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Abstract

Objective: To describe the pre-treatment imaging features and clinical course of undifferentiated
round cell sarcomas with CIC-DUX4 and BCOR-CCNB3 translocations.

Materials and Methods: In this retrospective study, several pre-treatment imaging features
(tumor location, size, enhancement pattern, necrosis, flow voids, calcification, and FDG avidity)
and the clinical course of patients were evaluated.

Results: In 12 patients with CIC-DUX4 sarcomas (median age, 24 years; range, 12-75),
sarcomas were located in the soft tissue (n=10), bone (n=1), and lungs (n=1). On MRI, all 10
CIC-DUX4 sarcomas presented as a large necrotic mass (mean size 6.7 cm, range 2.3-11.3) with
100% demonstrating contrast enhancement, 60% showing flow voids, and 20% demonstrating
fluid-fluid levels. On PET, the mean SUVmax was 13.2 (range, 8.5-18.1). Among 12 patients with
follow-up, 3 died within a year of diagnosis. The most common site of metastases was the lungs
(5/12). In 5 patients with BCOR-CCNB3 sarcomas (median age, 14 years; range, 2-17), sarcomas

Terms of use and reuse: academic research for non-commercial purposes, see here for full terms. http://www.springer.com/gh/open-
access/authors-rights/aam-terms-v1

corresponding author: 212-610-0854, Hwangs1l@mskcc.org.

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of a an unedited peer-reviewed manuscript that has been
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept
up to date and so may therefore differ from this version.

Conflict of Interest: The authors declare that they have no conflict of interest.

Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. This article does not contain any studies with animals performed by any of the authors.

Informed consent: The requirement for informed consent was waived for this study.


http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1
http://www.springer.com/gb/open-access/authors-rights/aam-terms-v1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brady et al. Page 2

were located in the spine (n=2), femur (n=1), tibia (n=1), and pelvis (n=1). On radiograph or
CT, 2 were lytic; 3 were sclerotic. Soft tissue calcifications occurred in 40% of BCOR-CCNB3
sarcomas. On MR, all 3 BCOR-CCNB3 tumors enhanced with 33% demonstrating flow voids
and 66% exhibiting necrosis. On PET, the mean SUVmax was 6.3 (range 5.7-6.9).

Conclusion: CIC-DUX4 sarcomas often present as necrotic and hypermetabolic soft tissue
masses while sarcomas with BCOR-CCNB3 translocations are vascular bone lesions with necrosis
at imaging. CIC-DUX4 sarcomas are clinically more aggressive than BCOR-CCNB3 sarcomas.
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Introduction

Small round cell sarcomas are a heterogeneous group of tumors of which Ewing sarcoma

is the most prototypical. Recent molecular studies have identified four subgroups of
undifferentiated round cell sarcomas which lack the genetic translocation of classic Ewing
sarcoma despite their similar histologic appearance of uniform sheets of small round blue
cells with scant cytoplasm (1). Two unique genetic rearrangements, CIC-DUX4 and BCOR-
CCNB3, have emerged as the most common translocations (2, 3). While pathologically
similar to Ewing sarcoma, and thus previously referred to as “Ewing-like sarcoma,” the
2020 WHO classification has included CIC-DUX4 and BCOR-CCNB3 sarcomas in the
undifferentiated round cell sarcoma group until further research emerges to determine if
these subtypes should represent distinct entities (4).

While CIC-DUX4 rearrangement remains a rare occurrence, it is the most frequent
rearrangement within the undifferentiated round cell sarcoma family and represents a
particularly aggressive sarcoma with a 5-year survival rate of 43% compared to 77%

for Ewing sarcoma (2, 5). Unlike Ewing sarcomas, up to 90% of CIC-DUX4-expressing
sarcomas arise in the soft tissues, evenly distributed between extremities and trunk or pelvis
(2, 6). BCOR-CCNB3 is the second most frequently recognized rearrangement, accounting
for 4% of undifferentiated round cell sarcomas (1). Clinically, BCOR-CCNB3 sarcomas
closely resemble skeletal Ewing sarcomas and typically present in children and young
adults with a median age of 15 years, arising from bone in 60% of cases (2). Compared

to CIC-DUX4 sarcomas, BCOR-CCNB3 sarcomas have a better prognosis with a 5-year
survival of 72% (7).

While CIC-DUX4 and BCOR-CCNB3 sarcomas are not recognized as distinct entities in the
2020 WHO classification, recent pathological and molecular studies have shown that they
represent biologically distinct subgroups with different clinical outcomes (2). Despite this
emerging data and their aggressive clinical course, particularly for CIC-DUX4 sarcomas,
treatment options are limited, and they are typically treated with the same protocols as
Ewing sarcoma. In addition, despite the difference in clinical prognosis of these emerging
entities, there is scarce information regarding the imaging appearance of sarcomas with
CIC-DUX4 and BCOR-CCNB3 rearrangement. Therefore, we intended to describe the
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pre-treatment imaging features and clinical course of undifferentiated round cell sarcomas

with CIC-DUX4 and BCOR-CCNB3 translocations.

Materials and Methods

Patients

This retrospective study was approved by the institutional review board at Memorial

Sloan Kettering Cancer Center and the requirement for informed consent was waived. The
inclusion criteria included pathologically confirmed cases with available cross-sectional
imaging for review in our institutional Picture Archiving and Communication System
(PACS). We searched pathology reports at our institution for the diagnosis of “CIC-DUX4”
or “BCOR-CCNB3” from January 2000 to December 2019, consequently identifying

12 patients with a diagnosis of CIC-DUX4 and 5 patients with a diagnosis of BCOR-
CCNB3 with imaging available for review. Histology and pathology were reviewed by

a pathologist on this study with more than 25 years of experience for confirmation of

the diagnosis and patient inclusion into the study. Both CIC-DUX4 and BCOR-CCNB3
translocations were confirmed by florescence in situ hybridization (FISH) or targeted RNA
sequencing analysis. Characteristic histologic appearance additionally aided in the diagnosis.
Immunohistochemistry was used primarily to exclude other round cell tumors, such as
lymphoma or rhabdomyosarcoma. Ewing sarcoma was excluded by negative EWSR1
translocation.

Pre-Treatment Imaging Review

All available pre-treatment imaging including radiography, CT, MRI, and PET/CT (18F-
Fluorodeoxyglucose Positron Emission Tomography) were reviewed in PACS by a
musculoskeletal radiologist with 15 years of experience. We included all pre-treatment
imaging whether they were performed at our institution or at an outside institution. All CT
examinations were performed with intravenous contrast. All MRI examinations consisted

of multiplanar imaging including T1-weighted sequence and fluid sensitive sequences

as well as pre- and post-contrast T1-weighted images. All PET examinations used 18F-
Fluorodeoxyglucose as the standard radiotracer in combination with CT images for anatomic
localization.

CIC-DUX4 primary tumors were assessed in terms of tumor location, site of origin, and
size. On MRI, the following imaging features were specifically assessed: presence of
contrast enhancement, necrosis, hemorrhage, perilesional edema, vascularity, and fluid-fluid
levels. MRI contrast enhancement was further classified as < 50% of the tumor, = 50%

of the tumor, or peripheral enhancement only. Perilesional edema at MRI was also further
characterized as minimal, less in extent than the size of the overall tumor, or greater

in extent than the size of the tumor. The tumor was considered vascular when multiple
coursing vessels with flow voids were identified traversing the lesion. On CT, the presence
of erosion of adjacent osseous structures or soft tissue calcifications as well as attenuation
in comparison to skeletal muscle were assessed. On FDG-PET, the mean maximum standard
uptake value (mean SUVmax) was assessed.

Skeletal Radiol. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brady et al.

Page 4

BCOR-CCNB3 primary tumors were described in terms of their location, site of origin, and
size. On pre-treatment radiographs/CT, the following features were specifically assessed:
lytic or sclerotic appearance, presence of periosteal reaction, and soft tissue calcifications.
On MR, signal on fluid-sensitive sequences, contrast enhancement, necrosis, perilesional
edema, and vascularity were examined. In regard to enhancement, vascularity, and
perilesional edema, similar classifications were used in BCOR-CCNB3 tumors as were used
in CIC-DUX4 tumors. On FDG-PET, mean SUVmax was assessed.

Clinical Course Review

Results

The medical record was reviewed for each patient to determine their clinical course,
including chemotherapy, surgery, and radiation, as well as development of metastatic
disease, length of follow-up, and death. Metastatic disease was confirmed either
histologically or radiologically (if typical findings of metastases were seen on CT, MR,
or PET/CT).

Imaging Characteristics of Undifferentiated Round Cell Sarcomas with CIC-DUX4 Genetic
Translocations

Twelve patients were confirmed by pathology to have CIC-DUX4 positive sarcomas, with
the first case identified in 2014. The median age of this patient group was 24 years (range
12-75). The sex distribution was 6 male and 6 female patients. Ten out of 12 (83%)
sarcomas were soft tissue based: 3 were in subcutaneous tissue, 1 was in both subcutaneous
and deep tissues, and 6 were in deep tissue. One (8%) sarcoma arose from bone, and one
(8%) sarcoma arose from lung parenchyma. The average tumor size was 6.7 cm (range,
2.3-11.3). Of the 12 sarcomas, 3 were primary sarcomas of the trunk, 3 were of the pelvis, 3
were of the lower extremity, 1 was of the upper extremity, 1 was of the scalp, and 1 was of
the lung.

Pre-treatment imaging was available for 11/12 patients with 10 MRI, 7 CT, and 5 PET
examinations available for review (Table 1).

On pre-treatment MRI, all 10 sarcomas showed well-defined borders with heterogenous
contrast enhancement with areas of hon-enhancement suggestive of necrosis (Figs. 1-2).
Perilesional edema was seen in 8/10 (80%) sarcomas. The majority of sarcomas (7/10,
70%) showed contrast enhancement in = 50% of the tumor while 2/10 showed enhancement
in < 50% and one tumor demonstrated only peripheral contrast enhancement. Prominent
vascularity as evidence by flow voids were seen in 6/10 (60%) sarcomas (Figs 1-2). Less
common features included the presence of fluid levels, which were seen in 2/10 (20%)
sarcomas, and hemorrhage, which was seen in 5/10 sarcomas (50%) (Figs 3—4).

On pre-treatment CT, all 7 sarcomas demonstrated attenuation isodense or hypodense to
skeletal muscle with heterogeneous enhancement. Erosions of adjacent osseous structures
was identified in 2/7 (29%) patients. Calcifications were not identified in any of the pre-
treatment tumors.

Skeletal Radiol. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brady et al.

Page 5

On pre-treatment PET, all 5 sarcomas were FDG-avid and the mean SUVmax was 13.2
(range, 8.5-18.1) (Figs. 1, 4-5). Heterogeneous uptake was seen in all patients.

Information regarding treatment course was obtained for 11/12 of the patients with CIC-
DUX4 tumors with the remaining patient representing a consult patient who was not treated
at our institution. Ten out of 11 patients underwent chemotherapy with an Ewing sarcoma
type protocol which included doxorubicin, vincristine, cyclophosphamide, ifosfamide, and
etoposide; one patient was initially misdiagnosed as having a small cell carcinoma of the
lung and underwent one cycle of etoposide and carboplatin before discontinuing treatment.
Eight out of 11 patients underwent resection of the primary tumor. Six out of 11 patients
additionally underwent external beam radiation.

At the time of presentation, 3/12 (25%) patients had evidence of metastatic disease. An
additional 3 patients developed metastatic disease at some point in their clinical course while
six remained without evidence of distant metastases. The most common sites of metastatic
disease were the lung (5/12), adrenal (3/12), lymph nodes (3/12) and brain (2/12); one
patient developed metastatic disease in the pancreas, kidneys, lymph nodes, and bone (Fig.
4). Two patients developed local recurrence.

The mean follow-up period was 23 months (range 4-48). Of the 12 patients with CIC-DUX4
positive sarcomas at our institution, three (25%) died, ranging from within 4-19 months of
initial presentation. Another three patients were lost to follow-up and at the time of their

last clinical follow-up, two had lung metastases and another had no recurrent or metastatic
disease. Of the remaining 6 patients, four are alive without evidence of disease and two are
alive and living with multiple sites of metastatic disease.

Imaging Characteristics of Undifferentiated Round Cell Sarcomas with BCOR-CCNB3
Genetic Translocations

Five patients with histologically confirmed BCOR-CCNB3 positive sarcomas were
identified. The first BCOR-CCNB3 positive tumor was identified in 2013. The median

age of these patients was 14 years old (range 2-17 years) with male patients outnumbering
female patients four to one. All 5 sarcomas appeared to arise from bone with a prominent
extra-osseous soft tissue component: 1 arose in the lumbar spine, 1 in the thoracic spine, 1
in the femur, 1 in the tibia, and 1 in the pelvis. Of the tumors that originated in long bones,
both arose eccentrically in the metadiaphysis with involvement of the medullary canal. Both
spinal tumors arose from the vertebral bodies with one extending posteriorly into the spinal
canal and the other extending anteriorly into the paraspinal musculature. The pelvic tumor
arose from the iliac fossa. The average tumor size was 10.3 cm (range, 3.8-25.0).

Pre-treatment imaging included CT or radiograph available for 5 patients, MRI for 3
patients, and PET for 3 patients (Table 2).

On pre-treatment CT or radiograph, 2/5 (40%) sarcomas were predominately lytic while 3/5
(60%) sarcomas were predominately sclerotic (Figs. 6-7). The lytic lesions all demonstrated
a permeative destructive appearance, consistent with Lodwick type 3 change (8). All
sarcomas demonstrated a wide zone of transition and resulted in some degree of periosteal
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reaction, often aggressive in appearance with either lamellated or sunburst appearance.
Calcifications within the extra-osseous soft tissue component was seen in 2/5 (40%) of
sarcomas (Fig. 7).

On pre-treatment MRI, 3/3 sarcomas demonstrated heterogeneously high signal on fluid
sensitive sequences and avid contrast enhancement, with = 50% of the tumor enhancing (Fig
6, 7). Flow voids were seen in 1/3 (33%) sarcomas while necrosis was seen in 2/3 (66%)
sarcomas. Perilesional edema was identified in 2/3 (66%) sarcomas. Hemorrhage was not
identified in any of the pre-treatment tumors.

On pre-treatment PET, metabolic activity was seen in 2/3 sarcomas, while 1 sarcoma was
not FDG avid. For the 2 FDG-avid tumors, the mean SUVmax was 6.3 (range, 5.7-6.9).

Clinically, all five patients underwent resection of their primary tumors and four out of
five patients completed chemotherapy, with doxorubicin, vincristine, cyclophosphamide,
ifosfamide, and etoposide. One patient additionally received vindesin, cisplatin, and
epirubicin in another country. The remaining patient is preparing to undergo additional
treatment after recent surgical resection. No patients underwent radiation to their primary
site.

The mean follow-up was 22.4 months (range, 2—41). While no patient was metastatic at the
time of presentation, one patient developed metastases to the abdomen with development
of a large subdiaphragmatic mass. This recurrence occurred approximately 40 months after
presentation and resulted in death one month later. Of the remaining four patients, three
are currently alive without evidence of recurrent or metastatic disease. The remaining one
patient has undergone resection of his primary tumor and is preparing to initiate further
treatment.

Discussion

While CIC-DUX4 and BCOR-CCNB3 positive sarcomas are molecularly distinct subtypes
within the undifferentiated sarcoma family of tumors, and despite the small number of
cases in our study, we found clinical and radiologic similarities between these sarcomas and
Ewing sarcoma, as previously described in the literature (1-3, 5-7, 9-12).

Demographically, BCOR-CCNB3 patients in our study presented at a median age of 14
years; Ewing sarcoma patients classically presents at a median age of 15 years, with the
majority of patients presenting within the first two decades of life (9, 12). CIC-DEIX4
patients in our study tended to present later in life, with a median age of 24 years and a
wider age range, similar to extraskeletal Ewing sarcoma patients who tend to present later
in life (19.5 years old) than skeletal Ewing skeletal patients. The median ages of patients
with BCOR-CCNB3 and CIC-DUX4 sarcomas in our cohort are similar to those of previous
studies (3, 6).

In our study, the location of the primary CIC-DUX4 sarcoma is similar to that of
extraskeletal Ewing sarcoma as reported in the literature. Specifically, 50% of CIC-DUX4
sarcomas in our study arose in the trunk or pelvis and 33% arose in the upper or lower
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extremity, which is reflective of the literature of extraskeletal Ewing sarcoma where tumors
have been reported to arise in the trunk or pelvis (48-54%) and extremities (26—30%)
(13-16). Meanwhile, the location of BCOR-CCNB3 sarcoma in our study was contrary to
that of skeletal Ewing sarcoma in the literature. Here, 40% of BCOR-CCNB3 sarcomas

in our study arose from the spine with the remainder (60%) arising from the pelvis

and lower extremity long bones, while in the literature, Ewing sarcoma tumors are more
frequently reported to arise from the pelvis (19-21%) and long bones of the lower extremity
(30-44%) than in the spine (11%) (14, 17, 18). However, due to our small size of cases, this
comparison of skeletal distribution is limited. Puls et al. reported that all 7 cases of bone
BCOR-CCNB3 sarcomas in their study of 10 patients arose from the appendicular skeleton

(6).

We note that CIC-DUX4 sarcoma shares many overlapping imaging features with
extraskeletal Ewing sarcoma. However, a few distinctive features may assist in
differentiating these two entities as suggested by our study (Table 3). While both sarcoma
types tend to be isodense to hypodense to skeletal muscle on CT and display strong,
heterogeneous enhancement (13, 14, 19), as seen in our study, no CIC-DUX4 sarcoma
displayed calcifications while intra-tumoral calcifications have been reported in 0-25% of
extraskeletal Ewing sarcoma (13, 14, 19). We hypothesize that CIC-DUX4 tumors in our
study did not display calcifications as the majority in our study arose from soft tissues

and thus did not include either osseous matrix formation or sequestered bone like many
primary bone lesions. However, the lack of dystrophic calcifications remains difficult to
explain; we speculate that a high rate of tumor growth might prevent the accumulation of
calcifications within tumors. On PET, CIC-DUX4 sarcomas in our study displayed FDG
avidity with an average SUVmax of 13.2, which is stronger than the reported SUVmax

of 5-7 for extraskeletal Ewing sarcoma (13, 20). Several studies have shown that higher
SUVmax is correlated with poorer outcomes in Ewing sarcoma, which may reflect the often
worse clinical outcomes in patient with CIC-DUX4 sarcoma. On MRI, both CIC-DUX4
and extraskeletal Ewing sarcomas are likely to show heterogeneous contrast enhancement,
though this was seen in 100% of CIC-DUX4 sarcomas in our study compared with 73.7—-
100% of extraskeletal Ewing sarcomas in the literature (13, 14, 21). Necrosis was common
in both tumor types, contributing to the degree of heterogeneous enhancement. While
hemorrhage was seen in 50% of CIC-DUX4 sarcomas with MRI in our study, Somarouthu
et al. reported that 19% of extraskeletal Ewing sarcomas in their study demonstrated
hemorrhage (13). Fluid levels were seen in 20% in our patients, probably due to hemorrhage
or necrosis. While extraskeletal Ewing sarcoma is more likely to demonstrate high flow
vascular channels, up to 90% in the literature versus 60% of CIC-DUX4 sarcomas on MRI
in our study, vascular flow voids are also not unique to extraskeletal Ewing sarcoma and are
seen in many high grade tumors including hemangioendotheliomas, hemangiopericytomas,
angiosarcoma, and synovial sarcoma (14, 22).

In addition, we also note that BCOR-CCNB3 sarcoma exhibits similar imaging
characteristics to skeletal Ewing sarcomas as previously reported (2). As shown in our
study, radiographically, BCOR-CCNB3 sarcoma appears to be close to evenly distributed
between predominately lytic and predominately sclerotic tumors, which is similar to
skeletal Ewing sarcoma which has reported rates of sclerosis ranging from 32—-40% (9,
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14). BCOR-CCNB3 tumors in our study demonstrated a permeative appearance with a
wide zone of transition. While this aggressive appearance is similar to the majority of
cases of BCOR-CCNB3 tumors as well as skeletal Ewing sarcoma cases in the literature
(76%—-82%), there have been case reports of BCOR-CCNB3 lesions demonstrating a more
benign appearance with geographic margins (14, 23). While periosteal reaction was seen in
all BCOR-CCNB3 sarcomas in our study, it was reported in 58—-84% of skeletal Ewing
sarcomas in the literature (14). Calcifications were present in 40% of BCOR-CCNB3
sarcomas in our study compared to 7-9% of skeletal Ewing sarcomas in the literature (14,
18). On MR, all BCOR-CCNB3 sarcomas displayed a heterogeneous signal, while 73%
of skeletal Ewing sarcomas are typically homogeneous in appearance on MRI (12). Avid
contrast enhancement is common in both BCOR-CCNB3 sarcomas and Ewing sarcomas.
BCOR-CCNB3 sarcomas in our study frequently demonstrated internal necrosis which is
also demonstrated in skeletal Ewing sarcoma in the literature, though more commonly in the
pre-treatment setting (14, 24).

In terms of metastatic spread of CIC-DUX4 sarcomas, in our study, lungs were the most
common site of metastasis, similar to extraskeletal Ewing sarcomas (3, 6, 9, 17, 25). In our
BCOR-CCNB3 sarcoma population, only one patient developed intra-abdominal metastasis
while skeletal Ewing sarcoma metastasizes in 26—-28% of patients, typically to lung or

bone (9, 25). Puls et al. reported that 4/10 patients with BCOR-CCNB3 sarcomas had lung
metastases at initial diagnosis but found no association with overall survival, unlike Ewing
sarcoma that shows significantly shorter overall survival when presenting with metastases
(6). These findings and our infrequent rate of metastases may suggest less aggressive clinical
course and better survival for patients with BCOR-CCNB3 than those with Ewing sarcoma.

The treatment of CIC-DUX4 and BCOR-CCNB3 tumors require a multidisciplinary
approach, involving oncologists, surgeons, pathologists, radiologists, and radiation
oncologists. The treatment protocol is similar to those of Ewing sarcoma, with most
patients receiving chemotherapy, surgery and occasionally radiation therapy (26). However,
recent studies suggest that CIC-DUX4 tumors in particular exhibit lower sensitivity to
classic Ewing sarcoma treatment regimens (1). Our study echoes this point as 3/8 patients
with CIC-DUX4 sarcomas during follow-up developed metastatic disease despite surgical
resection and chemotherapy. BCOR-CCNB3 sarcomas, in contradistinction, are reported to
be more chemosensitive to classic Ewing sarcoma treatment regimens. In one study, ten out
of twelve patients demonstrated less than 10% viable tumor after chemotherapy (2). The
5-year overall survival for BCOR-CCNB3 sarcomas is reported as 75% which is similar

to that seen in Ewing sarcoma cohorts (7, 10). In our study, only 1/5 patients developed
metastatic disease after chemotherapy. Despite the growing consensus that CIC-DUX4 and
BCOR-CCNB3 tumors are distinct tumors molecularly, until more research is done, therapy
is likely to remain similar to that of classic Ewing sarcoma regimens.

Our study has several limitations. Because CIC-DUX4 and BCOR-CCNB3 sarcomas remain
rare tumors, the small patient cohort precludes the generalization of imaging features
identified in this study. Larger studies are further needed to evaluate the imaging features of
these entities to confirm common features. Due to the retrospective nature of the study,

the imaging techniques were different across patients, possibly impacting the imaging
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characteristics of the sarcomas. Additionally, only one reader evaluated the imaging features.
With different readers, the results of the imaging features may have been different.

In conclusion, two common subgroups of undifferentiated round cell tumors with unique
genetic rearrangement, CIC-DUX4 and BCOR-CCNBS3, are increasingly recognized entities
with similar patient demographics and imaging overlap with extraskeletal Ewing sarcoma
and skeletal Ewing sarcoma. At imaging, undifferentiated round cell sarcomas with CIC-
DUX4 translocations often presents as necrotic soft tissue masses with high metabolic rate
and rarely with calcifications. Undifferentiated round cell sarcomas with BCOR-CCNB3
translocations usually arise from bones and exhibit vascularity and necrosis. The clinical
behavior of CIC-DUX4 is more aggressive with a higher rate of metastases and death than
BCOR-CCNB3.
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Fig. 1.
A 17-year-old man with a CIC-DUX4 tumor in the left gluteus maximus muscle. Coronal

Short-TI Inversion Recovery (STIR) (a) and coronal T1-weighted fat-suppressed post-
contrast (b) images show a tumor with a well-defined border and multiple linear and
punctate flow voids (arrows) suggestive of vascularity. The tumor shows heterogenous
contrast enhancement and necrosis (arrowheads). The tumor (T) demonstrates low
attenuation on non-contrast CT (c) and is FDG-avid with SUVmax 11.1 on PET/CT (d).
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Fig. 2.
A 12-year-old girl with a CIC-DUX4 tumor in her left 3 rib, mimicking an Askin tumor.

Axial CT image (a) shows a rib lesion with a well-circumscribed soft tissue mass. Axial T1-
weighted (b) and T2-weighted (c) images demonstrate medullary involvement by the tumor
(arrows). Axial T1-weighted fat-suppressed post-contrast (d) image shows heterogenous
contrast enhancement with necrosis (asterisk). Vascularity in the tumor is evidenced by low
signal foci (arrowhead).
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Fig. 3.
A 58-year-old woman with a CIC-DUX4 tumor in her left paraspinal musculature. Axial

T1-weighted (a) and T2-weighted (b) images show an intramuscular tumor containing
multiple fluid levels (arrows) and high T1 and T2 signal suggestive of hemorrhage. Axial
T1-weighted fat-suppressed post-contrast image (c) shows peripheral and internal septal
contrast enhancement (curved arrows) in the intramuscular tumor.
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Fig. 4.
A 21-year-old woman with a CIC-DUX4 tumor in the anterior abdominal wall. Axial

T2-weighted image (a) shows a subcutaneous mass containing multiple fluid levels
(arrowheads) compressing on the muscles. Axial T1-weighted fat-suppressed post-contrast
image (b) shows an enhancing posterior component (arrow). Axial fused PET-MRI image
(c) shows FDG avidity with SUVmax measuring 5.1 in the solid component.
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Fig. 5.

A975-year-old woman with a CIC-DUX4 tumor in the right upper lobe with bilateral
adrenal glands mimicking a primary lung cancer. Axial CT image (a) shows a well-defined
right upper lobe mass. Axial fused PET-CT images (b, ¢) show that the mass and adrenal
metastases are heterogeneously FDG avid with SUVmax measuring 18.1 in the lung mass,
9.3 in the right adrenal mass, and 7.1 in the left adrenal mass.
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Fig. 6.

ArﬁJ 8-year-old boy with a BCOR-CCNB3 tumor in his right proximal femur. AP scout
view of PET (a) shows a right femoral permeative lytic lesion (arrows) with cortical
thickening (arrowhead). On an axial PET image (b), the lesion is lytic with cortical thinning
(arrowheads) and periosteal reaction (curved arrow) with a soft tissue mass (T). On a

PET MIP image (c), the lesion is hypermetabolic at the femoral metadiaphysis with an
SUVmax of 5.7 within the soft tissue mass (arrowhead) and photopenic in the femoral
diaphysis (arrow). On a coronal STIR image (d), the lesion is in the proximal femoral
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metadiaphysis and diaphysis (arrows) with a soft tissue mass (arrowhead). On an axial
T1-weighted fat-suppressed post-contrast image (e), the tumor shows heterogenous contrast
enhancement with non-enhancing areas (arrowheads) and the soft tissue mass (T) extends
beyond the periosteum (arrows).
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Fig. 7.

Agl4 year-old-boy with a BCOR-CCNB3 tumor in left ilium. Axial CT image (a) shows a
partially calcified left iliac mass (arrow) with a soft tissue mass (*) containing few small
calcifications (arrowheads). Axial T1-weighted fat-suppressed post-contrast image (b) shows
the enhancing intraosseous tumor (arrow) and soft tissue mass with a non-enhancing area
suggestive of necrosis (*).
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Clinical and Imaging Features of CIC-DUX4 Positive Tumors

Table 1.

MRI (n=10) n %
Contrast enhancement 10/10 100%
Perilesional edema 8/10 80%
Necrosis 10/10 100%
Flow voids 6/10 60%
Hemorrhage 5/10 50%
Fluid-fluid levels 2/10 20%

CT (n=7) n %
Isodense to hypodense attenuation | 7/7 100%
Osseous erosions 217 29%
Soft tissue calcifications 017 0%

FDG-PET (n=5) n %
Metabolically active 5/5 100%
Mean SUVmax 13.2 (range, 8.5-18.1)
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Radiographs/CT (n=5)

n

%

Lytic 2/5 40%
Permeative 212 100%
Moth-eaten 072 0%
Geographic 0/2 0%

Sclerotic 3/5 60%

Periosteal reaction 5/5 100%
Lamellated 3/5 60%
Sunburst 2/5 40%

Soft tissue calcifications | 2/5 40%

MRI (n=3) n %

Contrast enhancement 3/3 100%

Flow voids 1/3 33%

Necrosis 2/3 67%

Perilesional Edema 213 67%

FDG-PET (n=3) n %

Metabolically active 2/3 67%

Mean SUVmax

6.3 (range 5.7 - 6.9)
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Table 3.
Similarities and differences of imaging findings between CIC-DUX4 and BCOR-CCNB3 tumors and Ewing
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sarcoma

CIC-DUX4 (n=12) | Extraskeletal Ewing | BCOR-CCNB3 (n=5) | Skeletal Ewing

MRI

Contrast enhancement 100% 73.7%-100% 100% 100%

Necrosis 100% 82% 66% 2%

Flow voids 60% 90% 66% *

Hemorrhage 50% 19% 0% *
Radiographs/CT

Lytic 8% - 40% 60%

Sclerotic 0% - 60% 32%-40%

Periosteal Reaction 8% - 100% 58%-84%

Isodense to hypodense attenuation 100% 73% 100% 98%

Soft tissue calcifications 0% 0%-25% 40% 7%-9%
FDG-PET (n=5)

Mean SUVmax 13.2 (8.5-8.1) 5-7 6.3 (5.7-6.9) 5.3-11.3

*

Exact percentiles not well validated in the literature

- Not applicable due to lack of bony involvement
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