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Objectives 
•  Discuss pathogenesis, clinical 

presentation and pathologic features of 
GI-NET 

•  Discuss grading and staging of GI-NET 
and the issues with the grading of these 
tumors  

•  Introduce the changes of the new WHO 
grading and AJCC staging of GI-NETs 

•  Discuss the differential diagnosis of GI-
NETs 



GI-Neuroendocrine Tumors  
Introduction 

•  Tumors derived from cells of the neuro-
endocrine system of the gut (GI-NES) 

•  GI-NES produces about 30 hormones involved in 
the regulation of motility, digestion, and immune 
system 

•  GI-NET represent 2% of all tumors of the GI 
tract, and 75% of all NETs in the body 

 
 
 



NETs Epidemiology: 

§  Annual incidence of 
1-4 per 100,000 

§  Stage at presentation 
§  50% local 
§  25% regional 
§  25% metastatic 

§  Median age 61 
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Maggard et al. Annals of Surgery 240:1 2004 



GI-Neuroendocrine Tumors  
Prognosis 

                                       5 yr survival % 
•  Stomach  4-20%  ………… 48 
•  Small bowel 29%   ……….. 55 
•  Appendix 25%   ……………85 
•  Colon 10%   ………………..41   
•  Rectum 17%    ……………. 72 
 
Symptoms: flushing, diarrhea, abdominal pain, nausea, 
dyspepsia, peptic ulcer, weight loss, intestinal obstruction 
 
Ref.: 1. Modlin IM. et al. An analysis of 8305 cases of carcinoid tumors. 
Cancer 79:813-829, 1997. 



The Carcinoid Syndrome: 
§  Vasoactive peptides and 

amines including: 
§   serotonin (5-HT) 
§   histamine 
§   tachykinins 

§  Substance P 
§  Substance K 
§  Kallikrein 

§  prostaglandins 
§  Syndrome characterized 

by flushing, diarrhea and 
bronchospasm (rarely) 

Facial Flushing 



Carcinoid Heart Disease: 
§  Right sided heart valve 

disease occurs in ~25% of 
patients with the carcinoid 
syndrome. 

§  Degree of damage 
correlates with extent and 
duration of serotonin 
exposure (median 5HIAA 
>200mg/24h). 

§  Median survival 1.5 years 
(1980s)à4.4 years 
(1995-2000).   

 
 

Carcinoid heart disease: Thickened 
and fibrotic pulmonary valve 

caused by fibroblast proliferation 

Moller et al. Circulation 2005; 112:332-37 



Mesenteric Metastases 

§  Metastases to the “root of the 
mesentery” are common. 

§  Desmoplastic fibrosis can 
result in bowel obstruction 
and mesenteric ischemia. 

Abdominal CT scan demonstrating carcinoid tumor at 
root of mesentery causing stellate pattern of fibrosis 



Liver Metastases: 

•  Predominant metastatic site. 
•  Carcinoid syndrome occurs 

primarily in patients with liver 
metastases. 

•  Tumors can be large and 
diffuse without impairing 
liver function. 

•  Prognosis with few liver 
metastases (1-4) similar to 
prognosis with localized 
disease. Contrast-enhanced CT scan of patient with 

metastatic small bowel carcinoid 

Janson et al. Ann of Onc 8: 685-90 (1997) 



Origin of Neuroendocrine cells ? 

•  Embryonic neural crest (Pearse, 1971) 
        “Neuroendocrine” terminology 
•  C-cell thyroid, parathyroid and adrenal medulla 

develop from neural crest but… 
•  Pancreatic endocrine cells originate from 

“endoderm”  (Andrew & Pictet, 1976) 
  “Endocrine” terminology 

•  Intestinal STEM CELL at base of crypt gives 
origin to all intestinal cell types (Paneth cell, 
enterocytes, goblet cells, entero-endocrine cells) 
   

Ref.: Barker, et al. Curr Protoc Stem Cell Biol 2010; Chap. 5:Unit 5A 4. 



Diffuse Endocrine System  
•  Lung: Kultschitzky cells 
•  Pancreas: Islet cells 
•  Gastrointestinal tract: 
        - Enterochromaffin cells = 5 HT (10-20%) 
        - Enterochromaffin-like cells = histamine (40-   
          50%) 
        - G cells = gastrin (40-60%) 
        - L cells = enteroglucagon  
        - D cells = somatostatin (10-20%) 
        - P/D1 cells = Ghrelin-producing cells (10- 
          15%) 
 
    



Embryological Classification of GI NETs 

§  Foregut:  
 bronchial tree, 
stomach, duodenum 

§  Midgut: 
 small intestine, 
appendix, proximal 
colon 

§  Hindgut: 
 Distal colon, rectum 

Williams et al. Lancet 1963;1:238-39 



GI-Neuroendocrine cells 
Histology 

•  Dispersed cells near 
epithelial BM 

•  Oval, pyramidal, flask-
shaped 

•  Granular eosinophilic 
cytoplasm 

•  Nucleus facing the 
lumen and the 
cytoplasm the 
outward of the gland   

Endocrine cell 

Paneth cells 



GI-NETs: Histopathology 
Differentiation vs.Grade 

* Differentiation: extent to which neoplastic cells RESEMBLE their cell of origin 



GI-NETs: Histopathology 
Differentiation vs.Grade 

•  GRADE = tumor inherent biologic behavior 
•  Low Grade NETs = indolent 
•  High Grade NETs = very aggressive 

•  DIFFERENTIATION = extent to which neoplastic 
cells RESEMBLE their cell of origin  

    Differentiation DOES NOT EQUAL Grade                                 

•  Well differentiated NETs include Low, 
Intermediate or High grade tumors 

•  Poorly differentiated NETs include High grade 
tumor 



GI-NETs:  Macroscopic findings 



GI-Neuroendocrine Tumors  
Growth patterns 

•  Type A: Insular-nested 



GI-Neuroendocrine Tumors  
Growth patterns 

•  Type B: Trabecular-ribbon  
 



GI-Neuroendocrine Tumors  
Growth patterns 

•  Type C: Acinar-glandular 
 



GI-Neuroendocrine Tumors  
Growth patterns 

•  Type D: Poorly differentiated 



GEP-NETs WHO 2010 
Differentiation Grade 

 
WHO grading WHO nomenclature 

Well differentiated  

Low 
(Typical) <2 mitoses/10 HPF 

and ≤2% Ki67 index 
Neuroendocrine 
neoplasm, grade 1   

Intermediate 
(Atypical) 

2 to 20 mitoses/10 
HPF or 3%-20% Ki67 
index 

Neuroendocrine 
neoplasm, grade 2 

Poorly differentiated High >20 mitoses/10 HPF or 
>20% Ki67 index 

Neuroendocrine 
carcinoma, grade 3 
(large-cell or small-cell 
type) 

* Ki-67 variability in biopsies 
   Need to count 2000 cells in area of highest labeling 

Mixed adeno-neuroendocrine carcinoma (MANEC)   



GEP-NETs:  GRADING and Ki-67 
                                      I                                                   II                                                 III 



Issues with the Mitotic Count 
1.   The count should be done from the 

most active areas (hot spot). 
2.   A minimum of 50 HPFs should be 

evaluated (10 HPF at X40 = 2 mm2 but 
the area depends also on the eyepiece 
field which varies among different 
scopes models and manufacturers) 

3.   Difficulty in discriminating between 
pyknosis, apoptosis and srunken nuclei 

   



Issues with Ki-67 Quantification 

1.   Mitotic count usually lower than Ki-67 
proliferation index (mitotic count 
decreases in relation to time to fixation; 
Ki-67marks all cells cycling) 

2.   Variations due to usage of different 
Ki-67 antibody clones, ihc protocols, 
thickness of sections, tumor cellularity 

3.   Only strong nuclear staining should be 
counted  



Recommendations for Ki-67 
proliferation index determination 

 
1.   Avoid eyeball estimation 
2.   Manual count of a camera-captured or printed image 

is most practical (Reid et al 2015)  
3.   Avoid automated digital image analysis 
4.  The Ki-67 proliferation index is based on evaluation 

of >500 cells in areas of higher nuclear labeling 
(hotspots).  The mitotic rate is based on number of 
mitoses in 50 HPFs (0.2 mm sq) measured in areas 
of higher density and expressed as mitoses per 10 
HPFs (2.0 mm sq). The final grade is based on 
whichever index places the tumor in the highest 
grade. 



Grading of NENs by counting  
Ki67-positive cells in hot spots  



Issues encountered grading 
well differentiated GI-NETs 

•  WD-GINETs with G3-like Ki-67 labeling 
index and mitotic count 

•  Intra and interobserver variability in the 
interpretation on mitotic count and Ki-67 
proliferation index. 

Kim JY et al. Arch Pathol Lab Med vol 2016; 140: 437448. 





Not All “high-grade” tumors are the same. 
Why it is important to distinguish them? 

•  Retrospective analysis of 305 high-grade 
NETs of GI tract or unknown primary.   

•  Patients from 12 different hospitals. 
•  Patients with Ki-67 rate 20%-54% had better 

survival than patients with Ki-67 of ≥55%;  
However response rates to platinum/ 
etoposide were lower (15% vs. 42%).   

•  Issues with synchronous  or metachronous 
intratumoral heterogeneity 

 
 

Sorbye H. et al.  Cancer 2014;120(18):2814-2823. 



Pancreatic neuroendocrine neoplasms (PanNEN)  
with a Ki-67-index >20%  (NEC VS NET) 



A Practical Approach to the Classification of WHO Grade 3 (G3) Well Differentiated Neuroendocrine Tumor 
(WD-NET) and Poorly Differentiated Neuroendocrine Carcinoma (PD-NEC) of the Pancreas 

Am J Surg Pathol. 2017 September  
Laura H. Tang*, Olca Basturk, Jillian J. Sue, and David S. Klimstra 

Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, NY 10065 

•  33 cases  of HG- PNET were morphologically and 
independently assessed by 3 pathologists. 

•  Diagnostic consensus in 1/3 (11/33) of the cases (6 
WD-NET and 5 PD-NET) 

•  61% of the cases were classified as “ambiguous” 
between WD-NET and PD-NEC.  

•  The WD-NET had classic histopathologic features: 
organoid, trabecular architecture, regular 
intratumoral vascular pattern, abundant granular 
cytoplasm. 



A Practical Approach to the Classification of WHO Grade 3 (G3) Well Differentiated Neuroendocrine 
Tumor (WD-NET) and Poorly Differentiated Neuroendocrine Carcinoma (PD-NEC) of the Pancreas 

Am J Surg Pathol. 2017 September  
Laura H. Tang*, Olca Basturk, Jillian J. Sue, and David S. Klimstra 

Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, NY 10065 
•  35% (7/20) of the confirmed WD-NETs had Ki67 

>55% and 33% (4/12) of the confirmed PD-NECs had 
Ki67 <55%  

•  Because both the morphology and the Ki67 index 
could not accurately distinguish these two pathologic 
entities, IHC for molecular markers was used. 

•  WD-NET : DAXX and ATRX loss: 10/33 cases. 
•   PD-NEC : p53 overexpression; Rb or SMAD4 loss:  

11/33 cases  



ORGAN 
 
 

DIAGNOSIS N KI-67 
RANGE 

P53 TP53 Rb1 
(loss) 

SST
R2A 

ATRX 
(LOSS) 

DAXX 
(LOSS) 

PANCREAS NET G3 9 21%-36
% 

0% 0% 0% 78% 11% 33% 

PANCREAS NEC 12 21%-90
% 

75% 67% 67% 8% 0% 0% 

•  Compared 37 PD NET to 9 WD NET all with a Ki-67 
>20%  



Markers distinguishing between PNETs G3 
and PNECs, large and small cell  

25% 

70% 



Markers distinguishing between PNETs G3 
and PNECs, large and small cell  



 Recommended Diagnostic Algorithm for 
Pancreatic High Grade Neuroendocrine Neoplasms 
Tang et al AJSP 2016  



Tumor Differentiation/Grade 
For Pancreatic NET WHO 2017 

Differentiation Grade 
 

WHO grading WHO nomenclature 

Well differentiated  

Low 
(G1) 

<2 mitoses/10 HPF 
and ≤2% Ki67 index 

Neuroendocrine 
neoplasm, grade 1   

Intermediate 
(G2) 

2 to 20 mitoses/10 
HPF or 3%-20% Ki67 
index 

Neuroendocrine 
neoplasm, grade 2 

Well differentiated 
High grade 
(G3) 

>20 mitosis/10 HPF 
and >20% Ki-67 index 

Neuroendocrine neoplasm, 
grade 3 

Poorly differentiated High >20 mitoses/10 HPF or 
>20% Ki67 index 

Neuroendocrine 
carcinoma, grade 3 
(large-cell or small-cell 
type) 

Mixed neuroendocrine- non-neuroendocrine neoplasm (MiNEN)   



GI-Neuroendocrine Tumors 
Pathology Report 

•  The pathology report should mention: 
     - Tumor size 

 - Tumor site (prognosis worse for gastric, small bowel 
and colonic NETs as compared to rectal and/or 
appendiceal) 
 - Grading 
 - Staging 
 - Depth of invasion 
 - Margins status 
 - Presence of multiple tumors 
 - Associated findings (neuroendocrine hyperplasias) 
 - IHC and molecular findings 

 



GI-Neuroendocrine Tumors 
Diagnostic Tools 

•  Diagnosis usually easily made on H&E 
•  IHC useful to determine primary site of metastatic 

tumors:  
              1. Chromogranin 

     2. Synaptophysin 
     3. Cytokeratin 7 (NETs of foregut) 
     4. Cytokeratin 20 (NETs of midgut and hindgut)  
     5. CDX2 (GEP-NET) 
     6. PDX1 (pancreatic NET) 
     7. TTF-1 (lung) - be aware extrapulmonary HG                    

                                         NEC may be TTF-1 positive 
•  Rectal and ileal NETs express Prostatic Acid 

Phosphatase 



GI-NETs: Differential Diagnoses 
1.   Glomus tumor of GI tract: peritumoral well defined 

vasculature. Actin+, Vimentin+, S100-, Keratin-, 
       Synaptophysin-, Chromogranin-       
2.    Prostate carcinoma: PSA+ but…. 

 PAP + in 80% of rectal carcinoids!  
3.    Pheochromocytoma:  vimentin +, neurofilament +, 

keratin –  but….  
      + for chromogranin and synaptophysin! 
4.   Cortical adenomas/carcinomas:  
      synaptophysin +, chromogranin - , keratin - 
      Melan A + and Inhibin + 
 



GASTRIC NETs 



Gastric Neuroendocrine Cells  

 1. Antrum: 
- 50% G cells (gastrin) 
- 30% Enterochromaffin 

cells (serotonin) 
- 15% D cells 

(somatostatin)   
 2. Fundus-Corpus: 
- Enterochromaffin-like 
cells (histamine)(40-50%) 
- Small component of  
enterochromaffin cells Endocrine cells in gastric antral glands (IHC: 

Chromogranin) 



GI-Neuroendocrine Cells  
 Endocrine Cell Hyperplasia vs. Dysplasia 

•  Size:  
-   Simple hyperplasia = increase in number of 

endocrine cells (>twice the normal number) 
-   Linear hyperplasia = at least 5 cells along BM and 

at least 2 chains x mm length of mucosa 
-  Micronodular hyperplasia = Clusters of 5 or more 

endocrine cells  (<150µm) and at least one 
micronodule x mm length of mucosa 

-  Adenomatoid hyperplasia = 5 or more micronodules 
close to each other with intervening BM 

-  Endocrine cell dysplasia = Fused micronodules 
(>150µm but < 0.5 mm) 

-  Endocrine neoplasia (> 0.5 mm in diameter) 
 
Ref.: Rindi G. et al. Gastroenterol Clin N Am 36:851-865, 2007.  



IHC: Chromogranin 



Intramucosal versus Invasive NET 
•  Intramucosal Net 

–  Any infiltrative or solid endocrine growth more than 
0.5 mm in diameter but confined to the mucosa 



muscularis 
mucosae 

mucosa 

•  Invasive Net 
Endocrine cell proliferations penetrating beyond the  
muscularis mucosae 

 

Intramucosal versus Invasive NET 



Gastric Endocrine Neoplasms 

•  Type 1:  
   - arising in a background of autoimmune 

gastritis (chronic atrophic gastritis and intestinal 
metaplasia) 
 - indolent course 
 - usually polypoid, involve mucosa and 
submucosa and 90% of them do not involve the 
muscularis propria 
 - removed endoscopically (antrectomy) 
 - a form of hyperplasia and not of neoplasia 
 - these lesions are not staged 

 
 
 



Chronic achlorhydria: Gastrin 
(G cells) 

ECL in 
body  
and  
fundus 

       Nodules of hyperplastic ECLs 

Neuroendocrine neoplasm developing  
in atrophic gastritis 

Gastric Endocrine Neoplasms Type 1 

   Linear ECL hyperplasia 

(Auto-Abs Destroy  
Parietal Cells) 



Gastric Endocrine Neoplasms 
•  Type 2: 

 - develops in association with a gastrin-producing 
endocrine tumor (pancreatic or duodenal) or in primary 
hyperplasia of G cells in antrum (Zollinger- Ellison 
syndrome)  

 - ECL cell hyperplasia and nodules in association with 
increased oxyntic gland mass. NO MUCOSAL 
ATROPHY 
 - pathogenetic mechanism same as in type I lesions 
 - in 20% of cases the pancreatic neoplasm is part of 
MEN 1 
 - the pancreatic or duodenal tumor are staged, the ECL 
hyperplasia and nodules in the stomach are not 
  



Gastrinoma 

•  Develops in first or second portion of 
duodenum or in the pancreas 

•  Usually single and of small size (<2 cm.) 
•  If functional: aggressive 30-70% patients 

with node metastases 
•  If multifocal are associated to MEN 1 

(mutations in menin gene chr. 11q13) 
•  Differential diagnosis: duodenal somato-

statinoma and gangliocytic paraganglioma 



Gastric Endocrine Neoplasms 

•  Type 3: 
 - sporadic endocrine tumors developing in patients with 
normal serum gastrin levels 
 - usually large, polypoid, with presence of metastases at 
time of diagnosis 
 - produce ectopic hormones 

 
•  Type 4: 

 - endocrine neoplasm with divergent differentiation, such 
as glandular and endocrine components. 

 
•  ECL proliferation can also be seen following long-term proton-pump 

inhibitors treatment  



Gastric Endocrine Neoplasms 

Type Underlying 
Disease 

Serum 
Gastrin Presentation Management 

Type 1 Chronic atrophic 
gastritis High 

Indolent, 
multifocal 
tumorlets 

Endoscopic 
surveillance 

Type 2 Zollinger-Ellison 
Syndrome High As above As above 

Type 3 None Normal Solitary 
tumors 

Radical 
Gastrectomy 



   Appendiceal Carcinoids: 

§  Most common tumor 
of the appendix. 

§  Arises from 
subepithelial 
endocrine cells. 

§  Usually discovered 
incidentally (1/300 
appendectomies). 
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Moertel et al. N Engl J Med 1987;317:1699-701 

Size Treatment 

<2 cm Simple 
appendectomy 

>2 cm OctreoScan, right 
hemicolectomy 



GI-NETs of Rectum 
•  M:F = 1:1 
•  Age: 6th decade 
•  Derive from hindgut L-cells 

(enteroglucagone) 
•  Characterized by ribbon (type B) pattern 
•  Do not express chromogranin A but 

chromogranin B 
•  Low propensity for lymph node and distant 

metastasis  
•  Good prognosis: 5-year survival rate 72% 



GI-NETs of Rectum 

Naunheim et al.  Surgery 1983;94:670-6 

Size Treatment 

<2 cm (unless 
invades 
muscularis 
propria) 

Transanal or 
endoscopic 
excision,  
if possible 

>2 cm OctreoScan, CT, 
then LAR or APR 
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§  1% of all rectal 
tumors and 17% of 
all GI-NETs 

§  Tumors smaller than 
2 cm rarely 
metastasize. 

§  Invasion of the 
muscularis propria is 
prognostic in tumors 
<2cm (metastatic 
risk 2% vs. 48%). 



GI-NETs of Small Intestine (mid-gut)  
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Rorstad 

Moertel 

§  1/3 small bowel 
tumors. 

§  Most frequently 
located in the distal 
ILEUM. 

§  Often multifocal 
(25%) 

§  Most frequently 
associated with the 
carcinoid syndrome. 



GI-NETs of Small Intestine 

•  Derive from ECC and account for 30% of all GI-
NETs 

•  Produce serotonin and substance P (fibrosis, 
recurrent small bowel obstruction, and vascular 
compression = abdominal pain) 

•  ~1/3 associated with synchronous or 
metachronous malignancies (GI, GU, GYN) 

•  Histologically mainly of type A (insular-nested) 
•  Not associated to hereditary tumor syndromes 



GI-NETs of Small Intestine 

•  Small bowel NETs (jejuno-ileal) have a worse 
prognosis 

•  Poor prognostic factors:  
 - depth of tumor invasion 
 - size (greater than 1 cm) 
 - liver and/or lymph node metastases 
 - high Ki-67 labeling index  
 - female sex 
 - age younger than 50 years 
 - tumor multifocality 
 - presence of the carcinoid syndrome 



GI-NETs of Small Intestine 
•  20-30% of small intestinal 

NETs are multifocal  
•  Multiple tumors 

(gastrinomas) from the 
same patient revealed 
identical X-chromosome 
inactivation patterns in 
androgen receptor using 
X-chromosome 
inactivation analysis   

•  Most of the multifocal 
NETs may represent 
mucosal metastases 
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