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Clinician angle 

Prognostic , predictive roles or, surrogacy demonstrate the relevance of a  target  
Correlation with well defined NET characteristics as a preliminary step 



Heterogeneity : focus on NETs 
NETs and NECs are two distinct neoplasms 

Yachida t al  : surgical series of 19  pa NEC vs 11 paNET 



“OMICS” and hypotheses 

• Before the “OMICs”, 3 main druggable targets 

– NETs secrete hormones : Somatostatin analogues 

– NETs are hypervascularized : antiangiogenic 

– NETs are part of inherited syndromes : mTOR inh.and 
antiangiogenic  

• After the “OMICs”:  

– “old “ and new targets 



 Medical Therapy in Advanced GEP NET: current status 
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GEP NET, gastroenteropancreatic neuroendocrine tumor; IFN, interferon; LAN 120, lanreotide 120 mg; PRRT, peptide receptor radionuclide therapy; 
STZ+Fu/DXR, streptozoticin plus 5-fluorouracil/doxorubicin; TKI, tyrosine-kinase inhibitor 



Different strategies of development according to NET primary 
 

Somatostatine analogues (Clarinet) 
Everolimus  (Radiant 2-4) 

Sunitinib Trial 
Everolimus (Radiant3)

 Octreotide (Promid) 
PRRT (Netter 01) 
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Different strategies of development  according  to  NET tumor 
burden and Grade/slope 

RECIST <1 yr 
 and / or G2 

? Means tumor burden and or progression is not specified 

RADIANT 2 ? 
NETTER 01 ?? 



Somatostatin is an inhibitor of hormonal secretions 
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Five somatostatin receptors : > 70% NET tumors 
express at least three sstr by immunohistochemistry 
which constitute targets for somatostin analogs  

N pts sst1 sst2 sst3 sst4 sst5 

Asnacios A et al. 2008 60-81  2.5% 63% 28% 38% 63% 

Volante M et al. 2007 70 - 79% 44% - 71% 

Nasir A et al. 2006 14 61% 83% 72% 56% 83% 

Kulaksiz et al. 2002 104 33% 80% 77% - 80% 

Papotti M et al. 2002 81 - 75% 44% - 69% 

sst 2 >sst1 and  5 >  sst 3 and 4 



sst2 

sst1 

sst3 
sst4 

sst5 
Tumor  
cell 

Peptide Radiolabeleld Radio Therapy : PRRT 

 
  

Imaging : SRS Synthetic 
SMS 

analogues 

Bauer W et al. 
Life Science 

1982 

Krenning EP et al. Lancet 1989 

 

Otte A et al. EJNM 1997, Kwekkeboom D et al EJNM 2003 

 
  



Analogs SMS   hsst/IC50   1 2 3 4 5 

 

SRIF-14     0.93 0.15 0.56 1.5 0.29 

Lanreotide    180 0.54 14 230 17 

Octreotide    280 0.38 7.1 >103 6.3 

Pasireotide    9.3          1 1.5         >103          0.2 

In-DTPA-Octreotide   - 22 182 >104 237 

Y-DOTAT-Octreotide   - 11 389  >104 114 

Ga-DOTAT-Ocreotate   - 0.2 > 103 300 377 

   

Brun C et al. Eur J Endocrinology 2002 / Reubi JC Eur J Nucl Med 2000 

Synthetic derivatives of SMS with high affinity for sst2 > 3-5    



Somatostatin receptor expression and density depends 
on primary and hormonal secretion : autoradiography  

Sstr expression  sstr 1 Sstr 2 

 

Sstr 3 

 

Sstr 4 

 

Sstr 5 

 

Insulinoma (26) 52% 69% 35% 4% 20% 

Gastrinome (11) 10% 100% 20% 0% 33% 

Ileal carcinoid (27) 52% 96% 15% 4% 48% 

Lung carcinoid (28) 71% 68% 3% 0% 23% 

Reubi JC et al. Eur J Nucl Med 2003 : sstr2>1>5>3-4 
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Somatostatin receptor scintigraphy posivity rate  
is affected by Ki 67….and differentiation (Grading) 

Binderup T et al  

Sstr 2  Sstr 3  Sstr5 

NET (70 cases) 79% 44% 71% 

NEC  (18 cases) 44% 17% 28% 

Volante M  et al. 2007 



SMS analog therapy in NET : preclinical investigation  
mechanisms of antisecretory and antitumor effect 
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SMS analog therapy in NET :  
mechanisms of antisecretory and antitumor effect 

 

Inhibition of hormone 
secretion 

 

 sst 1, 2, 4, 5 

Inhibition of  proliferation 

 sst 1, 2, 3, 5 (4) 

Trigger apoptosis 

 sst 2, 3 

Inhibition of growth factor 
secretion 

 sst 2, 3, 5 

Inhibition of angiogenesis  

Dimeres sst 2, 3, 5 

Heterodimeres sst 5 + D2/sst 

Susini et al. Ann Oncol 20006 



History of somatostatin analogue therapeutic 
developement 

Relief of hormone-
related  symptoms 

Tumor stabilisation 
“cold”somatostatin 

analogues 

Tumor stabilisation 
/partial response   : 
“hot” somatostatin 

analogues 

Phase II  Phase III  
PROMID 

CLARINET  

Phase III  
NETTER 01   



Angiogenic switch 

transgenic 
islets hyperplastic 

islets angiogenic 
islets invasive 

carcinoma 

Transgenic animal models of beta cell pancreatic tumors (Hanahan) 

Anti-angiogenic  
therapy 

Anti-angiogenesis and endocrine tumors:  
a strong preclinical rational 



NET cells are surrounded by an endothelial capillary network which 
constitutes the extracellular matrix, VEGF is constituvely expressed : 
pancreatic model   

Zhang J et al JNCI , 2013 
Terris B, Scoazec JY et al  Histopathology 1998 : expression of 
VEGF in digestive NETs 
Casanovas O et al . Cancer Cell 2005 : paNET also show strong 
expression of PDGFRs.. 

Scoazec courtesy 



“NET paradox “: good prognosis is associated with  NETs with  
high  microvascular density (MVD) 

Marion-Audibert et al. Gastro 2003 Couvelard A et al. BJCa2005 



Vascular density in pancreatic endocrine tumors is 
differentiation dependent  

550 vessels/mm2  

Well differentiated tumor, 
benign 

220 vessels/mm2  

Well differentiated 
carcinoma 

(low grade) 

50 vessels/mm2  

Poorly differentiated 
carcinoma 

(high grade) 

  
An inverted marker: 

the most  
vascular, 
the least 

aggressive 
 

The most  
vascular,  
the most  

differentiated 
 

Microvascular density 
Gastroenterology, 2003;125:1094-1104. 

Scoazec JY Neuroendocrinology 2013 



Lesson from VHL syndrome-PaNET model :  significantly 
upregalutated genes in VHL vs non VHL (matched) 

Speisky D et al Clin Ca Res 2012 



VHL inactivation occurs also in 24 % of sporadic 
paNETs : Schmitt AM et al. ERC 2009 

Hypermethylation of VHL promoteur : 
 2/35 pts ( 6%) 

VHL deletion by FISH:  
14/78 NETs ( 18%) 



Are genes of the angiogenic pathway mutated  ? 

Jiao I Science 2011 : 68 pa NETs, 41% stage IV, 45% G1 
Yuan F et al. IJBS 2014 : 37 paNETs, 8% stage IV, 59% G1 
Chou WC et al. IJBS 2016 : 40 paNETs ; 32% stage III/IV, 77%G1  



Vascular architecture in 
GEP endocrine tumors is site-specific 

Pancreas Ileum  : lower MVD,  

vessels in the stroma/not admixed, 
a few vessels penetrate  tumor nests Scoazec JY et al NE 2013   



Biomarkers in RADIANT 3 : not predictive ! 

 

Yao 2016  



NETs occur as part four of inherited syndromes (MEN1, VHL, 
TSC, NF1) : activation of  pathways  including AKT/MTOR 

Joakim Crona, and Britt Skogseid Eur J Endocrinol 2016;174:R275-R290: genes and pathways involved in NET tumorigenesis  



PI3K/Akt as a prominent mediator of physiological function 
regulation through tumor mass regulation 

(proliferation/apoptosis pathways ) 



Tuberous sclerosis 2 (TSC2) protein expression and phosphatase and tensin homolog (PTEN) 
protein expression : correlation with survival in pancreatic endocrine tumors (PETs).  

Missiaglia  E et al. JCO 2010;28:245-255 : 141 pts, 71% low / intermediate expression of TSC2, 58% low expression of TSC2 :  NS at MV     



Jiao Y, Shi C, Edil BH, et al: DAXX/ATRX, MEN1, and mTOR pathway genes are frequently altered in pancreatic neuroendocrine 

tumors.  

Science 331:1199-203, 2011 

Genetic alterations in pancreatic NETS 



mTOR pathway is  
activated in NET 

Loss of  fonction 
(mutations, deletions,  
LOH, hypermethylation) 

Loss of fonction 
(mutations, methylation) 

Mutations  
Amplification 

Overexpression 
Mutations  

Cingarlini S et al Target Oncol 2012 for review   

IGF1 , VEGF  

 Loss/dowregulation  of PTEN of TSC2 are observed in 
10-60% of NET  (Chung D 1998, Rigaud 2001, Perren 
200O, Missiaglia E 2010) 

 Loss/dowregulation  of PTEN of TSC2 correlated with 
pancreatic  NET prognosis (Missiaglia E JCO 2010)  

 TSC2, PTEN,PI3K mutations  (Jiao Y, 2011 

 VEGF, IGF1 et Rc IGF1 expression 

 



Alternative model : PHLDA3 (Akt supressor) is inactivated in 
72% of paNETs (54 pts) and cell lines  

Ohki R et al. 2014 

LOH and hypermethylation causes mRNA down 
regulation of PHLDA3  in cell lines  

PHLDA3 deficiency is associated with increase 
cell size  



Are genes of the mTOR pathway mutated  ? 

Jiao I Science 2011 : 68 pa NETs, 41% stage IV, 45% G1 
Yuan F et al. IJBS 2014 : 37 paNETs, 8% stage IV, 59% G1 
Chou WC et al. IJBS 2016 : 40 paNETs ; 32% stage III/IV, 77%G1  



Whole genome landscape of pancreatic NETs 

A Scarpa et al. Nature 1–7 (2016) :The frequency of somatic mutations and copy number change are shown for key genes 
  

mTOR patway alteration 
1.12% mutations : PTEN, 
TSC2,TSC1, et DEPDC5  
2.16% of EWSR1 fusion or PSPN 
CN alterations 
 



Genomic landscape of small intestin is different 

AKT/mTOR pathway: 16/48 (33%) 
Other pathways: 35/48  
 PDGFR, EGFR, HSP90 
 SRC, SMAD, AURKA 
 

CDKN1B : 10% of cases 



mTOR pathway activation in small intestin is different:   
mTOR and its activated downstream mTOR targets (but not PTEN, TSC2)  play a prognostice role (OS) in metatastatic small intestinal NET 

Zhi Rong Qian et al. JCO 2013;31:3418-3425  
Kasajima A 2011 : strong p6K expression correlates with  short DSS in 39 stage IV ileum NETs 



Conclusions  

• Three “druggable” hypotheses led to positive phase III trials based on gain in 
PFS/TTP with placebo as a control arm 

– Mainly stabilisation 

– No prognostic / predictive role of each target has been confirmed or demonstrated 

• Role and mechanisms of activated pathways/targets in NETS are 
primary specific 

• Biology of NET tumors is increasingly understood but still insufficiently 
“integrated”  : frequency of activation, first vs secondary event, organ 
specificity, NET characteristics,  microenvironment… 

• New hypotheses and models together with active translational research 
expected 



Thank you 

1 informative patient = 1 informative sampling 


