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Table 6.01 2017 WHO classification and grading of pancreatic neuroendocrine neoplasms (PanNENs)

Universitatsklinikum Ttbingen

Classification/grade Ki-67 proliferation index? Mitotic index?
Well-differentiated PanNENs: pancreatic neuroendocrine tumours (PanNETs)

G1PanNET < 3% <?

G2 PanNET 3-20% 2-20

(G3 PanNET > 20% >20

Poorly differentiated PanNENs: pancreatic neuroendocrine carcinomas (PanNECs)

PanNEC () > 20% > 20
Small cell type

Large cell type

Mixed neuroendocrine-non-neuroendocrine neoplasm

2 The Ki-67 proliferation index is based on the evaluation of = 500 cells in areas of higher nuclear labelling
(so-called hotspots). The mitotic index is based on the evaluation of mitoses in 50 high-power fields (HPF;
0.2 mmZ each) in areas of higher density, and is expressed as mitoses per 10 high-power fields (2.0 mm?). The
final grade 1s determined based on whichever index (Ki-67 or mitotic) places the tumour in the highest grade

category. For assessing Ki-67, casual visual estimation (eyeballing) 1s not recommended; manual counting using
printed images Is advocated {2267}
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A common classification framework for neuroendocrine neoplasms:
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an International Agency for Research on Cancer (IARC) and World

Health Organization (WHO) expert consensus proposal
Table 1 NEN 2018 WHO proposed classification of selected NEN by site, category, family, and tumor type

Site Category Farmly Type Grade Current terminology
Lung Neuroendocrine neoplasm Neuroendocrine tumor Pulmonary neuroendocrine Gl Carcinoid
(NEN) (NET) tumor (NET)* G2 Atypical carcinoid”
Neuroendocrine carcinoma  Small cell lung carcinoma Small cell lung
(NEC) (Pulmonary NEC, small cell- carcinoma
l}'pe]'h
Pulmonary NEC, large cell- Large cell NE
type carcinoma
Uterus (corpus Neuroendocrine neoplasm Neuroendocrine tumor Uterine neuroendocrine tumor Gl Carcinoid
and cervix) (NEN) (NET) (NET) G2 Atypical carcinoid
G3 Atypical carcinoid
MNeuroendocrine carcinoma Uterine NEC, small cell-type Small cell carcinoma
(NEC) Uterine NEC, large cell-type Large cell NE
carcinoma
Pancreas Neuroendocrine neoplasm  Neuroendocrine tumor Pancreatic neuroendocrine Gl PanNET G1
(NEN) (NET) tumor (NET) G2 PanMNET G2
G3 PanNET G3
Neurvendocrine carcinoma Pancreatic NEC, small cell- Small cell NE
(NEC) type carcinoma
Pancreatic NEC, large cell-type Large cell NE
carcinoma

Rindiet al ,Mod Path 2018
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A GEP NET: A Andere Organe NET:
} _ I Hypophyse
I Appendix i Mittelohr
I lleum i Nebenschilddrise
I Rektum I Ovar

A GEP NEC: A Andere Organ&EC:
i Osophagus I ObererSinonasaltrakt
) I Parotis
I Colon I Harnblase

I Prostata
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NEN G31
variable Morphologie
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Rezidivrisikdir RO resezierte NET
1477 GERNET (8 Zentren aus den USA)

. 0 10 20 30 40 50 60 70 80 90 100
POIntS L M M M M M " M M 2
Ki-67 Label Index - - ~ - . ; - - ' : .
0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 24% 26% >28%
Positive>3
Lymph Node Status — — ’
Negative Positive1-3
. >3
Size of NET :
<3cm
. . Present
Invasion of Adjacent Organs - ;
Absent
Total Points : -
0 20 40 60 80 100 120 140 160 180 200 220

Vd

Ki67 ist der starkste Faktor, jedes Prozgnt Rl & { 0 S ND ¢

Merath et al J.SurgOncology2018
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sy NET G3 vs. NEC Marke!l 4

: : : Rb1l
NET G3 9 21%-36% 0% 0% 0% 78% 11% 33%

el NEC G312 21%-90% 75% 67% 45% 8% 0% 0%

Adapted from Konukiewitet al Modern Patho2017

Tang et aAm JSurgPathol 2016 Sep;40(9):119202.
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. : : Rb1
Diagnosis Ki67-range TP53 (loss) SSTR2A

ey NET G3 9 21%-36% 0% 0% 0% 78% 11% 33%

G SUdwestdeutsches

ey NEC G312 21%-90% 75% 67% 45% 8% 0% 0%

Adapted from Konukiewitet al Modern Patho2017

Tang et aAm JSurgPathol 2016 Sep;40(9):119202.
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: : : Rb1

Uil NET G3 9 21%-36% 0% 0% 0% 78% 11% 33%
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el NEC G312 21%-90% 75% 67% 45% 8% 0% 0%

Adapted from Konukiewitet al Modern Patho2017

Tang et aAm JSurgPathol 2016 Sep;40(9):119202.
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Loss of Rb1l K-ras Codonl2
NET - (0/21) - (0/21)
NEC 54.5% (24/44) 48.7% (20/41)

Pankreas NET G3 und NEC,
Hijioka et al Clin Cancer Research 2017
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NET G3 NEC
Loss of ATRX + _
or DAXX
Expression of SSTR2 + _
Loss p53 function _ +
(mutation or loss)
Loss of RB1 _ +

Mutated K-Ras +



CC Akzeleration g ukr
des Wachstums

ANET G1/2 Y NETG3

I Bekannt bei Pankreas NET, und pulmonalen
Karzinoid

Y Rebiopsie, PET-CT, Strategiewechsel
I Kommt kaum vor: lleum NET
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2014: Seven mutations identified
DAXX DOT1L MEN1 NF1 PTEN RAD52 RAF1

8/2016: Four mutations identified

TP53 DAXX PTEN MEN1

2015: 172 mutations identified
DAXX DOT1L MEN1 PTEN

LOST NF1 RAD52 RAF1 GAINED ....

ERBB2 KRAS NRAS TP53 EZH2 CDKN2B CDKN2Ap16INK4A CDKN2Ap14ARF ABL1 ABL1

AMER1 ANKRD11 ANKRD11 APC ARID1A ARID1B ARID1B ARID2 ARID2 ARID5B ASXL2 ATM
ATRX AXINT AXIN2 BCL6 BCL6 BLM BRCA2 BRD4 CBL CD276 CDK12 CDK12 CDKN1B CREBBP
CREBBP CREBBP CSF1R CSF3R CTCF DAXX DDR2 DNMT1 DNMT3A DOT1L EED EGFR EGFR
EP300 EP300 EP300 EPHAS EPHAS ERBB2 ERBB2 ERBB4 ERCC3 ERRFI1 FGFR1 FGFR2 FH

FOXA1 FOXO1 FYN GNAQ GNAS GRIN2A H3F3A HNF1A IFNGR1 IGF1R IGF1R IKBKE INHA IRS2
IRS2 JAK1 JAK2 JAK3 JAK3 JUN KDM5A KDM5A KDM5A KDM6A KDR KIT LATS1 LATS1 LATS1
LATS2 MCL1 MCL1 MED12 MED12 MEF2B MEN1 MET MET MGA MLH1 MLL MLL MLL MLL3 MLL3
MLL3 MSH2 MSH6 MTOR MTOR MYCN MYD88 NCOR1 NKX2-1 NOTCH1 NOTCH1 NOTCH3
NOTCH4 NOTCH4 NOTCH4 NSD1 NSD1 PDPK1 PIK3C2G PIK3C2G PIK3C3 PIK3CD PIK3R3
PNRC1 POLE POLE PPP6C PTCH1 PTEN PTPRD RAD21 RAD21 RAD50 RBM10 RICTOR RYBP
SETD2 SETD2 SMAD3 SOX17 SPEN SPEN SPOP SRC SRSF2 STAT5B SYK TERT TERT TET1
TET1 TET1 TET2 TNFAIP3 TP63 TRAF2 TRAF7 TSC1 TSC2 VTCN1 XPO1 YAP1 ZFHX3 ZFHX3
ZFHX3

10/2016: 121 mutations identified
DAXX DAXX PTEN MEN1

LOST TP53 GAINED ....

BRAF BRAF FGFR3 TP53 TP53 ABL1 ALK ALK ANKRD11 APC ARID1A ARID1A ARID1A ARID1B
ATM ATM ATR ATRX BRCA2 BRCA2 BRD4 CBL CDC73 CDKN2C CHEK2 DAXX DAXX DDR2
DNAJB1 DOT1L DOT1L EP300 ERBB3 ERBB4 ERBB4 ERG ERRFI1 FAM46C FANCA FAT1 FAT1
FLT1 FUBP1 GATA2 H3F3B HNF1A IKBKE IRS1 IRS1 JAK2 KDM5A LATS2 LYN MAP3K13 MAPK3
MDC1 MED12 MET MET MLH1 MLL2 MLL3 MLL4 MST1R MST1R MYCL1 MYOD1 MYOD1 NCOR1
NCOR1 NEGR1 NF1 NKX2-1 NOTCH1 NOTCH3 NOTCH3 NOTCH3 NOTCH3 NSD1 NTRK3 PALB2
PAX5 PBRM1 PIK3C2G PIK3C3 PIK3R3 PLCG2 PMS2 PPM1D PTCH1 PTEN PTEN PTPRD PTRPT
PTRPT RASA1 RPTOR RTEL1 RTEL1 RTEL1 SESN2 SETD2 SETD2 SMAD3 SMYD3 SOX17
STATS5A STK19 SUFU SYK SYK TAP2 TCF7L2 TERT TERT TSC1 WHSC1 WT1 YAP1 YES1 MEN1

4
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Raj et al, JCO Prec Onc, 2018
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Capecitabine and temozolomide

Vemurafenib

11 months

2 months

5 months

VAF:

- : |
0.00 0.25 0.50 0.75 1.00

POD

Liver
‘ biopsy 1
Ki-67 < 3%

Liver
. biopsy 2
Ki-67 1%

Liver
. biopsy 3
Ki-67 60%
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Raj et al, JCO Prec Onc, 2018
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Somatostatin analog, clinical trial with MK0846 (/IGF1R
inhibitar), hepatic arterial embolization, PRRT, as well as

Clinical trial with everolimus and

capecitabine and temozolomide BYL719
L J L J
9 years 2 months
POD
VAF:
— ]

Distal
pancreas
Ki-67 < 2%

Liver
biopsy 1
Ki-67 2%
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Raj et al, JCO Prec Onc, 2018
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Somatostatin

analog Everolimus Observation Observation
[ [ ] [ - i ]
30 months 2.5 months 15 months 15 months
Baseline MRI
before everolimus POD POD
‘ lr;zf;alic YA¥s
resection : : :—
000 025 050 0.7 100
Liver
. biopsy 1
(Ki-67 3%)

Liver
biopsy 2
(Ki-87 60%)
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Raj et al, JCO Prec Onc, 2018
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Somatostatin analog, one cycle of
capecitabine and temozolomide

‘ Distal

pancreas
Liver
biopsy

0.00 025

(complicated by pancytopenia) Everolimus
| L J
10 years 9 months
Baseline MRI! before
everolimus
VAF:
: P ]

050 075 1.00

Raj et al, JCO Prec Onc, 2018
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A SETD2 und BRAF Mutationen wahrend
Progression G171 G3

A Resistenzmutationen unter Everolimus
i PTEN, RHEB, TSC2?

A mTOR Signalweg Mutationen, aber ohne
pradiktiven Wert fur Ansprechen auf
Everolimus

Raj et al, JCO Prec Onc, 2018
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LNEN latent factor 2
(14% methylation, 6% expression)

Multi-omicsanalysis
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LNEN latent factor 1
(30% methylation, 28% expression)

Histopathology
® Typical
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Machine learning
O Typical
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Alcalaet alNatComm2018
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High-grade neuroendocrine lung tumors
LCNEC SCLC

|

Type | Type |l
LCNECs LCNECs

Genomic TP53mut t t t .
profile +STK11/KEAPT™t | | TPSS™ + RBT™ TP53™! + RBI"
Transcriptional ASCL1"9" ASCL1"" ASCL 1"an
profile DLL3™9"n DI_LS'”"f DLL.3hian
NOTCH'™" NOTCH"®" NOTCH""

NOTCH profile
immune profile
. :
Neuroendocrine profile E"‘me"d'."
Cell cycle, mitosis

George et al NaComm2018

Cellular respiration
and metabolism
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Park et al Science 201



