
WHO e TNM:WHO e TNM:

Importanza dellaImportanza della
classificazioneclassificazione

nellnell’’approccio terapeuticoapproccio terapeutico

Marco VolanteMarco Volante
Mauro PapottiMauro Papotti

Dipartimento di Scienze Cliniche eDipartimento di Scienze Cliniche e
Biologiche Biologiche –– Ospedale San Luigi Ospedale San Luigi

Orbassano, TorinoOrbassano, Torino





 Rare tumors Rare tumors

  HeterogeneousHeterogeneous  lesionslesions

  WidespreadWidespread  distributiondistribution

 Incomplete  Incomplete uniformityuniformity of of
terminologyterminology//classificationclassification

  PoorlyPoorly  defineddefined  pre-pre-
invasiveinvasive  lesionslesions

  LargelyLargely  unknownunknown
molecularmolecular  pathwayspathways





1907       “carcinoid”    Oberndorfer

1930       Carcinoid syndrome    Cassidy

1940/50    “helle zellen”        Feyrter

1952       Serotonin     Erspamer & Asero

1963       fore-, mid-, hind-gut carcinoids    Williams & Sandler

1965/70    APUD concept    Pearse

1980       Diffuse neuroendocrine system     WHO

1994       “neuroendocrine tumor”        Capella et al

2000       Classification         WHO

NET: history



• carcinoid, malignant carinoid
• apudoma
• Islet-cell tumor (A/B/D/PP)-cell
• adenoma / microadenoma  vs carcinoma
• Kultchisky cell tumor / carcinoma
• Endocrine carcinoma
• Endocrine neoplasm
• hormone…-oma    (insulinoma, gastrinoma,..)

NET: NET: glossaryglossary



HETEROGENEOUS MACROSCOPYHETEROGENEOUS MACROSCOPY

 Solitary or multiple
 well demarcated or

infiltrative
 Size 0.5-15 cm.
 Solid/cystic
 LN spread
 Distant metastases

1 cm



HETEROGENEOUS MICROSCOPYHETEROGENEOUS MICROSCOPY



WHO
CLASSIFICATION



or…..

WHO
CLASSIFICATIONS



PITUITARYPITUITARY

THYROID, THYROID, 
PARATHYROIDPARATHYROID

LUNG, THYMUSLUNG, THYMUS

GI GI tracttract, PANCREAS, PANCREAS

ADRENALADRENAL
MEDULLA &MEDULLA &
PARAGANGLIAPARAGANGLIA

OthersOthers ( (almostalmost  everywhereeverywhere))

SKINSKIN



PITUITARYPITUITARY

THYROID, THYROID, 
PARATHYROIDPARATHYROID

LUNG, THYMUSLUNG, THYMUS

GI GI tracttract, PANCREAS, PANCREAS

ADRENALADRENAL
MEDULLA &MEDULLA &
PARAGANGLIAPARAGANGLIA



PITUITARYPITUITARY

THYROID THYROID 

ADRENALADRENAL
MEDULLA &MEDULLA &
PARAGANGLIAPARAGANGLIA

PARATHYROIDPARATHYROID

VERY EASY VERY EASY CLASSIFICATIONCLASSIFICATION……..

Adenoma/carcinomaAdenoma/carcinoma

Medullary carcinomaMedullary carcinoma

PheochromocytomaPheochromocytoma
((benignbenign and  and malignantmalignant)/)/
paragangliomaparaganglioma

Adenoma/carcinomaAdenoma/carcinoma



PITUITARYPITUITARY

THYROID, THYROID, 
PARATHYROIDPARATHYROID

LUNG, THYMUSLUNG, THYMUS

GI GI tracttract, PANCREAS, PANCREAS

ADRENALADRENAL
MEDULLA &MEDULLA &
PARAGANGLIAPARAGANGLIA



1999-2004 WHO1999-2004 WHO
CLASSIFICATIONS OFCLASSIFICATIONS OF
LUNG TUMORSLUNG TUMORS

Splits Splits NETsNETs into various groups: into various groups:
1.3.7 1.3.7 carcinoidcarcinoid  tumorstumors

typicaltypical
atypicalatypical

1.3.2 1.3.2 small cellsmall cell  carcinomacarcinoma
1.3.4.1 1.3.4.1 large cell NE carcinomalarge cell NE carcinoma as a  as a variant of variant of 

large cell carcinoma (1.3.4)large cell carcinoma (1.3.4)

Combined tumorsCombined tumors are accepted as a variant of are accepted as a variant of
SCC (1.3.2.1)SCC (1.3.2.1)



PITUITARYPITUITARY

THYROID, THYROID, 
PARATHYROIDPARATHYROID

LUNG, THYMUSLUNG, THYMUS

GI GI tracttract, PANCREAS, PANCREAS

ADRENALADRENAL
MEDULLA &MEDULLA &
PARAGANGLIAPARAGANGLIA





0 20 40 60 80 100

GEP

TECH/MARKERS

LUNG

PHEO/PARAG

MERKEL

MEN-1

MEDULLRY CA.

NE DIFF ADCA
# abstracts



19941994

20002000



WHO 2000 classification

Combined clinico-pathological
parameters…

location, diameter, angioinvasion,
presence of metastases

… and funtional data (clinico-
pathological correlates)

type of hormonal secretion and
clinical syndrome eventually present



1) well differentiated endocrine tumor:

a) benign

b) uncertain behaviour

2) well differentiated endocrine carcinoma 
(low grade malignant)

3) poorly differentiated endocrine carcinoma
(high grade malignant )

WHO 2000 classification



stomach

duodenum

ile
um/re

ctum

appendix



                 BEHAVIOUR
  Benign       Uncertain

Extrapancreatic extension       no no
Angioinvasion       no  yes
Diameter >=2 cm                 no  yes
Mitoses >2 /10HPF                 no  yes
Ki67 >2%                 no  yes

2000/2004 WHO CLASSIFICATION OF2000/2004 WHO CLASSIFICATION OF
PANCREATIC PANCREATIC NETsNETs

WELL DIFFERENTIATEDWELL DIFFERENTIATED
ENDOCRINE TUMORENDOCRINE TUMOR



Clear-cut signs of malignancy

LN LN mtsmts DistantDistant  mtsmtsLocalLocal  invasioninvasion

2000/2004 WHO CLASSIFICATION OF2000/2004 WHO CLASSIFICATION OF
PANCREATIC PANCREATIC NETsNETs

WELL DIFFERENTIATEDWELL DIFFERENTIATED
ENDOCRINE CARCINOMAENDOCRINE CARCINOMA



 Solid growth
 High grade nuclear

features
 Necrosis
 High mitotic activity
 High Ki67

2000/2004 WHO CLASSIFICATION OF2000/2004 WHO CLASSIFICATION OF
PANCREATIC PANCREATIC NETsNETs

POORLYPOORLY
DIFFERENTIATEDDIFFERENTIATED

ENDOCRINE CARCINOMAENDOCRINE CARCINOMA



BiologicalBiological  behaviourbehaviour

DegreeDegree of  of differentiationdifferentiation

LUNGLUNG

GEPGEP

TYPICAL
CARCINOID

ATYPICAL
CARCINOID

SMALLCELL/
LARGE CELL 

NE CARCINOMA

WELL DIFF. NE
TUMOR

(benign/borderline)

WELL DIFF.
NE

CARCINOMA.

POORLY DIFF.
NE CARCINOMA
(small/large cell)

WELL DIFF.WELL DIFF.

HIGH HIGH 
GRADEGRADE

POORLY POORLY 
DIFF.DIFF.

LOW GRADELOW GRADE



WHO CLASSIFICATION(S)WHO CLASSIFICATION(S)

OROR

SOMETIMES EQUIVOCALSOMETIMES EQUIVOCAL
DIAGNOSTIC CRITERIADIAGNOSTIC CRITERIA

……...Cell.Cell  sizesize……
…….Mitotic.Mitotic  indexindex……..

……...Presence.Presence (or  (or eveneven  extentextent) of ) of necrosisnecrosis……..



SPECTRUM of NE TUMORS of THE LUNGSPECTRUM of NE TUMORS of THE LUNG

<2 mitoses   <2 mitoses       2-9 mitoses            2-9 mitoses        >>10 mitoses         small cells10 mitoses         small cells
no necrosis         or necrosis           (necrosis)           (necrosis)no necrosis         or necrosis           (necrosis)           (necrosis)

TCTC ACAC LCNECLCNEC   SCLC  SCLC



DIAGNOSIS OF LUNG NETDIAGNOSIS OF LUNG NET
No major diagnostic problems for the two entitiesNo major diagnostic problems for the two entities

at the extremes of the spectrumat the extremes of the spectrum

Difficulties inDifficulties in
identifying theidentifying the
intermediateintermediate

entitiesentities

<-------->
TC SCC

LCNECAC



ATYPICAL CARCINOID - ACATYPICAL CARCINOID - AC
A NE tumor having an A NE tumor having an organoidorganoid
pattern of growth, necrosis pattern of growth, necrosis oror 2-9 2-9
mitoses/10 HPFmitoses/10 HPF

LARGE CELLLARGE CELL
NEUROENDOCRINENEUROENDOCRINE

CARCINOMA CARCINOMA –– LCNEC LCNEC
A NE tumor having an A NE tumor having an organoidorganoid

pattern of growth, large atypical cells,pattern of growth, large atypical cells,
>10 mitoses/10 HPF, generally>10 mitoses/10 HPF, generally

extensive necrosis.extensive necrosis.

MITOSIS



WHO CLASSIFICATION(S) WHO CLASSIFICATION(S) OR OR SOMETIMESSOMETIMES
EQUIVOCAL DIAGNOSTIC CRITERIA:EQUIVOCAL DIAGNOSTIC CRITERIA:

biopsybiopsy material material

BRONCHIAL LESION
year 2005

LIVER MTS
year 2008



WHO CLASSIFICATION(S)WHO CLASSIFICATION(S)

OROR

THE NEED OF ANTHE NEED OF AN
APPROPRIATE APPROACHAPPROPRIATE APPROACH

TO IMMUNOHISTOCHEMICALTO IMMUNOHISTOCHEMICAL
MARKERSMARKERS



Immunohistochemical NE Immunohistochemical NE markersmarkers

pan-endocrine pan-endocrine markersmarkers
              cytosoliccytosolic (NSE, PGP 9.5) (NSE, PGP 9.5)
              relatedrelated  toto  secretorysecretory  granulesgranules (chromogranins) (chromogranins)
              relatedrelated  toto  synapticsynaptic  vesciclesvescicles ( (synaptophisinsynaptophisin, , 

VMAT)VMAT)
       intermediate        intermediate filamentsfilaments (NF, CK HMW) (NF, CK HMW)
              adhesionadhesion  moleculesmolecules (N-CAM) (N-CAM)
hormonehormone  markersmarkers
proliferationproliferation  markersmarkers



pan-endocrine pan-endocrine markersmarkers
          cytosoliccytosolic (NSE, PGP 9.5) (NSE, PGP 9.5)
          relatedrelated  toto  secretorysecretory  granulesgranules (chromogranins) (chromogranins)
          relatedrelated  toto  synapticsynaptic  vesciclesvescicles ( (synaptophisinsynaptophisin, , 

VMAT)VMAT)
          intermediate intermediate filamentsfilaments (NF, CK HMW) (NF, CK HMW)
          adhesionadhesion  moleculesmolecules (N-CAM) (N-CAM)

  hormonehormone  markersmarkers
proliferationproliferation  markersmarkers

Immunohistochemical NE Immunohistochemical NE markersmarkers

GLUCAGON



GastricGastric X/A  X/A likelike  cellscells and GI and GI
endocrine tumors:endocrine tumors:
GHRELINGHRELIN

Papotti M et al JCEM 2001





pan-endocrine markerpan-endocrine marker
cytosoliccytosolic (NSE, PGP 9.5) (NSE, PGP 9.5)
relatedrelated  toto  secretorysecretory  granulesgranules (chromogranins) (chromogranins)
relatedrelated  toto  synapticsynaptic  vesciclesvescicles ( (synaptophisinsynaptophisin, , 

VMAT)VMAT)
intermediate intermediate filamentsfilaments (NF, CK HMW) (NF, CK HMW)
adhesionadhesion  moleculesmolecules (N-CAM) (N-CAM)

hormonehormone  markersmarkers

                  proliferationproliferation  markersmarkers

Immunohistochemical NE Immunohistochemical NE markersmarkers
TC

SCC



KI-67:KI-67:
DIAGNOSTIC USEDIAGNOSTIC USE



10 10 toto 15% cut-off  15% cut-off levelslevels
accordingaccording  toto  therapytherapy
modalitiesmodalities

KI-67:KI-67:
TxTx STRATEGY USE STRATEGY USE
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P = 0.043

Brizzi Brizzi etet al, 2007 ( al, 2007 (submittedsubmitted))

KI-67: PROGNOSTIC USEKI-67: PROGNOSTIC USE
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OverallOverall  survivalsurvival  

KI-67: PROGNOSTIC USEKI-67: PROGNOSTIC USE



pure 
NE tum.

pure 
non-NE 

ca.

100%

100%

0%

0%

WDET - TC
WDEC - AC
PDEC –
SCLC/LCNEC

Non-NE
carcinomas

Breast (WHO2004)
Lung (WHO2004)
GI tract (WHO2003)
Prostate (WHO2003)

Endocrine (WHO2000)
 Lung (WHO2004)

NE
non-NE

…….a.a  greygrey zone zone



pure 
NE tum.

pure 
non-NE 

ca.

100%

100%

30% 0%

0%

mixed
(collision)

WDET - TC
WDEC - AC
PDEC –
SCLC/LCNEC

Mixed
NE/non-NE
carcinomas

Non-NE
carcinomas

Breast (WHO2004)
Lung (WHO2004)
GI tract (WHO2003)
Prostate (WHO2003)

Endocrine tumors
(WHO2000)

Endocrine (WHO2000)
 Lung (WHO2004)

NE
non-NE

30%

mixed
(intermingled)



mixed
(collision)

Mixed
NE/non-NE
carcinomas

Endocrine tumors
(WHO2000)

mixed
(intermingled)

LUNG (COMBINED)LUNG (COMBINED)
GI TRACT & PANCREAS GI TRACT & PANCREAS 
THYROIDTHYROID
SKINSKIN
UROGENITAL TRACTUROGENITAL TRACT
……....



mixed
(collision)

Mixed
NE/non-NE
carcinomas

Endocrine tumors
(WHO2000)

mixed
(intermingled)

DEFINITION(S)DEFINITION(S)

LUNG (COMBINED) LUNG (COMBINED) classifiedclassified  asas
variantsvariants of LCNEC and SCC of LCNEC and SCC  (10%?)(10%?)
GI TRACT & PANCREASGI TRACT & PANCREAS
““at at leastleast one  one thirdthird””
THYROIDTHYROID
SKINSKIN
UROGENITAL TRACTUROGENITAL TRACT



MixedMixed adenocarcinoma/SCC of the  adenocarcinoma/SCC of the gallbladdergallbladder

mixed
(collision)

Chromogranin A



mixed
(intermingled)

GobletGoblet  cellcell  carcinoidcarcinoid of the  of the appendixappendix

Chromogranin A



pure 
NE tum.

pure 
non-NE 

ca.
focal 

NE

100%

100%

30% 0%

0%

mixed
(collision)

non-NE
ca.

WDET - TC
WDEC - AC
PDEC –
SCLC/LCNEC

Mixed
NE/non-NE
carcinomas

Non-NE
carcinomas

with NE
differentiation

Breast (WHO2004)
Lung (WHO2004)
GI tract (WHO2003)
Prostate (WHO2003)

Endocrine tumors
(WHO2000)

Endocrine (WHO2000)
 Lung (WHO2004)

NE
non-NE

30%

mixed
(intermingled)

>29%



pure 
non-NE 

ca.
focal 

NE

non-NE
ca.

Non-NE
carcinomas

with NE
differentiation

Breast (WHO2004)
Lung (WHO2004)
GI tract (WHO2003)
Prostate (WHO2003)

LUNG LUNG 
BREASTBREAST
GI TRACT & PANCREASGI TRACT & PANCREAS
UROGENITAL TRACT UROGENITAL TRACT 

(PROSTATE)(PROSTATE)
……....



pure 
non-NE 

ca.
focal 

NE

non-NE
ca.

Non-NE
carcinomas

with NE
differentiation

Breast (WHO2004)
Lung (WHO2004)
GI tract (WHO2003)
Prostate (WHO2003)

NO CLEARNO CLEAR
DEFINITION(S)DEFINITION(S)

……  shouldshould  bebe  lessless  thanthan one one
thirdthird??



Colon adenocarcinoma Colon adenocarcinoma withwith  focalfocal NE  NE differentiationdifferentiation



pure 
non-NE 

ca.
focal 

NE

non-NE
ca.

Non-NE
carcinomas

with NE
differentiation

Breast (WHO2004)
Lung (WHO2004)
GI tract (WHO2003)
Prostate (WHO2003)

……..ANY..ANY
BIOLOGICAL/CLINICALBIOLOGICAL/CLINICAL
MEANING??MEANING??
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REPRODUCIBILITY





WHO
CLASSIFICATION(S):

 CLINICAL
RELEVANCE



SPECTRUM of NE TUMORS of THE LUNGSPECTRUM of NE TUMORS of THE LUNG

<2 mitoses   <2 mitoses       2-9 mitoses            2-9 mitoses        >>10 mitoses         small cells10 mitoses         small cells
no necrosis         or necrosis           (necrosis)           (necrosis)no necrosis         or necrosis           (necrosis)           (necrosis)

TCTC ACAC LCNECLCNEC   SCLC  SCLC

Significantly differentSignificantly different
survival p<0.0001survival p<0.0001

Significantly differentSignificantly different
survival p<0.0001survival p<0.0001

NO significantlyNO significantly
different survivaldifferent survivalTravisTravis  etet al al

Am J Surg Am J Surg PatholPathol 22:934, 1998 22:934, 1998



SPECTRUM of NE TUMORS of THE LUNGSPECTRUM of NE TUMORS of THE LUNG

TCTC ACAC LCNECLCNEC   SCLC  SCLC

TCTC

 SCLC SCLC

NO significantlyNO significantly
different survivaldifferent survival

ACAC

LCNECLCNEC



p=0.006 p<0.001

TC

AC

TC

AC

<2 mitoses          2-9 mitoses<2 mitoses          2-9 mitoses
no necrosis         or necrosisno necrosis         or necrosis

TCTC ACAC

OS DFS





TNM STAGING



T0T0 TISTIS T1T1 T4T4sizesize

invasioninvasion

N0N0 N1N1

M0M0 M1M1



Proposed TNM Staging for Foregut
Neuroendocrine Tumors of the Stomach,

Duodenum, and Pancreas

Stage T N M

0 Tis N0 M0
I T1 N0 M0
IIA T2 N0 M0
IIB T3 N0 M0
IIIA T4 N0 M0
IIIB Any T N1 M0
IV Any T Any N M1



T0T0 TISTIS T1T1** T4T4sizesize

invasioninvasion

N0N0 N1N1

M0M0 M1M1 *T1a and b in the colon/*T1a and b in the colon/rectumrectum



PROS e PROS e CONSCONS……………………....



CLASSIFICATION
(diagnosis) STAGING



CLASSIFICATION
(diagnosis)

STAGING

sizesize

invasioninvasion



CLASSIFICATION
(diagnosis)

STAGING

APPENDIX:
WDT-UB
2,1 cm

T3

PANCREAS:
WDT-UB
2,1 cm

T2



ProposedProposed  GradingGrading System System



ProposedProposed  GradingGrading System System

WD NECWD NEC

PD NECPD NEC



TNM STAGING:

 REPRODUCIBILITY
and/or

CLINICAL
RELEVANCE





Prognostic relevance of a novel TNM classification
system for upper gastroenteropancreatic
neuroendocrine tumors
Ulrich-Frank Pape, MD 1 * , Henning Jann, BSc 1, Jacqueline Müller-Nordhorn, MD 2,
Angelina Bockelbrink, MD 2, Uta Berndt, MD 1, Stefan N. Willich, MD, PhD 2, Martin
Koch, MD 3, Christoph Röcken, MD 3, Guido Rindi, MD 4, Bertram Wiedenmann, MD 1

Cancer. 2008 May 27. [Epub ahead of print] 

WHO WHO ClassificationClassification
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