
Targeted RNA-seq of gene fusions helps in the differential 
diagnosis of Ewing Sarcoma and Ewing-like Sarcoma

Enrique de Álava

Dept. of Pathology
Hospital Virgen del Rocío de Sevilla-IBiS

Spain



• Histologically, Ewing sarcomas (ES) are composed of small and monotonous 

undifferentiated round cells expressing high levels of CD99. 

Differential diagnosis of ES/ELS using RNA-seq

CD99

• Genetically, characterized by balanced chromosomal translocations in which a member of the 

FET gene family (EWSR1, FUS) is fused with an ETS transcription factor (driver mutations), with 

the most common fusion being EWSR1–FLI1 (85% of cases).

Xiao X et al., 2017
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Grünewald TGP et al., 2018

“Ewing-like”
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Ewing-like tumors resemble Ewing Sarcoma

Classic ES EWSR1–NFATC2

CIC-DUX4 BCOR-CCNB3
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Comparison of typical FET–ETS-driven  ES with ELS

Fusion type n Age distribution (%)
Sex 
ratio 
(m:f)

Tumour loc (%)
5‐year 
survival
(%)

Morphology Immunohistochemistry

FET–ETS  > 1,000
• Children (35) 
• Adolescents (40)
• Adults (25)

1.5:1

• Bone (88) 

• Soft tissue (10) 
• Visceral (2)

70–80 Monomorphic small 
cells with round nuclei

• Strong and diffuse staining membrane 
expression of CD99 in > 95% of tumours. 
• Positive staining for NKX2‐2 in 100% of cases 
and caveolin 1 in 96% of cases. 
• High BCL‐11B and/or GLG1 expression has a 
specificity for Ewing sarcoma of > 96%

CIC fused 139
• Children (8) 
• Adolescents (16)
• Adults (76)

1.2:1

• Bone (3) 
• Soft tissue (87)

• Visceral (10)

43

Myxoid stromal 
change, cell spindling, 
multifocal nuclear 
atypia and clear‐cell 
cytology

• 90% of tumours express WT1 and 100% 
express ETV4 
• CD99 expression is strong and diffuse in 23% of 
cases and focal in 61% of cases

BCOR 
rearranged 49

• Children (35)
• Adolescents (41) 
• Adults (24)

5.1:1
• Bone (64) 
• Soft tissue (32) 
• Visceral (4)

72

Round to spindle‐
shaped cells and 
occasional myxoid 
stroma

• Positive staining for BCoR, TLE1 and cyclin D1 
• Positive staining for CCND3 (in BCOR–CCND3 
tumours) 
• Focal staining for CD99 (42% of tumours)

EWSR1–
NFATC2 13

• Children (0) 
• Adolescents (33) 
• Adults (77)

12:01
• Bone (83) 
• Soft tissue (17)
• Visceral (0)

Insuff
data

Lymphocyte 
infiltration, scattered 
nuclear atypia and a 
nesting pattern of 
growth

• Strong staining for CD99 (100% of tumours)
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Grünewald TGP et al., 2018



Unsupervised PCA on gene expression of Ewing 
and Ewing‐like sarcomas

Baldauf MC. et al., 2018 

Ewing-like tumors resemble Ewing Sarcoma but show: 

distinct transcriptomedifferent clinical behavior/prognosis

Antonescu CR. et al., 2017 

ES

CIC fused

Differential diagnosis of ES/ELS using RNA-seqIntroduction



Classic ES EWSR1–NFATC2

CIC-DUX4 BCOR-CCNB3

Differential diagnosis of ES/ELS using RNA-seq

Differential diagnosis of ES and ELT upon histopathology and FISH 
can be challenging



Targeted sequencing assay to simultaneously 
detect and identify fusions of 26 genes 
associated with soft tissue cancers

Targeted RNA-seq to 
detect fusion transcripts (FFPE tissue) FISH, EWSR1 break-apart probe  

METHODS Differential diagnosis of ES/ELS using RNA-seq

Series, n=35 cases with morphology suggestive of ES / ELS
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EWSR1

RESULTS

EWSR1 FISH -, n=10
EWSR1-FLI1, n=1
EWSR1-ERG, n=3
CIC-DUX4, n=3
BCOR-CCNB3, n=2
no fusion, n=1

EWSR1 FISH+, n=18
EWSR1-FLI1, n=16
EWSR1-ERG, n=1
EWSR1-NFATC2, n=1

EWSR1 FISH n/a, n=7
EWSR1-FLI1, n=1
EWSR1-ERG, n=2
CIC-DUX4, n=2
BCOR-CCNB3, n=1
FUS-ERG, n=1
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EWSR1 FISH+, n=18
EWSR1-FLI1, n=16
EWSR1-ERG, n=1
EWSR1-NFATC2, n=1

Targeted RNA-seq: 100% sensitivity 
for detection of ES predicted by FISH

EWSR1

Unbalanced translocation associated 
with gain/amplification of 20q and/or 22q 
regions
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EWSR1

RESULTS

EWSR1 FISH -, n=10
EWSR1-FLI1, n=1
EWSR1-ERG, n=3
CIC-DUX4, n=3
BCOR-CCNB3, n=2
no fusion, n=1

breakpoint

“Failure rates for FISH and RT–PCR were 2.5% 
and 18%, n=772”        Noujaim J. et al., 2017

Chen S. et al., 2016

ERGEWSR1
Targeted RNA-seq is 
more sensitive than 
FISH for detection of 
EWSR1 fusions
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EWSR1

RESULTS

EWSR1 FISH -, n=10
EWSR1-FLI1, n=1
EWSR1-ERG, n=3
CIC-DUX4, n=3
BCOR-CCNB3, n=2
no fusion, n=1

EWSR1 FISH+, n=18
EWSR1-FLI1, n=16
EWSR1-ERG, n=1
EWSR1-NFATC2, n=1

EWSR1 FISH n/a, n=7
EWSR1-FLI1, n=1
EWSR1-ERG, n=2
CIC-DUX4, n=2
BCOR-CCNB3, n=1
FUS-ERG, n=1

CIC

CICex20-DUX4ex1

CIC and BCOR fusions were confirmed by FISH with in-house designed probes



Algorithm for molecular diagnosis of ES / ELS

Small round cell tumor suggestive of ES or ELS

Targeted RNA-seq

FISH EWSR1 
positive

Atypical
morphology
CD99 weak, neg

Typical 
morphology
CD99+ 

Ewing 
Sarcoma

FISH EWSR1 
negative

FUS-ETS

EWSR1-ETS → EWSR1-ERG

Non-FET:

CIC-fused

BCOR-rearranged

EWSR1-ETS

EWSR1–non-ETS

(NFATC2,…)



• Targeted RNA-seq outscores EWSR1 FISH assay in the 
identification of ES pathognomonic gene fusions, overcoming
common pitfalls such us low performance of FISH in 
detecting EWSR1-ERG fusions. 

CONCLUSIONS

• RNA-seq panel simultaneously detects and identifies ELS 
pathognomonic gene fusions at reduced costs, circumventing 
tedious singleplex FISH probing.

• We propose a diagnostic algorithm for differential diagnosis 
of ES and ELS in which negative EWSR1 FISH 
determinations are followed by an RNA-seq targeted panel. 

Differential diagnosis of ES/ELS using RNA-seq
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Código Bx Fusión detectada IHQ pre-NGS FISH1 pre-NGS % FISH1 
pre-NGS FISH2 pre-NGS

% FISH2 
pre-
NGS

FISH3 
pre-NGS

% 
FISH3 
pre-
NGS

FISH 
post-
NGS

% FISH3 
post-
NGS

13B11387 BCOR → CCNB3 (15-5) CD99- n/d rror en patwi EWSR1- ror en patw / /
16B00097 BCORex15 → CCNB3ex5 CD99+, CD56+, EWSR1- 0 % SS18(SYT)- 0 % / /
18B03256 BCORex15 → CCNB3ex5 CIC- 0 % / / / /
16B14075 CIC → DUX4 (20-1) CIC+
15B19184 CIC DUX4 (20-1) n/d EWSR1- 0 % / / / /
16B10108 CIC DUX4 (20-1) CD99+ EWSR1+ 29 % CIC+ 100 % / /
15B04912 CIC UNALIGNED DUX4 (20-1) n/d n/d / / / /
17B05504 CICex20 → DUX4ex1 CD99+ EWSR1- 0 % CIC+ 100 % / /
18B00761 EWSR1ex7 → ERGex7 CD99+ EWSR1- 8 % CIC- 3 % / / pedido
17B06790 EWSR1ex7 → ERGex9 CD99+ EWSR1+ 100 % / / / /
17B31925 EWSR1ex7 → ERGex9 CD99+, p53+nu CIC- 4 % SS18(SYT)- 3 % / / pedido
14B24366 EWSR1ex7 ERGex9 CD99+ EWSR1- 0 % FUS- 0 % / /
17B18198 EWSR1ex7 ERGex9 CD99+ EWSR1- 4 % / / / /
18B04467 EWSR1ex7 → ERGex10 n/d SS18(SYT)- 3 % / / / /
17B12436 EWSR1ex10 → FLI1ex5 CD99+ EWSR1+ 100 % / / / /
17B14545 EWSR1ex10 → FLI1ex5 n/d EWSR1+ / / / / /
18B00891 EWSR1ex10 → FLI1ex6 CD99+ EWSR1+ 100 % / / / /
15B17511 EWSR1ex10 → FLI1ex7 CD99+ EWSR1+ 93 % / / / /
16B04284 EWSR1ex7 → FLI1ex5 CD99+ EWSR1 n/v / / / / n/d n/d
16B28425 EWSR1ex7 → FLI1ex5 CD99+ EWSR1+ 100 % / / / / n/d n/d
16B01657 EWSR1ex7 → FLI1ex6 CD99+, CD45- EWSR1+ 68 % / / / / n/d n/d
16B16798 EWSR1ex7 → FLI1ex6 CD99+ EWSR1+ 100 % / / / / n/d n/d
16B19102 EWSR1ex7 → FLI1ex6 CD99+ EWSR1+ 100 % / / / / n/d n/d
16B31394 EWSR1ex7 → FLI1ex6 n/d EWSR1+ 100 % / / / /
17B12207 EWSR1ex7 → FLI1ex6 CD99+ EWSR1+ 100 % / / / / n/d n/d
17B18776 EWSR1ex7 → FLI1ex6 CD99+ EWSR1+ 91 % / / / /
17B18853 EWSR1ex7 → FLI1ex6 n/d EWSR1+ / / / / /
17B19897 EWSR1ex7 → FLI1ex6 CD99+ EWSR1+ 100 % / / / /
18B00762 EWSR1ex7 → FLI1ex6 CD99+ EWSR1+ 80 % / / / /
18B01035 EWSR1ex7 → FLI1ex6 n/d EWSR1- 6 % CIC- 0 % / /
16B00537 EWSR1ex7 → FLI1ex7 CD99+ EWSR1+ 85 % / / / /

18B01767 EWSR1ex7 → FLI1ex7
EWSR1ex8 → FLI1ex7   CD99+ parchea EWSR1+ 95 % / / / /

17B06142 EWSR1ex8 → NFATC2ex3 CD99+ EWSR1+ 100 % SS18(SYT)- 0 % / / n/d n/d

14B28546 FUS ERG (6-intron 8) FUS n/v SS18(SYT)- 5 % FOXO1- 3 %

17B33550 no fusion CD99+ CD56+, EWSR1- 0 % CIC+ 82 % SS18-, FOX3% y 0 n/d n/d



FISH BCOR +

13B11387      BCOR-CCNB3 FUSION Ewing-like Sarcoma

Gene fusion probe (in-house)



13B11387     

In-frame fusion of the second base in the last codon 
of BCOR and the first base of CCNB3 exon 5 

Peters TL et al., 
2015. BCOR-
CCNB3 Fusions 
Are Frequent in 
Undifferentiated 
Sarcomas of Male 
Children

13B11387



Genetics Translocation t(11;22) 85%
Translocation t(21;22) 10%

Translocation t(20;22)Inversion 
X(p11.4;p11.22)

Translocation t(4;19) 
Translocation t(10;19)

Main pathways IGF1 pathway

*: gene list filtered with cell lines experiments

ES
EWSR1-ETS EWS-NFATc2

Inflammatory 
pathways

BCOR-CCNB3

Chromatin remodeling 
developmental pathways

ELS
CIC-DUX4

Angiogenesis

10 Main specific genes

TNN,MAMDC2,MGARP, 
COMP, EGFL6,DLK1, 
TMEM45B,ANGPTL6,

CILP2,SELP

First molecular 
characterization

Delattre et al,
Nature 1992

Szuhai et al, 
Clinical Cancer 
Research 2009

Pierron et al, Nature 
Genetics 2012

Kawamura-Saito et 
al, Human Mol 

Genet 2006

Histology 
Prognosis

Metastases

Sex ratio

Male : female

0.12 : 1

Frequent: lung, bone, 
bone marrow

SRBC tumors, CD99+ 

Poor if metastatic disease

1,4 : 1

Rare
SRBC tumors, CD99+ 
lymphocytes infiltrates 

unknown

7 : 1

Frequent: lung, bone, 
bone marrow

SRBC tumors, CD99 +/-
CCNB3+

2 : 1

Frequent: lung 
SRBC tumors, CD99 +/-

ETV4+
Poor

2 : 1

Poor if metastatic disease

Primary tumor tissue

Soft tissue  : Bone

CRH,SHC4,IRX1,ETV4, 
BPI,ALX1,SHC3,MAP2, 

THSD7B,ETV5*

CCNB3,NEFL,CRYBA2, 
EGFEM1P,GABRB1,

F12, FGF9,FZD10,ZIC2,
SLC35D3

TSPAN8,NKX2-2, 
FAM123A,HS3ST4, 

PRKCB,STEAP1,BCL11B 
TOX2,TRMP4,LDB2*

Age

% % %

Child Teenager Adult

Fusion Gene

25 25 25
50

75
50

3020
35 25

40

0.2 : 1 0.14 : 11 : 0

Comparison of typical FET–ETS-driven  ES with ELS


