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Milestones during the last 4 

decades and the road to 

future 

treatment of NEN



Development of NET diagnostics
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1. Cellular biology,  Histology and Genetics

1980-2020



LDCV=

large dense core vesicles

100 nm

- Chromogranin A

- Cytochrom b561

SSV analogues =

small synaptic vesicle 

analogues

40 - 80 nm

Synaptophysin
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NE Cells - Integrative partners of neurons and 

exocrine cells



Synaptophysin: 

Leading marker for NE 

cells

Wiedenmann and Franke, 1985, Cell



Structure of Synaptophysin

Arthur and Stowell, Structure, 2008



Molecular Model of a Synaptic Vesicle

Shupliakov and Brodin, Exp. Cell Res. 2010

Synaptophysin



Model for Synaptophysin Involvement in Vesicle fusion

Arthur and Stowell, Structure, 2008



Exo- and endocytosis of synaptic vesicles

Shupliakov and Brodin, Exper. Cell Res. 2010



Synaptophysin: A Marker Protein for 

Neuroendocrine Cells and Neoplasms

Wiedenmann et al., 1986, PNAS



Secretion of hormones and biogenic amines

LDCV
(= large dense core vesicles)

• 100-300 nm

• electron-dense core

• peptide hormones

• chromogranin A

SSV-Analoga
(=small synaptic vesicle analogues)

•80nm

•neurotransmitter &

biogenic amines (e.g.

serotonin)

• synaptophysin

Wiedenmann & Franke Cell 1985

Wiedenmann et al. Proc Natl Acad Sci USA 1986

Lloyd & Wilson Science 1983

Wiedenmann et al. Gastroenterol 1988



First TNM-Classification and Grading for NEN

Virchows Arch., 2006



2. Imaging and Laboratory Diagnostics



EUS and SRS in preoperative detection of 

insulinomas and gastrinomas

Zimmer et al., 1996, Gut

Scherübl et al., 1993, Gastro.



Positive SRS correlates with expression sstr2

John et al., 1996, Gut



68Ga-DOTATOC-PET/CT



Chromogranin A [Normal: 19-150 µg/l]
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RB Corcoran, BA Chabner. 

N Engl J Med 

2018;379:1754-1765.

The future: Virtual biopsies of bodily fluids 
instead of tissues?
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Menin

Mutation, Translocation and Overexpression

Cell lines: Western blot

1       2      3     4      5      6     7     8      9    10

1 BON

2 QGP-1

3 HT29

4 MRC-5

5 MCF-7

6 CHO-K1

7 CaCo2

8 HeLa

9 AGS-B

10 HepG2

Sporadic GEP NETs: 

MEN-1 mutations

Toliat et al., Lancet, 1997

- 66

- 45

- 29

- 97

All 6 NET of pancreatic origin
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Gains and losses of DNA sequence copy 

number in pNET and siNET

Toliat et al., 2001, Gut

Small intestine

Pancreas
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Sadanandam et al. Cancer Discov 2015

> glucose metabolism associated 
genes

Genes regulating early pancreas 
development distinguish MLP from IT

→ New therapeutic gate?
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Correlation of pNET type with grade?

Sadanandam et al. 

Cancer Discov 2015
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Genomic alterations and survival

Scarpa et al., 2017, Nature



282 GEP-NET related samples by t-Distributed 

Stochastic Neighbor Embedding (T-SNE)

Alvarez et al., 

2018, Nature 

Genetics



3. Therapy



Developments in Therapeutics



Syndromkontrolle

„Biotherapie“

• Somatostatinanaloga

• Interferon-

Loko-regionale/

ablat.Therapien

• RFA / LITT

• TAE / TACE 

• (SIRT)

Therapeutisches Vorgehen bei NET/ NEC

Niedrig maligne, hoch differenziert

(G1 / G2),  langsames Wachstum

Resektabilität?

Hoch maligne, schlecht differenz. 

(NEC G3 ), rasches Wachstum

Chemotherapie

Cisplatin / Etoposid 

nicht resektabelresektabel

Tumorkontrolle

Chemotherapie 
(EPT, progredient)   
• STZ / 5-FU
• Tem/Cap
• FOLFOX 
(intestinal/Lunge-G2/3) ?

PRRT
90Y,177Lu  

Neue 
„Molekular-
zielgerichtete 
Therapie



4. Zukünftige Entwicklungen
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Signal transduction and 

molecular targets in NET cells

octreotide

lanreotide

IFa

sunitinibeverolimus

Wiedenmann and Rindi, Nature Rev. Endo., 2011



Reconstruction of signalling pathways of a growth factor 

(TGF-b)
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Sadanandam et al. Cancer Discov 2015

mRNA Profile correlates with miRNA  clusters

Sadanandam et al. Cancer Discov 2015



Protein crosstalk of a single cell



Interacting partners of NE tumor cells – Cellular crosstalk



Syndromkontrolle
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Classification of NEN over time

202020001980197019601900

Classification according to

Number of 

subgroups

Embryolog.

origin

Hormone-

production

Organ-

primary

Gene-

Profile

3 ca. 20 ca. 12 > 100



Zusammenfassung

1. Chirurgie

2. Biotherapie mit Somatostatin und Interferon

3. Chemotherapie mit STZ/5-FU

4. Chemotherapie mit Temozolomid +/-

Capecitabin

5. Radiorezeptor Therapie

6. Lokoregionale Therapie 

7. Zielgerichtete Therapie mit Everolimus

8. Zielgerichtete Therapie mit Sunitinib

9. Substanzen in der Erprobung



Waterfall-plot of Radiant 3-Trial

Patients



Nivolumab in SCLC

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

Antonia SJ, et al. Lancet Oncol. 2016;17(7):883-895.
SCLC, small cell lung cancer

Checkpoint inhibitors in NEN



Identification of tumor master regulators

Alvarez et al., 2018, Nature Genetics



Drug development in the future using identified 

master regulators

Alvarez et al., 2018, Nature Genetics



Future, global developments in health systems

Imaging

Therapeutic planning

New drugs

Hospital stay



Modlin et al.,  Lancet Oncol. 2008

Surveillance, Epidemiology and End Results (SEER), US population 1974-2005

2.5-5.0/ 100 000 Einwohner

GEP-NET

~ 75%

Lunge

25%

Dünndarm

Enddarm

Auftreten von NET in der 

westlichen Welt in den letzten 40 Jahren



Gründung der Europäischen Neuroendokrinen 

Tumorgesellschaft - 2004



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



Charité, Universitätsmedizin, Berlin, CVK und CCM

Danke



Artificial Intelligence in Man



Artificial Intelligence in Man

Einbezug der Signalwege auf 

Ebene von z. B.

1. Hormonen und 

Wachstumsfaktoren

2. Zellen

3. Geweben/Organen

4. Ganzkörper

5. Diagnostik

6. Therapie



Faiss et al., 2003, JCO



Genetic alterations in rectal NETs

Alvarez et al., 2018, Nature Genetics



Neuroendocrine Cells of the Gastroenteropancreatic 

and Pulmonary System

Man, lung P/D1 cell and nerve

Wiedenmann et al., J Mol Med 1998,76:637

Man, gastric ECL cell Slide kindly provided by G. Rindi
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Expression profiles of GEP NET with different 

primaries (n=212)

Califano et al., 2018, Nature Genetics

Pancreas

Small intestine

Pancreas



5

3

Pipinikas C. et al. ERC 2015

low methylation

high methylation

Different pNET types according to 
methylation

> Differences driven by DAXX / ATRX mutations
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Ehrlich et al., Gene Expression, 2017

Menin Expression of Menin Transcript-Variant 2 

in HCC and CCC



Insulinoma like

> Insulinomas are different!

Missaglia et al, JCO 2010 Cao et al, Nature Communications 2013


