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ABSTRACT

Objectives: BCOR-CCNB3 sarcoma (BCS) is an 
undifferentiated tumor that has some clinical and 
morphologic similarity to classic Ewing sarcoma, but it is 
characterized by a distinct BCOR-CCNB3 gene fusion. 
There are no reports describing its cytomorphologic 
findings.

Methods: We describe cytologic findings of five 
molecularly proven BCS cases (four males and one female, 
aged 8.5-22 years).

Results: Smears showed mainly round cells, but some 
spindle cells and rhabdoid-like cells were also observed. 
Dispersed cells dominated in smears, but also distinct 
pseudopapillary structures with vascular cores were noted 
in four cases. Scant connective tissue fragments were found 
in four cases. There was no rosette formation in any case.

Conclusions: BCS should be differentiated from other 
round cell tumors. Some cytologic features, especially 
rhabdoid-like cells, connective tissue fragments, 
and pseudopapillary formations, combined with 
immunohistochemical and molecular studies, may be 
helpful in making the appropriate diagnosis.

Recently, a group of Ewing-like round cell sarcomas 
having some clinical and morphologic characteristics sim-
ilar to those of classic Ewing sarcoma (ES) has been iden-
tified and individualized.1-4 These tumors are defined by 
distinct fusion oncogenes and transcriptomic signatures 
like BCOR-CCNB3 or CIC-DUX4 and absence of fu-
sion of EWSR1 and ETS.5 Further analyses have shown 
that tumors with BCOR-CCNB3 fusion (BCOR-CCNB3 
sarcoma [BCS]) arise mainly in male children and young 
male individuals.6-10

Although the morphology of BCS on histologic 
sections and their immunohistochemical profiles already 
have been described and evaluated,11-13 to our know-
ledge, nothing is known concerning their presentation on 
cytologic smears.

We herein present a series of five various round cell 
sarcomas that were initially diagnosed using fine-needle 
aspiration (FNA) but were retrospectively reclassified 
as BCS.

Materials and Methods

In a series of cytologically investigated round cell 
sarcomas, five tumors were retrospectively molecu-
larly proven to be BCS. Molecular characteristics of 
four cases were previously published,1 and one case was 
identified later.
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❚Table 1❚ shows clinicopathologic information of our 
patients. Four patients were male and one was female. 
Mean age at diagnosis was 14.7 years (range, 8.5-22 years). 
Four tumors occurred in the bones and one in the soft 
tissues of the abdominal wall. Initial clinicoradiologic 
diagnoses were ES in two patients and small cell osteosar-
coma, sarcoma not otherwise specified, and histiocytosis 
X in one patient each.

Diagnostic cytology samples from four patients were 
collected under ultrasound guidance and general anes-
thesia. In one patient (patient 5), abdominal tumor was 
sampled without anesthesia under palpatory guidance. 
Cellular material was smeared onto three to four slides 
and stained according to the May-Grünwald-Giemsa 
method. In addition, cells suspended in EDTA solu-
tion were used for molecular/genetic analyses. All tu-
mors were also evaluated on pretherapeutic core-needle 
biopsy and posttherapeutic surgical specimens. An 
immunohistochemical panel for round cell tumors was 
used on histologic sections ❚Table 2❚.

Initial molecular analyses consisted of a reverse tran-
scription–polymerase chain reaction “panel of round 
cell sarcomas,” including EWSR1-FLI1, EWSR1-ERG, 
EWSR1-ETV1, EWSR1-E1AF, EWSR1-FEV, PAX 3/7-
FOXOA1, CIC-DUX4, EWSR1-WT1, SYT-SSX1/2/4, and 
BCOR-CCNB3. Cytologic material was used for molecular 
studies in four cases and histologic material in one case. 
BCOR-CCNB3 translocation analyses were performed ret-
rospectively in four cases as previously published.1

As of February 2019, three patients were alive and 
disease free, and two patients died of metastatic disease. 
The follow-up ranged from 33 to 130 months.

Results

Cytomorphology, immunohistochemistry, and mo-
lecular findings are shown in the Table 2.

Cytologic examination showed four hypercellular 
smears and one hypocellular smear ❚Image 1❚, ❚Image 2❚, 
❚Image 3❚ and ❚Image 4❚. Smears were usually composed 
of predominantly round cells and less frequently spindle 
cells. Spindle cells dominated in one case. Among round 
cells, a double-cell population, as frequently seen in ES, 
was noted in three cases. A major round cell population 
was composed of larger cells with abundant cytoplasm 
and light nuclei demonstrating finely granular chromatin, 
while a minor round cell population included smaller cells 
with scant cytoplasm and hyperchromatic nuclei. In all 
cases, most nuclei showed dusty chromatin and small in-
conspicuous nucleoli. Cytoplasm was grayish and homo-
geneous. In three cases, single cells had peripherally located 
nuclei and abundant cytoplasm, suggesting rhabdoid-like 
features. In three cases, severe pleomorphism was seen, 
which was characterized by marked variation in nuclear 
size and shape. Tumors cells were isolated or clustered. 
Clusters were frequently in the form of pseudopapillary 
structures with central vascular cores. One case showed 
delicate curvilinear vessels. Background was focally ne-
crotic in two cases, and extensive necrosis was found in 
one case. Scant, eosinophilic connective tissue was also 
noticed in four cases. In two cases, smears contained del-
icate myxoid material. Rosette formation was not identi-
fied in any case.

Corresponding histologic sections showed round or 
spindle-shaped sarcomas that were diagnosed as undiffer-
entiated round cell sarcoma in two cases, round cell oste-
osarcoma in two cases, and ES in one case.

We performed CCNB3 immunohistochemistry on 
histologic sections in four cases: all showed strong nu-
clear expression. There was weak CD99 positivity in three 
cases, and EMA was positive in one case. Pancytokeratins 
(AE1/AE3 or KL1), desmin, myogenin, CD45 (LCA), 
SOX10, and S-100 were always negative.

Molecular analysis, using a panel for round cell 
sarcomas, revealed a BCOR-CCNB3 fusion in all cases.

❚Table 1❚ 
Clinicopathologic Information of Our Patients

Sex/
Age, y

Localization,  
Nature

Tumor  
Size, mm

Initial Clinicoradiologic  
Diagnosis

Original FNA  
Diagnosis

Original Histologic  
Diagnosis

Status, 
Follow-up, mo

F/8.5 Vertebral Th2,  
primary

44 Histocytosis X Round cell sarcoma Undifferentiated round cell 
sarcoma

DOD, 33

M/13.6 Pelvis, primary 50 Ewing sarcoma Ewing sarcoma Small cell osteosarcoma ADF, 106
M/15.6 Femur, recurrent 108 Ewing sarcoma Ewing sarcoma Ewing sarcoma DOD, 108
M/22 Pelvis, primary 96 Round cell osteosarcoma Round cell 

osteosarcoma
Small cell osteosarcoma ADF, 130

M/14 Abdominal wall, 
primary

270 Sarcoma not otherwise  
specified

Spindle cell sarcoma Undifferentiated round cell 
sarcoma

ADF, 35

ADF, alive and disease free; DOD, dead of disease.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/153/3/315/5611206 by C

entre R
ene H

uguenin I 20D
AW

 user on 19 M
ay 2022



317© American Society for Clinical Pathology

AJCP / Original article

Am J Clin Pathol 2020;153:315-321
DOI: 10.1093/ajcp/aqz159

❚Table 2❚ 
Cytologic, Immunohistochemical, and Molecular Characteristics of BCS From Our Patientsa

Patient No. Cytologic Features Immunohistochemistry on CNB Molecular Analyses

1 Cellularity: Hypercellular, double-cell 
populations (larger, lighter and smaller, 
darker) 

Cell arrangement: Numerous dispersed 
cells, frequent cell clusters forming 
pseudopapillary structures with vascular 
cores 

Cell morphology: Numerous round cells, 
rare spindle cells, and single rhabdoid-like 
cells 

Cell pleomorphism: Mild to moderate 
Smear background: Focally fragments of 

connective tissue and delicate myxoid 
material 

Necrosis: Absent

CCNB3+, CD99+ (weak), vimentin+, c-kit+, 
SMARCB1/INI1+, S100–, myogenin–, desmin–, 
cytokeratin AE1/AE3–, CD45–

PCR on FNA: BCOR–CCNB3+, 
EWS/FLI1–, PAX3/FOXOA1–, 
EWS/WT1–, SYT/SSX1– 

FISH on FNA: EWS– 
Karyotype on FNA: 46, XX 

2 Cellularity: Hypercellular, double-cell 
populations (larger, lighter and smaller, 
darker) 

Cell arrangement: Numerous dispersed 
cells, frequent cell clusters forming 
pseudopapillary structures with vascular 
cores 

Cell morphology: Numerous round cells and 
rare spindle cells 

Cell pleomorphism: Severe 
Smear background: Focally fragments of 

connective tissue 
Necrosis: Absent

CCNB3+, CD99+ (weak), vimentin+, desmin–, 
myogenin–, CD45–, ALK–, cytokeratin KL1–

PCR on FNA: BCOR–CCNB3+, 
EWS/FLI1–, PAX3/FOXOA1–, 
EWS/WT1–, SYT/SSX1–

3 Cellularity: Hypercellular, double-cell 
populations (larger, lighter and smaller, 
darker) 

Cell arrangement: Numerous dispersed 
cells, frequent cell clusters forming 
pseudopapillary structures with vascular 
cores 

Cell morphology: Numerous round cells, rare 
spindle cells, and single rhabdoid-like cells 

Cell pleomorphism: Severe 
Smear background: Focally fragments of 

connective tissue and delicate myxoid 
material 

Necrosis: Focal

CCNB3+, CD99+ (weak), chromogranin A–, 
synaptophysin–, S100–, GFAP–, CD45–, 
cytokeratin AE1/AE3–

Karyotype on CNB: 45, XY, del(7)
t(7;13)(p11;q11), –13 

PCR on CNB: BCOR/CCNB3+

4 Cellularity: Hypocellular, single-cell 
population 

Cell arrangement: Dispersed cells 
Cell morphology: Numerous round cells, 

rare spindle cells, and single rhabdoid-like 
cells 

Cell pleomorphism: Severe 
Smear background: Clear 
Necrosis: Focal

CCNB3+, CD99–, AE1/AE3–, EMA–, S100–, AML–, 
desmin–, CD34–

PCR on FNA: BCOR–CCNB3+, 
EWS/FLI1–, PAX3/FOXOA1–, 
EWS/WT1–, SYT/SSX1–

5 Cellularity: Hypercellular, single-cell population 
Cell arrangement: Numerous dispersed 

cells, frequent cell clusters forming 
pseudopapillary structures with vascular 
cores 

Cell morphology: Numerous spindle cells and 
round cells 

Cell pleomorphism: Mild to moderate 
Smear background: Fragments of connective 

tissue 
Necrosis: Extensive

CCNB3 not performed, CD99–, EMA+, AE1/AE3–, 
SOX10–, S100–, Myogenin–, Desmin–, 

MUC4–, CD31–, CD34–, SMARCB1/INI1+

PCR on FNA: BCOR–/CCNB3+, 
EWS/FLI1–, CIC/DUX4–, 
PAX3/FOXOA1–, EWS/WT1–, 
SYT/SSX1– 

FISH on CNB: SYT–

BCS, BCOR-CCNB3 sarcoma; CNB, core needle biopsy; FISH, fluorescence in situ hybridization; FNA, fine-needle aspiration; PCR, polymerase chain reaction.
aCCNB3 staining was shown in a previous publication.1 BCOR-CCNB3 fusion analysis was performed retrospectively in patients 1 to 4.
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Discussion

Ewing-like sarcoma is a subset of undifferentiated 
round cell sarcoma with some morphologic overlapping 
with ES but without EWSR1 rearrangements. In the 
World Health Organization classification, these entities 
are designated as an undifferentiated/unclassified sar-
coma.14 A CIC or BCOR rearrangement was recently de-
scribed in a subset of these sarcomas. Two-thirds harbor 
CIC gene rearrangements, mainly CIC-DUX4 and rarely 
CIC-FOXO4. BCOR-rearranged sarcomas account for 
4% to 13% of Ewing-like sarcomas.

Recently, Pierron et al1 described BCOR-CCNB3 fu-
sion, but other BCOR fusion partners, such as MAML3 
or ZC3H7B, have also been detected.15 Sarcomas with 
BCOR rearrangement with unknown partners have been 
reported, and hence the term BCOR-rearranged sarcoma 
has been proposed.16

BCS is most commonly found in male children and 
young adults. It is located in bone and less frequently in soft 
tissue.1,6 BCSs seem to behave slightly less aggressively than 
ES or CIC-rearrangement sarcomas, with a 5-year overall 
survival rate of 76.9% and disease-free survival rate of 67.9%.6

❚Image 1❚ Double-cell population (larger, lighter and smaller, 
darker cells) (May-Grünwald-Giemsa, x200).

❚Image 2❚ Round cells and less frequent spindle cells (May-
Grünwald-Giemsa, x400).

❚Image 3❚ Rhabdoid-like features (May-Grünwald-Giemsa, 
x400).

❚Image 4❚ Pseudopapillary structures with central vascular 
cores (May-Grünwald-Giemsa, x400).
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Many previously reported cases have provided histo-
logic findings of BCS,4,6,7,10,13,17-20 but to our knowledge, no 
reports about cytologic findings have been published.

Our review shows that in smears, BCSs are round cell 
sarcomas but also contain a variable amount of spindle 
cells. Among round cells, a double-cell population with 
larger, lighter cells and smaller, darker cells has been ob-
served in all cases. In three cases, single rhabdoid-like cells 
were also noted. Dispersed cells dominated in smears, but 
clusters with a pseudopapillary structure formation were 
also frequently observed. Fragments of eosinophilic con-
nective tissue in the background were a characteristic fea-
ture of BCS smears. In four cases, there were also foci 
of necrosis. Myxoid material was recognized only in one 
case. Rosette formation was not identified in any case. 
These observations are consistent with histologic findings 
seen in previous reports.

BCS should be differentiated cytologically from other 
round cell tumors, such as classic ES, poorly differenti-
ated synovial sarcoma, small cell osteosarcoma, rhabdo-
myosarcoma, desmoplastic small round cell tumor, and 
malignant lymphoma.

Classic ES is the second most common childhood sar-
coma of bones and is the main differential diagnosis. In 
classic ES, spindle-shaped cells are described only in few 
cases, while in BCS, a population of these cells is always pre-
sent. In our series of BCS, a significant pleomorphism and 
rhabdoid-like features were detected, but they are absent in 
classic ES. Similarly, pseudopapillary formations are char-
acteristic structures in BCS but not in ES. Inversely, rosette-
like formations are absent in BSC but occasionally found 
in ES.21 Finally, the presence of EWSR1-ETS translocation 
may support the diagnosis of ES.21,22

Poorly differentiated synovial sarcoma may also 
closely mimic BCS. Cytologically, it consists of mono-
morphic round and oval cells with inconspicuous nu-
cleoli.23-25 Since this entity may closely resemble BCS, 
immunohistochemical and molecular studies are needed 
to provide correct diagnosis.23,25

Small cell osteosarcoma is a rare variant of osteo-
sarcoma. Smears consist of cells with mildly pleomor-
phic small oval and spindle-shaped nuclei. Due to similar 
cytologic features, identification of osteoid matrix can be 
the key to the correct diagnosis.26,27 Expression of SATB2, 
a marker of osteoblastic differentiation, is a potential pit-
fall as it is usually positive in BCS.28

BCS should also be differentiated from rhabdomy-
osarcoma, especially alveolar rhabdomyosarcoma. An 
alveolar stromal pattern is typical for many alveolar 
rhabdomyosarcomas. In addition, smears in rhabdo-
myosarcomas often present as isolated small round cells 
with dispersed rhabdomyoblasts, which can look like 

rhabdoid-like cells seen in BCS. Spindle-shaped cells can 
be also observed in some rhabdomyosarcoma cases.29

Desmoplastic small round cell tumor smears are char-
acterized by relatively low cellularity, presence of acinar-
like structures, and desmoplastic stromal fragments. The 
presence of an EWSR1-WT1 gene fusion and a char-
acteristic immunohistochemical profile is helpful in the 
diagnosis.30

Malignant lymphoma can be located primarily in 
bones and morphologically is composed of monomor-
phic round cells without a spindle-shaped cell population. 
The presence of a discohesive cell population only and 
cytoplasmic fragments (lymphoid globules) in the smear 
background could also favor the lymphoma diagnosis.31 
In case of doubt, positivity for lymphocytic markers will 
help to make a correct diagnosis.32

The specific diagnosis based only on cytologic fea-
tures is extremely difficult or even impossible because 
there is a lot of  similarity between BCS and other 
round cell sarcomas. But some of  the characteristic fea-
tures found in the smears may narrow the differential 
diagnosis, and appropriate molecular studies can be 
performed. In four of  our cases, FNA material was suc-
cessfully used for detecting BCOR-CCNB3 gene fusions. 
In our opinion, using smears combined with FNA-based 
molecular analyses is an effective and quick diagnostic 
method.

Histologically, BCS may be polymorphous and is com-
posed in various proportions of round or short spindle 
cells. Most tumors show a rich capillary network, and a 
hemangiopericytoma-like pattern may be observed.4,6 About 
half of histologic specimens show myxoid stroma.4

BCOR and CCNB3 positivity on histologic 
sections could be supportive for an accurate diag-
nosis. Immunohistochemical nuclear overexpression of 
BCOR protein is observed in more than 90% of BCOR-
rearranged sarcomas.10,33 CCNB3 can be an even more 
specific marker. In a series of almost 1,000 pediatric and 
adult tumors, only BCS showed a high expression level 
of CCNB3,1 and almost all cases exhibited strong nuclear 
immunostaining.1,10,18 Weak expression of both these 
markers can be seen only occasionally in ES and other 
soft tissue tumors.6,10 BCS can also be immunoreactive to 
CD56, bcl-2, TLE1, cyclin-D1, and CD99. While CD99 
expression in ES is usually membranous and diffuse, its 
expression in BCS is variable and can be membranous, 
cytoplasmic, or dot-like.6,33 CD99 is an unreliable marker 
also due to its abundant expression in other morpho-
logic mimics.5 BCS lacks immunoreactivity of NKX2-2, 
ETV4, and WT1, which is helpful to differentiate it from 
ES (NKX2-2 positive) and CIC-rearrangement sarcoma 
(ETV4 and WT1 positive).33
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In conclusion, smears in BCOR-rearranged sar-
coma are composed of round sarcomatous cells and 
spindle-shaped cells, which are isolated or clustered in 
pseudopapillary structures. Rhabdoid-like cells, con-
nective tissue fragments, and focal necrosis may also 
be seen. The specific diagnosis of BCS based only on 
cytomorphologic features may be impossible in primary 
tumors, but FNA material may be effectively used to detect 
a peculiar molecular alteration (BCOR rearrangement).

Corresponding author: Jerzy Klijanienko, MD, PhD, MIAC; 
jerzy.klijanienko@curie.fr.
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