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SOFT TISSUE SARCOMAS 

ONCOLOGISTS’ MAIN QUESTIONS 

What is the diagnosis ? 

What is the grade ? 

(Is grade meaningful in this tumor type ?) 

Is there a validated protocol ? 

Is there a target ? 

Is there a clinical trial ? 

(Status of margins) 

 



SOFT TISSUE SARCOMAS 

TREATMENT SELECTION 

• Ewing sarcoma 

• Rhabdomyosarcoma 

• Angiosarcoma 

• GIST 

• Synovial sarcoma 

• Myxoid liposarcoma 



ANGIOSARC 

EHE PHE 

KAPOSI 



• Diagnosis / histotype 

• Status of excision margins 

• Prognosis + any other implications 

• Prediction of treatment response 

• Assessment of treatment response 

• Target identification (where relevant) 

• Definition of new subtypes 

• Refined classification 

SOFT TISSUE TUMORS 

ROLE OF PATHOLOGY 



• Benign ?  Malignant ?  Reactive ?                     

 - or did the biopsy miss ?... 

• Is the tissue sufficient for diagnosis and 

any additional relevant testing ? 

• Diagnosis / histotype 

• Status of excision margins 

• Grade/Prognosis/Other implications 

• Prediction of treatment response 

• Assessment of treatment response 

• Target identification (where relevant) 

 

DIAGNOSIS OF SOFT TISSUE SARCOMAS 

PRACTICAL ROLE OF PATHOLOGY 



SOFT TISSUE SARCOMAS 

TREATMENT SELECTION 

• Ewing sarcoma 

• Rhabdomyosarcoma 

• Poorly diff synovial sarcoma 

• DSCRCT 

• Mesenchymal chondrosarcoma 

• Round cell sarcoma with CIC-DUX4 





EWS 

ATYP EWS 

CIC-DUX4 

ARMS 

DSRCT MES CHONDRO 



SOFT TISSUE SARCOMAS 

APPLICABLE TECHNOLOGIES 

Histology 

Immunohistochemistry 

(Electron microscopy) 

Cytogenetics 

Molecular diagnostics 

DNA sequencing/Genomics 

Which is truly useful ? 



CD99 

NKX2-2 EWING 



LIPOSARCOMA…. 

….  Is not one single disease… 



ALT 

PLPS 

MLPS 

DDLPS 



SOFT TISSUE SARCOMAS 

TREATMENT SELECTION 

• MPNST 

• Synovial sarcoma 

• Leiomyosarcoma 

• Dediff liposarcoma 

• Fibrosarcomatous DFSP 





LMS MPNST MSYS 

GIST FS-DFSP SP CELL RMS 



DES 

MYOD1 SP CELL RMS 



SOFT TISSUE SARCOMAS 

PATHOLOGIC CLASSIFICATION 2016 

• More accurate than ever 

• More detailed than ever 

• More reliable than ever 

• More reproducible than ever 

BUT TOTALLY DEPENDS ON 

 QUALITY OF SPECIMEN…. 





MAIN ISSUES WITH  

SMALL NEEDLE BIOPSIES 

• Failure to sample diagnostic area 

• Tissue too limited to allow recognition 

• Under-representation of malignant 

features 

• Under-estimation of histologic grade                        



F/23/Breast needle bx 



M/41/ Popliteal mass  





F/68/Lower leg mass 





M/57/Retroperitoneal mass 





SMA 

F/36/Thigh mass 



SOFT TISSUE SARCOMAS 

CLASSIFICATION IN 2016 

• More extensive molecular 

characterization 

• Predominance of chromosomal 

translocations in almost all lineages 

• Gradual disappearance of 

histogenetic concept 



 

CYTOGENETIC ABERRATIONS IN SOFT TISSUE SARCOMAS 

 Tumor type Cytogenetic changes Gene fusion 

Ewing’s sarcoma/primitive  t(11;22)(q24;q12) FLI-1-EWSR1 
  neuroectodermal tumor t(21;22)(q22;q12) ERG-EWSR1 
 t(7;22)(p22;q12) ETV1-EWSR1 
 t(17;22)(q12;q12) EIAF-EWSR1 
 t(2;22)(q33;q12) FEV-EWSR1 
 t(16;21)(p11;q22) FUS-ERG  
Alveolar rhabdomyosarcoma t(2;13)(q35;q14) PAX3-FOXO1A 
 t(1;13)(p36;q14) PAX7-FOXO1A 
Myxoid/round cell liposarcoma t(12:16)(q13;q11) DDIT3-FUS 
 t(12;22)(q13;q11-12) DDIT3-EWSR1 
Desmoplastic small round cell tumor t(11;22)(p13;q12) WT1-EWSR1 
Synovial sarcoma t(X;18)(p11.2;q11.2) SSX1-SS18 
  SSX2-SS18 
Clear cell sarcoma/ t(12;22)(q13;q12) ATF-1-EWSR1 
   so-called angiomatoid ‘MFH’ t(2;22)(q33;q12) CREB1-EWSR1 
Extraskeletal myxoid t(9;22)(q22;q12) NR4A3-EWSR1 
  chondrosarcoma t(9;17)(q22;q11) NR4A3-TAF15 
Dermatofibrosarcoma protuberans/ t(17;22)(q22;q13) PDGFB-COL1A1 
  giant cell fibroblastoma 
Infantile fibrosarcoma t(12;15)(p13;q25) ETV6-NTRK3 
Alveolar soft part sarcoma t(X;17)(p11;q25) ASPL-TFE3 
Low grade fibromyxoid sarcoma t(7;16)(q33;p11) FUS-CREB3L2 
 t(11;16)(p13;p11) FUS-CREB3L1 
Myxoinflammatory fibrobl. sarcoma         t(1;10)(p22;q24)            TGFBR3-MGEA5  



MORE RECENTLY IDENTIFIED SPECIFIC  

CYTOGENETIC / MOLECULAR GENETIC  

ABERRATIONS IN SOFT TISSUE TUMORS 

Myoepithelial tumors EWSR1 and various fusion partners 
Nodular fasciitis t(17;22)(p13;q12.3) USP6-MYH9 
Mesenchymal chondrosarc t(8;8)(q21.1;q13.3)  HEY1-NCOA2 
Epithelioid h’endothelioma t(1;3)(p36.3;q25) WWTR1-CAMTA1 
     YAP1-TFE3 
Pseudomyogenic  
    hemangioendothelioma    t(7;19)(q22;q13) SERPINE1-FOSB 
Soft tissue angiofibroma t(5;8)(p15;q13)  AHRR-NCOA2 
Undiffd (Ewing-like) sarcoma t(4;19)(q35;q13.1) CIC-DUX4   
     t(4;10)(q35;q26)  CIC-DUX4 
Ossifying fibromyxoid tumor        Rearrangement of PHF1 at 6p21 
Solitary fibrous tumor inv12 (q13;q13) NAB2-STAT6 
Spindle cell/sclerosing rhabdo     MYOD1 mutations 
 

                                             More to come..... 



SYNOVIAL SARCOMA 



LOW GRADE FIBROMYXOID SARCOMA 



SOFT TISSUE SARCOMAS 

BENEFITS OF IMPROVED CLASSIFICATION 

• Better prediction of behavior 

• Better prediction of overall outcome 

• Clearer communication with patient 

• Possibly better treatment selection and 

prediction of treatment response 



SOFT TISSUE SARCOMAS 

BENEFITS OF IMPROVED CLASSIFICATION 

• Better prediction of behavior 

• Better prediction of overall outcome 

• Clearer communication with patient 

• Possibly better treatment selection and 

prediction of treatment response 

Modern, more ‘granular’ subclassification 

often exceeds treatment options – but may 

help to uncover the latter 



Mostly young adults, M>F 
Extremities +++ 

Aggressive/most often fatal 
-less reliably chemosensitive than Ewing  

Less uniform than Ewing sarcoma 
-round/ovoid/focal spindle cells 

Often prominent nucleoli/necrosis ++ 
CD99 variable/less diffuse; WT-1 often pos 

 
Can only prove molecularly 

ROUND CELL SARCOMA 
WITH CIC-DUX4 

CLUES AND SIGNIFICANCE 



CIC-DUX4 



CD99 WT-1 



CIC-DUX4 fusions 

t(4;19) 

t(10;19) 

Italiano A, Genes Chrom Cancer 2012 



SOFT TISSUE SARCOMAS 

PROGNOSTICATION 

Histologic grading 

- FNCLCC, NCI 

AJCC staging 

Risk assessment 

Prognostic nomograms 

Genomic profiling 

How useful for individual patients? 



SOFT TISSUE SARCOMAS 

KEY ELEMENTS IN CURRENTLY 

ACCEPTED GRADING SCHEMES 

Histotype / differentiation 

Mitoses 

Necrosis 

• French (FNCLCC) & NCI systems 

best known and best validated 

• French system is more discriminatory 



Guillou et al.  J Clin Oncol 1997; 15:350-362 



Guillou et al.  J Clin Oncol 1997; 15:350-362 



HISTOLOGIC GRADING OF 

SOFT TISSUE SARCOMAS 

WHEN DOES IT WORK ? 

• In tumours which show a morphologic 

spectrum that correlates with outcome 

• In the context of an accurate histologic 

diagnosis 

 

e.g. leiomyosarcoma, myxofibrosarcoma 





TUMOUR TYPES IN WHICH 

FNCLCC SYSTEM DOES NOT WORK 

MPNST (?) 
Angiosarcoma 

Epithelioid sarcoma 
Clear cell sarcoma 

Extraskeletal myxoid chondrosarcoma 
Alveolar soft part sarcoma 



Tumors of the soft tissues, Atlas of Tumor Pathology, 3rd Series,    

RL Kempson et al, eds.  Washington DC: AFIP 2001 



HISTOLOGIC GRADING OF SOFT 
TISSUE SARCOMAS 

Grade   - Myxofibrosarcoma 

Cellularity - Myxoid liposarcoma 

Size   - Myxoid chondrosarcoma 

Location - Dedifferentiated liposarcoma 

Genotype - Alveolar rhabdomyosarcoma 

Clinical stage  -  Embryonal rhabdomyosarcoma 

Patient age -  Alveolar soft part sarcoma 

No reason to believe or expect that prognostic 
parameters would be same in all tumour types 





GIST 



GASTROINTESTINAL STROMAL TUMOURS 
MUTATIONAL ANALYSIS 

• Approx. 75-80% have KIT mutations and 5-7% have 
PDGFRA mutations, irrespective of type/size 

            % of cases     Gleevec response 

 KIT exon 11   60-65  80-85% 
 KIT exon 9   10-15  45-50% 
 KIT exon 13             < 5%      Too few data 
 KIT exon 17    < 5%      Too few data 
 PDGFRA     ~ 6%          Variable 
    (exons 12/18) 

• Tumors with PDGFRA mutations seem more indolent 

• Tumours lacking either KIT or PDGFRA mutations still 
show 40-45% response – but progress sooner 

• Gleevec response, predicted by mutation type, 
correlates with survival  (resistance due to 2o mutations)   

 



Kattan et al.  J Clin Oncol 2002; 20:791-796 



GENE EXPRESSION FOR PROGNOSIS 

- THE WAY FORWARD ? (1)  

Large study by French Sarcoma Group 

183 1º non-translocation-type sarcomas 

- validated in independent cohort of 127 cases 

Genomic profiling → 3 groups 

- simple amplification type (DDLPS) (16%) 

- few alterations, whole arm / chromosome (23%) 

- high level of complexity (UPS/LMS) (61%) 

 

  Genomic complexity ∝ histologic grade 



GENE EXPRESSION FOR PROGNOSIS 

- THE WAY FORWARD ? (2)  

Then selected genes reflecting (1) greatest CGH 
imbalance, (2) grade 3 vs 2, (3) chromosome instability 

→ final 67 gene set (CINSARC) 

1) CINSARC better than FNCLCC grade 
2) CINSARC also works in GIST, breast Ca, DLBCL 

Chibon et al, Nature Med 2010; 16:781-788 
 

Still needs independent validation 



SOFT TISSUE TUMORS 

WITH 

GENETIC OVERLAP  



• Evidence of relationship? 

• Biologic / mechanistic significance ? 

• Impact on classification schemes? 

• Variants of a single ‘molecular’ entity? 

• Potential impact on diagnosis 

• Potential impact on treatment 



• Tumors with similar morphology 

• Tumors that may show hybrid morphology 

• Seemingly totally unrelated tumors 

• Tumors of different lineages 

SOFT TISSUE TUMORS 

EXAMPLES OF GENETIC OVERLAP 





MUC4 



SCLEROSING EPITHELIOID 
FIBROSARCOMA  

MOLECULAR GENETICS 

PURE SEF  

Most are MUC4 +ve –  ? Up to 90% have EWSR1-CREB3L1 
    ? 30-40% have FUS rearrangement 
            (some with CREB3L1 or CREB3L2) 

    MUC4 -ve      –  Usually lack FUS or EWSR1 alteration 

HYBRID LGFMS/SEF 

All are MUC4 +ve    –   Most have either FUS or EWSR1 
         rearrangement 
    (usually with CREB3L2 – similar to  
     LGFMS) 

 



• Frequently involved genes in multiple different 
tumor types, e.g. EWSR1, HMGA2 

• Interchangeable genes in multiple distinct tumor 
types, e.g. EWSR1 and FUS 

• Shared fusion genes in tumors thought to be 
distinct entities, e.g. TGFBR3-MGEA5 

• Shared fusion genes in tumors which appear totally 
unrelated, e.g. EWSR1-ATF1 

SOFT TISSUE TUMORS 

TYPES OF GENETIC OVERLAP 



Courtesy of Dr. Alex Lazar, MDACC (2008) 



SHARED FUSION GENES IN SOFT TISSUE SARCOMAS 

Szuhai & Bovee, 2012 



ETV6-NTRK3 

• Infantile fibrosarcoma 

• Cellular mesoblastic nephroma 

• Secretory carcinoma of breast (and 

salivary gland) 

• Rare cases of AML, CML &ALL 

• Radiation-assocd thyroid carcinomas 





EWSR1-ATF1 

EWSR1-CREB1 

• Clear cell sarcoma
  

• “Melanocytic” 

• Deep soft tissue/GI 

• Adults (mainly 

young) 

• > 50% metastasise 

• Angiomatoid “MFH” 

 

• Lineage unknown                 

• ?? dendritic cell 

• Mostly subcutaneous 

• Commonest < 20 years 

• < 2% metastasise 



SOFT TISSUE SARCOMAS 

WHAT ARE THE REAL ISSUES ? 

• Low case numbers except in major centers 

• Rare/‘orphan’ disease - funding implications 

• Many ( ~ 50) distinct tumor types 

• Still often 1st treated by non-specialists              

(USA is worse than Europe in this regard) 

• Treating metastatic disease is tough 



SOFT TISSUE SARCOMAS 

WHAT ARE THE OTHER CURRENT ISSUES? 

• Societal expectations (mainly USA) 

• Target hunting/NGS hype 

• Proliferation of unvalidated lab testing 

• “Personalized/genomic medicine” 

• Definitions of improved survival 

• Uneducated patient demands/mass delusion 

• Cost  









SOFT TISSUE SARCOMAS 

VALIDATED THERAPEUTIC TARGETS 

KIT 

ALK 

MDM2/CDK4 

IGF1R 

? MTOR 

? MET 

AND... 







“A gene recurrently altered in a sarcoma 

subtype does not necessarily play a role in 

initiation or progression… identification of 

recurrent (genetic) lesions far outstrips our 

ability to test their importance. To determine 

involvement of a gene in sarcoma biology and 

credential it as a therapeutic target, 

systematic biologic validation in genetically 

defined models must follow.”          





SOFT TISSUE SARCOMAS : 

WHAT IS THE GOLD STANDARD ? 
 



SOFT TISSUE SARCOMAS : 

WHAT IS THE GOLD STANDARD ? 

 

PATHOLOGY 



SOFT TISSUE SARCOMAS 

FUTURE GOALS 

• Better understand biology 

• Better understand pathogenetic mechanisms 

• Larger collaborative studies of single 

histotypes 

• Prognostic schemes for individual histotypes 

• More targeted therapies (hopefully…) 

• Affordable, effective care 






