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What is a «neuroendocrine» tumor ?

« A tumor made of neoplastic cells of
epithelial derivation, characterized by
structural, phenotypic and/or functional
properties recalling those of normal
peptide- or amine-producing endocrine
cells

Distribution of NETs

Digestive NETs 67,5 %
Bronchial NETs 25,3 %
Genito-urinary NETs 1%

Other sites 6,2 %

Thymus, skin, breast, ear ...

Modlin et al. Cancer 2003;97:934
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The contributions of the pathologist to NET
diagnosis and ... to patient care

* To identify the neuroendocrine nature of a tumor

» To evaluate its risk of malignancy and rate of
progression

» To bring up additional informations useful for
prognosis evaluation, treatment and follow-up

Diagnosis and classification

Diagnosis:
how to identify a tumor as
a «neuroendocrine» tumor ?




Chromogranin A
in the endocrine
pancreas

Large dense core granules containing
mature hormones and their precursors

Small synaptic vesicles containing
neuropeptides
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Synaptophysin
expression by
intestinal endocrine
cells
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What is required
for the pathological diagnosis ?

SRR AR o ) ) J
Chromogranin A

— One peptidergic endocrine marker
» Chromogranin A

and

— One or several neuro-endocrine
markers:
* Synaptophysin
+ NCAM
* Leu 7 (CD57)
+ PGP9.5

/]

_ synaptophysin

» «Small cell» morphology
(usually)

» « Large cell »
morphology (rarely)

 High mitotic activity
» Frequent necrosis
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Immunohistochemistry is mandatory
for a correct diagnosis

S INIENGETCCIE Chromogranin A Frequently
« To demonstrate the negative
neuroendocrine

differentiation of tumor

N; docri S tophysi Positi
Ce||S euroendocrine ynaptophysin ositive

markers
« Torule outan
undifferentiated tumor of
other origin

» To confirm the poorly
differentiated nature of
the tumor in difficult
cases

Sometimes
positive

Leu7, PGP9.5, Frequently
NCAM, NSE ... positive

Other markers Keratins Positive

EMA Frequently
Carcino- positive
embryonic antigen

p53 Strongly
positive

How to evaluate
the risk of malignancy
of a neuroendocrine tumor ?
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Malignancy and site

* Incidence of malignancy according to the
site of the primary:
— Pituitary, parathyroids: exceptional
— Bronchi: 20%
— Digestive tract and pancreas: 60%

Three related guestions

* How to identify an already malignant tumor ?

* How to identify a tumor which may eventually
behave as a malignant tumor ?

« For malignant tumors, how to predict the rate of
evolution ?




 Classification
« Grading
« Staging

* Integration of morphological, biological
and molecular informations

* in order to define categories of prognostic
significance and clinical relevance (follow-
up, therapeutic strategy)

* based on simple, robust, validated and
reproducible criteria
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 Classification « WHO

» Grading « ENETS/UICC

 Staging
All three informations

are complementary
and mandatory

Recent classifications

 The modern era starts with a common effort

Vierhws Sryhes (1990 454 347300 © Sprmper Vol *

Coles Capells - Mty L Biosts - Beias Fifiey
Tewsce Schoe - Crlmry Kiippet

e (s
Revised classification of neuroendocrine tumours of the lung,
pancreas and gut

» Rapidly, classifications diverged

Thoracic NETs, 2004 GEP-NETSs, 2000 -2004 -2010
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 Classification « WHO
— 2000 ... 2004
— 2010
« Grading « ENETS
— ENETS 2006
— ENETS/UICC 2010
 Staging « TNM
— ENETS (2006-2007)
— UICC (2010)

« Well differentiated endocrine tumors
— Benign behavior
— Uncertain behavior
» Well differentiated endocrine carcinomas
— Low grade of malignancy
» Poorly differentiated endocrine carcinomas
— High grade of malignancy

9/3/2013
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First criteria :
morphological differentiation

Poorly differentiated :
Always malignant
High grade

5-10%

Well differentiated :
Benign or malignant ?
Not predictive

of the behavior

90-95%

Second criteria :

Evidence of signs of malignancy

* Metastatic dissemination
* Local invasion

If yes, diagnosis :
Well differentiated
endocrine carcinoma
(low grade of malignancy)

If not, diagnosis :
Well differentiated
endocrine tumor

9/3/2013
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Third criteria :
Evidence of

signs of malignancy

— Size (< or > threshold)

— Mitotic index or proliferation

index (< or > threshold)
— Angioinvasion
— Perineural invasion

— Functioning syndrome
(except insulinoma)
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If no at all the criteria:

Well differentiated endocrine tumor, benign behavior

If yes at at least one criteria:

Well differentiated endocrine tumor, uncertain behavior

A complex assemblage of criteria, adapted to each anatomical site

WHO 2000

Well differentiated endocrine tumor

Well differentiated
endocrine carcinoma

Benign behavior

Uncertain behavior

Poorly differentiated
endocrine
carcinoma

Well differentiated

Well differentiaéted

Well differentiated

Local invasion

Gut: Mucosa and
submucosa
Pancreas: intra-pancreatic

Gut: Mucosa and
submucosa
Pancreas: intra-pancreatic

Gut: Muscularis propria and
beyond
Pancreas: Extra-pancreatic

Metastasis Absent Absent Possible

Size Stomach, small bowel : Stomach, small bowel : Stomach, small bowel :
<1cm >1lcm usually >1 cm
Appendix, Appendix, Appendix,
colon, rectum, colon, rectum, colon, rectum,
pancreas : pancreas : pancreas :
<2cm >2cm Usually >2cm

Angioinvasion Absent Present * Possible

Perineural invasion

Mitotic index <2 >2 Usually >2

Ki 67 index <2% >2% Usually >2%

Functional syndrome
(clinical)

No (except insulinome)

Yes (except insulinome)

*, except for appendiceal tumors

9/3/2013

12



9/3/2013

Clinical validation

Fonction de survie cumulée

0,1+

SUIvI

Edouard Herriot Hospital

* Terminology

» Complexity
— Combination of histological and clinical criteria
— Combination of classification and staging

* Inadequacies

— Not applicable to biopsies and cytological
examinations

— Lack of relevance of the category « well
differentiated endocrine tumors of uncertain
behavior »

— Lack of accurate description and typing of poorly
differentiated tumors

— Lack of accurate prognostic evaluation of well
differentiated carcinomas

13
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Histological grading
(ENETS, 2006)

Histological grading

Grading system (ENETS, 2006)

Table 4 Grading proposal for foregut (neumjendoaine tumars

Cirade Mitotic coumt {10 HPF)* K67 index (%)

’ Well differentiated carcinomas

lPoorIy differentiated carcinomas‘

210 HPF: high power field=2 mm®, at least 40 fields {at 40=
magnification) evaluated in areas of highest mitotic density

“MIB1 antibody; % of 2,000 tumor cells in areas of highest nuclear
labeling

Winhows Asch {26 | T4l
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Histological grading

Well differentiated carcinomas
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Tablke 4 Grading proposal for foregut (neumjendoaine tumars
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Histological grading: issues and perspectives

* Is the determination of the proliferation index
simple, robust and reproducible ?

* How accurate are the cut-offs currently in use ?

" i v

Pancreatic endocrine tumors: improved TNM Eoos \ \"\.—.—;——'_“
staging and histopathological grading permit 25 h ks S0
a clinically efficient prognostic stratification § T 086 My - A% (63 b
of patients ~ 2 \
. © 7 n4 g
— B 2 il %
* 35 oz
0

Staging:
TNM classification

9/3/2013
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Integration between prognostic evaluation and clinical

staging: ENETS proposals (2006-2007)

TNM staging of foregut (neuro)endocrine tumors:
a consensus proposal including a grading syvstem

G Winath 45 Whppel« 1 Alhen =N Caplin -

A Comvedard « Wo W, de Merder - B Erikssse «

A Falehtti « M Fadoonmd « P Komsainsth « AL Kiener «
LA Lopes « AL MeNienl « O, NBvwon « A, Porrem -
A Searpa « Y. Scosme < I Wiedenmmammn «

and all ether Frascatl Consensus Conforence
participanis

TNM staging of midgut and hindgut (neuro) endocrine
tumors: a consensus proposal including a grading system

« for all digestive NETSs:
— «benign» and «malignant»
— well and poorly differentiated

» based on criteria adapted to the anatomical
location

Clinical validation

Fonction de survie cumulée
& I; » ) stage |
08— “D“ » % stage i
a
® + .
- oad 1 stage Ill
E fvs Il p=0.227 ',_'“-,
3 tvs Il ps=0.D4B W
LoIvs W pennol
= Hys I pe0 171 Mposvy 50 00 50 200
fva VI p<DODY suvi
0o= Mys IV p=0004
T T 1 1 T
1 100 150 200
a survival time [mo]
Cancer 2008;113:256 Hépital Edouard Herriot
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TNM classification:

UICC (2010)

» Specific classification :
— Well differentiated NETs of the
digestive tract TNM
» Classification identical to that Classification of
of carcinomas of the same Malignant Tumours
anatomical location: sttt

— Poorly differentiated NETs of the
digestive tract

— Pancreatic NETs (well and poorly
differentiated)

— Lung NETs (well and poorly
differentiated)

S UICC Intamatior

Which are the differences between ENETS proposals

and UICC/AJCC classification ?

« ENETS=UICC for :

— Well differentiated neuroendocrine tumors of
stomach, small bowel, colon and rectum

« ENETS#UICC for :

— Well differentiated neuroendocrine tumors of
the appendix and pancreas

— Poorly differentiated neuroendocrine tumors

9/3/2013
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WHO classification, 2010

Neuroendocrine tumor/neoplasm, G1
Neuroendocrine tumor/neoplasm, G2

Neuroendocrine carcinoma
— Small cell type
— Large cell type

Mixed adeno-neuroendocrine carcinoma

WHO classification, 2010

Neuroendocrine neoplasm, G1

— Well differentiated morphology

— MI <2 and Ki67 index <2%
Neuroendocrine neoplasm, G2

— Well differentiated morphology

— MI: 2-20 and Ki67 index: 3-20%
Neuroendocrine carcinoma

— Small cell type

— Large cell type

Mixed adeno-neuroendocrine carcinoma

9/3/2013
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WHO classification, 2010
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Tablke 4 Grading proposal for foregut (neum endoaine tumars

Wihows Asch {26 | T4l

{irade Mitotic count (10 HPF)* K67 index (%)
Gl <2 =2

G2 2-20 2

LEE] =20 =

210 HPF: high power field=2 mm®, at least 40 fields {at 40=
magnification) evaluated in areas of highest mitotic density
“MIB] antibody; % of 2,000 tumor cells in areas of highest miclear
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Changes in terminology and
classification mean changes in
principles and concepts

» Changes in scope
— Full separation between typing (WHO) and staging
(TNM)
» Changes in basic concepts
— All NET are potentially malignant

— Proliferation fraction, and not only morphological
differentiation, is a key parameter

9/3/2013
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Homologies ...

Thoracic NETs Typical Atyp_)ica_l(lj Largedcell_ Smalldcell_
carcinoid carcinoi neuroendocrine | neuroendocrine
WHO 2004 carcinoma carcinoma
10
GEP-NETs Neuroendocrine | Neuroendocrine | Neuroendocrine | Neuroendocrine
WHO 2010 tumor G1 tumor G2 carcinoma, carcinoma,
(or carcinoid) large celltype | small cell type
20

mitoses

A progress ?

» For diagnosis:

+ Applicable to small-sized tissue samples (biopsy,
endoscopical resections ...), even to cytological
preparations

+ A better definition of poorly differentiated
gastroenteropancreatic tumors
* For prognosis:
+ Over estimation of grading ?
+ Under estimation of morphological differentiation ?

22



Some important issues

* A new terminology ...
— Tumor/neoplasm
— Neuroendocrine
— Carcinoid: once more ...
— Neuroendocrine carcinoma in 2010: always poorly
differentiated !
« Caution: the reclassification of cases during their
follow-up ...

Correspondence 2000/2010
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Correspondence 2000/2010

WHO 2010 WHO 2000

Neuroendocrine neoplasm G1 « Well differentiated endocrine tumor of benign
behavior
« Well differentiated endocrine tumor of
uncertain behavior with mitotic index <2 and
Ki67 index <2%
« Well differentiated endocrine carcinoma with
mitotic index <2 and Ki67 index <2%

Neuroendocrine carcinoma, small cell Poorly differentiated endocrine carcinoma,
type small cell type

Adeno-neuroendocrine carcinoma Mixed tumor

Future trends

... Small Cedl and Large Cell Newosndooine Carononsn of
Definition of NET spectrum the Pancreas ane Genetically Sim 1 Distioet Feom
. Weell differentiated Pancreatic Newroendoane Tumorns
— Relation between well and poorly R
differentiated neoplasms: one or several ot e
diseases ?

Improvement of typing

— Neoplasms with well differentiated
morphology, G3 ?

Refinement of grading

Ao S PO BN T )

218 s O-5% (162 pnnl
— Is Ki67 index a reproducible criteria ? S 3 na \“}"\.:\—'
— Avre the current thresholds accurate and i3 | S e
relevant ? &3 o G
Validation of staging 2 ) i L s W
Integration of molecular informations Skt
— Diagnostic and prognostic markers o e dnssdbattat
— Predictive markers in the era of targeted o
therapies bumees: Imgroved TNM
staging und histopathologicsl goading permit
" efticient i

of pabenis
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Minimal items
for the pathological report

Diagnostic arguments

— Morphological arguments

— Immunohistochemical arguments
Classification

— WHO 2010 (WHO 2000 in brackets)
Histological grading

— Absolute values

pTNM

— UICC 2010 (along with ENETS, especially for
appendix and pancreas)

The pathologist may provide useful
additional informations

9/3/2013
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Identification of a syndrome of genetic
predisposition: MEN-1

» Histological arguments

— Endocrine hyperplasia in \‘s’?\ ‘*é\ .
target tissues %, K"&v\ﬂ'
W

* Molecular arguments kg
— Loss of expression of target - st %

proteins
Menin ge_ e ,-"'-.' .' > :‘!‘_ﬂ - Preimmune
T’ e .8 oW
>y % - (% '- ~’]
. Sy s o 4
o 38
e S ST A
- o’
AV AS S N afy g Nl

Enaiocrre-Raated Cuoncsr (2004) 11 3314

Identification of factors predictive
of the response to treatment

9/3/2013
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Predictive markers:

MGMT and temozolomide

MGMT

— Interest in NETs and
pheochromocytomas

— Loss of protein expression
and/or gene silencing
associated with increased
response

Kulke et al. Clin Cancer Res 2009;15:338

— Evaluation: MGMT deficiency:
« Immunohistochemistry 51% pancreatic NET
0% gut NET

» Promoter methylation

9/3/2013
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Molecular mechanisms involved
in early tumorigenesis and tumor progression are
poorly known

— Tumorigenesis

* No role for the «conventional» oncogenes and tumor
suppressor genes known to be involved in epithelial
carcinogenesis

+ Several genes involved in syndromes of familial predisposition
to endocrine tumors, behaving as tumor suppressor genes with
arole in early tumorigenesis

— MEN-1, but also NF1, TSC1/2, VHL ...
* Some candidate genes emerging for sporadic pancreatic NETs
— MEN-1, DAXX/ATRX, genes of the mTOR pathway

— Tumor progression

+ Limited knowledge about the molecular mechanisms involved
in local invasion and metastatic dissemination

Molecular mechanisms

- Several genes g o
involved in s

predisposition -;_,‘ S F D
syndromes encode E
proteins of the mTOR

it
pathway or of the R
hypoxia response ==
pathway ) —
« Some of these genes ol N
are also involved in e 3

sporadic tumors

Shaw RJ. Curr Opin Cell Biol. 2006;18:598-608.
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Molecular mechanisms

DAXX/ATRX, MEN1, and mTOR
Pathway Genes Are Frequently Altered
in Pancreatic Neuroendocrine Tumors
Yockes Jiao,'* Chanfuan Shi.’* Sarish . Fdil’ Roeland F. de Wilde,” David 5 Kimstra,*

Avirios Maltra,” Richard D Schutich.” Lawa H. u-;“ Chuistopher L. Wl

iy
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Table 1. Comparison of commonly mutated genes

in PanNETs and PDAC based on 68 PanNETs and

114 PDACs.

Rahtn 3 | e SBerw e 1 PR

Genes* PanNET  PDACH / s

MEN1 24% PRy [ S e -
LDAXX._ATRX 43% Qo | | BRI N a
Genes in mTOR pathwa 15% 0.80%]\ — it i e
P53 3% 85% |\ .. . S —
KRAS 0% 100% A

CDKN2A 0% 25%

TGFBR1, SMAD3, SMAD4 0% 38%

Prognostic relevance

DAXX/ATRX, MEN1, and mTOR
Pathway Genes Are Frequently Altered
in Pancreatic Neuroendocrine Tumors

I i 3 1 .
ireelns B sk mg st ey s yh i by flvin il g SCIENCE VOL 331 4 MARCH 2011
Michael A. Dvos,” Victar E Welatescay* Luts A. Daz Jr.* Beat Vogeistein ' Kenaeth W. Kinder,'t
Ralph W, Mrben,'t Wickatas Papadopoutos't
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Prognostic relevance

Pancreatic Endocrine Tumors: Expression Profiling
Evidences a Role for AKT-mTOR Pathway
Hvivardo Misstagiis, frene Dals, Sigfm Barks, Stefanta Seghell, Mastwo Falo, Marco dells o,

Lorenzo Premont, Gabrirle Caparso, Alenda Df Koy, Glsxfaeon dell Fove, Packs Pederandt, Carlo M. Oroce,
and Aldo Sarpa

J Clin Oncol 28245255 © 2009
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Midgut NETs

LOH (X 3, 17, 18)
PDCD4
Methylation (CIMP-like)

Stomach
Duodenum
Pancreas
Bronchi

+ The diagnosis of endocrine tumors is usually
easy: however, be aware of the possible pitfalls !

* Their classification is in a state of flux: validation
studies are needed !

* New predictive factors would be hepful for a
better evaluation of the prognosis and for the
design of new therapeutic strategies: more
basic, translational and clinical research is
required !

Q fustrruy Importance of networks

o2 CANCER

— and collaborative studies

9/3/2013
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