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Abstract

With recent advances in molecular research, an ever-increasing number of undifferentiated round cell sarcomas without the
characteristic gene fusions of Ewing sarcoma are being discovered. One specific subtype termed BCOR-rearranged sarcoma
belongs to this group. Previously termed ‘Ewing-like’ sarcoma, it was formally included with undifferentiated round cell tumours
in the 2013 WHO Classification of Soft Tissue and Bone Tumours. However, in the 2020 WHO Classification, BCOR-sarcoma
is now recognized as a distinct entity due to particular morphological and immunohistochemical features and differing clinical
outcomes. As with classical Ewing sarcoma, osseous BCOR-rearranged sarcoma is an aggressive tumour with a similar clinical
presentation. However, there are only a small handful of case series and isolated reports detailing the imaging characteristics,
typically demonstrating an aggressive bone lesion with a large soft tissue mass. Soft tissue BCOR-sarcoma is even rarer. The aim
of'the current review is to describe the patient demographics, lesion locations and various imaging characteristics of histologically
proven cases of musculoskeletal bone and soft tissue BCOR-sarcoma as described in the literature.

Keywords BCOR - Sarcoma - Ewing like - Round cell tumour

Introduction

Small round cell sarcomas are among the most aggressive
tumours encountered in the paediatric and the young adult
population. Among these, Ewing sarcoma (EWS) is the most
well known, with the characteristic chromosomal transloca-
tion abnormality t(11;22) (q24;q12) causing fusion of EWSR!
and FLII genes [1-3]. However, there is a small subset of
tumours similar to EWS in clinical presentation but lacking
all of the known EWS-associated chromosome translocations.
To date, no pathognomonic imaging features have been de-
scribed and definitive diagnosis is based purely on immuno-
histochemistry and molecular analysis [1, 2].
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These tumours were traditionally referred to as
‘Ewing-like’ sarcomas and formally classified as ‘undif-
ferentiated round cell tumours’ in the 2013 WHO
Classification of Soft Tissue and Bone Tumours [3].
This encompassed round cell sarcomas with EWSRI
non-ETS fusions as well as round cell sarcomas with
capicua transcriptional repressor (CIC) and BCL 6
interacting co-repressor (BCOR) gene fusions. However,
in the 2020 WHO Classification [4], CIC- and BCOR-
rearranged sarcomas are recognized as distinct entities
with the remaining round cell sarcomas renamed as
‘round cell sarcomas with EWSRI-non-ETS fusions’.
This new classification was due to growing evidence that
BCOR- and CIC-rearranged sarcomas have distinct mor-
phological and immunohistochemical features, as well as
different clinical outcomes. BCOR-sarcoma is known to
have a better prognosis than CIC-rearranged sarcoma and
both should be acknowledged as different entities to al-
low future development of therapeutic trials specific to
each. BCOR-sarcoma has an estimated prevalence of 4—
14% of all undifferentiated/unclassified sarcomas [5], and
is the focus of the current imaging review.

In 2012, Pierron et al. [6] first described a new entity of
Ewing-like tumours, showing a fusion between BCOR
(encoding for BCL6 oncoprotein—expressing a transcription-
al repressor) and CCNB3 (encoding the testis-specific cyclin
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B3—a leptone that would normally be expressed in leptotene
and zygotene of meiosis [7]). In addition to CCNB3 gene
fusion, other genetic BCOR alterations have been recently
found, namely mastermind-like transcriptional coactivator
3 (MAML-3) and internal tandem duplications (ITD) [8].
BCOR-CCNB3 re-arrangement is by far the commonest
BCOR translocation seen in musculoskeletal sarcomas
and for the purposes of this review, it will be referred to
simply as BCOR-sarcoma. While there is abundant liter-
ature describing patient demographics and histopathology
but less so on location [9-21], there is no detailed discus-
sion of the imaging appearances of musculoskeletal
BCOR-sarcoma.

The purpose of this review is to highlight all case reports
and series which specifically mention pertinent information
on BCOR-sarcoma from a clinical and imaging perspective,
with illustrations from our own cases seen over the previous
7 years. In addition, we also discuss any clinical and radiolog-
ical differences between BCOR-sarcoma and bone or extra-
skeletal EWS and CIC-sarcoma, the most common variant of
undifferentiated round cell sarcoma.

Literature review

In October 2020, a literature search was conducted on the
PubMed database using the terms ‘Ewing-like sarcoma, un-
differentiated round cell sarcoma and BCOR-sarcoma’.
Only articles with histological confirmation describing
clinical features and/or any imaging findings of BCOR-
sarcoma on any modality were included. Articles
discussing only histology/molecular genetics or lacking
the above information were excluded. Only primary bone
or musculoskeletal soft tissue tumours were included, le-
sions involving non-musculoskeletal sites not being
considered.

Fourteen articles with histologically confirmed bone or soft
tissue BCOR-sarcoma were found, totaling 148 patients. All
were case series apart from one case report. Thirteen articles
with 96 patients had details of bone BCOR-sarcoma, of which
6 articles had imaging features available for review [9, 10, 12,
17, 18, 20] (Table 1). Further 10 articles totaling 52 cases
describing primary soft tissue BCOR-sarcoma were identified
(Table 3). Of these, 3 articles had imaging features available
for review [9, 10, 21].

Histopathology
Histologically, 80% of BCOR-sarcomas consist of spindle
cells, with varying amounts of myxoid stroma in up to 50%

of cases (Fig. 1) [21]. Radiologically, this could manifest as
areas of high T2-weighted (T2W) signal intensity (SI) although
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this has not been specifically reported. In contrast, spindle cells
are very uncommon in EWS and a myxoid matrix is not pres-
ent. Dense collagenous matrix with hypocellular fibrotic areas
is also seen in a small minority of BCOR-sarcomas [22], which
could manifest as low SI areas on MRI possibly accounting for
the more commonly reported heterogenous T2W SI character-
istics. In addition, our literature search showed no cases of
primary bone BCOR-sarcoma exhibiting osteoid matrix depo-
sition on either imaging or histology specimens. This can be a
potential differentiating factor with EWS, where variable
amounts of mineralized osteoid maybe present. Osteoid or
metaplastic ossification is so far only observed in metastatic
BCOR lung lesions, with one reported case by Kao et al.
[16]. In contrast, soft tissue calcification has been radiologically
and histologically confirmed within the extra-osseous compo-
nent of primary bone BCOR-sarcoma (Table 2) [20].

Clinical features

The results of the literature search for bone BCOR-sarcoma are
provided in Table 1, totaling 96 cases. Gender was stated in 90,
of which 73 (81.1%) were male and 17 (18.9%) female. The
overall mean age was 11.7 years (range 5-25 years), similar to
the quoted peak prevalence of 1015 years in EWS [23]. The
strong male predilection for bone BCOR-sarcoma, with a
M:F ratio of 3.4:1, is even more notable than classical EWS
(M:F ratio of 1.5:1) [22] and is also seen with soft tissue
BCOR-sarcoma (BCOR-STS). The reason for this is un-
known, but possibly attributable to the causative chromo-
some X para-centric inversion that drives the BCOR-
CCNB3 fusion [21].

From the 96 cases of bone BCOR-sarcoma, the commonest
location was the lower limb (n = 39; 40.6%), followed by the
pelvis (n=34; 35.4%), spine/ribs (n=10; 10.4%) and upper
limb (n=3; 3.3%). The femoral (n=22; 22.9%) (Fig. 2) and
tibial (n=10; 10.4%) metadiaphyses were the commonest
long bone locations, while the sacrum (n=11; 11.4%) was
the commonest location reported in the spine/pelvis (Figs. 3
and 4). Two vertebral body lesions described by Brady et al.
[20] also showed extra-osseous extension, one posteriorly into
the spinal canal and the other anteriorly into the para-spinal
musculature. However, there were a wide variety of skeletal
locations reported, including the calcaneus (n = 6; 6.3%) and
talus (m=1; 1%).

The results of the literature search for soft tissue BCOR-
STS are provided in Table 3, totaling 52 cases. In 50, the
gender was stated, with 38 (76%) males and 12 (24%) fe-
males. The mean age at presentation was 17.5 years (range
2-44 years). The commonest location for BCOR-STS was the
trunk (n=26; 50%), followed by the lower limbs (n=18;
34.6%). A para-spinal location was specifically mentioned in
7 cases (Figs. 5 and 6), and the chest wall in 6 cases.
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Table 1 Literature search highlighting the features of bone BCOR-sarcoma
Study No. of cases Age Bone involved/location Clinical/imaging features
Gender Mean (range)
Pierron etal. 19 13.6 years Femur - 5 No imaging features reported
[6] - 14 male (6-22) Sacrum - 3
- 5 female Vertebra - 2
Tibia - 1
Toe - 1
Clavicle - 1
Pubis - 1
Talus - 1
Rib- 1
Iliac crest - 2
Ilio-pubic eminence - 1
Cohen-Gogo 26 (bone/STS: 13.1 years Stated in 21 12 bone tumours assessed
etal. [9] differentiation  (5.9-25.6) Extremity - 9 (all Radiographs: poorly defined lesions, cortical destruction. Lytic
not stated) metadiaphysis) (n=17), lytic-sclerotic (n =4), sclerotic (n=1)
- 17 male Femur - 3 Long bone cases (n =4): aggressive periosteal reaction. Path# in 3
- 9 female Tibia - 1 femoral cases.
Chest - 2 MRI: intermediate TIW SI, high T2W SI. Well-delineated,
Spine - 2 non-calcified soft tissue mass. Necrosis or haemorrhage seen in
Pelvis -8 large masses (n = 3). Heterogeneous but intense enhancement on
both CT and MRI.
Puls et al. 7 13.7 years Fibula - 2 MRI fibula: aggressive destructive lesion with circumferential soft
[10] - 6 male (11-16) Femur - 1 tissue mass.
- 1 female Pubic Ramus - 1 6 cases; soft tissue extension
Tibia - 1 Tumour size 50-160 mm (median 107.5 mm)
Pelvis - 1
Calcaneus - 1
Peters etal. 1 male 7 years Calcaneus No imaging features reported
(11]
Shibayama 3 males 14.3 years Pubis - 2 Case 1: radiograph; lytic-sclerotic pubic bone lesion. CT;
etal. [12] (11-17) Calcaneus - 1 heterogeneous mass in pubic bone involving pelvic organs and
muscles. Medullary lytic-sclerotic change with thinned cortex.
MRI; 9 cm mass, internal septa
Case 2: CT; well-defined 12 cm pubic tumour with cortical
destruction
Case 3: Radiograph; lytic calcaneal lesion. MRI; 10.5 cm
well-defined mass with septa. Minimal enhancement.
Ludwig et al. 6 males 13.1 years Sacroiliac joint - 2 No imaging features reported
[13] (5-18) Tlium - 1
Tibia - 1
Acetabulum - 1
Fibula - 1
Yamada 1 female 12 years Sacrum No imaging features reported
et al. [14]
Matsuyama 4 males 12.8 years Sacrum - 2 Tumour size 1.5-15 cm (median 5 cm)
et al. [15] (6-16) Thoracic vertebra - 1 No imaging features reported
Calcaneus - 1
Kao et al. 20 14.8 years Femur - 5 No imaging features reported
[16] - 19 male (5-24) Tibia - 4 Tumour size 3-27 cm (mean 11.7 cm)
- 1 female Sacrum - 3
Tlium - 2
Pubic ramus - 2
Calcaneus - 2
Elbow - 1
Shoulder - 1
Machado 1 Femoral shaft 22 cm tumour in proximal femur. Cortical disruption and soft tissue
etal. [17] Gender not stated extension.
Bharaucha 1 male 10 years Tibial metaphysis Radiograph: well-defined lytic lesion, physeal extension.
et al. [18] Size: 2x2 x5 cm.

MRI: intermediate TIW SI. Enhancing mass with central necrosis.
PET/CT - FDG avid.
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Table 1 (continued)

Study No. of cases Age Bone involved/location Clinical/imaging features
Gender Mean (range)
Rekhietal. 2 males 15.5 years Vertebra - 1 No imaging features reported
[19] (6-25) Tibia - 1
Brady etal. 5 14 years Lumbar spine Radiograph Lodwick Type 3 for long bone lesions, metadiaphysis.
[20] Gender not stated (2-17) Thoracic spine Involved the medulla. 2/5 lytic, 3/5 sclerotic.
Femur MRI-3/5 enhancement, 33% flow voids, 66% necrosis. 5/5 had an
Tibia extra-osseous component, 2/5 with calcification. Mean tumour size
Pelvis 10.3 cm.

PET-mean SUV max was 6.3 (range 5.7-6.9)

Imaging appearances
Radiography

Of 20 cases of bone BCOR-sarcoma with described plain
radiographic features, the most common appearance was a
well-defined, followed by poorly marginated lesion (Figs. 2a
and 3a), with 12 (60%) appearing lytic, 3 (15%) predominant-
ly sclerotic and 5 (25%) having a mixed lytic and sclerotic
appearance. All 12 lytic lesions were classified according to
the modified Lodwick-Madewell grading system [24]. Two
lytic lesions described by Brady et al. [20] were noted to have

an aggressive permeative pattern of bone destruction (modi-
fied Lodwick Type 3B) (Fig. 2a). Otherwise, 8 exhibited a
Type 2, and 2 displayed a Type 1B appearance. An aggressive
periosteal reaction was found in all 5 patients with long bone
BCOR-sarcoma [20]. Three cases arising in the femur present-
ed with pathological fracture (Fig. 2b) [9].

Computed tomography
Shibayama et al. [12] described CT findings in 3 cases of bone

BCOR-sarcoma, the first appearing as a solid heterogeneous
pubic bone mass with marked cortical thinning, the second a

Table 2 Plain radiographic

modified Lodwick-Madewell Study No. of lesions Modified Lodwick-Madewell grading No. of lesions

grading of 12 lytic lesions from
the literature search Cohen-Gogo et al. [9] 7

Shibayama et al. [12] 2

Bharaucha et al. [18] 1

Brady et al. [20] 2

1A

1B

2 (geographic, ill-defined margin)
3A

3B

3C

1A

1B (well defined, sharp margin)
2 (partial/circumferential ill-defined margin)
3A

3B

3C

1A

1B (well-defined, sharp margin)
2

3A

3B

3C

1A

1B

2

3A

3B (moth eaten or permeative)
3C

(=3NS e = = = R = = = e ===l e = - - e = e =)
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Fig. 1 Typical histological appearance of BCOR-rearranged sarcoma. a
The tumour is composed of small round and spindle cells with variable
cellularity and myxoid stroma, the small round cell component showing
Ewing sarcoma-like features (x 10; H&E stain). b Diffuse and strong
nuclear immunostain using BCOR antibody. Note the internal negative
control (blood vessels) (x 10)

well-defined mass in the pubic bone with cortical destruction
and the third another pubic bone lesion with a 2-mm-thick
periosteal reaction. Cohen-Gogo et al. [9] also mentioned that
the CT density of soft tissue involvement was comparable to
surrounding muscle (Fig. 4e), with all 12 cases showing het-
erogeneous but intense enhancement.

MRI

Six articles specifically mentioned the MRI appearances of
bone BCOR-sarcoma [9, 10, 12, 17, 18, 20]. Tumours most
commonly demonstrated intermediate TIW (Figs. 2b, 4a, Sa
and 6b) and heterogenous increased T2W SI (Figs. 3c, 4b, 5b
and 6c¢). Other reported MRI features included avid heteroge-
neous enhancement with > 50% of the lesion enhancing, in-
ternal septum formation (Figs. 3¢ and 4b) and varying degrees
of central necrosis (Fig. 2d). Rarer signs included flow voids

Fig. 2 A 7-year-old boy presenting with acute onset right hip pain fol-
lowing a fall. a AP radiograph obtained 5 days prior to injury shows a
poorly defined area of lytic bone destruction (arrows) with a minor peri-
osteal response (arrowhead). b Coronal TIW TSE and ¢ axial SPAIR MR
images show an extensive medullary abnormality (arrows) with patho-
logical fracture (arrowhead-a). d Coronal post-contrast TIW TSE MR
image shows no enhancement of the lesion, suggesting extensive necrosis

and peri-lesional oedema (Fig. 4c). Fluid-fluid levels were not
reported in any of the cases. In the report by Brady et al. [20],
2 cases displayed calcification within the extra-osseous com-
ponent but not within the primary lesion.

Heterogeneous Sl lesions with surrounding soft tissue mass
were also reported by Machado et al. [17] and Bharaucha et al.
[18], while a circumferential extra-osseous mass arising from
the fibula was noted by Puls et al. [10]. The average maximal
tumour size was 9.8 cm (range 1.5-27 cm), while soft tissue
extension was specifically mentioned in 19 cases (Figs. 3 and
4). Overall, the typical imaging appearance of bone BCOR-
sarcoma was that of a large aggressive lesion with marked
cortical destruction and soft tissue extension. When present,
the soft tissue mass was reported to be extensive and
circumferential.

The reported mean maximal size of BCOR-STS was
9.1 cm (range 3-27 c¢cm). Two BCOR-STS reported by
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Fig 3 A 12-year-old girl presenting with left sciatica. a AP radiograph
demonstrates erosion of the left upper margin of the L5 vertebra (arrow).
b Sagittal TIW TSE, ¢ sagittal T2W FSE and d axial STIR MR images
show a large lobular mass (arrows) arising from the vertebral body.
Internal septa are evident on T2. Repeat MRI study following chemother-
apy. e Sagittal TIW TSE and f axial STIR MR images demonstrate
reduction of tumour volume consistent with a good response to
chemotherapy

Cohen-Gogo et al. [9] showed intermediate TIW SI being
isointense to adjacent muscle (Fig. 6b), and increased T2W
SI (Figs. S5b and 6¢). Li et al. [21] reported more heteroge-
neous T2W SI in 3 cases, with post-contrast enhancement
(Fig. 5d). These had either well-demarcated, poorly defined
or infiltrative borders but were all located deep to the fascia
or within the central muscle belly. One further case was
shown to invade the sacrum. Puls et al. [10] identified 3
soft tissue lesions in the psoas, quadriceps and gastrocne-
mius muscles, respectively, with the latter described as a
large hyperintense soft tissue mass on fat-saturated PDW
sequences. Li et al. [21] described 4 soft tissue lesions, all
deep to the fascia or within the muscle belly, having a mix-
ture of well-demarcated and ill-defined borders and all
showing heterogeneous T2W SI.

@ Springer

Nuclear medicine studies

Two studies described high uptake on FDG PET-CT [18, 20],
with Brady et al. [20] reporting an average SUVmax of 6.3 for
2 lesions (range 5.7—6.9). Bone scintigraphy findings have not
been described.

Metastatic disease, local recurrence
and prognosis

Ten articles specifically mentioned details of metastatic dis-
ease and local recurrence, as highlighted in Table 4. There
were 5 cases of metastatic disease at presentation, 4 in the lung
and 1 in the pancreas. Twenty-one patients developed metas-
tases during follow-up, with the lung being explicitly men-
tioned in 9 patients. Both bone and BCOR-STS gave rise to
metastases, and the reported incidence of metastatic disease
being between 11 and 40% [5]. Location of metastatic lesions
was variable, including the brain and pancreas, and therefore,
staging investigations that image the entire body are desired
with an additional CT study of the chest, abdomen and pelvis.

Fifteen cases of local recurrence were identified (Fig. 41, g).
The time to local recurrence was noted in 4 studies with a
combined mean of 37 months (range 9-98 months) following
treatment.

Treatment of BCOR-sarcoma is generally in line with that
of EWS, following a similar chemotherapy regime despite no
direct evidence analyzing the outcome. This would be follow-
ed by wide local resection of the tumour with/without recon-
struction. Previous studies have shown a 5-year survival rate
to be ~75% [10]. Even though the pathological response to
chemotherapy has been reported as favourable, the radiologi-
cal response has yet to be documented but is expected to be
similar to that seen with EWS where reduction of tumour
volume would be consistent with good chemotherapy re-
sponse (Fig. 3e, ).

Differential diagnosis
Ewing sarcoma of bone

Most articles stated the radiological appearances of bone
BCOR-sarcoma to be aggressive and similar to EWS, without
a detailed description. EWS classically presents as a
permeative/moth-eaten lytic diaphyseal lesion with aggressive
periosteal reaction and large circumferential soft tissue mass
[25]. While this is true for most bone BCOR-sarcomas, some
did exhibit a less aggressive appearance. Bharaucha et al. [18]
reported a distal tibial lesion with well-defined margins and a
sharp zone of transition. Initial appearances were thought to
represent a giant cell tumour or aneurysmal bone cyst.
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Fig. 4 An 8-year-old girl pre-
senting with left sacral pain. a
Coronal TIW TSE, b sagittal
T2W FSE, ¢ coronal STIR and d
axial PDW FSE MR images show
a large mass (arrows) arising from
the left hemi-sacrum and crossing
the sacroiliac joint. e Axial CT
shows aggressive bone destruc-
tion (arrows) with erosion of the
left ilium (arrowhead). Note also
mild peri-lesional oedema in c. f
Coronal TIW TSE and g axial
STIR MR images 4 years later
demonstrate local recurrence
(arrows) (histologically con-
firmed). Note also fatty marrow
changes due to initial radiothera-
py (arrowheads-f)

Likewise, Shibayama et al. [12] reported a 12-cm well-defined
pubic bone mass, as well as a well-delineated calcaneal tu-
mour. Therefore, varied and less aggressive imaging appear-
ances of bone BCOR-sarcoma should be recognized.
Similar to EWS, the pelvis and femoral and tibial
metadiaphyses were the commonest locations for bone
BCOR-sarcoma. On MRI, BCOR-sarcoma was of

intermediate TIW SI and hyperintense on T2W with hetero-
geneous but intense enhancement. The heterogenous SI of
bone BCOR-sarcoma is perhaps the main differentiating fea-
ture compared to EWS. Most EWS (86%) are homogenous
owing to a high degree of cellularity [25], with heterogeneity
only reported in 14% of cases on T2W sequences [25].
Another possible differentiating feature is calcification. Soft
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Table 3 Literature search highlighting the features of soft tissue BCOR-sarcoma
Study No. of cases: Mean age Soft tissue Imaging
Gender (range) location
Pierron etal. [6] 5 16.8 years Neck No imaging features reported
- 2 males (6-26) Para-vertebral
- 3 females Chest wall
Pelvis
Abdominal wall
Cohen-Gogo etal. 2 19 years Not stated MRI: intermediate TIW SI, high T2W SI
9] Gender not stated (5.9-25.6) Foci of necrosis/haemorrhage. Heterogeneous, intense enhancement.
Puls et al. [10] 3 males 17 years Psoas MRI: large hyperintense soft tissue mass in lateral head gastrocnemius
(16-18) Quadriceps Size: 9, 10.5 and 7.0 cm
Gastrocnemius
Peters et al. [11] 5 males 10.2 years Para-spinal No imaging features reported
(7-13) Chest wall
Pelvis
Ankle
Thigh
Lietal. [21] 4 males 27.3 years Para-spinal MRI: well-demarcated (thigh) or ill-defined, infiltrative (sacral) borders.
(14-44) Pelvis Size 7-14 cm.
Thigh All lesions deep to fascia or within muscle belly.
Sacral region ~ Heterogeneous T2W SI with enhancement. Sacral case displayed bone
invasion.
Ludwig et al. [13] 5 males 12.6 years Thorax - 2 No imaging features reported
(7-17) Leg
Para-vertebral
Gluteal region
Matsuyama et al. 5 males 15.4 years Foot -2 Size: 1.5-15 cm (median 5 cm)
[15] (7-31) Thigh -3 No imaging features reported
1 thigh case: metastases in liver, lung, retroperitoneum.
Yamadaet al. [14] 6 16.8 years Rt back No imaging features reported
- 2 males (12-32) Cauda equina
- 4 females Rt upper arm
Lt lower leg
Sacral region - 2
Kao et al. [16] 14 15.9 years Soft palate No imaging features reported
- 10 males (2-44) Para-spinal - 3 Size: 3-27 ¢cm (mean 11.7 cm)
- 4 females Thigh
Shoulder
Foot - 2
Posterior neck
Chest wall - 2
Pelvic cavity - 2
Leg
Rekhietal. [19] 3 24.3 years Leg No imaging features reported
- 2 males (19-29) Back
- 1 female Arm

tissue calcification was seen in 40% of cases reported by
Brady et al. [20], but only reported in 7-9% of skeletal EWS
[25]. Avid contrast enhancement and central necrosis is com-
mon to both tumours.

Extra-skeletal Ewing sarcoma
Puls et al. [10] found a higher proportion of BCOR-sarcomas

arising from soft tissue than with classical EWS (30% vs. 5.8%;
p <0.05), while both groups had the same median age at
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presentation of 15.5 years. The mean age of extra-skeletal
Ewing sarcoma (ES-EWS) is 20 years [26], slightly older than
the mean of 17.5 years for BCOR-STS. Interestingly, Li et al.
[21] commented on BCOR-STS showing a unique bimodal age
distribution, with 2 teenagers (aged 14 and 17 years) and 2
adults (aged 34 and 44 years), significantly widening the age
range. ES-EWS shows a more equal distribution between sexes,
unlike BCOR-STS where 33 of 55 (60%) patients were male.
The mean maximal tumour size for BCOR-STS was 9 cm,
similar to ES-EWS [27]. However, lesions over 20 cm in ES-
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Fig. 5 A 19-year-old male pre-
senting with a rapidly enlarging
posterior chest wall mass. a Axial
T1W TSE and b coronal STIR
MR images show a large bi-lobed
mass (arrows) with sub-acute
haemorrhage (arrowhead-a). ¢
Axial fat-suppressed post-contrast
T1W TSE MR image shows het-
erogeneous enhancement of the
lesion suggesting extensive
necrosis

EWS are very rare, unlike BCOR-STS where the largest re-
ported case measured 27 cm [16]. BCOR-STS has a preferen-
tial occurrence in axial locations, especially the trunk rather

Fig. 6 A 10-year-old boy pre-
senting with a posterior chest wall
swelling. a Lateral radiograph
demonstrates a well-defined soft
tissue mass (arrow) in the mid-
thoracic region. b Sagittal TIW
TSE and ¢ axial T2W FSE MR
images show a large bi-lobed
mass (arrows) compressing the
spinal cord (arrowheads). d
Colour Doppler US shows the
mass to be hypervascular

than extremities. The location does not appear to have any
effect on the outcome, as tumour-related death is reported to
be similar in axial and extremity lesions [9, 10].
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Table 4  Literature search highlighting metastases at presentation, at follow-up and local recurrence of BCOR-sarcoma

Study Metastases at presentation Metastases at follow-up Local recurrence
Pierron et al. [6]  Not stated 4 points with lesions in the femur (2), toe ~ Not stated
and talus
- Metastasis location not stated
Cohen-Gogo Not stated 5 points 3 points
etal. [9] - 1 point - lung and bone mets Median time 28 months (range 9-68)
- 4 points - widespread mets
- Primary sites not stated
Puls et al. [10] 4 points 2 points - no details 1 point - recurrent pelvic sarcoma resected

- 3 lung lesions
- 1 pubic bone
Not stated

Peters et al. [11] No metastases

Ludwig et al. [13] Not stated

1 point - M 18 with lung metastases

25/12 post-treatment

3 points - all STS recurring 9, 25 and 98/12
from diagnosis

1 point - 18-year-old male, tibial LR

following tibial LR
Yamada et al. Not stated 1 point - F12 with cauda equina lesion 1 point - predominantly myxoid tumour,
[14] showed systemic metastases at autopsy recurred with greater small cell component
Matsuyama et al. Not stated 2 points Not stated
[15] - M14 with calcaneal lesion had lung
metastases

- M31 with thigh STS had lung, liver,
retroperitoneal metastases

Kao et al. [16] 1 point - M 17 with pubic ramus

lesion and pancreatic metastasis

4 points

- M14 with foot lesion had lung metastases

6 points, including all 4 with metastases at
presentation

- M17 with calcaneal lesion had lung, pelvis,
scapular, thigh metastases

- M44 with thigh STS had lung metastases

- F18 with sacral lesion had lung metastases

Lietal. [21] None

1 point - developed lung metastases

Not stated

15 months after diagnosis

Brady et al. [20]  None

1 point - developed sub-diaphragmatic

None

metastases 40 months after presentation

ClC-rearranged sarcoma

In contrast to BCOR-sarcoma, CIC-sarcoma is a more com-
mon undifferentiated round cell sarcoma variant, mainly seen
in the soft tissues of the trunk and limbs [20, 28]. Rarer loca-
tions have been reported including the central nervous system,
and there can be secondary bone involvement [20, 28]. There
are no significant differences in patient demographics between
CIC-sarcoma and classical EWS, but they are known to ex-
hibit highly aggressive behaviour, being more resistant to che-
motherapy with a worse prognosis [28].

Conclusions

‘Ewing-like’ or undifferentiated round cell sarcomas share
various degrees of morphological and radiological features
with classical EWS but lack the molecular hallmarks of the
disease. BCOR-rearranged sarcomas are the second
commonest variant, mainly arising from the bone with only
a small proportion presenting as a soft tissue mass. However,

@ Springer

the latter is still commoner than ES-EWS and should be con-
sidered in the differential diagnosis of a soft tissue lesion in a
child or young adult, especially if male. In addition, most
cases present in the first two decades of life. Like EWS, there
is a predilection for the bony pelvis and metadiaphyses of long
bones, the commonest being the femur and tibia.
Radiographic appearances are quite variable, but the most
common pattern is that of a poorly defined lytic lesion with
a moth-eaten/permeative pattern of bone destruction. CT and
MRI appearances for bone and soft tissue BCOR-sarcoma are
rather non-specific with no clear distinguishing features from
EWS. However, possible differentiating signs include a more
heterogeneous appearance on MRI and the presence of soft
tissue calcification in bone BCOR-sarcoma. BCOR-STS is
typically large, with lesions measuring >20 cm documented
in the literature. It should be noted that an axial location (pel-
vic bones e.g. sacrum, ilium), local recurrence and metastases
are considered poor prognostic factors [10].
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