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ESMO 2012 A simple algorithm? 

LOCAL DISEASE 

Surgery + 

Radiotherapy 

CURE (~50%) METASTASES (~60%) 

1st line    Doxorubicin    Ifosfamide   Combination   OS  12-18 mo 

Surgery (~10%) 

3rd line   Trabectedin    Trabectedin    Trabectedin                       

2nd line    Ifosfamide     Doxorubicin     

Adjuvant CT? NEO Adjuvant CT 

Besides   

Ewing, RMS,  

OS and GIST 
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After local or metastatic relapse 

Figure 1: Overall survival after five years  
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Long term survivors 

Response to first line doxorubicin-containing regimens.  

___________________________________________________________________________ 

Response to 5-year   Others*    p   % of 5-year 

1st line ¶ survivor     survivors among 

   (n=66)  (n=1822)  response subgroup 

   N (%)  N (%)     

    

CR   17 (31%) 64 (4%)   17/81 (21%) 

PR   17 (31%) 306 (19%)  17/323 (5%)  

SD   17 (31%) 641 (39%)  17/658 (3%) 

PD   3 (6%)  627 (38%) 0.00001  3/630 (0.5%) 

___________________________________________________________________________ 

*: patients with a minimum follow-up of 5 years after inclusion who died within the 5 years of 
inclusion. 

¶: Response was not documented in 196 (10%) patients  

Blay et al EJC 2003 



ESMO 2012 Adipocytic tumours 

 Well deifferentiated / dedifferentiated liposarcoma 
 Myxoid / round cell liposarcoma 
 Pleomorphic liposarcoma 
 ….. 
Fibroblastic / myofibroblastic tumours 

 Fibromatosis (desmoid) 
 Solitary fibrous tumour / haemangiopericytoma 
 Low grade myofibroblastic tumour 
 Infantile fibrosarcoma 
 Adult fibrosarcoma 
 Mixofibrosarcoma 
 ….. 
So-called fibrohistiocytic tumours 

 Pleomorphic MFH / Undifferentiated pleomorphic sarcoma 
 ….. 
Smooth muscle tumours 

 Leiomyosarcoma 
 ….. 
Skeletal muscle tumours 

 Embryonal rhabdomyosarcoma 
 Alveolar rhabdomyosarcoma 
 Pleomorphic rhabdomyosarcoma 
Vascular tumours 

 Epithelioid haemangioendothelioma 
 Angiosarcoma of soft tissue 
 ….. 
Chondro-osseous tumours 

 Mesenchymal chondrosarcoma 
 Extraskeletal osteosarcoma 
Tumours of uncertain differentiation 

 Synovial sarcoma 
 Epithelioid sarcoma 
 Alveolar soft part sarcoma 
 Clear cell sarcoma of soft tissue 
 Extraskeletal myxoid chondrosarcoma 
 Extraskeletal Ewing tumour 
 Desmoplastic small round cell tumour 
 Extra-renal rhabdoid tumour 
 Malignant mesenchymoma 
 Neoplasms with perivascular epithelioid cell differentiation 
(PEComa) 
 Intimal sarcoma 

 

 

Fragmentation 

    >50 different histotypes  

    AND molecular  subtypes 

    2013 classification 
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Connective tissue tumours 
• Sarcoma with translocations          ~15% 

– Ewing, DFSP, Synovial sarcomas,... 

• Sarcoma with kinase mutations          ~15% 

– GIST, few Angiosarcomas 

• Sarcoma with tumor suppressor gene inactivation       ~10% 

– MPNST NF1, Rhabdoid tumors- INI1, PEComas TSC... 

• Sarcomas with chromosome 12q14-15 amplification     ~15% 

– WD/DDLPS, intimal sarcomas, LG OS... 

• Sarcomas with complex genetic alterations        ~50% 

– Pleomorphic sarcomas, LMS, ... 

• Low grade or locally agressive 

– Desmoid tumors    beta catenin or APC mutation 

– Giant cell tumor of the bone  ? (RANK involved) 

– Giant cell tumor of the soft part (PVNS) translocation  
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Sarcomas with complex genomics 

• Molecular signature for sarcoma 

• Beyond FNCLCC grading? 

Chibon et al. Nat Med, 2010 
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ESMO 2012 Systemic treatment of sarcomas 2000-2012 

2000:  
– All sarcomas 

• Doxorubicin 

• Ifosfamide 

• DTIC 

– Ewing , RMS, OS 

• Dactinomycin 

• CDDP 

• Vincaalcaloids 

• Cyclophosphamide 

• HDMTX 

 

 

2012 
– All subtypes : Trabectedin 

– GIST: Imatinib, sunitinib,  

– DFSP : Imatinib 

– Osteosarcomas: MTPPE 
 

– LMS: Gemcitabine (+/- DTIC or Tax) 

– EWS: TopoI inh., IGF1R 

– A/E RMS: Topo inh 

– Angio: Dox, Paclitaxel, GemTax 

– ESS : Aromatase inh. 

– All but LPS: pazopanib 

– PVNS :Imatinib 

– Desmoid Tumors : HT, imatinib 
 

– GCTB : denosumab 

– PECOMAs: mTOR 

– WD/DD: LPS:CDK4, MDM2 

– GIST: regorafenib 

– ASPS: cediranib 
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Clinical 

research 
Translational 

research 
Basic  

research 
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Three situations 

• Initial molecular event 
– KIT in GIST 

– Loss NF1, TSC 

– Translocations 

– Mdm2 amplification 

– … 

• Secondary event 
– VEGF production 

– Activation of mTOR pathway 

– ER expression in ESS 

 

• Simple bystander 
– PDGFR expression in normal (and malignant) cells of connective tissue 
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1.Targeting an initial event 

KIT 

PDGFR 

? 

90% 

del 14q del 22q del 1p  8q+ 5p+ 

75% 44% 38% 33% 29% 

All GIST GIST -high risk Metastatic GIST  
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Connective tissue tumours 
• Sarcoma with translocations          ~15% 

– Ewing, DFSP, Synovial sarcomas,... 

• Sarcoma with kinase mutations          ~15% 

– GIST, few Angiosarcomas 

• Sarcoma with tumor suppressor gene inactivation       ~10% 

– MPNST NF1, Rhabdoid tumors- INI1, PEComas TSC... 

• Sarcomas with chromosome 12q14-15 amplification     ~15% 

– WD/DDLPS, intimal sarcomas, LG OS... 

• Sarcomas with complex genetic alterations        ~50% 

– Pleomorphic sarcomas, LMS, ... 

• Low grade or locally agressive 

– Desmoid tumors    beta catenin or APC mutation 

– Giant cell tumor of the bone  ? (RANK involved) 

– Giant cell tumor of the soft part (PVNS) translocation  
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Heinrich et al. Hum Pathol. 2002;33:484; Science 2003, 
Corless et al. Proc AACR. 2003 

KIT and PDGFRa mutations in GIST 

Membrane 

Cytoplasm 

Exon 11 (67.5%) 

Exon 9 (11%) 

Exon 13,14 (1%) 

Exon 17 (0.5%) 

Exon 12 (0.9%) 

Exon 18 (6.3%) 

KIT PDGFRa 

•KIT & PDGFRA : 85% 

•Other key genes involved: 

•NF1, Raf, SDH, IGF1R 

Exon 14 (0.3%) 

Imatinib sensitive 

+ Sunitinib sensitive 
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Median PFS 

(months) 
6 / 19 

3-year estimate 

(%) 
5 / 17 

P value 

(logrank test) 
0.017 

KIT exon 9 mutants (10% of patients) 

KIT exon 9 mutants: 400 mg / 800 mg  

Other patients: 400 mg / 800 mg  
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Years 

  Dose Adjuvant 

KIT Exon 11   Im 400     + 

KIT exon 9   Im 800     + 

PDGFRA 

Non D842V Im 400     + 

D842V:    0     0 

KIT/PDGFR WT  Im 400     +/? 

NF1  ?/Im 400    +/?  

SDHB  ?/Im 400    +/? 

Raf  ?         ?   

Pediatric ?      ? 

GIST are at least 10 diseases 
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Connective tissue tumours 
• Sarcoma with translocations          ~15% 

– Ewing, DFSP, Synovial sarcomas,... 

• Sarcoma with kinase mutations          ~15% 

– GIST, few Angiosarcomas 

• Sarcoma with tumor suppressor gene inactivation       ~10% 

– MPNST NF1, Rhabdoid tumors- INI1, PEComas TSC... 

• Sarcomas with chromosome 12q14-15 amplification     ~15% 

– WD/DDLPS, intimal sarcomas, LG OS... 

• Sarcomas with complex genetic alterations        ~50% 

– Pleomorphic sarcomas, LMS, ... 

• Low grade or locally agressive 

– Desmoid tumors    beta catenin or APC mutation 

– Giant cell tumor of the bone  ? (RANK involved) 

– Giant cell tumor of the soft part (PVNS) translocation  
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DFSP /giant cell 

fibroblastoma 
•t(17,22) :17q22 and 22q13  

(COL1A1 et PDGFB)  

 

•Autocrine loop with PDGFb 

 

DFSP and imatinib 

Maki et al 2002 

Mc Arthur et al 2005 

Rutkowski et al 2010 
(years)
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Imatinib mesylate (IM) for the treatment of locally advanced and/or 

metastatic pigmented villonodullar synovitis/tenosynovial giant cell 

tumor (PVNS/TGCT). 

Philippe A. Cassier, Silvia Stacchiotti, Hans Gelderblom, David Thomas, Winette 

van der Graaf, Beatrice Seddon, Julien Domont, Andrew J. Wagner, Jean-Yves 

Blay. 
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PVNS study: An open-label international multicentric 

phase II study of nilotinib in progressive pigmented 

villonodular synovitis not amenable to a conservative 

surgical treatment 

Isabelle RAY-COQUARD, Hans GELDERBLOM, Christine CHEVREAU, Judith R. 

KROEP, Antoine ITALIANO, Silvia STACCHIOTTI, Axel LE CESNE, Sophie PIPERNO-

NEUMANN, Virginia FERRARESI, Florence DUFFAUD, Nicolas PENEL, Philippe A. 

CASSIER, Martin TATTERSALL, Andrew Bassim HASSAN, Binh BUI NGUYEN, Valérie 

BOURNE-BRANCHU, Séverine GUILLEMAUT, Claire CROPET, David PEROL, Jean-

Yves BLAY 

for the World Sarcoma Network 
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Phase II nilotinib in PVNS 

• Non progression rate at 12 weeks: 88.9% (95% CI: 70.8-97.6) 

• Updated distributions of the NPR (Bayesian estimation) 

Based on the updated distribution (3rd interim analysis): 

    Pr.(NPR30%)=3.34x10-11 : the study has not to be stopped at this 

stage 
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Abnormal gene transcription 

Transformation  

Target genes: include kinases  

and ligands (PDGF, IGFBP3…) 

Delattre et al 2003 
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IGFBP3 induces Ewing tumor cells 

apoptosis 

IGF1 inhibitors as potential targeted therapy in ES ? 

 
Prieur 2004 

http://mcb.asm.org/content/vol24/issue16/images/large/zmb0160443160005.jpeg
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Asmane I, Blay JY, AACR 2012 
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Connective tissue tumours 
• Sarcoma with translocations          ~15% 

– Ewing, DFSP, Synovial sarcomas,... 

• Sarcoma with kinase mutations          ~15% 

– GIST, few Angiosarcomas 

• Sarcoma with tumor suppressor gene inactivation       ~10% 

– MPNST NF1, Rhabdoid tumors- INI1, PEComas TSC... 

• Sarcomas with chromosome 12q14-15 amplification     ~15% 

– WD/DDLPS, intimal sarcomas, LG OS... 

• Sarcomas with complex genetic alterations        ~50% 

– Pleomorphic sarcomas, LMS, ... 

• Low grade or locally agressive 

– Desmoid tumors    beta catenin or APC mutation 

– Giant cell tumor of the bone  ? (RANK involved) 

– Giant cell tumor of the soft part (PVNS) translocation  
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TSC1/2 

mTOR signalling pathway 

 

 

mTOR 

Raptor GbL 

Cell cycle 

progression 

Cell growth 

 

Increased 

metabolism 

Angiogenesis 

mTOR 

eIF4E 4E-BP1 

S6 S6K1 

p27Kip1 

VEGF 

Downstream 

Nutrients 

Oxygenation 

Energy (ATP) 

PTEN 

PI3K 

Growth 

factors 

Akt 

Upstream 
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Connective tissue tumours 
• Sarcoma with translocations          ~15% 

– Ewing, DFSP, Synovial sarcomas,... 

• Sarcoma with kinase mutations          ~15% 

– GIST, few Angiosarcomas 

• Sarcoma with tumor suppressor gene inactivation       ~10% 

– MPNST NF1, Rhabdoid tumors- INI1, PEComas TSC... 

• Sarcomas with chromosome 12q14-15 amplification     ~15% 

– WD/DDLPS, intimal sarcomas, LG OS... 

• Sarcomas with complex genetic alterations        ~50% 

– Pleomorphic sarcomas, LMS, ... 

• Low grade or locally agressive 

– Desmoid tumors    beta catenin or APC mutation 

– Giant cell tumor of the bone  ? (RANK involved) 

– Giant cell tumor of the soft part (PVNS) translocation  
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Neoadjuvant MDM2 Antagonist RG7112 for Well-Differentiated 

and Dedifferentiated Liposarcomas  (WD/DD LPS): A 

Pharmacodynamic (PD) Biomarker Study. (Abstract 10007b) 

 

 

I. Ray-Coquard1, J. Y. Blay1, A. Italiano2, A. Le Cesne3, N. Penel4, J. Zhi5, A. 

Beryozkina5, F. Heil6, R. Rueger6, G. L. Nichols5, B. Bui Nguyen2 

 

Centre Leon Bérard, Lyon, France1; Institut Bergonie, Bordeaux, France2; Institut 

Gustave-Roussy, Villejuif, France3; Centre Oscar Lambret, Lille, France4; Hoffmann-La 

Roche, Nutley, NJ5; Roche Diagnostics GmbH, Penzberg, Germany6  

 

32 
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Activated p53 Pathway Biomarkers 

33 

AND DECREASED CELL PROLIFERATION Ki-67  

Expression 
Levels  

Expression 
Levels  

MDM mRNA and 
protein 

TUNEL 
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Liposarcoma: a Tumor Type Enriched for 

mdm2 Amplification 

• Well differentiated (WD) and de-differentiated (DD) morphologies are most 

common types of liposarcoma (LPS) (~80% of cases) 

• Surgery is the main therapy for WD/DD LPS 

– WD LPS: low grade with low rate of recurrence and good prognosis after complete 

surgical resection  

– DD LPS: high grade, aggressive with higher rates of recurrence after surgery 

• mdm2 gene amplification common in LPS  

– mdm2 gene resides on chromosome 12q13-15 

 

Well 

Differentiated 
De-

Differentiated 
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MIC-1 C1D8 

 Mean change from baseline 

 = single patient 

Increased MIC-1 Significantly Correlated 

With Increased Apoptosis 

Slope of regression 

line 

P = 0.0012 

• Both MIC-1 and TUNEL are 
significantly positively correlated 
with drug exposure in this study 

• In addition, MIC-1 blood levels and 
TUNEL changes in tumor biopsies 
were also well correlated 

• Future studies will further evaluate 
MIC-1 blood levels as a quantitative 
PD marker 

35 
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RG7112 in Liposarcoma 

• MDM2 inhibition in human tumors activates p53, arrests cell proliferation, and induces 

apoptosis 

• This proof of mechanism study in patients with LPS demonstrates: 

– Pharmacological p53 activation by an inhibitor of the p53-mdm2 interaction 

– Post-treatment Increases in p53, p21, and mdm2 levels  

– Exposure-related increases in MIC-1 levels 

– Post-treatment decreases proliferation as measured by change in Ki-67  

– Exposure-related induction of apoptotic signals 

– While not designed as an efficacy study, early signs of clinical activity included: 

• 1 PR after a single cycle 

• 13 SD 

• This study also supports the feasibility of multiple biopsies in patients with liposarcomas 

eligible for surgery 
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Denosumab Treatment of Giant Cell 

Tumor of Bone: Interim Analysis of an 

Open-Label Phase 2 Study 

David Thomas,1 Sant Chawla,2 Keith Skubitz,3 Arthur Staddon,4 Robert 
Henshaw,5 Armelle Dufresne6, Jean-Yves Blay,6 Judy Smith,7 Zhishen Ye,7 

Winnie Sohn,7 Martine Roudier,8 Susie Jun7 

 

1Peter MacCallum Cancer Centre, East Melbourne, Victoria, Australia;  
2Sarcoma Oncology Center, Los Angeles, CA, USA;  

3University of Minnesota, Minneapolis, MN, USA; 
4Pennsylvania Hematology/Oncology Associates, Philadelphia, PA, USA; 

5Washington Cancer Institute, Georgetown University School of Medicine, Washington DC, USA; 
6Hôpital Edouard Heriot, Lyon, France; 

7Amgen Inc., Thousand Oaks, CA, USA; 
8Amgen Inc., Seattle, WA, USA 
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Radiologic Response to 

Denosumab 

Baseline Week 5 Week 37 



ESMO 2012 Targeted treatments of sarcomas and 

connective tissue tumors 
• GIST    Imatinib 400 

• GIST KIT exon 9   Imatinib 800 

• GIST PDGFR D842V  crenolanib? 

• Other GIST   Imatinib 400 

• GIST2nd line   Sunitinib 

• GIST3rd line   Regorafenib 

• DFSP    Imatinib 

• GCT of the bone   Denosumab 

• PEComas     mTOR inh. 

• PVNS    CSF1R antagonists 

• ASPS    Cediranib/VEGFR2 inhibitors 

• Ewing/OS/RMS subsets  IGF1R Ab 

• MLPS    trabectedine 
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Three situations 

• Initial molecular event 
– KIT in GIST 

– Loss NF1, TSC 

– Translocations 

– Mdm2 amplification 

– … 

• Secondary event 
– VEGF production 

– Activation of mTOR pathway 

– ER expression in ESS 

 

• Simple bystander 
– PDGFR expression in normal (and malignant) cells of connective tissue 
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2.Targeting a « latter » event 

KIT 

PDGFR 

? 

90% 

del 14q del 22q del 1p  8q+ 5p+ 

75% 44% 38% 33% 29% 

All GIST GIST -high risk Metastatic GIST  

? ? ? 
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Palette: primary efficacy end-point 

(months)
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O N Number of patients at risk : Treatment arm

106 123 6 0 0

168 246 63 12 1

Placebo

Pazopanib

Progression free survival
 

Wald test stratified : p<0.0001

Placebo Pazopanib 

Median (months) 1.5 4.6 

PFS at 6 months 7.0 % 37.7 % 

Hazard ratio ref 0.31 

P-value < 0.0001 
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SUCCEED : Ridaforolimus in maintenance 

Chemo 

Metastatic 

disease 1st line 2nd line 3rd line 

Chemo Chemo Chemo 

Chemo Chemo Stabilisation Stabilisation Stabilisation 

Deforolimus treatment after favorable response 

Changing treatment paradigm 

1st line 2nd line 3rd line 

Progression Progression 
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Independent Radiology Review (HR=0.72, p=0.0001)  

weeks 

   PFS rate  
            Median PFS      3 mon    6 

mon  
Ridaforolimus     17.7 weeks        70%         

34% 

Placebo            14.6 weeks        54%         

23% 

SUCCEED: PFS 

Chawla SP et al; ASCO 2011; # 10005 
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Ridaforolimus : a need for biomarkers? 
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Three situations 

• Initial molecular event 
– KIT in GIST 

– Loss NF1, TSC 

– Translocations 

– Mdm2 amplification 

– … 

• Secondary event 
– VEGF production 

– Activation of mTOR pathway 

– ER expression in ESS 

 

• Simple bystander 
– PDGFR expression in normal (and malignant) cells of connective tissue 
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Find a target using expression microarrays ? 

• Synovial sarcoma 
– t(X,18) 

– Over expression of HER1 

– gefitinib single agent 

 

• Clinical trial:  
– 62022 EORTC STBSG 

– Single agent in HER1+ SynS 

– Patients with advanced disease failing AI 

– N=47- Completed sept 05 

– ASCO 2006 

HER1 

KIT 

(Nielsen Lancet 2002) 
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(months)
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Overall and progression free survival
 



ESMO 2012 Systemic treatment of sarcomas 2000-2012 

2000:  
– All sarcomas 

• Doxorubicin 

• Ifosfamide 

• DTIC 

– Ewing , RMS, OS 

• Dactinomycin 

• CDDP 

• Vincaalcaloids 

• Cyclophosphamide 

• HDMTX 

 

 

2012 
– All subtypes : Trabectedin 

– GIST: Imatinib, sunitinib,  

– DFSP : Imatinib 

– Osteosarcomas: MTPPE 
 

– LMS: Gemcitabine (+/- DTIC or Tax) 

– EWS: TopoI inh., IGF1R 

– A/E RMS: Topo inh 

– Angio: Dox, Paclitaxel, GemTax 

– ESS : Aromatase inh. 

– All but LPS: pazopanib 

– PVNS :Imatinib 

– Desmoid Tumors : HT, imatinib 
 

– GCTB : denosumab 

– PECOMAs: mTOR 

– WD/DD: LPS:CDK4, MDM2 

– GIST: regorafenib 

– ASPS: cediranib 
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Barretina et al Nat Gen 2010 
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Barretina et al Nat Gen 2010 
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Barretina et al Nat Gen 2010 
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Sarcomas, as many rare  

tumors, are valuable  models 

for « frequent » tumors  

on their way  to fragmentation 
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Northern Blotting 

Ligand 

Frizzled Homologue 10 (FZD10) 

FZD10 is specifically up-regulated in synovial sarcoma  

Criteria for gene selection 

- No detection in normal organs 

- Frequent and high expression in 

  synovial sarcoma 

- Related in cell-growth / survival 

Semi-quantitative RT-PCR 

Nagayama et al., Cancer Research 62, 5859-66 (2002) 

MFH , Malignant  fibrous histiocytoma ;  LMS , Leiomyosarcoma ; LS,  Liposarcoma ; MSC , Mesenchymal stem cell ; SS , 

Synovial Sarcoma ; MPNST , Malignant peripheral nerve sheath tumor 

MFH LMS SS cell lines MPNST 

SS 

Clinical sample 
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Nagayama et al., Oncogene 24, 6201-12 (2005) 
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Genome-wide cDNA microarray of soft tissue sarcoma 

Synovial sarcoma has distinct 

pattern of gene-expression from 

other sarcomas. 

A possible future strategy? 

Passive immunotherapy for targets 

with no known oncogenic role 
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Northern Blotting 

Ligand 

Frizzled Homologue 10 (FZD10) 

FZD10 is specifically up-regulated in synovial sarcoma  

Criteria for gene selection 

- No detection in normal organs 

- Frequent and high expression in 

  synovial sarcoma 

- Related in cell-growth / survival 

Semi-quantitative RT-PCR 

Nagayama et al., Cancer Research 62, 5859-66 (2002) 

MFH , Malignant  fibrous histiocytoma ;  LMS , Leiomyosarcoma ; LS,  Liposarcoma ; MSC , Mesenchymal stem cell ; SS , 

Synovial Sarcoma ; MPNST , Malignant peripheral nerve sheath tumor 
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Genome-wide cDNA microarray of soft tissue sarcoma 

Synovial sarcoma has distinct 

pattern of gene-expression from 

other sarcomas. 



ESMO 2012 Antitumor activity of 90Y-labeled anti-FZD10 MAb 

Synovial sarcoma (SYO-1) xenograft mouse  

Day 

Single Injection 
Days after antibody injection 
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90Y-labeled anti-FZD10 MAb (N=8) 
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Potent antitumor effect was shown in all xenograft mice by just single 

injection of 90Y-labeled anti-FZD10 MAb.  
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SYNFRIZZ Clinical Trial 
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Transversal image 

24H uptake 

Met1 has very good uptake 

Distal image 

24h uptake 
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144H 

Met1 & Met 2 

Distal image 

144h uptake 
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Conclusions 

• Rare and multiple heterogenous subtypes and 
molecular subtypes 
 

• Models for oncogenesis and clinical research 
 

• Treatment adapted to driving molecular 
alterations 
 

• Translational research to identify further driver 
mutations 

• The challenge of resistance 



ESMO 2012 

Thanks to 

EORTC Soft Tissue and 

Bone Sarcoma Group 

Peter Hohenberger, Ian Judson, Pancras Hogendorn, Jaap Verweij, 

Winette van der Graf, Alessandro Gronchi, Martine Van Glabbeke 

and all investigators 



ESMO 2012 

A World Sarcoma Network is needed 
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