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Objectives 

•  To review the critical morphologic and 
immunohistochemical features involved in the 
diagnosis of neuroendocrine tumors 

•  To understand the role of the pathologist in 
providing complete and accurate pathology 
consultation reports 



The 
Endocrine 

System 



Elements of The Endocrine System 
•  Modified neurons 

–  Express neuronal markers including tyrosine hydroxylase 
–  Neuroectodermal origin  

•  Paraganglia, Adrenal medulla 

•  Neuroendocrine epithelium 
–  Cytokeratins and neuronal markers 
–  Mainly endodermal derivation 

•  Pituitary, pancreas, GI and lung NE cells 

–  Some of putative neural crest origin 
•  Parathyroid, Thyroid C cells 

•  Thyroid Follicular Epithelium 
–  Cytokeratins, TTF-1, thyroglobulin 
–  Endodermal origin 

•  Steroidogenic cells 
–  Nonepithelial, express SF1, Dax1, cytochrome p450 etc 



Neuroendocrine Cells  
•  Cells with the capacity to produce neuropeptides 

and peptide hormones from amines 
–  APUD “amine precursor uptake and decarboxylation” 

•  Cells that exhibit specific morphologic and 
immunophenotypic features 
–  Neuroendocrine biomarkers 
–  Ultrastructural features of “paraneurons”  



Biomarkers of Neuroendocrine Cells 

Neuroendocrine differentiation: 
•  Cytosol 

•  NSE 
•  PGP 9.5 

•  Secretory Granules 
•  Chromogranin 
•  Neuroendocrine secretory 

protein-55 (NESP-55)  
•  Synaptophysin 
•  Synaptopbrevin 
•  Synaptotagmin 
•  Synapsin 

•  Membrane 
•  CD56, CD57 

Specific NE cells: 
•  Transcription factors 

•  TTF-1 lung, thyroid 
•  PDX-1, Isl-1, Pax-6 

pancreas 
•  Cdx-2 pancreas, small 

bowel 
•  Hormones 

•  Serotonin, insulin, 
glucagon, somatostatin, 
gastrin, etc. 

Novel 
circulating 

tumor markers 

Novel 
circulating 

tumor markers 





Ultrastructural Features of 
Neuroendocrine Cells  

•  Well developed RER – hormone synthesis 
•  Large Golgi complex  - hormone packaging 
•  Secretory granules – double membrane 



Neuroendocrine Secretory Granule Morphology 

B 

A A 

A novel target for 
metabolic actions: 

Lipids, LDL-R, 
SREBP, etc 



Neuroendocrine Tumor/Carcinoma 
NETs 

•  ? well differentiated (neuro)endocrine tumors  

•  ? clinical “carcinoid syndrome” 

•  ? malignant vs benign 

•  No longer acceptable: APUDoma, islet cell tumor 



Origin of pNETs 
•  Pluripotent precursors 
“stem cells” in ducts? 

•  Abnormal islet cells? 



Glucagon                             Insulin                        Somatostatin             Pancreatic polypeptide 

Normal vs Islet Dysplasia 



Yao, J. C. et al. J Clin Oncol 20008; 26:3063-3072  

Incidence of NETs 



Anatomic Distribution 
of Neuroendocrine Tumours 

appendix 
35%

ileum 20%
stomach 

10%

rectum 
10%

duodunum 
5%

other 5%

bronchus 
10%

colon 5%

•  Excluding 

neuroendocrine 

tumors classified as 

paraganglioma or 

pheochromocytoma 

•  Other includes 

thyroid MTC, thymus, 

ovary, prostate, etc.   



Morphology of Small Bowel NET 



Morphologic Features of pNETs 
Gross appearance 
•  Well demarcated 
•  Tan to pink, solid 
•  May be hard and fibrotic 
•  May be cystic  



Morphologic Features of NETs 

Histologic patterns 
•  Solid nesting pattern 
•  Trabecular/gyriform 
•  Glandular 
•  Tubular-acinar 
•  Cystic 
•  Papillary 
•  Angiomatoid 
•  Mixed patterns 



Morphologic Features of NETs 

Stromal features 
•  Fibrosis 
•  Amyloid 
•  Calcification 
•  Psammoma bodies 



Morphologic Features of NETs 

Cytology 
•  Usual 
•  Oncocytic and clear cell 
•  Spindle cell 
•  Rhabdoid 
•  Large cell 
•  Small cell 
 
Diagnosis on FNA cytology based on these features 



Confirm neuroendocrine differentiation: 
Synaptophysin                         Chromogranin *circulating tumor 

marker 
PGP 9.5                  Neuroendocrine secretory protein-55 (NESP-55)  
Histidine decarboxylase 

Immunohistochemical Diagnosis 
of NETs 

**Tyrosine hydroxylase 



Immunohistochemical Diagnosis 
of NETs 

Functional markers 
•  PETS:  Glucagon, PP, 

insulin, somatostatin 
•  NETS:  Bombesin, 

Gastrin, Serotonin, 
VIP, somatostatin  

•  ACTH, GHRH, CRH, 
and other ectopic 
hormones 



Immunohistochemical Diagnosis 
of NETs 

Transcription Factors 
•  TTF-1 in lung, thyroid and others 
•  PDX-1, islet-1 (Isl-1), and Pax-6 in 

pancreas 
•  Cdx-2 in pancreas and small bowel 
•  Useful to characterize site of origin of 

metastases from unknown primary site 



Differentiation of NETs 

•  Well differentiated 
–  Benign 
–  Low grade malignant 

•  Gross local invasion and/or metastases 

•  Poorly differentiated endocrine carcinoma 
•  Large cell endocrine carcinoma 
•  Small cell endocrine carcinoma 

•  High grade malignancy 
•  Large and/or small cell cytomorphology 
•  >10 mitoses/10 HPF   



Criteria of Malignancy  
in Neuroendocrine Tumors  

•  Cytologic features, 
mitoses 

•  Proliferation markers 
– Ki 67 index 

•  Invasion 
– Adjacent tissues 
– ? Capsular 
– ? Perineural 
– ? Vascular * 



To count or not to count 
is not the question… 

 
How to count!.. 
•  Counting vs eyeballing 
•  Manual counting  
•  Digital image analysis 
 
•  Ki67 LI assessment 

!  percent of 2000 cells in 
areas of hot spot nuclear 
labeling  

•  Mitotic counting 
!   at least 50HPF in areas at 

 highest mitotic density 



Invasive Endocrine Carcinoma 
 



Poorly Differentiated Neuroendocrine Carcinoma 
(High Grade Neuroendocrine Carcinoma) 

•  Can originate in the GI tract, bladder, cervix, 
prostate and lung 

•  In addition to neuroendocrine differentiation, 
aggressive histological features 

 -Necrosis 
 -High mitotic activity: >10-20 mitoses/10 HPF 
 -Ki-67: >20% 
 -p53 overexpression or accumulation 

•  They are infrequently associated with secretory 
hormonal syndromes 

•  Rarely express somatostatin receptors 
•  Locally advanced or metastatic at presentation 

  



The Classification of NETs Varies 
 by Anatomic Site and  Organization 



WHO Classification of NETs * 

* Except lung; does not include mixed exocrine-endocrine lesions 



Grading of GEP-NETs 

•  Tumor grade refers to the degree of biologic aggressiveness 
and is also related to differentiation 

•  Tumor differentiation refers to the extent of resemblance of 
the normal cellular counterpart 

•  Grading-GEPNET    G1   G2                     G3                         
!  Mitotic activity    <2/10HPF      2-20/10HPF      >20/10 HPF 
! Ki-67 index           <3%               3-20%               >20%               

     



Tumor Grading Issues in NETs 
•  Grading-GEPNET G1-low grade  G2-intermediate grade  G3-high grade  

!  Mitotic activity    <2/10HPF          2-20/10HPF              >20/10 HPF 
! Ki-67 index           <3%                  3-20%                       >20%  

•  When dealing with the limited tissue grading can be problematic! 
  e.g: core biopsy 
  -Ki67 labeling index is helpful 
  -Mitotic counting may not be accurate.      

 
•  The optimal cut-points may differ between organ systems????       

 



Yao, J. C. et al. J Clin Oncol; 26:3063-3072 2008 

Survival in NETS by Grading 
A.   By Histology 

B.  Well Differentiated 
and moderately 
Differentiated 
Histology 

C.  Poorly 
Differentiated 
Histology  



Staging of NETs 
•  Tumor Stage refers to the extent of the spread of the tumor. 

•  The size of  the tumor 
     The extent of invasion into the organ of origin  
     The involvement of lymph nodes  
     The involvement of distant sites are crital factors 

•  The AJCC/IUCC has recently provided in 2010 the new TNM 
staging for NETs of different anatomical sites 



TNM Staging of PETs 
TNM 

T—primary tumor   (For any T, add (m) for multiple tumors) 

 TX Primary tumor cannot be assessed 

 T0 No evidence of primary tumor 

 T1 Tumor limited to the pancreas and size <2 cm 

 T2 Tumor limited to the pancreas and size 2–4 cm 

 T3 Tumor limited to the pancreas and size >4 cm or invading duodenum or bile duct 

 T4 Tumor invading adjacent organs (stomach, spleen, colon, adrenal gland) or the wall of large 
vessels (celiac axis or superior mesenteric artery)  

N—regional lymph nodes 

 NX Regional lymph node cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Regional lymph node metastasis 

M—distant metastases 

 MX Distant metastasis cannot be assessed 

 M0 No distant metastases 

 M1  Distant metastasis (indicates the presence of any single or multiple metastases at any distant anatomical site including nonregional nodes) 

Stage I 
  

T1,N0 

Stage IIa 
 

T2,N0 

Stage IIb 
 

T3,N0 

Stage IIIa  
 

T4,N0 

Stage IIIb 
 

AnyT, N1 

Stage IV 
 

Any T, N 
M1 
 

Rindi et al, Virchows Archiv 2006 



New TNM Staging of PETs 
TNM 

T—primary tumor   (For any T, add (m) for multiple tumors) 

 TX Primary tumor cannot be assessed 

 T0 No evidence of primary tumor 

 T1 Tumor limited to the pancreas and size <2 cm 

 T2 Tumor limited to the pancreas and size >2 cm 

 T3 Tumor extends beyond the pancreas but without involvement of the celiac axis or the 
superior mesenteric artery 

 T4 Tumor involves the celiac axis or the superior mesenteric artery (unresectable) 

N—regional lymph nodes 

 NX Regional lymph node cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Regional lymph node metastasis 

M—distant metastases 

 MX Distant metastasis cannot be assessed 

 M0 No distant metastases 

 M1  Distant metastasis (indicates the presence of any single or multiple metastases at any distant anatomical site including nonregional nodes) 

Stage Ia 
  

T1,N0 

Stage Ib 
 

T2,N0 

Stage IIa 
 

T3,N0 

Stage IIb  
 

T1-3,N1 

Stage III 
 

T4, Any N, M0 

Stage IV 
 

Any T, N 
M1 
 

AJCC/IUCC 7th edition  2010 



TNM Staging of Gastric NETs 
TNM 

T—primary tumor   (For any T, add (m) for multiple tumors) 

 TX Primary tumor cannot be assessed 

 T0 No evidence of primary tumor 

 Tis 
 
 T1 

Carcinoma in situ/dysplasia (tumor size < 0.5 mm), confined to mucosa 
Tumor invades lamina propria or submucosa and ! 1 cm 

 T2 Tumor invades muscularis propria or tumor size >1 cm 

 T3 Tumor penetrates subserosa 

 T4 Tumor invades visceral peritoneum (serosal) or other organs or adjacent structures  

N—regional lymph nodes 

 NX Regional lymph node cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Regional lymph node metastasis 

M—distant metastases 

 MX Distant metastasis cannot be assessed 

 M0 No distant metastases 

 M1  Distant metastasis 

Stage 0       Stage Ia 
  

Tis, NO         T1,N0 

Stage IIa 
 

T2,N0 

Stage IIb 
 

T3,N0 

Stage IIIa  
 

T4,N0 

Stage IIb 
 

AnyT, N1, M0 

Stage IV 
 

Any T, Any N, M1 

AJCC/IUCC 7th edition  2010 



TNM Staging of Small Bowel NETs 
TNM 

T—primary tumor   (For any T, add (m) for multiple tumors) 

 TX Primary tumor cannot be assessed 

 T0 No evidence of primary tumor 

 T1 Tumor invades lamina propria or submucosa and size 1 cm or less (small intestinal tumors); 
tumor 1 cm or less (ampullary tumors) 

 T2 Tumor invades muscularis propria or tumor size >1 cm (small intestinal tumors);                     
tumor size >1 cm (ampullary tumors) 

 T3 
Tumor invades through the muscularis propria into subserosal tissue without penetration of 
overlying serosa (jejunal or ileal tumors) or invades pancreas or retroperitoneum (ampullary or 
duodenal tumors) or into non-peritonealized tissues 

 T4 Tumor penetrates visceral peritoneum (serosa) or invades other organs 

N—regional lymph nodes 

 NX Regional lymph node cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Regional lymph node metastasis 

M—distant metastases 

 MX Distant metastasis cannot be assessed 

 M0 No distant metastases 

 M1  Distant metastasis 

Stage Ia 
  

T1,N0 

Stage IIa 
 

T2,N0 

Stage IIb 
 

T3,N0 

Stage IIIa  
 

T4,N0 

Stage IIb 
 

AnyT, N1, M0 

Stage IV 
 

Any T, Any N, M1 

AJCC/IUCC 7th edition  2010 



TNM Staging of Large Bowel NETs 
TNM 

T—primary tumor   (For any T, add (m) for multiple tumors) 

 TX Primary tumor cannot be assessed 

 T0 No evidence of primary tumor 

 T1 
     T1a 
     T1b 

Tumor invades lamina propria or submucosa and size ! 2 cm  
                   Tumor size <1 cm in greatest dimension 
                   Tumor size 1 to 2 cm in greatest dimension 

 T2 Tumor invades muscularis propria or size > 2 cm with invasion of lamina propria or submucosa 

 T3 Tumor invades through the muscularis propria into the subserosa, or into non-peritonealized 
pericolic or perirectal tissues  

 T4 Tumor invades peritoneum or other organs 

N—regional lymph nodes 

 NX Regional lymph node cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Regional lymph node metastasis 

M—distant metastases 

 MX Distant metastasis cannot be assessed 

 M0 No distant metastases 

 M1  Distant metastasis 

Stage Ia 
  

T1,N0 

Stage IIa 
 

T2,N0 

Stage IIb 
 

T3,N0 

Stage IIIa  
 

T4,N0 

Stage IIb 
 

Any T, N1, M0 

Stage IV 
 

Any T, Any N, M1 

AJCC/IUCC 7th edition  2010  



TNM Staging of Appendiceal NETs 
TNM 

T—primary tumor   (For any T, add (m) for multiple tumors) 

 TX Primary tumor cannot be assessed 

 T0 No evidence of primary tumor 

 T1 
     T1a 
     T1b 

Tumor invades lamina propria or submucosa and size ! 2 cm  
                   Tumor size <1 cm in greatest dimension 
                   Tumor size 1 to 2 cm in greatest dimension 

 T2 Tumor > 2 cm but  ! 4 cm or with extension to the cecum 

 T3 Tumor > 4 cm or with extension to the ileum  

 T4 Tumor directly invades other adjacent organs or structures, eg, abdominal wall, skeletal muscle  
N—regional lymph nodes 

 NX Regional lymph node cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Regional lymph node metastasis 

M—distant metastases 

 MX Distant metastasis cannot be assessed 

 M0 No distant metastases 

 M1  Distant metastasis 

Stage Ia 
  

T1,N0 

Stage II 
 

T2 or T3,N0 

Stage III  
 

T4,N0 or Any T, N1, M0 

Stage IV 
 

Any T, Any N, M1 

AJCC/IUCC 7th edition  2010 



Pathobiology and  
Molecular Genetics 



Conclusions 

•  NETs are pathologically heterogeneous 

•  Pathology is critical for correct 
diagnosis, grading and staging of NETs 

 


