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OSTEOSARCOMA 

  • most common 1° bone cancer 

  • - 2-3 / year per 1 M  

  • ~12 histologic subtypes 

Definition :  

 - malignant spindle cells 

 - osteoid production 



OSTEOSARCOMA 



OSTEOSARCOMA 
Backbone of Therapy 



CASE PRESENTATION 

16 year old young man 

 (neo-)adjuvant chemotherapy & surgery 



CASE PRESENTATION 



CASE PRESENTATION 

Patient dies of 

metastasis 

 3 years post surgery 



EURAMOS-1 



EURAMOS-1 



WHAT ELSE IS GOING ON ? 

Botter S et al Cur Opinion Pharmacol 16:15-23, 2014 



WHAT IS BEING TARGETED ? 

Mansara M et al Nature Rev Cancer 14:722-35, 2014 



● we don’t know what 

to target next ! 

 

● there is no further  

study planned 

 

 

Prof. S.Bielack on TARGETED THERAPY 

EMSOS Meeting, Athens, May 2015 

Personal Communication 

the era of targeted therapy for OS is over ! 



Allison D et al Sarcoma 2012, 2012, 704872 

plateau, unchanged for years ! 

 

 

5yr overall survival Metastasis 

OSTEOSARCOMA SURVIVAL 



TARGETED THERAPY- BIOMARKER 

WHY DID IT FAIL ? 



different subtypes of OS ! 

 

 

REASONS: HETEROGENEITY 

Klein M et al. Am J Clin Pathol 125:555-81, 2006 

anatomically & histologically 

 

 



REASONS: DEMOGRAPHICS 
Data Quality & Rarity of Disease 

 biggest obstacles for progress ! 



aberrant karyotypes / chromotripsis ! 

 

 

REASONS: HETEROGENEITY 

Kuijjer ML et al Int J Cancer 133:2512-21, 2013 



REASONS - CELL OF ORIGIN 

Botter S et al Cur Opinion Pharmacol 16:15-23, 2014 

If it was possible to target cell of origin, then we  

could improve OS survival ! 

 

 

what is the cell of origin ? 

 

 



tumor environment / vascular network / host’s 

immune system! 

 

 

REASONS: MICROENVIRONMENT 

Junttila M et al Nature 501:346-54, 2013 

Challenge of  

modelling microenvironment 



REASONS: MODEL SYSTEMS 
in vitro & in-vivo models 

 cell lines are unstable ! 
Muff R et al. PlosOne DOI:10.1371; 2015 



REASONS: MODEL SYSTEMS 
in vitro & in-vivo models 

 imperfect in-vivo model systems ! 

Uluckan Ö et al BoneKEy Reports 4, 670, 2015 

sc injection it injection 

same cells, injection at different locations 

 different metastatic pattern! 



REASONS: APPROACH ? 
Mono- / Combination Therapy  

1° Tumor metastatic burden 

in vitro 

Mohan R et al. Am J Cancer Res in publication 



WHAT IS BEING TARGETED ? 

Mansara M et al Nature Rev Cancer 14:722-35, 2014 

 personalized medicine ! 

 

 



LATEST DEVELOPMENTS 

Metastases are seeded by  

subclones from: 
  

 a.) 1° Tumor 

 b.) metastatic sites 

 c.) polyclonal seeding (same sets of subclones seed multiple sites) 

 

focus on  

CTC & dormancy ??? 

http://edrv.endojournals.org/content/vol28/issue3/images/large/zef0030726500001.jpeg


LATEST DEVELOPMENTS 
CTC & Dormancy 

Nature Reviews Cancer 

 (15):239-247, 2015  

1° TU cells    disseminated tumor 

cells Chajar C Nature Reviews  Cancer 15:239-47, 2015 

http://edrv.endojournals.org/content/vol28/issue3/images/large/zef0030726500001.jpeg


PERSONALIZED MEDICINE  
Tailored Treatments 

 it‘s getting more intense ! 



PERSONALIZED MEDICINE 
what do we want ? 

 how do we invest ? 



QUEST FOR PERSONALIZED MEDICINE 

diagnostic markers 

 

improved imaging 

 

individualized therapy 

 

 prognosis ⬆ 
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QUESTS FOR PERSONALIZED MEDICINE 

Overall goal: Improve sarcoma patient survival through 

development of novel, patient-tailored therapies 

- Patient tissue xenograft 

(PDX) models 

- Drug testing 

Local, national and 

international level 

 

Quantitative treatment 

monitoring 

(experimental, clinical) 

3 Major Areas 

therapy/diagnostics 

Imaging/monitoring 
Cooperation 

Clinical Data 

Patient material 

based research 



Development  

Sarcoma Center 

Zurich 

2005 2007 2008 2010 2012 2013 2014 

Gründung des  

MSKO Labors 

lokales Sarkomboard 

Reorganisation 

Tumorchirurgie 

HSM Projekt 

GD/BD Zürich 

Gründung 

Sarkomzentrum 

Translationale  

Sarkom Forschungs- 

Plattform 

DKG zertifiziertes 

Sarkomzentrum 

HSM-GDK Schwerpunkt  

Pädiatrische Sarkome 

Swiss National Sarcoma Advisory Board 

Registration des 

1.Sarkom Patienten 

Mandat  

IV-HSM 

SwissSARCOS 

Sarcoma Guidelines  

für Work-up, dx, Tx 

Überregionales 

Sarkomboard 

2011 

FHS-society 

Lokale  

Gewebebank 

2006 2009 

1st blood test 

for sarcoma dx? 

2015 



NATIO 

A. Definition of Advisory Board / Sarcoma Boards /  

     Sarcoma Centers 

 

B. Guidelines 

 

C. cohort study  

 

D.  research – tissue collection 

 

 
www.sarcoma.ch 



SNSAB 



SNSAB GUIDELINES 

1. Minimal Work-up requirements 

 

2. Therapy 

 

3. Surgery (extremity/retroperitoneal) 

 

4. Follow-up 

 

5. Rad-Onc 

 

6. ILP 

 

 

in Anlehnung an ESMO, NCCN, etc  

www.sarcoma.ch 



POTENTIAL OF CLINICAL DATA 

> 200 patients from one single center 



COHORT STUDY 

Data Management 

data 

system  

of  local 

institution 

zB Kisim 

MEM 

Sarkomzentrum A 

Sarkomzentrum B Sarkomzentrum C 

Sarkomzentrum D 

Sarkomzentrum E Sarkomzentrum F 

MDS 

www.sarcoma.ch 

ethic approval obtained ! 



TISSUE COLLECTION 



TISSUE COLLECTION 
Working Group 

www.sarcoma.ch 



IN VITRO & IN VIVO MODELLING 

Lodhia et al BBA 1855:223-234, 2015 

Advantages of: 
 

- established cell lines: 

 

- ease of propagation 

- mechanistic/functional studies 

 

 

- 1° tumor cells 

 

 biological relevance ⬆ 

 mimicks closely patient‘s TU 

  



IN VITRO & IN VIVO MODELLING 

homogenous 

 patient’s tumor PDX 

cell line xenograft cell line in vitro 

heterogenous 

Choi et al Advanced Drug Del Reviews 79-80:222-37, 2014 



MOUSE MODELLING OF OS 
Orthotopic Sarcoma Mouse Models 

Botter S et al, in „Bone Cancer“;2:349-63, 2015 (2nd edition)  



MOUSE MODELLING OF OS 
LacZ tagging of individual cells 
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Arlt M et al. J Orthop Res 29:938-46, 2011  



MOUSE MODELLING OF OS 
Intraarterial Drug Administration 

Robl B et al. In preparation 



MOUSE MODELLING OF OS 
Intratracheal Drug Administration 

MicroSprayer Aerosolizer® 

Neklyodova O et al. In preparation 



PERSONALIZED MEDICINE 
Where do we focus on ? 

 several areas of interest ! 

http://edrv.endojournals.org/content/vol28/issue3/images/large/zef0030726500001.jpeg


Classification of Bone and Soft Tissue Sarcomas WHO 

2013 

  

  

ADIPOCYTIC TUMORS 

  

benign 

2.1.1. lipoma (angio-/spindle-/myo-/chondroid/lipoblastoma) 

2.1.2. hibernoma 

intermediate (locally aggressive) 

2.2.1. atypic lipomatous tumor 

2.2.2 well differentiated liposarcoma (retroperitoneal) 

malignant 

2.4.1. dedifferentiated liposarcoma 

2.4.2. myxoid liposarcoma (incl round cell) 

2.4.3. pleomorphic liposarcoma 

2.4.4. liposarcoma not otherwise specified 

miRNAs as discriminators in liposarcoma 
 

PERSONALIZED MEDICINE 
1. Patient Stratification  



PID Sex Age at Dx Diagnosis Grade I II III Location Total Dosage, Gy Date of  surgery TU volume in cc

Balgrist 

Resection (R0=1, 

R1=2, R2=3) last FU state of disease Death local Recurrence Metastasis Meta. Loc. Mutation Round Cells (Y/N) MDM2

746461 m 42 PMLS 3 Lower Extremity 50 26.08.2014 1368 1 28.12.2014 NED n n n n n

732538 m 51 MLS 3 Lower Extremity 50 03.12.2013 1802 1 03.07.2014 NED n n n FUS/DDIT3 Typ 3 y

712827 f 37 MLS 3 Lower Extremity 50 09.10.2012 262 2 26.09.2014 NED n n n FUS/DDIT3 Typ 5 y

706598 m 45 MLS 1 Lower Extremity 50 28.05.2013 936 1 28.08.2014 NED n n y Lower Extremity x y

714162 m 78 MLS x Upper Extremity 50 13.11.2012 700 1 05.06.2014 NED n n n FUS/DDIT3 Typ 2 n

304940 m 50 MLS 1 Lower Extremity 50 21.01.2014 432 1 10.07.2014 NED n n n x n

739502 m 18 MLS 1 Lower Extremity 50 01.04.2014 64 1 30.07.2014 NED n n n DDIT3/CHOP n

738656 m 44 MLS 1 Lower Extremity 50 15.04.2014 1540 1 03.09.2014 NED n n n FUS/DDIT3 Typ 3 n

590667 f 39 MLS 1 Thorax 50 29.04.2014 682 1 23.07.2014 AWD n n y Gluteal x n y

749209 f 35 MLS 1 Lower Extremity 50 09.07.2014 294 1 29.10.2014 NED n n n FUS/DDIT3 Typ 2 n

661216 m 41 MLS x Lower Extremity 50 01.07.2014 1141 1 16.10.2014 NED n n n FUS/DDIT3 Typ 2 n

746689 m 49 MLS x Upper Extremity 50 16.09.2014 267 1 17.12.2014 AWD n n y Upper Extremity FUS/DDIT3 Typ 2 n

734366 m 54 MLS 3 Lower Extremity 50 07.01.2014 441 1 03.07.2014 NED n n n x y

749339 f 52 MLS x Lower Extremity 50 28.10.2014 72 1 12.11.2014 NED n n n FUS/DDIT3 Typ n

625162 m 78 DDLS 2 Lower Extremity 50 30.09.2014 54 1 24.12.2014 AWD n n y Lungs, Spleen, Bone x n y

723755 m 67 DDLS 2 Lower Extremity 50 28.05.2013 1472 1 27.08.2014 NED n n n x n y

680892 m 69 DDLS 2 Groin 45 14.05.2013 x 2 30.10.2013 NED n y n x n y

669677 m 70 DDLS 2 Retroperitoneal 50 19.07.2011 144 2 10.10.2013 AWD n n y mult. x n y

751226 f 61 DDLS x Thorax 60/50 02.10.2014 120 1 23.10.2014 NED n n n n y

662712 f 77 ALT 1 Lower Extremity 10.12.2013 1440 1 03.03.2014 NED n n n x n y

734417 m 75 ALT 1 Lower Extremity 50 04.03.2014 1805 1 04.06.2014 NED n n n x n y

518731 f 46 ALT 1 Upper Extremity 50 03.12.2013 300 1 13.03.2014 NED n n n x n y

705359 f 59 ALT 1 Upper Extremity 50 17.04.2012 84 1 11.09.2013 NED n n n x n y

714975 m 71 ALT 1 Lower Extremity 50 04.12.2012 6.75 1 12.03.2014 NED n n n x n y

512208 m 57 ALT 1 Lower Extremity 50 29.01.2013 2208 1 23.10.2014 NED n n n x n y

735839 f 50 ALT 1 Lower Extremity 50 01.04.2014 1332 1 09.07.2014 NED n n n x x

711964 m 63 lipoma Upper Extremity 10.07.2012 540 10.07.2012 NED n n n

706886 f 53 lipoma Upper Extremity 27.03.2012 60 11.04.2012 NED n n n

708924 m 43 lipoma Thorax 29.05.2012 80 29.08.2012 NED n n n

706379 f 57 lipoma Lower Extremity 12.06.2012 12 01.08.2012 NED n n n

711209 f 62 lipoma Upper Extremity 30.10.2012 28 27.03.2013 NED n n n

710325 m 44 lipoma Lower Extremity 27.11.2012 7.5 08.11.2012 NED n n n

675394 f 45 lipoma Lower Extremity 09.10.2012 24 24.10.2012 NED n n n

709604 m 63 lipoma Lower Extremity 23.10.2012 308 07.11.2012 NED n n n

711151 f 33 lipoma Back/Thorax 18.09.2012 40.5 04.10.2012 NED n n n

719055 f 52 lipoma Upper Extremity 18.12.2012 382 13.03.2013 NED n n n

miRNAs as discriminators in liposarcoma 
 

36 patients in total; MLS: 13; L: 10; ALT: 7; DDLS: 5; PML: 1  

PERSONALIZED MEDICINE 
1. Patient Stratification  



Boro et al, in preparation 

miRNAs as discriminators in liposarcoma 
 

correlation of miR155 

expression in  

plasma & tumor  

samples 

PERSONALIZED MEDICINE 
1. Patient Stratification  



Plasma tumor 

24h postop 

mirR155 in dedifferentiated liposarcoma 

∗ 

∗ ⬇ levels 24h post surgery ! 

Boro et al, in preparation 

miRNAs as discriminators in liposarcoma 
 

PERSONALIZED MEDICINE 
1. Patient Stratification  



PERSONALIZED MEDICINE 
2. in-vitro 3D & in-vivo modelling 

Patient‘s tumor material 



personalized therapy in the future ! 

PERSONALIZED MEDICINE 
2. in-vitro 3D & in-vivo modelling 

NFP  - application 2017 – 2020: 

 

3D-Tissue Models –  

new perspectives for medicine 

 



  Cell Lines Subcutaneous Tumors Intratibial Tumors 
 symbol fold change p value fold change p value fold change p value 

Genes down-regulated in LM8        
basic helix-loop-helix domain containing, class B9 Bhlhb9 -60.98 8.46E-13 -24.93 9.47E-10 -15.67 2.45E-04 

fibronectin 1 Fn1 -2.95 5.69E-08 0.9001 0.4485 0.9257 0.9272 

transforming growth factor, beta 2  Tgfb2 -2.43 6.09E-06 -2.38 4.93E-05 -4.07 8.84E-03 
Rous sarcoma oncogene Src -2.36 2.24E-06 -2.70 0.0001217 0.8423 0.759 

tropomyosin 1, alpha Tpm1 -2.28 2.53E-07 -2.23 5.30E-05 0.6487 0.358625 
transforming growth factor, beta receptor I  Tgfbr1 -2.15 5.06E-06 1.15085 0.2542225 0.773225 3.76E-01 

        

Genes up-regulated in LM8        

connective tissue growth factor  Ctgf 2.72 2.18E-04 0.5983 0.0307 0.8579 0.858 

        

 

Arlt M et al, Sarcoma 2013 ID 404962 

PERSONALIZED MEDICINE 
3. Dormancy 



Lenti Vector for MSH043018-1-LVRH1MP  Bhlhb9 overexpression & knockdown all data compared to Dunn-LZ and normalized to Gapdh
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mCherry  

Co-expression 

 in vivo experiments underway ! 

PERSONALIZED MEDICINE 
3. Dormancy 



 How to detect a few CTCs between millions of white blood cells ? 
ti

m
e

 

L 

PERSONALIZED MEDICINE 
4. Circulating Tumor Cells 



  we have blood available from 400 patients ! 

PERSONALIZED MEDICINE 
4. Circulating Tumor Cells 



● Exosomes are small membrane extracellular vesicles (30-100nm) that mediate local and systemic   

      cell communication  through the transfer of mRNA, microRNAs and proteins. 

 

● Exosomal mRNA and miRNA differ from the donor cell! 

 

PERSONALIZED MEDICINE 
5. Exosomes (Tumor Derived Microvesicles) 



PERSONALIZED MEDICINE 
5. Exosomes (Tumor Derived Microvesicles) 

 Functional Relevance and Potential Use as Diagnostic and   

     Prognostic Factors in Metastatic Sarcoma 



PERSONALIZED MEDICINE 
5. Exosomes (Tumor Derived Microvesicles) 

Patients‘ tumor material 

In vitro modelling 

In vivo modelling 



Kansara M et al Nature Rev Cancer 14:722-35, 2014 

PERSONALIZED MEDICINE 
6. Targeting Imunomodulators 

 Immune checkpoint inhibitors may improve survival 



AB – mediated Drug Delivery 

PERSONALIZED MEDICINE 
6. Targeting Imunomodulators 



WHERE DO WE GO ? 

strong clinical data set (SwissSARCOS) 

 

good sarcoma tissue bank (SwissSARCTissues) 

 

strong Translational Sarcoma Research Platform 

 

 

 

 

 

 
 

real basis to  survival in the future ! 
 

 

 

2020 
2020 



THE TRANSLATIONAL  

SARCOMA RESEARCH PLATFORM 
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THANK YOU ! 

bruno.fuchs@balgrist.ch  

www.sarkomzentrum.ch 


