
Contents lists available at ScienceDirect

Journal of Bone Oncology

journal homepage: www.elsevier.com/locate/jbo

Research Paper

Primary desmoplastic small round cell tumor of the tibia: PET/CT and MRI
presentation of a rare case and review of the literature

Du Xuesonga,b, Guo Hongb, Zhang Weiguob,⁎

a Department of Radiology, General Hospital of Central Theater Command of People's Liberation Army, Wuhan, China
bDepartment of Radiology, Daping Hospital, Army Medical University, 10th Changjiang Road, Yuzhong District, Chongqing, China

A R T I C L E I N F O

Keywords:
Bone
PET/CT
MRI
Desmoplastic small round cell tumor
Prognosis

A B S T R A C T

Desmoplastic small round cell tumor (DSRCT) was a soft tissue sarcoma of mesenchymal cell origin that typically
exhibited a multi-phenotypic pattern of immunohistochemical staining. DSRCT mainly presented in the ab-
domen sites and primary occurrence in bone was exceptional. In this study, we reported a new case of primary
DSRCT of the tibia in a 33-year-old man who had intermittent pain in the left tibia. Radiographs showed
transparent lesions in the left upper tibial. MRI revealed a lobular, lytic and ill-identified lesion with adjacent
soft tissues swelling of the upper left tibia. CT confirmed notable destruction and wormlike osteolysis of the bone
cortex. PET/CT showed a mass of high uptakes, indicating the malignance. He accepted surgical resection with
followed multi-agent chemotherapy, containing vincristine, doxorubicin, ifosfamide and etoposide. Clinically
and radiologically, the patient did not show any evidence of recurrence or metastasis at 30 months after surgical
treatment. Primary osteogenic DSRCT was extremely rare and should be considered in differential diagnosis of
bone tumors.

1. Introduction

Desmoplastic small round cell tumor (DSRCT) was an extremely
rare malignant tumor that affected mainly adolescents and young
adults, with a marked male predominance of 5 to 1. It was first de-
scribed in 1989 by Gerald and Rosai [1] and was considered as a
member of the small round blue cell tumor family, which included
small-cell carcinoma, Ewing's sarcoma, neuroblastoma, lymphoma, etc.
[2]. Histologically, DSRCT consisted of nests of small round cells of
primitive appearance embedded in a desmoplastic stroma, and typically
showed co-expression of epithelial, mesenchymal, and neuron-specific
enolase (NSE) markers. Cytogenetic analysis has also shown a dis-
tinctive molecular alteration involving chromosomes 11p13 and 22q12
resulting in EWSR1-WT1 fusion in DSRCTs as a diagnostic biomarker
[3]. The tumor typically arose from the abdominal and pelvic perito-
neum, however, primary DSRCTs in sites such as pleura [4], kidneys
[5], salivary glands [6] and central nervous system [7] have also been
described. Although DSRCT may rarely metastasize to bone, primary
occurrence in bone was exceptional. Therefore, we reported a rare case
of primary osseous DSRCT and demonstrated the positron emission
tomography/ computed tomography (PET/CT) and magnetic resonance
imaging (MRI) characteristics combined with strict long-term follow-
up.

2. Case presentation

A 33-year-old man presented to the arthrolimb surgery department
with a 3-month history of intermittent pain in the left lower limb. He
had been treated with anti-inflammatory and analgesic measures (lox-
oprofen sodium) in the local hospital before presentation. The physical
examination showed a mass about 4cm*7 cm in size located at the
medial part of the upper left tibia, with Ⅲ° hardness, obvious tender-
ness and no obvious range of motion. Past surgical and family histories
were unremarkable.

Radiographs showed transparent lesions in the left upper tibial
(Fig. 1). The lesion was lytic and ill-identified with a wide area of
transition and overlying cortical thickening. A small amount of peri-
osteal reaction the adjacent soft tissues swelling were also noted, par-
alleling the tibia shaft. Magnetic resonance imaging (MRI) revealed
upper left tibia lesions measuring 6.9cm*1.9cm*2.0 cm with mixed
high T1WI, low T2WI signal and slightly high signal in short time in-
version recovery (STIR) sequence (Fig. 2). The lesion was lobular with
clear boundary and the border between the lesion and the surrounding
normal bone was also clear. Notable destruction could be found in the
bone cortex, and sheet exudation could be seen in surrounding muscles
and soft tissues. Computed tomography (CT) confirmed the mass and
showed enlarged medullary cavity of the proximal tibia on the left side,
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and wormlike osteolysis of the cortex (Fig. 3). Poorly defined miner-
alization was also demonstrated. Positron emission computed tomo-
graphy (PET) imaging showed a cluster of high uptakes of radioactivity
(Fig. 4) with SUVmax of 24.66 and SUVavg of 9.81(standard uptake
value, SUV). The leading radiological consideration was osteosarcoma,
with other possibilities including Ewing's sarcoma and lymphoma. A CT
scan of the chest, abdomen, and pelvis with intravenous contrast ma-
terial revealed no lesions in other sites and whole-body PET scanning
confirmed the lesion was consistent with a primary tibia mass.

The patient underwent surgical removal of the mass, with double
plate internal fixation and bone cement packing. Part of the specimen
was submitted for intraoperative consultation, and the frozen section
was reported to be “malignant tumor of proximal left tibia”.
Hematoxylin and eosin sections revealed a diffuse growth pattern re-
placing marrow space and eroding bone of the tumor. Tumor cells had a
small amount of pale to clear cytoplasm, finely granular nuclei, and
inconspicuous nucleoli (Fig. 4). Immunohistochemical staining re-
vealed that the cells were strongly positive for CK, Desmin, CD99,
Calretinin, CD56, P53, bcl-2, Fli-1 and WT-1 with Ki-67 index of 40%
and negative for S100, Syn, CD34, SMA, Myogenin, MyoD1, CgA and
TTE3. Molecular analysis identified an amplification of chimeric tran-
script corresponding to the EWS-WT1 gene rearrangement, indicating
the presence of t(11;22)(p13: q12) reciprocal translocation. This result,
along with the radiological, morphology and immunophenotype, de-
clared the diagnosis for primary DSRCT in tibia.

The patient did well after surgery and was treated with multi-agent
chemotherapy, containing vincristine, doxorubicin, ifosfamide and
etoposide. He received regular follow-up every 3 months. Clinically and
radiologically, the patient did not show any evidence of recurrence or
metastasis at last follow-up, 18 months after surgical treatment.

3. Discussion

DSRCT was a member of the small round blue cell tumors family,
which was consisted of distinctive neoplasms such as lymphoma,
Ewing's sarcoma, Wilms tumor, neuroblastoma, etc. Distinct entities
have been documented at an increasing number of anatomical sites,
including central nervous system [8], kidney [5], testis [9], lung [10]
and parotid gland [6]. Primary bone DSRCT was rare, to our knowl-
edge, only 3 previous cases have been reported in the literature. This
series was the first that reported the PET/CT imaging features of oss-
eous DSRCT.

DSRCT was defined as a “malignant mesenchymal neoplasm com-
posed of small round tumor cells with polyphenotypic differentiation
embedded within a prominent desmoplastic stroma” in the recent WHO
classification [11]. Histologic appearance was characterized by desmin,
cytokeratin and S100, which were mesenchymal, epithelial and neural
markers. Pathognomonic phenotype was identified as a unique t(11:22)
(p13:q12) which resulted in an active fusion protein involving the
Ewing sarcoma (EWS) and Wilms tumor (WT-1) genes [3,12]. DSRCT
was reported more predominant in male patients, with a ratio of male
to female of 4–5:1 [13,14]. The clinical symptoms were non-specific,
and the disease most commonly presented as abdominal pain and dis-
tension, ascites and hydronephrosis, or symptoms related to rare ex-
traperitoneal sites of the tumor.

Knowledge of the most common imaging features of DSRCT was
important for guiding biopsy and appropriate patient management. It
mainly presented as an intra-abdominal or pelvic mass with diffuse
serosal involvement and peritoneal deposits in adolescent or young
males [15]. DSRCT showed a higher rate of occurrence on serosal
surfaces, where it appeared as single or multiple nodular masses on the
surface of intra-abdominal organs. The characteristic imaging feature of
DSRCT was multiple soft-tissue masses implicating the peritoneal cavity
in the omentum or mesentery without a definite organ of origin as
described in the literatures [16,17]. On CT images, tumor mass was
usually patchy hypodense and mild heterogeneous enhancement on
contrast enhanced images. DSRCT often appeared as lesions with iso-
intense or hypointense on T1WI, hyperintense on T2WI, and hetero-
geneous enhancement on contrast-enhanced T1WI. Calcification was a
relatively common radiological finding in abdominopelvic DSRCT [18].

DSRCT that primarily arose from bone was very rare. McDermott
reported a case of desmoplastic small round cell tumor occurring in the
right ilium of a 13-yearold boy in 2005, which was considered the first
documented instance of desmoplastic small round cell tumor arising in
bone [19]. CT and MRI scans of the pelvis showed a sclerotic bone
lesion confined to the right ilium with no associated soft-tissue mass. In
2008, Panicek demonstrated a 10-year-old girl with primary DSRCT
arising within the left femur [20]. Radiographs showed a large, pre-
dominantly lytic lesion in the distal femoral diametaphysis with a wide
zone of transition and overlying cortical destruction. Fritchie [21] re-
trieved 34 DSRCTs with atypical presentations and identified a 2.4-
year-old male with located in the skull with no metastasis elsewhere.
However, no investigations of image characteristics were found in the
presentations.

In our study, we assess our experience with combined PET/CT and
MRI for primary DSRCT in bone. Similar to morphology of DSRCT in
other sites, primary bone DSRCT appears as solitary and lobular mass
with a clear boundary. CT is most often used for initial diagnosis and
follow-up, areas of low attenuation and non-enhancement are often
present representing necrosis, hemorrhage or fibrous components.
Punctate calcification can also be seen in this case and so as in previous
two cases. MRI confirm this heterogeneity with mixed signal inside the
lesion, for on T2W images, tumor mass shows a high signal “core” with
a lower (but little higher than the muscle) signal “rim” around. The
main tumor mass enlarges along the marrow cavity and causes a wide
area of destruction and overlying cortical thickening. However, this
perforating bone destruction is atypical on lower extremity

Fig. 1. Radiographs of the lesion. Low extremities radiographs showed trans-
parent lesions in the left upper tibial. Periosteal reaction was present, as well as
adjacent soft tissues swelling (red arrows).
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radiographs; and thus, mimicking a benign behavior. As part of the
staging evaluation principles, PET/CT is suggested for all patients with
DSRCT [22]. However, this case is the first that reported the PET/CT
imaging features of osseous DSRCT. The tumor mass appears with
SUVmax of 24.66 and SUVavg of 9.81, similar to the intra-abdominal
masses [17,18], indicating that the mass is with high malignance.

The main differential diagnosis in this case was osteosarcoma,
Ewing sarcoma and lymphoma. Osteosarcoma mainly occurred in
young adolescent in the metaphysis of the longitudinal bone.
Radiographs included various forms of bone destruction and tumor
bone formation, different forms of periosteal neogenesis and destruc-
tion, soft tissue masses, bone destruction areas and tumor bone for-
mation in soft tissue masses, etc. Ewing sarcoma mostly occurred in the
diaphysis, extended from the center of the diaphysis to the metaphysis,
and from the marrow cavity to the outside. Primary malignant lym-
phoma of bone was commonly seen in adult male patients. On radio-
graphic images, the bone cortex can stay normal, and soft tissue mass
with slightly high density can be seen in the marrow cavity. Ultimately,
the presence of the EWS-WT1 fusion was the “gold standard” for the
diagnosis of DSRCT [23].

Prognosis for DSRCT was quite poor, with five-year overall survival
estimated at only 15 to 30% [24,25]. Primary osteogenic DSRCT was
extremely rare, each of the reported patients presented in the bone was
characterized by aggressive features, similar to DSRCT in other loca-
tions. In contrast, our case showed a very indolent clinical course.

In summary, primary osteogenic DSRCT was known as a rare subset
of mesenchymal tumors. The radiologic features were of some specifi-
city, but more confirmation was needed. Primary osteogenic DSRCT
should be included in the differential diagnosis of bone tumors.
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Fig. 2. Magnetic resonance imaging. a Coronal T1-weighted, b
axial fat-saturated T2-weighted, and c axial T1-weighted. The
lesion was lobular with clear boundary and the border be-
tween the lesion and the surrounding normal bone was also
clear (red arrow). Notable destruction could be found in the
bone cortex (white arrow), and sheet exudation could be seen
in surrounding muscles and soft tissues (blue arrow).

Fig. 3. Computed tomography images confirmed the mass and showed enlarged medullary cavity of the proximal tibia on the left side, and wormlike osteolysis of the
cortex. Poorly defined mineralization was also demonstrated.
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