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Development of NET diaghostics
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1. Cellular biology, Histology and Genetics
1980-2020
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Neuroendocrine Tumor Cell
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NE Cells - Integrative partners of neurons and
exocrine cells
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Synaptophysin:
Leading marker for NE
cells
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Cell, Vol. 41, 1017-1028, July 1985, Copyright © 1985 by MIT 0092-8674/85/071017-12 $02.00/0

Identification and Localization of Synaptophysin,
an Integral Membrane Glycoprotein of M. 38,000
Characteristic of Presynaptic Vesicles

Wiedenmann and Franke, 1985, Cell



Structure of Synaptophysin
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Molecular Model of a Synaptic Vesicle
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Model for Synaptophysin Involvement in Vesicle fusion
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Exo- and endocytosis of synaptic vesicles
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Synaptophysin: A Marker Protein for
Neuroendocrine Cells and Neoplasms

Table 1. Occurrence of synaptophysin in human neoplasms, as detected by immunocytochemistry with antibody SY38
Synap-

Diagnosis tophy- Cytoskeletal proteins Neurcendoecrine markers Clinical
(no. of cases) sin  Cktn NFP Vmtn Dpkn NSE ACTH Bmbn Citn Insl Glgn [Leu]EK Srtn Smin SP VIP  syndrome
Adrenal pheochro-  2/2  0/2 22 02 02 32 0/2 1/ 172 0/ 02 1/2 1/ 0/2 0/2 2/2 Paroxysmal
mocytomas (2) hyperten-
sion (2/2)
Paragangliomas (2) 2/2  0/2 2/2 O/ O/2 2/ 02 172 272 W% 02 1/2 /2 0/2 1/2 1/2 None
Ganglioneuro- /2 0/ 272 0/ 02 o/ 02 042 042 02 02 0/2 O/ 02 0/2 2/2 MNone
blastomas (2)
Islet cell micro- + . - - + + - - - + + - - 4+ — — None
adenomas (1)
Islet cell adenoma  3/3  3/3 /3 0/3  2/3 3% 0/3  0/3 0/3 3/3 3/} 03 0/3 2/3 0/3 0/3 Mild, episodic
3 hypoglyce-
mia (2/3)
Islet cell carcinoma + + - - + + - - - o+ o+ - - + = + Watery diar-
(1) rhea
Carcinoids of /5 5/5 35 - 5/5 55 05 35 N5 o8 05 /5 2/5 0/5 0/5 0/5 None
lung (5)
Neuroendocrine /2y o0 02 7 %o 20 1/1 042 02 0/2 0/2 0/2 0/2 0/2 None
carcinomas
of lung (2)
Carcinoids of ileum 2/2  2/2 0/2 02 2/2 2/2 O/ 0/2 02 0/2 0/2 02 2/2 1/2 0/0 02 MNone
(2
Neurpendocrine + + = = + + = + - = = - + + - — None
carcinoma
of colon (1)
Medullary car- Iy OO33 02/ 2% 33 33 0/ 13 33 043 0/3 0/3 0/3 1/3 0/3 0/3 None
cinomas of
thyroid (3)
MNeurcendocrine 1/5 5/5 4/5 KD ND 5/5 0/5 3/5 0/5 0/5 0/5 2/5 0/5 0/5 1/5 1/5 Mone
CArcinomas
of skin (5)

Cktn, eytokeratins (in particular nos. 8 and 18; see ref. 22); Vmtn, vimentin; Dpkn, desmoplakins; NSE, neuron-specific enolase; ACTH,
corticotropin; Bmbn, bombesin; Cltn, calcitonin; Insl, insulin; Glgn, glucagon, [Leu]EK, [Lew®)enkephalin; Srin, serotonin; Smtn, somatostatin;
SP, substance P; VIP, vasoactive intestinal peptide. ND, Not done.

*Synaptophysin restricted to some mature ganglion cells.

Wiedenmann et al., 1986, PNAS
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Secretion of hormones and biogenic amines

%=, SSV-Analoga

L DCV ® PY g ! .:'.. o (=small synaptic vesicle analogues)
(= large dense core vesicles) ° o :- ...:-‘- * *80NMm _
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. ® . % .
* peptide hormones ® o: o serotonin)
* chromogranin A .:. : * synaptophysin

Lloyd & Wilson Science 1983 Wiedenmann & Franke Cell 1985

Wiedenmann et al. Proc Natl Acad Sci USA 1986

Wiedenmann et al. Gastroenterol 1988
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First TNM-Classification and Grading for NEN

ORIGINAL ARTICLE

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

G, Rindi « G, Klappel - H. Alhman « M. Caplin - .

A. Couvelard - W. W. de Herder - B. Erikssson - Virchows Arch., 2006
A. Falcheti « M. Faleoni « P. Komminoth « M, Kirner «

J. M. Lopes - A-M. MeNicol - O, Nilsson » A, Perren -

A, Scarpa - J-Y, Scoazee - B, Wiedenmann -

and all other Frascati Consensus Conferemce

participants

Table 4 Grading proposal for foregu (newo)endocrine umaors

Crrade Mitotic count {10 HPF) Ki-67 index (%)
il <2 =2

LE 2-20 -2

LEE S, | =3}

*10 HPF: high power fleld=2 mm”, at least 40 fields (st 40

magnification) evaluated in aress of highest mittic density
*MIB 1 antibody; % of 2,000 mumaor celk in areas of highest nuclear
|l i
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2. Imaging and Laboratory Diagnostics
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EUS and SRS Iin preoperative detection of
Insulinomas and gastrinomas
TABLE IV Sensitivities of various imaging procedures in

the preoperative localisation of primary tumour lesions of
insulinomas and gastrinomas

Imaging procedure Sensitivity Sensinivity
insulinomas (%) gastrinomas (%)

EUS 13/14 (93) 11/14 (79)

SRS 2/14 (14) 12/14 (86)

CT 3/14 (21) 4/14 (29)

Us 1/14 (7) 4/14 (29)

MRI 1/14 (7) 4/14 (29)

EUS=Endoscopic ultrasound; SRS=somatostatin receptor
-mnugmphy,ET-mmputed tﬂmﬂgraphy, US=ultrasound,
MRI=magnetic resonance imaging.

Zimmer et al., 1996, Gut
Scherubl et al., 1993, Gastro.
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Positive SRS correlates with expression sstr2
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°8Ga-DOTATOC-PET/CT
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Chromogranin A [Normal: 19-150 pg/I]
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The future: Virtual biopsies of bodily fluids

Instead of tissues?

Liquid-Biopsy Sources
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Mutation, Translocation and Overexpression

Sporadic GEP NETSs: Cell lines: Western blot
MEN-1 mutations

Patient SSCP pattern Exon Type of Sequence Menin defect - -97
mutation alteration in
Blood  Tumours
tumour DNA 7
—— gy el — L, = ey —
1 t/= = 5/6 transition, A52966G - - - 66
splice acceptor site
2 na +/- 5 1 bp deletion, 5187delG'"  W265..X S
frameshift - -45
3 + +/- 8 7 bpdeletion, 6618del 7! =4

5 bp from intron 7,
2 bp from exon 8

4 na +/- 2 transition G2411A" G428 - -29
missense

5 na - 2 deletion 2641del3 K119del
3 bpin frame

6 na +/- 10 transition G7848A'  A541T 1 2 3 4 5 6 7 8 9 10
missense

NA=not available. *Numbers refer to sequence accession number U93237; +: normal
allele; —: mutant allele; *: in these cases, the mutant as well as the normal allele were
identified by DNA sequencing.

MEN | gene mutations in

sfx of 43 sporadic neuroendocrine
gastroenteropancreatic tumo®
HelLa

Toliat et al., Lancet, 1997
All 6 NET of pancreatic origin  +eec
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Gains and losses of DNA seqguence copy
number in pNET and sINET
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Genes regulating early pancreas
development distinguish MLP from IT
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Correlation of pNET type with grade?
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Genomic alterations and survival

A. DAXX / ATRX (Whole Cohort) B. DAXX / ATRX (WHO G2 Cohort)
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Scarpa et al., 2017, Nature

——— denotes median survival has not been reached yet.
xxxx  denotes Logrank P value could not be generated as there was no events in the better survival arm.
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282 GEP-NET related samples by t-Distributed
Stochastic Neighbor Embedding (T-SNE)
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3. Therapy




Developments in Therapeutics
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Therapeutisches Vorgehen bei NET/ NEC

Niedrig maligne, hoch differenziert
(G1/G2), langsames Wachstum

Hoch maligne, schlecht differenz.
(NEC G3), rasches Wachstum

Resektabilitat?
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4. Zuklnftige Entwicklungen
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Signal transduction and
molecular targets in NET cells
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Reconstruction of signalling pathways of a growth factor
(TGF-b)

UBE203 e
e COMp20
cNgT1 CamK
CN@ITS CcoE2 COKé  ROGK1
EX@CS OTEEL COKe
E®? CN@T4 CDKN1A
HEQCS N
N megs2 coNpt conpzc usge
1
-
PPPZR1B @ up@e1 UBE202 A c S
i o2 ANAPC? ANAPC2
i L2 COBA1 ANABC10 ANAPC4
ANAPC1
P 1 FOgDS NY@RP2
Kupto  EIBA HOBAY e ol o
RPSEKB1 PPP2CA 5 cogzo SREAT i
MARKS ooge R coge
REB@CT
PPP2R2A HE@V1 TNED1 &t cotar e -
XP01 REL1 MYC
| A reL2C TroP2 P2
mo:m op PPMIA  C@D2 RANBP2 !.l“'”e.3 MagP2
FNa W31 CONB2 E@C ”W!“z NUP214 xgps E2F4 KPNB1 E@2 REF1
CAVI tapms Pigxz SKIL  Dls R o MARGEIP3
n(:::: s SMURF1 nepaL tumes M1 o Do T
ARRB2 AGeL PiKaRZ PARDSA CTNNBI W&ms - O ROz gk HE@N2 -
GIPC1  SOCZTGFBR3 . G;:az PPPZRIA TGEBR1 WAWPT  Smuprz  RNEIT ZEB1 Act JUNO T2 kgt
AUBKB 5o upc Anm"".’zium Trap1 ZTVEIS i Ll::'m Ki” sm,ﬁ?‘z‘rna &
ST, PL1 I FOXD1 UBE21
ITGB1  PIKSRY popece VPS39 gy STAMBPLY gy R0 SMADZ. "~ opnn, FOXRI ARIE A":,.o.
ACVRL1 DYNLRB2 erasar” &1 €02 PTBN
EIFSS2  mapaky,, . SK! SMADY POPK1, FOXO3A SMADI RUNX3 gp, SPTBN1 ~ o)
- UCHLS s RPSEKAS " o@er  JUNB BTRC Loy, PUAT CHAP4S agz
o SMADS STRAP E9E soxs s A1 068
4 TREFS ER300 EP@B1  CITED1
MAPHKE NXG gy RN@23ZFYVE MF PO@F1 A2
e DYNIRB1 oS JUN g4 -
’ s PPERD SNWI  TRIMSY oo Ccigaz
s'gg‘ "L L A
MAPK14 FOXH1 STK11 HSPAS
TR NME1 MAP2KE CANI2A | STKITP VOR
N3 EWSR1 NEUGOD1 GSK38 ONERUT1 )
PO MAP2K3 U ATFZ g1 ESRT NRBFT  cogo o3
HE@ wwir1 RABE
DYNE1I1 NEYC P, HX
s DAXX ...g;‘,y.“ mq': : .Wm&‘ X s IRFZBP1
MEF2C RO s
GRB2 YAP1 PR T erge1 AR cqpy
RPSEKAS ROBPS cs@rc  prkamza PO Mgt
ZFRAgBLY NKiR-5 FOXG1 o
TE@Ds
AD1s COK@AP2 i e e, e POGF1
TAS0 P!
FogA2 1S
TS IRBS
sapts G i e’ s@
ABL1 od EIRge?2
s P e
ogx2
RO@EA ST AKEPS EIRgB4
PRK@R28

SNB

1 siFs

@5 g VAEE PN P2 grgeo CNEP1  mARgK13 E.Furo
e COGC \oges  cuge2  iKake

as - [

‘ CHARITE unversiTATSMEDIZIN BERLIN




MRNA Profile correlates with miIRNA clusters

A B
—Clinical syndrome
- I Nonfunctional
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Protein crosstalk of a single cell

(CP:1GF-1 Signaling )
(_CP: Notch Signaling )
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Interacting partners of NE tumor cells — Cellular crosstalk
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Cancer-associated fibroblasts (CAFs)
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Therapeutisches Vorgehen bei NET/ NEC

Niedrig maligne, hoch differenziert
(G1/G2), langsames Wachstum

Hoch maligne, schlecht differenz.
(NEC G3), rasches Wachstum

Resektabilitat?

R

1

resektabel

nicht resektabel

|

Chemotherapie
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- (SIRT)

Chemotherapie
(EPT, progredient)
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Classification of NEN over time

Classification according to

Embryolog. Hormone- Organ- Gene-
origin production primary Profile
1900 1960 1970 1980 2000 2020
Number of
subgroups 3 ca. 20 ca. 12 > 100
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Zusammenfassung

Chirurgie

Biotherapie mit Somatostatin und Interferon
Chemotherapie mit STZ/5-FU
Chemotherapie mit Temozolomid +/-
Capecitabin

Radiorezeptor Therapie

Lokoregionale Therapie

Zielgerichtete Therapie mit Everolimus
Zielgerichtete Therapie mit Sunitinib
Substanzen in der Erprobung
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Waterfall-plot of Radiant 3-Trial

Placebo [N=189)

25— |
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Checkpoint inhibitors in NEN

Nivolumab in SCLC

Nivolumab alone and nivolumab plus
ipilimumab in recurrent small cell lung
cancer (CheckMate 032)

A
100 — — Nivolumab 3 mg/kg
v Confirmed partial response or complete response
754 =+ Firstdocumented occurrence of new lesion
® Patients off treatment
50 O % change truncated to 100%

-25+

-50 -

Change in target lesion from baseline (%)

-75-

-100 T T T T T T T T T T T T T T 1

SCLC, small cell lung cancer
Antonia SJ, et al. Lancet Oncol. 2016;17(7):883-895.
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Change in target lesion from baseline (%)

Change in target lesion from baseline (%)

B
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Patients off treatment
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ldentification of tumor
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Drug development in the future using identified
master regulators

Drug context-~

Regulators of
turmor state spacific MoA
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Future, global developments in health systems

Hospital stay

Therapeutic planning

New drugs

Imaging

Illl
----..

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

m Medial Imaging & Diagnosis m Drug DECcovery
B Therapy Panning B Hospital Workflow
m Others
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Auftreten von NET In der
westlichen Welt in den letzten 40 Jahren
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Surveillance, Epidemiology and End Results (SEER), US population 1974-2005
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Grindung der Européaischen Neuroendokrinen
Tumorgesellschaft - 2004
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ENETS

Neuroendocrine Tumor Society

ENETS Centers of Excellence 2009 - 2018

CoE 47
Audits 102
Auditors 8

2017: Annual Return Data

GEP NET Patients 22,822
Median 494
New GEP NET Patients 5,954
Median 127
New GEP NET in MDT 5,810
Median 123

Centers of Excellence (CoE) Interactive Map

Leaflet | Tiles & Map data © OpenStreetMap
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Artificial Intelligence in Man

(Muskelgewebe Nervengewebe\

Herzmuskulatur

Glatte Muskulatur

- i ] Neuron

Skelettmuskulatur
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Artificial Intelligence in Man
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Einbezug der Signalwege auf
Ebene von z. B.

1.

o0k WN

Hormonen und
Wachstumsfaktoren
Zellen
Geweben/Organen
Ganzkorper
Diagnostik
Therapie



Prospective, Randomized, Multicenter Trial on the
Antiproliferative Effect of Lanreotide, Interferon Alfa, and
Their Combination for Therapy of Metastatic Neuroendocrine
Gastroenteropancreatic Tumors—The International Lanreotide
and Interferon Alfa Study Group

Faiss et al., 2003, JCO

By Siegbert Faiss, Ulrich-Frank Pape, Michoel Bshmig, Yvonne Dérffel, Ulrich Mansmann, Werner Golder,
Emnst Otto Riecken, and Beriram Wiedenmann

Registered as eledive patients
(n=d)
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Fig2. Time to tumor progression according fo treatment groups (Kaplan-Meler Fig 3. Time to tumor progression according to primary fumor localization
estimates, log-rank P = .312). [Kaplan-Meier estimates, log-rank P = .039).
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Rectal-Derived

Genetic alterations Iin rectal NETs
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Neuroendocrine Cells of the Gastroenteropancreatic
and Pulmonary System
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Expression profiles of GEP NET with different
primaries (n=212)
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5

3 Different pNET types according to
methylation

Color Key
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> Differences driven by DAXX / ATRX mutations
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Menin Expression of Menin Transcript-Variant 2
In HCC and CCC
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Insulinoma like

> |nsulinomas are different!

ARTICLE

Received 4 Jun 2013 | Accepted 23 Oct 2013 | Published 10 Dec 2013 DOI: 10.1038/ncomms3810

Whole exome sequencing of insulinoma reveals
recurrent T372R mutations in YY1
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