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YES WE CAN

But there are limitations
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Main ISSUES in sarcoma pathology:

1. Sarcomas are rare
2. Many (117+) benigne and malignant 

tumors with significant morphologic 
overlap

3. Significant intertumoral heterogeneity
4. Limited material for diagnosis
5. Experience of a single pathologist is limited based 

on the limited number of cases one can see in a 
general pathology service
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Benign?

Malignant?

BenignMalignant
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Main ISSUES in sarcoma pathology:

1. Sarcomas are rare
2. Many (117+) benigne and malignant tumors with 

significant morphologic overlap

3. Significant intertumoral 
heterogeneity

4. Limited material for diagnosis
5. Experience of a single pathologist is 

limited based on the limited number of 
cases one can see in a general pathology 
service
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MUC4

FUS-CREB3L1 Fusion
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Main ISSUES in sarcoma pathology:

1. Sarcomas are rare
2. Many (117+) benigne and malignant tumors with 

significant morphologic overlap
3. Significant intertumoral heterogeneity

4. Limited material for diagnosis
5. Experience of a single pathologist is 

limited based on the limited number of 
cases one can see in a general pathology 
service
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Tissue for
HE
IHC

Molecular
Analysis

Upcoming
Analysis
Research
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Main ISSUES in sarcoma pathology:

1. Sarcomas are rare
2. Many (117+) benigne and malignant tumors with 

significant morphologic overlap
3. Significant intertumoral heterogeneity
4. Limited material for diagnosis

5. Experience of a single pathologist is 
limited based on the limited number of 
cases one can see in a general pathology 
service



Therapy Prognosis

Diagnosis

Predictive 

Pathology

Pathology
• Morphology
• Immunohistochemistry
• Differentialdiagnoses
• Mitotic Activity
• Grading/Risk Stratification
• Size
• Resektionmargins
• Molekulare Diagnostics

NEW 
TECHNOLOGIES

NGS

Deep Learning
Computational 

Pathology



Comprehensive Cancer Center Graz 13



Comprehensive Cancer Center Graz 14



Comprehensive Cancer Center Graz 15

High quality DNA and RNA extraction
automated libary preparation, templet preparation, 

chip loading

Ion Gene Studio 
5S Prime



Morphology

Immunhistochemistry

Clinical 
information

Molecular 
Diagnostic

Diagnostic process – step by step
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Pathology changed

1
0
0
0
0

0
/1
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http://de.wikipedia.org/w/index.php?title=Datei:Rembrandt_Harmensz._van_Rijn_007.jpg&filetimestamp=20050521030748
http://de.wikipedia.org/w/index.php?title=Datei:Rembrandt_Harmensz._van_Rijn_007.jpg&filetimestamp=20050521030748


Genetics
Genetics/molecular 

Classification
New Entities

1997 2000 2013 2019



Genetics/molecular 
Classification
New Entities

1997 2000 2013 2019/20

NEW
WHO

Tumours of 
Soft Tissue 
and Bone



STT

Adipocytic

Fibroblastic/

Myofibroblastic

So-called

Fibrohistocytic
Nerve sheath 

Smooth muscle

Skeletal muscle

Vascular

Uncertain 

differentiation

Pericytic

(Perivascular)
Chondro-osseous

GIST

Undifferentiated

Sarcoma



Diagnostic workflow

Clinical Presentation

Gross/Histology

Immunhistochemistry

Molecular Diagnostics



Look holistically at your patient
Age/Sex

Size
Location

Association with organs/structures
Duration
CT/MRI 
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Unfixed material -> cryo samples (documentation)
-> adequate fixation (documentation) 
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Cell shape







Fibroblasts/Myofibrobla
sts   

Smooth muscle 
cells  

Neural 
cells 



Spindle –cell 
tumor/

sarcoma



Spindle cell
Sarcoma



Immunohistochemistry:

To confirm/ identify

the line of differentiation

•Epithelial Tumors

•Mesenchymal Tumors

(hematopoetic, melanocytic..)

•Germline Tumors

To confirm a diagnosis made on HE

To identify the proliferation

activity

To identify biomarkers

ZEBRA or 
PIG????



„Helpers“

Vascular: CD31, ERG, Camta, FOSB

Lipomatous: MDM2,CDK4, p16, 
RB1 

STAT6, MYOD1, MUC4,TLE1, 
H3K27me, BCOR, SMARCA4, INI1, 
SATB1...

HMB45, MelanA...

GIST: KIT, DOG1, SDHB, SDHA 

IHC Panel to diagnose STT
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BenignMalignant

MUC4 -EMA +EMA +/- MUC4 +
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BenignMalignant

MUC4 -EMA +EMA +/- MUC4 +

FUS-CREB3L1 Fusion



Molecular Classification of Soft Tissue Tumors

Molecular view of sarcoma

• 1 simple genetic changes

– Specific translocation (25%)

– Gene amplification (well diff liposarcoma)

– Oncogenic mutation (GIST)

• 2 complex genetic changes; most

common (LMS, MPNST, UPS)

• Translocations
• Amplifications
• Mutations



Lipofibromatosis like 
neural tumor

NTRK1-related 
fusions



Spindelcell and sclerosing 
Rhabdomyosarcoma with MYOD1 
mutations poor prognosis; VGLL2/NCOA2 
fusion in congenital/infantile-good 
prognosis)

Vascular Tumors
• FOS and FOSB-related fusions 

in epitheloid hemangiomas 
(benigne)

• SERPINE1-FOSB in 
pseudomyogenic 

hemangioendothelioma 
(intermediate)



PECOMAS:
PSF-TFE3, DVL-TFE3, TFE3-unknown 

partner.
RAD51B-PRAGB/OPHN1 uterine 

Pecomas.
Alternative TSC2 and TSC3 mutations.

TFE3 Pecomas may have a better 
prognosis...

PAX3 Fusion Positive 
Biphenotypic Sinonasal 

Sarcoma:
PAX3-MAML3
PAX3-NCOA1
PAX3-FOXO1

EWSR1 fusion with non 
ETS transcription factor

EWSR1-NFATc2
EWSR1-SMARCA5

EWSR1-SP3



BCOR-MAML3
BCOR-ITD

No month without a new described 
fusion 
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(TABLE 2)

KDR

NF1

PTEN

PIK3CA

(TABLE 1)

FUS–CHOP

EWSR1–CHOP

Table 2 | Targeted agents that  produce responses in sarcoma

Agent Tumour types Known alteration or recognized or 
proposed target

Approximate 
response rate 

Refs

Imatinib GIST* KIT and PDGFRα mutations ~80% 126

Dermatofibrosarcoma protuberans COL1A1–PDGFα fusions High 132,133

Tenosynovial giant cell tumour and 
pigmented villonodular synovitis

COL6A3–CSF1 fusions High 200

Sunitinib Imatinib-resistant GIST KIT mutations ~8% 201

Desmoid tumour and deep fibromatosis Unknown Unknown 202

Alveolar soft-part sarcoma ASPL–TFE3 fusion Unknown 145

Sorafenib Angiosarcoma VEGFR2 mutations, VEGF or its receptors ~15% 129

Desmoid tumour and deep fibromatosis Unknown High 203

Denosumab Giant-cell tumour of bone RANK ligand Moderate 204

Crizotinib Inflammatory myofibroblastic tumour ALK fusions Unknown 205

MET inhibitor Alveolar soft-part sarcoma ASPL–TFE3 fusion Unknown 38,206

Clear-cell sarcoma EWS–ATF1 fusions Unknown 134,135,206

IGF1R antibody Solitary fibrous 
tumour-haemangiopericytoma

IGF1R and VEGFR, and IGF2 overexpression Unknown 207,208

Ewing’s sarcoma EWS–FLI1 or EWS–ERG 10–15% 137–139

Bevacizumab Angiosarcoma VEGFR2 mutations, VEGF or its receptors ~15% 73,129, 
143,209

Cediranib Alveolar soft-part sarcoma ASPL–TFE3 fusion Unknown 144

Pazopanib Synovial sarcoma Unknown ~15% 130

mTOR inhibitors PEComas and related conditions lymphangio-
leiomyomatosis and angiomyolipoma

mTOR High 146–148

α1; 
COL6A3, collagen type VIα3; CSF1, colony-stimulating factor 1; EWS, Ewing sarcoma breakpoint region 1; FLI1, Friend leukaemia virus integration 1; GIST, 
gastrointestinal stromal tumour; IGF, insulin-like growth factor; IGF1R, insulin-like growth factor 1 receptor; PDGFR, platelet-derived growth factor receptor; 
PEComa, perivascular epithelioid cell tumour; TFE3, transcription factor binding to IGHM enhancer 3; TSC2, tuberin; VEGFR, vascular endothelial growth factor 
receptor. *Dasatinib and sorafenib are also indicated for KIT-mutant GIST.
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(FIG. 1)

translocations

(REF. 3)

(FIG. 1)

de novo

myogenic

PAX3 PAX7 FOXO1

karyotypically complex

de novo
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Translocations

Structural rearrangement that 

juxtaposes distant genome 

sequences, resulting in 

aberrant gene expression or 

modified regulatory control of 

a gene (promoter substitution) 

or the formation of a fusion 

gene that encodes an aberrant, 

chimeric protein (gene fusion). 

Pathognomonic translocations 

have more than diagnostic use, 

they are also the defining 

feature of the given tumour 

type.

Advances in sarcoma genomics  
and new therapeutic targets
Barry S. Taylor* ‡, Jordi Barretina§||, Robert G. Maki¶, Cristina R. Antonescu* , 

Samuel Singer*  and Marc Ladanyi*

Abstract | Increasingly, human mesenchymal malignancies are being classified by the 

abnormalities that drive their pathogenesis. Although many of these aberrations are highly 

prevalent within particular sarcoma subtypes, few are currently targeted therapeutically. 

Indeed, most subtypes of sarcoma are still treated with traditional therapeutic modalities, 

and in many cases sarcomas are resistant to adjuvant therapies. In this Review, we discuss the 

core molecular determinants of sarcomagenesis and emphasize the emerging genomic and 

functional genetic approaches that, coupled with novel therapeutic strategies, have the 

potential to transform the care of patients with sarcoma.
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Options to get treatment 
based on the underlying 

molecular profile
„basket trials“

Tumors with NTRK1-3 fusions
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EWSR1 FISH
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10/16/2014

5

ES/PNET
• Native FLI1 transactivating domain (TAD) tightly regulated and lineage restricted
• Native EWSR1 TAD is strongly and broadly activated

• EWSR1 FLI1 fusion > unrestricted high level expression of the fusion gene
product
– Structurally heterogeneous

• Up to 18 possible in frame chimeric transcripts
• Two main types (85 90%)

– Type 1: EWSR1 exon 7 fused to FLI1 exon 6
– Type 2: EWSR1 exon 7 fused to FLI1 exon 5
– Fusions always contain intact EWSR1 exons 1 7 (TAD) and intact FLI1 exon 9 DNA binding domain
– Type 1 fusions initially reported to show somewhat better survival than other types

• Other genetic alterations involving cell progression and apoptosis are commonly
present (25%) and define a subset of more aggressive chemoresistant tumors
– p16/p14ARF (CDKN2A gene)
– p53 (TP53 gene)

Cytogenetic and molecular genetic pathology of soft tissue tumors. In Enzinger & Weiss’s Soft Tissue
Tumors. 5th Ed. Mosby Elsevier 2008; pages 73 102

Atlascytogeneticsoncology
Kovar H. Sarcoma 2011

N terminus C terminus
Fusion region

R7BD: RPB7 binding domain
DHR: Degenerate hexanucleotide repeat domain (serine tyrosine glycine glutamine rich (SYGQQS)
ZFM1: IQ binding domain (binds calmodulin)
RGG1, 2 and 3: Arginine/Glycine/Glycine rich areas
RRM: RNA recognition motif
ZF: Zinc finger domain
NLS: Nuclear localization signal

EWSR1 protein

R7BD DHR ZFM1(IQ) RGG1 RRM RGG2 ZF RGG3 NLSEWS activation domain RNA binding domain

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Breakpoint region in intron 7

EWSR1 (22q12.2)

Exon

Fusion partner’s DNA binding domain

EWSR1 fusion partner oncoprotein

ES/PNET translocations

• EWSR1 FLI1 t(11;22)(q24q12) ~90%
– EWSR1 exons 7 to 11 fused to FLI1 exons 3 to 8
– Usually EWSR1 exons 7 or 8 fused to FLI1 exons 5 or 6

• Type 1: EWSR1 exon 7 to FLI1 exon 6 (51%)
• Type 2: EWSR1 exon 7 to FLI1 exon 5 (27%)

• EWSR1 ERG t(21;22)(q21;q12) ~5%
• EWSR1 ETV1 t(7;22)(p22;q12)
• EWSR1 ETV4 t(17;22)(q21;q12) <1%
• EWSR1 FEV t(2;22)(q36;q12)

• FUS ERG t(16;21)(p11;q22) <1%
• FUS FEV t(2;16)(q35;p21) rare

EWSR1 (22q12)

PBX1 (1q23)
METERG (21q21)

ES/PNET/Other

PATZ1 (22q12)
Undiff ES like

NFATC2 (20q13)
Undiff ES like

ETV4 (17q21)
ES/PNET

DDIT3 (12q13)
M/RCLS

ATF1 (12q13)
CCS/AFH/Other

ZNF384 (12p12)
AL FLI1 (11q24)

ES/PNET
WT1 (11p13)

DSRCT

NR4A3 (9q22)
EMCS

ETV1 (7p22)
ES/PNET

POU5F1 (6p21)
Hidradenoma
MEC/Other

DUX4 (4q35)
RMS

FEV (2q36)
ES/PNET

CREB1 (2q34)
CCS/AFH

SP3 (2q31)
Other

Huret JL, et al. EWSR1, partners, and tumours. 2010

AFH: Angiomatoid fibrous histiocytoma
AL: Acute leukemia
CCS: Clear cell sarcoma
DSRCT: Desmoplastic small round cell tumor

EMCS: Extraskeletal myxoid chondrosarcoma
ES/PNET: Ewing sarcoma/PNET

MET: Myoepithelial cell tumor

M/RCLS: Myxoid/round cell liposarcoma
RMS: Rhabdomyosarcoma
Undiff ES like: Undifferentiated Ewing sarcoma like

Image from Dr. Mark Micale, William Beaumont Hospital, Royal Oak, MI

*

Ch 11 Ch 22

t(11;22)(q24;q12)

der(11)

der(22)

FLI1
11q24

EWSR1
22q12

EWSR1 FISH
EWSR1 break apart = Ewing Diagnosis?

NO
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MLS EWSR1-DDIT3 Ewing EWSR1-FLI1 DSCT EWSR1-WT1 SS SYT-SSX ARMS PAX3-FOXO1A



Is a targeted sequencing assay that simultaneously detects and identifies fusions of 

26 genes associated with soft tissue cancers.35



BCOR, NTRK1,2,3....



Morphology

Immunhistochemistry

Clinical 
information

Molecular 
Diagnostic
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Second opinion in a Sarcoma Center



GIST - Pathology

• Most common mesenchymal tumors of the GI-Tract  
(-> top on the list in the DDX of pathologists)

• GIST is a well defined tumor entity
• For Gist we have well established IHC (KIT, DOG1, 

SDHB, SDHA)
• Well established and defined risk stratification

• Well known molecular profile



Morphology

Immunhistochemistry

Clinical 
information

Molecular 
Diagnostic



Therapy Prognosis

Diagnosis

Predictive 

Pathology

Clinical Information:
•Age
•Location 
•Solitary or multiple
lesion(s)
•Size
•Relevant clinical  
history

Pathology
•Morphology
•IHC
•DDx
•Mitotic Activity 5mm2

•Molecular Diagnostics



Spindel 70% Epitheloid 10%

Mixed 10%

Liegl et al Hematol Oncol Clin North Am. 2009



Liegl et al Hematol Oncol Clin North Am. 2009

DOG 1

NO GIST DIAGNOSIS 
WITHOUT IHC 
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Differential Diagnosis:
Gist with spindle cell morphology
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Differential Diagnosis:
Gist with epithelioid or mixed morphology

growth pattern



RISK STRATIFICATION

Predictive

Pathology

Treatment Prognosis

Diagnosis



Table based on Miettinen et al, Semin Diagn Pathol, 2006. 

Data based on long-term follow-up of 1055 gastric, 

629 small intestinal, 144 duodenal and 111 rectal GISTs. Modified NCCN guidelines. 

5mm2

20-25 HPF

Tumour rupture is an additional adverse 
prognostic factor and should be recorded



Comprehensive Cancer Center Graz 62

• Metastatic GIST
• Before adjuvant treatment

• Children and young adults
• Diagnostic challenging cases

Mutational analysis has a predictive value for sensitivity to molecular-

targeted therapy and to prognostic value. Its inclusion in the diagnostic 

work-up of all GISTs should be considered standard practice (with the 

possible exclusion of < 2 cm non-rectal GISTs, which are very unlikely ever 

to be candidates for medical treatment)
ESMO 2018
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Area of 5mm2



RISK STRATIFICATION

Treatment

Yes/NO

Molecular

CLASSIFICATION

Predictive

Pathology

Treatment Prognosis

Diagnosis



Extracellular domain (EC)

Transmembrane domain

Tyrosine kinase domain I (TK[I])

Tyrosine kinase domain II (TK[II])

Ex 8 

rare cases

p.D419del

Ex 9 (~8%)

Ex 11 (~67%)

Ex 13 (~1%)

Ex 17 (~1%)

Ex 12 (<1%)

Ex 14 (<1%)

Ex 18 (~8%)

KIT (~77%) PDGFRA (~10%)

Juxtamembrane  domain (JM)

Wildtype

GISTs

(~13%)

Mutations
SDH
BRAF
RAS....

Gist Panel: KIT- Exons 8, 9,11,13,17

PDGFRA-Exons 12,14,18, BRAF, HRAS, 

NRAS, KRAS, NF-1, SDHA, B ,C ,D, p16, 

PT53, RB1



RISK STRATIFICATION

Treatment

Yes/NO

Molecular

CLASSIFICATION

Imatinib 

400 mg

800 mg

Predictive

Pathology

Treatment Prognosis

Diagnosis



Personalized 
Therapy available!



 2/3 secondary aquired mutations





 1/3 reactivation of KIT oncoprotein by other mechanisms
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

Kinase activation loop  57.1%Drug/ATP binding pocket 42.9%
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8
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D



 Exon 11  Exon 9  Exon 13

Imatinib resistant

Sunitinib sensitive Sunitinib resistant



Diagnostic Challenge

Morphologic variability

• Pleomorphic GIST*

• Dedifferentiated GIST* („sarcomatous“)

• GIST heterologous differentation

• „Uncommon“ morphology („rhabdoid“)*

• KIT negative GIST*

*occur before and after treatment 



Lack KIT and PDGFRA mutations
• 85% of GISTs in children  

• 10% to 15% of GISTs in adults 

-wild-type [WT] GIST-



KIT and PDGFRA WT Gist 

Heterogenous Group

Sporadic 
WT NF1

BRAF-
mut. GIST

• Pat. 6LD
• NCCN Risk 

Strat.
• No LN 

metastasis
• Location (*)
• Presentation(*)
• Morphology(*)
(*)identical to 
mutated GIST

• Commonly 
small intestine

• Multifocal
• Small
• Low mitotic 

rate
• Good prognosis
• IGF1R neg./ IHC
• Loss of 14q and 

22q

• First discribed in 2008

• (in one case as a 

secondary mutation in 

a PDGFRa-mutant 

GIST)

• Approx. 20-30 cases 

reported

• Mean age 58 a 

• Female=Male

• Commonly in the 

small bowel

• Commonly spindle 

cell morphology

• Clinical behaviour 

variable 

Pediatric WT 

CT CSS

• Stomach

• Female Predominance
• Commonly epithelioid morphology
• Multifocal Gist (synchronous or 

metachronous )
• Risk Stratification not useful to predict 

clinical behavior
• LN metastases common
• Indolent clinical course in metastatic 

setting 
• Do not response to imatinib
• IGFR1 pos./IHC

WT Gist in 
young adults 

Similar 
Clinical 

features as 
the pediatric 

WT GIST



Mutations
KIT
PDGFRa
BRAF
HRAS
NRAS
NF-1.....

SDHX mutant 
Gist

SDHC 
epimutant Gist

Group A Group B Group C

No alteration in
Methylation

SDHB lost by IHC

Global tumor hypermethylation

SDHB retained by 
IHC

Carney Triad

Carney 
Stratakis 
Syndorme

Molecular analysis ->WT GIST
Think of SDHB deficient GIST
In all GISTS in patients <30a

All GISTs with distinctive 
multinodular/plexiform morphology 

irrespectively of age
-> Risk Stratification not working

-> LN metastases
-> Imatinib not working.....



KIT

DOG1 SDHB



Mutations
KIT
PDGFRa
BRAF
HRAS
NRAS
NF-1.....

SDHX mutant 
Gist

SDHC 
epimutant Gist

Group A Group B Group C

No alteration in
Methylation

SDHB lost by IHC

Global tumor hypermethylation

SDHB retained by 
IHC

Carney Triad

Carney 
Stratakis 
Syndorme

Molecular analysis ->WT GIST
Think of SDHB deficient GIST
In all GISTS in patients <30a

All GISTs with distinctive 
multinodular/plexiform morphology 

irrespectively of age
-> Risk Stratification not working

-> LN metastases
-> Imatinib not working.....

Mutations: ARID1B, ATR, FGFR1, LTK, SUFU,
PARK2, ZNF217, EGFR ......
Fusions: FGFR1-HOOK3 ,FGFR1-TACC1, 
ETV6-NTRK3, KIT-PDGFRA

SDHA,B,C,D 
mutant 
Gist

SDHC 
epimutant Gist
(Promoterhyper
methylation)

Carney Triad
Carney-
Stratakis
Syndrome



Morphology of 

SDHB deficient Gist

Plexiform/multinodular 
growth pattern





Gist with a distinctive plexiform or 

multinodular growth pattern located in the 

stomach!
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Treatment

Clinic HE IHC
MOL
PATH

GOLDEN STANDARD

DIAGNOSIS

Communication with the patient
Good communication within the  sarcoma team 











TOGETHER



Sarcoma Centers need

1. to cooperate with patients 

advocacy groups

2. the support/understanding 

of all physicans that patients 

with orphan disease need to be 

treated at specialized centers

TALK about very orphan 
disease
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Surgery
Pathology

Infra-
structure
BioBank
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COMPUTATIONAL 
MEDICINE
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NEED TO SHARE DATA
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