean Pathologists Association of North 

America before USCAP 

• Since 2001 (1st) ~ 2018 (17th) 

• 1st day (Thu): Ice-Breaker 

• 2nd day (Fri): Seminar (one day) 

• 3rd day (Sat):  Seminar (half-day) & 

Annual dinner 
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The 17
th

 KOPANA Seminar 

2018 

• Title: Critical review and appraisal of the latest AJCC 
and/or WHO classification 

• Time: March 15 ~17 

• Place: The Sutton Place Hotel, Vancouver, Canada 

• Speakers: Jae Y. Ro, Sophia Apple, Young Hyeh Ko, 
Chan Kwon Jung, Yong Mee Cho, Kyu Rae Kim, Joon 
Hyuk Choi, Maria Westterhoff, Won Tak Choi, Kee-Taek 
Jang, Jin Haeng Chung 

• Trainee presentation: Christopher Bowman, Hayeon Kim, 
Sang Joon Choi 



How about Japan & China? 



CAPA 



CAPA 



KOPANA 2018 

Vancouver, CANADA  



Summary 

• Neuroendocrine neoplasms of GI and pancreas 

Mitosis and/or Ki-67 index are important but 
still limitation of interobserver 
variability/reproducibility 

Manual count in printed photo may be 
practical (cost-effective) 

WD neuroendocrine tumor may show G3 

IHC panel: p53, Rb, DAXX, ATRX 

Molecular profiles of WD vs. PD PanNEC are 
different 



Thanks for Attention! 


