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Primordial 
t f  NET concept of  NET 

for the for the 
pathologist……

then evolved into 
Neuro-Endocrine 
Tumors 
(now NEN 
according to WHO 

lung
according to WHO 
GI 2010)

NET

GEPSingolo o doppio?  



Now in GEP-
NETs only: 

C CC
Lung classification

NET

NETs only: 

-NEN vs NET
TC SCLCAC

NET-grade & TNM
2 groups2 groups
3 grades WDT WDCa PDCa

4 stages
Singolo o doppio? TRIPLO  

NETNET

NET G1 G2 NEC (G3)NET G1-G2 NEC (G3)
2010



GEP 
NET G1 G2NET NET G1-G2 NEC (G3)

Confusion: which criteria for 
diagnosis vs grading vs 

2010
diagnosis vs grading vs 
staging?  needed an 

d d h  t iordered approach, stepwise

Big house: 
two stairs, ,
three floors, 
four flatsfour flats



NET pathology

P th l i l l ifi ti  

NET pathology

• Pathological classification, 
grading and TNM staging 

id liguidelines

• Diagnostic markers

• Prognostic & predictive markers 

• ConclusionConclusion



GI NETsWHO classification 2000:

20002000

7 mm



3 TIER SYSTEM f
2000 WHO classification

3-TIER SYSTEM  for 
NETs of the

pancreas
NETs of the 

GI tract
Well-differentiated 
endocrine tumor

Well-differentiated 
endocrine tumor endocrine tumor

- Confined to pancreas 
endocrine tumor 
– Carcinoid

Well-differentiated endocrine carcinoma 
(malignant carcinoid) - Low grade malignant(malignant carcinoid) Low grade malignant

Poorly differentiated endocrine carcinomaPoorly differentiated endocrine carcinoma
- High grade malignant



NET GRADING

Improvement of 
g ading s stem sing grading system using 

mitoses + Ki-67

Grading proposal for foregut NET

Grade Mitotic count (10 
HPF)

Ki-67 index 
(%)

G1 <2 ≤2

G2 2-20 3-20

G3 >20 >20

Rindi et al Virchows Arch 
2006;449:395



Staging system for GEP NETs and ….     
Rindi G, et al. TNM staging of midgut and hindgut 
NETs: a consensus proposal including a grading 
system. Virchows Arch 2007;451:757

Couvelard A, Scoazec JY. A TNM classification for 
digestive NETs of midgut and hindgut: proposals 
from the ENETS. Ann Pathol 2007;27:426

 also for lung NETs…. also for lung NETs



GEP-NET grading & staging 



20102000

S  

20102000

Same parameters

used for histotype (NET  WD/PDNEC) used for histotype (NET, WD/PDNEC) 
now used for TNM stage

fat

Mucosa

M l  

Mucosa

nerve
Muscle 

wall



Neuroendocrine Neoplasms 
2010 WHO Classification of 

W ki  i i l

2010 WHO Classification of 
the digestive System

•Working principles
–“Neuroendocrine” defines peptide hormone-

d i ll /t  h i  lproducing cells/tumours, sharing neural-
endocrine markers
“Neuroendocrine neoplasm” includes well and –“Neuroendocrine neoplasm” includes well and 

poorly differentiated tumours [NEN= NET + NEC]

•Basic concept: All NENs have a malignant •Basic concept: All NENs have a malignant 
potential
- Initially  NENs that were regarded as benign - Initially, NENs that were regarded as benign 
were not considered in the incidence data (eg, 
SEERS data).
Bosman FT, et al. WHO Classification of Tumours of the Digestive System. Lyon, France: IARC Press; 2010. 

)
- Now, all NENs have to be included because they 
are known to have malignant potential



3-TIER SYSTEM  OLD
pancreas

for NETs of the 
GI tract pancreas

Well-differentiated 
GI tract

Well-differentiated 
endocrine tumor

- Confined to pancreas 
endocrine tumor 
– Carcinoid p

Well-differentiated endocrine carcinoma 
(malignant carcinoid) - Low grade malignant

Poorly differentiated endocrine carcinoma
- High grade malignant

Mixed Exocrine-Endocrine carcinoma / MEEC



NEW 2-TIER SYSTEM  for GEP-
NENs [3 grades & 4 stages]

2010

Neuroendocrine neoplasm (NEN) =  

NENs [3 grades & 4 stages]

Neuroendocrine neoplasm (NEN) =  
NE tumor + NE carcinoma + mixed tumors

Neuroendocrine tumor/NET (Carcinoid) 
G1 or G2 TNM stage….

Neuroendocrine carcinoma / NEC (poorly 

g

differentiated, high grade malignant) 
G3 TNM stage….

Mixed Adeno-Neuroendocrine carcinoma 
/ MANEC

Bosman FT et al. WHO classification of tumors of the GI tract. IARC, Lyon, 2010.

/ MANEC



SPECTRUM OF LUNG NETs

typical 
carcinoid

atypical 
carcinoid

Small or Large
cell NE carcinoma

rare very rare common rare

Most benign Malignantg g

2004200420042004



SCLCLCNECACTC

-Different & separate subtypes in the WHO 
Diff t id i l  d th l  -Different epidemiology and pathology 

-Different therapy & clinical behavior 
Diff t A th-Different Authors…..

J AZZOPARDIWD TRAVISLB WOOLNER among J AZZOPARDIWD TRAVISLB WOOLNER

TC AC LCNEC SCLC
among 
others



SCLCLCNEC

Same caseSame case

xS S M L XL

MIXED SMALL AND LARGE CELL CAs: MIXED SMALL AND LARGE CELL CAs: 
does it matter?



DISTINGUISHING SCLC FROM LCNEC: 
does it matter?   NO !!!!!!!!!!!!

In addition:In addition:

Si il  Si il  -- Similar Similar 
behavior & behavior & 
survival.survival.

-- Similar Similar 
therapy of therapy of ?therapy of therapy of 
LCNEC and LCNEC and 
SCLCSCLC Asamura et al JCO 24  70-76  2006

?
SCLCSCLC Asamura et al JCO 24, 70 76, 2006



NEW 2010 WHO CLASSIFICATION
GEP-NENs
CATEGORIES RECOGNIZEDCATEGORIES RECOGNIZED
1 NET G1-G2
2 NEC (G3)2 NEC (G3)

3 mixed adeno-neuroendocrine
carcinoma (MANEC)

NE t

carcinoma (MANEC)

pure 
NE tum.

pure 
non-NE 

ca.
focal 

non-NE
focal 

NE

mixed 
(collision)

NE tum. non-NE 
ca.

mixed 
(intermingled)

100%0% non-NE30%

100% 30% 0%NE



Evolution of the concept of 
goblet cell carcinoid in the g

spectrum of  mixed exocrine 
/ NE carcinomas (MANEC)

1974 GCC: <2010 GCC: >2010 GCC: 
carcinoid with 

mucin 
production

Mixed 
exocrine / NE 

carcinoma

mucinous 
adenocarcino-
ma (focal NE)

NE t

p ( )

pure 
NE tum.

pure 
non-NE 

ca.
focal 

non-NE
focal 

NE

mixed 
(collision)

NE tum. non-NE 
ca.

mixed 
(intermingled)

100%0% non-NE30%

100% 30% 0%NE



SUMMARYNET
lung

DifferentiationDifferentiation
GEP

Combined 
carcinoma++++ ++ --

LUNGLUNG TYPICAL 
CARCINOID

ATYPICAL 
CARCINOID

SMALL CELL/
LARGE CELL

carcinoma

CARCINOID CARCINOID LARGE CELL
NE CARCINOMA

NEUROENDOCRINE POORLY DIFF  NE 

GEPGEP
NEUROENDOCRINE 

TUMOR
G1 or G2

POORLY DIFF. NE 
CARCINOMA

(small/large cell)
MANEC

PoorPoorGoodGood IntermediateIntermediate

PrognosisPrognosis
4 Stages4 StagesBig NEN house Big NEN house 

2 Dx2 Dx

gg
3 Grades3 Grades

Big NEN house Big NEN house 
built step by stepbuilt step by step



GEP NENs
The model of a big 
“neuroendocrine” houseneuroendocrine  house

4 flats= Stage I-II-III-IV 4 flats= Stage I II III IV 
 TNM: size & invasion

3 floors= Grade 1-2-3 
mitoses & Ki67

2 stairs= NET vs NEC 
t t  structure + grade

1 court= NEN vs nonNEN 1 court= NEN vs nonNEN 
 morphology & NE markers



NET pathology

P th l i l l ifi ti  

NET pathology

• Pathological classification, 
grading and TNM staging 

id li  guidelines 

• Diagnostic markers

• Prognostic & predictive markers 

• ConclusionConclusion



BIOBIO--MARKERSMARKERS
HMWCK ChromograninsChromogranins

SynaptophysinSynaptophysin
CgA HMWCK

NN--CAM (CD56)CAM (CD56)
NSE, VMATNSE, VMAT

PGP9.5PGP9.5
Neurofilaments Neurofilaments 

HMW CytokeratinHMW Cytokeratin

Hormones: Hormones: calcitonin  Hormones: Hormones: calcitonin, 
bombesin, insulin, glucagon, 
somatostatin  gastrin  PP  somatostatin, gastrin, PP, 
VIP, ACTH, serotonin, 
ghrelin  cortistatin  ghrelin, cortistatin, 
obestatin, secretagogin,…secretagogin,…



NET pathology

P th l i l l ifi ti  

NET pathology

• Pathological classification, 
grading and TNM staging 

id li  guidelines 

• Diagnostic markers

• Prognostic & predictive markers

• ConclusionConclusion



Ki-67 proliferation 
index

G1 ≤2% 
G2 3-20% 

DIAGNOSTIC USEDIAGNOSTIC USE
index G2 3 20% 

G3 >20%

 Grading of GEPGrading of GEP--NETNET
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EXAMPLES OF PREDICTIVE 
MARKERS IN NETSMARKERS IN NETS

1 Correlate Octreoscan 1
SOMATOSTATIN 

Correlate Octreoscan 
& response to SSA  

with IHCSOMATOSTATIN 
RECEPTORS

with IHC

2

RECEPTORS

2
mTOR 

SSTR2
mTOR 
PATHWAY 
MOLECULES



Proposed    
 f  

1
score for 

SSTR2 IHC 
interpretation Mod Pathol 2007;20:1172-82

Score 0 Score 1 Score 2 Score  3

0 1 2 3

CONCORDANCE WITH 
50% 54% 87% 94%

CONCORDANCE WITH 
OCTREOSCAN DATA



Ann Oncol 2010;21:548-55

REPORTED NEW GOOD ANTIBODIES1 Ann Oncol 2010;21:548 55.

IHC in lung NETs

SS 2 SS 3 2 3SSTR2A SSTR3 2A + 3
Concordance 64% 50% 71% 

(18/28) (14/28) (20/28)

“ iti it ” 70% 48% 80%“sensitivity” 70% 48% 80%
“specificity” 71% 57% 42%



Clinical 
dataTargeting mTOR2
datag g

Everolimus 10 mg g
increases median PFS 
from 4.6 to 11 mos in 
advanced PanNET

QUESTION 1: which profiles of mTor

advanced PanNET

QUESTION 1: which profiles of mTor
pathway activation in NETs (eg lung)? 



2 IHC expression of phospho-mTOR and of 
p70S6K &4EBP-1 in 258 resected lung NETs 
(40 cont ol TC  24 TC ith mets  73 AC  60 (40 control TC, 24 TC with mets, 73 AC, 60 
LCNEC & 61 SCLC). 

***= ***= p <0.0001p <0.0001



NET pathology

P th l i l l ifi ti  

NET pathology

• Pathological classification, 
grading and TNM staging 

id li  guidelines 

• Diagnostic markers

• Prognostic & predictive markers 

• ConclusionConclusion



Pathology report of NETsgy p
When assessing individual NENs / NETs:

Define malignancy based on a 2 (or 4) tier • Define malignancy based on a 2 (or 4) tier 
system
D fi  diff ti ti  d (i l di  Ki 67 • Define differentiation grade (including Ki-67 
proliferative index) 
A  th  TNM t• Assess the TNM stage

• Define the hormonal production, if any
• Identify pathological parameters of aggressi-

veness or prognostic factors, if relevant
• Upon request, assess predictive factors 

useful for target therapy (e.g. somatostatin 
h l l h d lreceptors, mTor pathway molecules, thymidilate 

synthase, other target enzymes, …)



Open issues
• Get used to the new 2010 classification 

and terminology of WD GEP-NETs gy

• Mixed endocrine – exocrine tumors 
(MANEC)(MANEC)

• Apply tumor grade (mitoses & Ki-67)

• Controversial staging for appendiceal 
NETs

• Use of predictive markers of response to 
therapy

• Classification of other NETs (pheochro-
mocytoma  medullary thyroid carcinoma  mocytoma, medullary thyroid carcinoma, 
parathyroid, Merkel cell carcinoma)



Non cerco casa 
lma consulto 

l’immobiliare 
G1
G2
G3“per motivi di 

servizio” NET /NEC

G3

Thank you!!!
/

y

University of Turin 
Medical School at Medical School at 

San Luigi Hospital, 
Orbassano  TorinoOrbassano, Torino





Is a “preoperative” 
di i  ibl ?

FNA 
liver

diagnosis possible?
• Yes: definition of NE • Yes: definition of NE 

phenotype.
• Often possible to distinguish • Often possible to distinguish 

WD from PD NE carcinoma.
• Pathological stage not defined. G t i  Pathological stage not defined. 
• Difficult to define primary 

tumor in the presence of 

Gastric 
bx of NET

tumor in the presence of 
metastases, only. 

• Prognostic factors identifiable Prognostic factors identifiable 
but not 100% reliable. 

• Problems on scant material. Problems on scant material. 
Which tissue? 



Mitotic index evaluation
-Count mitoses in 50 fields 
-Express mitotic rate as number per 10 

O ti  t  tif  Ki67 i d

high power fields (2 mm2)

Options to quantify Ki67 index
–Manual count of a 500-2000 tumors cells and 
calculate the percentage of positive nuclei
–Digital image analysis system to measure the 

t  f iti  l ipercentage of positive nuclei
–Approximate “eyeballed” estimate of the 
percentage of positive nucleipercentage of positive nuclei

-The result should be reported as a 
i l  t  fl ti  th   single percentage reflecting the average 

of the regions counted (not a range of values).



TNM staging of GEP-NENs

• SITE-specific 

• Based on depth of 
invasion and size

• Similar TNM 
classifications:invasion and size classifications:

• Stomach
• Duodenum     

ENETS: 2006/2007
Rindi, Klöppel, Ahlman,Wiedenmann. TNM 
staging of foregut, midgut and hindgut 

• Jejunum/ileum
• Colon/rectumg g g g g

(neuro)endocrine tumours: A consensus 
proposal including a grading system. 
Virchows Archiv. 2006;449:395-401, and • Different TNM 
2007;451:757-762.

UICC/AJCC: 2009 
S bi G d i Wi ki d TNM

Different TNM 
classification

• AppendixSobin, Gospdarowicz, Wittekind. TNM 
Classification of Malignant Tumours. Wiley-
Blackwell. 7th Edition; 2009.

• Appendix
• Pancreas



Staging of   
di l  appendiceal  

NETs

ENETS TNM UICC/AJCC TNMENETS TNM UICC/AJCC TNM
T1 ≤1 cm; invasion of 

muscularis propria
T1a: ≤1cm
T1b: >1– 2 cm

T1 <1 cm; invasion of 
muscularis propria

T1a: ≤1cm
T1b: >1– 2 cm

T2 ≤2 cm; and <3 mm 
invasion of subserosa/ 
mesoappendix

>2–4 cm; or invasion 
of cecum

T2 ≤2 cm; and <3 mm 
invasion of subserosa/ 
mesoappendix

>2–4 cm; or invasion 
of cecum

mesoappendix

T3 >2 cm; or >3 mm 
invasion of subserosa/

>4 cm; or invasion
of ileum

mesoappendix

T3 >2 cm; or >3 mm 
invasion of subserosa/

>4 cm; or invasion
of ileuminvasion of subserosa/

mesoappendix
of ileum

T4 i i f it /

invasion of subserosa/
mesoappendix

of ileum

T4 i i f it /T4 invasion of peritoneum/
other organs

T4 invasion of peritoneum/
other organs

invasion of peritoneum/
other organs 



Grading & staging of PanNETs



NEN houseNEN house
Example 

of an ileal of an ileal 
tumor

4 stages …4 stages … T3 N0T3 N0

3 Grades ….3 Grades …. G2G2

2 Diagnoses 2 Diagnoses NETNET2 Diagnoses …2 Diagnoses … NETNET

1 NE neoplasia1 NE neoplasia NEN   NEN   STARTSTART


