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A B S T R A C T

We describe the case of a Ewing sarcoma with prominent myxoid stroma of the temporal bone in a 26-year-old
female. Histologically, the tumor exhibited a fascicular growth pattern of round to spindled cells with a minimal
amount of pale eosinophilic to clear cytoplasm and oval or spindled nuclei with finely dispersed chromatin and
small nucleoli. Myxoid changes were prominent (> 50%), with reticular or pseudoacinar growth of the loosely
cohesive cells. The tumor showed strong expression of CD99, FLI1, and CD56 and was positive for the EWSR1-
FLI1 fusion transcript. The diagnosis of Ewing sarcoma with myxoid stroma (myxoid variant) is particularly
problematic owing to the large number of potential mimics. The tumor extends the morphologic spectrum of
Ewing sarcoma beyond the previously described histological variants, and broadens the differential diagnosis.
For any round/spindle cell sarcoma, prominent myxoid stroma and CD99 immunoreactivity should prompt
consideration for molecular studies that include analysis of both EWSR1 and FLI1.

1. Introduction

The Ewing sarcoma family of tumors (ESFT) is a group of malignant
small round blue cell tumors (SRBCT) that includes Ewing sarcoma (ES)
of bone, extra-osseous ES, primitive neuroectodermal tumors (PNET),
and Askin tumor (PNET of the chest wall) [2,3,6,7,15]. These tumors
are considered to be derived from a common cell of origin and primarily
affects the pediatric and young adult population. The pathological di-
agnosis of ESFT is based on the finding of a SRBCT that stains for CD99
and expresses one of several reciprocal translocations, most commonly t
(11;22)(q24;q12) between the amino-terminus of the EWSR1 gene and
the carboxy-terminus of the FLI1 gene found in 85–90% of cases
[2,3,6,7,15]. Atypical ES are the most challenging of the ESFT subtypes
since the differential diagnosis with other SRBCT of bone and soft tissue
is broad. [6,17]. Precise tumor classification is crucial for establishing
prognosis and in guiding appropriate therapeutic strategies. Judging by
the published literature, ESFT with atypical features involving the head
and neck are extremely rare [2,3,6,7,15,17]. We present a diag-
nostically challenging case of ES with prominent myxoid stroma arising
in the temporal bone of a 26-year-old female. To the best of our
knowledge, a myxoid variant of ES has not been previously described.

2. Clinical history

A 26-year-old female with no significant past medical history pre-
sented to the neurosurgical clinic because of an incidentally discovered
right temporal bone lesion during a workup for headaches. She denied
any symptoms and clinical examination showed no neurological find-
ings. Computed tomography showed a 4.3 cm expansile, lytic, and well-
corticated lesion centered in the squamous portion of the right temporal
bone (Fig. 1A). Magnetic resonance imaging demonstrated an expansile
lesion with heterogenous T2 signal enhancement. Subtle hyper-
enhancement of the overlying dura and moderate mass effect on the
temporal lobe was seen (Fig. 1B). The radiographic differential diag-
nosis included an intra-osseous meningioma, atypical fibrous dysplasia,
and hemangioma. Malignancy was deemed less likely.

3. Materials and methods

Representative tissue sections from the temporal bone mass were
fixed in 10% buffered formalin and embedded in paraffin after dec-
alcification. Representative tissue blocks were submitted for frozen
section and permanent sections. For routine microscopy, 4-μm-thick
sections were stained with hematoxylin-eosin (H&E).
Immunohistochemical staining was performed using an automated
immunostainer (Leica Bond-III, Leica Biosystems, Buffalo Grove, IL)
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and BondRefinePolymerTM biotin-free DAB detection kit. The anti-
bodies applied in the study are listed in Table 1. A positive nuclear,
cytoplasmic and/or membranous expression in 10% or more of neo-
plastic cells qualified as “positive (+)”.

Molecular genetic studies were performed at Lurie Children’s
Hospital on formalin-fixed, paraffin-embedded tumor tissue using re-
verse transcriptase polymerase chain reaction (RT-PCR). Total RNA was
extracted from 2 unstained formalin-fixed paraffin embedded tissue
sections on glass slides (5-micron sections). The extracted RNA was
reverse transcribed in duplicate to cDNA with reverse transcriptase. The
cDNA was subsequently analyzed as multiple singleplex assays using
primers specific to EWSR1-FLI1 fusion transcripts (exon 7 to exon 5 and
exon 7 to exon 6 variants), EWSR1-ERG (exon 7 to exon 6 variants),
CIC-DUX4 fusion transcripts [10,11]. Two primer sets specific to Ewing-
like sarcoma BCOR-CCNB3 (exon 15 to exon 5) fusion transcripts were
also used [21], as well as primers specific to the SYT-SSX1, SYT-SSX2,
SYT-SSX4, SYT-SSX7, and SYT-SSX8 fusion transcripts. Products were
analyzed using real-time PCR and melt curve analysis. The quality of
the mRNA was assessed by an independent amplification of a larger

product, the ubiquitously expressed GUSB mRNA.
Sanger sequencing assay was used to confirm the RT-PCR results. To

remove unused dNTPs and primers left over from the RT-PCR reaction,
10 μl of amplicon was transferred to a new PCR tube and 1 μl of
ExoSAP-IT® (Affimetrix, Santa Clara, CA) was added. The amplicon
clean-up was preformed following ExoSAP-IT® manufacture instruc-
tions. 2 μl of the cleaned product was used for sequencing reactions
with the “Big Dye Terminator v1.1 Cycle Sequencing” kit (Life
Technologies, Carlsbad, CA) by the M13 forward primer 5′ - TGT AAA
ACG ACG GCC AGT - 3′ and reverse primer 5′ - CAG GAA ACA GCT ATG
ACC - 3′, in an ABI Prism 3130 xl automatic sequencer (Life
Technologies, Carlsbad, CA) in both directions. Data were analyzed by
Mutation Surveyor (SoftGenetics, State College, PA).

4. Results

4.1. Histology and immunohistochemical findings

Histologically, the tumor consisted of vague nodular aggregates of
uniform spindled and rounded cells arranged in short fascicles (Fig. 2A
and B). Reticular and pseudoacinar structures within the more myxoid
areas could be seen that accounted for more than 50% of the tumor
volume (Fig. 2C and D). The tumor cells exhibited oval to spindle nuclei
with finely dispersed chromatin, small nucleoli, and pale eosinophilic to
clear cytoplasm (Fig. 3A). The primary tumor mitotic rate was 2 mi-
toses/10 high power fields. No tumor necrosis was identified.

The immunohistochemical diagnostic panel showed strong expres-
sion of CD99 (membranous), FLI1, and CD56 in the tumor (Fig. 3B–D)
while somatostatin receptor 2 (SSTR2A), STAT6, CD31, S100, SOX10,
AE1/AE3, EMA, ERG, MUC4, myoD1, WT1, and desmin immunostains
were negative. The Ki67 proliferative index was<10%.

4.2. Molecular genetic studies

The tumor cells were positive for the EWSR1-FLI1 fusion transcript.
No CIC-DUX4, BCOR-CCNB3, SYT-SSX1, SYT-SSX2, SYT-SSX4, SYT-
SSX7, or SYT-SSX8 fusion transcripts were identified. Bidirectional
Sanger dideoxy sequencing of the RT-PCR product confirmed the

Fig. 1. A. Ewing sarcoma with myxoid stroma. Note expansile, lytic, well-corticated lesion (arrow) centered in the squamous portion of the right temporal bone.
Computed tomography. B. Ewing sarcoma with myxoid stroma. Note expansile lesion (arrow) with heterogenous T2 signal enhancement. Subtle hyperenhancement
of the overlying dura and moderate mass effect on the temporal lobe is seen. Magnetic resonance imaging.

Table 1
List of primary antibodies used in the study.

Antibody Name Manufacturer Species Clone Dilution

AE1/AE3 Dako Mouse AE1/AE3 1:200
CD31 Leica Mouse JC70A Predilute
CD56 Leica Mouse CD564 Predilute
CD99 Ventana Mouse O13 Predilute
Desmin Ventana Mouse DE-R-11 Predilute
EMA Ventana Mouse E29 Predilute
ERG Abcam Mouse EPR3864 Predilute
FLI-1 Cell Marque Mouse MRQ-1 Predilute
Ki-67 Ventana Rabbit 30-9 Predilute
MUC4 Epitomics Rabbit EP256 1:20
MyoD1 Cell Marque Rabbit EP212 Predilute
S100 Ventana Mouse 4C4.9 Predilute
SOX10 Cell Marque Rabbit EP268 Predilute
SSTR2A Abcam Mouse UMB1 1:250
STAT6 Santa Cruz Mouse D-1 1:1000
WT-1 Leica Mouse WT49 Predilute
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presence of the EWSR1 (exon 7) to FLI1 (exon 6) fusion transcript
(Fig. 4).

4.3. Overall treatment plan

The patient underwent a right temporal craniectomy for resection of
the bone mass. Following diagnosis, the patient began treatment with

chemotherapy and is planned for seven cycles of vincristine, doxor-
ubicin, and cyclophosphamide alternating with seven cycles of ifosfa-
mide and etoposide.

5. Discussion

Primary ES of the head and neck is uncommon [2]. Atypical ES,

Fig. 2. A and B. Ewing sarcoma with myxoid
stroma. Vague nodular aggregate of uniform
spindled cells forming short fascicles and re-
ticular growth of cells in more myxoid areas.
Note bone invasion in Fig. 2A. H&E stain, 100x
(Fig. 2A) and 40x (Fig. 2B). C and D. Ewing
sarcoma with myxoid stroma. Note anasto-
mosing corded (reticular) pattern of cells in a
myxoid stroma. H&E stain, 100x (Fig. 2C) and
200x (Fig. 2D).

Fig. 3. A. Ewing sarcoma with myxoid stroma.
Note oval-to-spindle nuclei with finely dis-
persed chromatin and small nucleoli, and pale
eosinophilic to clear cytoplasm. H&E stain,
400× . B. Ewing sarcoma with myxoid stroma.
CD99 stain is strongly positive in tumor cells.
CD99 stain, 200× . C. Ewing sarcoma with
myxoid stroma. FLI1 stain is strongly positive
in tumor cells. FLI1 stain, 200× . D. Ewing
sarcoma with myxoid stroma. CD56 stain is
strongly positive in tumor cells. CD56 stain,
200× .
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including adamantinoma-like, spindled, sclerosing, and clear cell/ana-
plastic variants, are the most challenging of the ESFT subtypes
[2,6,15,17]. Prominent myxoid change has not been previously ob-
served in pre-treatment EWSR1-FLI1 rearranged ES.

We present a challenging case of ES centered in the temporal bone
of a 26-year-old female. The tumor exhibited a fascicular growth pat-
tern of cells with minimal pale eosinophilic to clear cytoplasm and oval-
to-spindle nuclei with finely dispersed chromatin and small nucleoli.
Myxoid changes were prominent (> 50%), with reticular and pseu-
doacinar arrangement of the loosely cohesive small round and spindle
cells. Immunohistochemical and molecular studies demonstrated CD99
and FLI1 expression and the presence of a EWSR1-FLI1 fusion tran-
script. The tumor was classified as ES, myxoid variant.

The differential diagnosis of ES with prominent myxoid stroma is
broad and includes numerous primitive tumors with myxoid features
arising in this location, such as CIC-DUX4 and BCOR-CCNB3 fusion-
gene-associated small round cell sarcoma (SRCS), myoepithelial tu-
mors, myxoid chondrosarcoma, EWSR1-NFATC2 fusion-gene-associated
sarcoma, synovial sarcoma, and malignant peripheral nerve sheath
tumor (MPNST).

A histologic comparison of the CIC-DUX4 fusion-gene-associated
SRCS with classic EWSR1-rearranged ES shows lobular growth pattern,
necrosis, significantly higher degrees of nuclear pleomorphism, pro-
minent nucleoli, and spindle cell elements in the former
[4,9–11,24,25]. Diffuse ETV4 along with at least focal WT1 expression
and negative NKX2.2 is helpful to distinguish CIC-DUX4 fusion-gene-
associated sarcoma from ES and other histologic mimics [9].

BCOR-CCNB3 fusion-gene-associated SRCS are generally composed
of aggregates of short spindled and rounded tumor cells with vesicular
nuclei, finely dispersed chromatin, inconspicuous nucleoli and an ar-
ciform vascular pattern [16,21,24]. Distinguishing im-
munohistochemical features include CCNB3 reactivity and expression
of SATB2 and Pax8 in more than 50% of cases [14,16].

A round cell/undifferentiated form of myoepithelial carcinoma of
either salivary gland or soft tissue may also be difficult to distinguish
from myxoid ES [18]. Both tumors may exhibit nuclear uniformity,
clear cytoplasm, eosinophilic matrix-like material or myxoid stroma,
and immunostaining for the CD99, keratins, and S100 protein [2].
However, myoepithelial carcinoma is FLI1 immunonegative [22]. The
similarities extend at the molecular level, because soft tissue myoe-
pithelial tumors often harbor rearrangements of EWSR1. As such, de-
monstration of the EWSR1 rearrangement by itself is not sufficient for a
definitive diagnosis of myxoid ES. In unconventional cases, it is indis-
pensable to reveal the fusion partner gene – FLI1 for myxoid ES and
POU5F1, PBX1, PBX3, or ZNF444 for myoepithelial carcinoma – for a
more definitive classification [1,2,22].

EWSR1-NFATC2 fusion-gene-associated sarcoma is a novel bone and
soft tissue tumor with immunomorphologic overlap with ES, myoe-
pithelial tumors, and extraskeletal myxoid chondrosarcoma [18,23].
Most tumors show monomorphic round to epithelioid cells in

anastomosing cords and abundant myxohyaline to collagenous extra-
cellular matrix. The tumor stains for CD99 and NKX2.2, while EMA,
dot-like cytokeratin, WT1, and SMA may also be present [23]. EWSR1-
NFATC2 fusion-gene-associated sarcoma is resistant to ES-specific
chemotherapy [23].

Myxoid synovial sarcoma exhibits epithelial differentiation by light
microscopy and immunohistochemistry and is frequently CD99 positive
[5,12]. TLE1 is a sensitive and specific marker for synovial sarcoma and
can be helpful in distinguishing synovial sarcoma from its histological
mimics. Molecular confirmation of translocations involving the SYT
gene remains the gold standard.

Extraskeletal myxoid chondrosarcoma is a malignant mesenchymal
neoplasm of uncertain differentiation [8,19]. The neoplasm demon-
strates lobulated architecture with uniform round to spindled cells
forming interconnecting cords, clusters, or trabeculae in a background
of myxoid matrix. An extensive fibrosarcoma-like spindle cell compo-
nent may be present. Extraskeletal myxoid chondrosarcomas express
INSM1 in 90% of cases [26]. A subset of tumors is positive for S100,
CD117, synaptophysin, and neuron-specific enolase. Recurrent gene
fusions involving NR4A3 on chromosome 9 are observed in the majority
of extraskeletal myxoid chondrosarcomas. The most common fusion
partner is EWSR1, resulting in t(9;22)(q22;q12) [8,19].

The diagnosis of head and neck MPNST is particularly challenging
to distinguish from other spindle cell sarcoma types outside the neu-
rofibromatosis type 1 (NF1) context [13,20]. The tumor is composed of
spindle cells arranged in sweeping fascicles. Dense cellular areas al-
ternate with hypocellular, myxoid zones, imparting a “marbled” ap-
pearance. MPNSTs lack a specific immunohistochemical profile, with
the traditional neural markers such as S100 protein and SOX10 having
suboptimal sensitivity and specificity [13,20]. Recent studies demon-
strated inactivation of the different components of polycomb repressive
complex 2 (PRC2) through mutations of EED or SUZ12 in the majority
of MPNST [20]. Homozygous inactivation of PRC2 leads to loss of tri-
methylation at lysine 27 of histone 3 (H3K27me3) on im-
munohistochemical analysis, which has become a reliable diagnostic
marker in distinguishing MPNST from histologic mimics [13,20].
Compared to other molecularly confirmed subsets of head and neck
sarcomas (ES, Ewing-like sarcoma, rhabdomyosarcoma and synovial
sarcoma), high grade MPNST have the worst overall survival [13].

6. Conclusion

The tumor extends the morphologic spectrum of ES beyond the
previously described histological variants, and broadens the differential
diagnosis. For any round/spindle cell sarcoma, prominent myxoid
stroma and CD99 immunoreactivity should prompt consideration for
molecular studies that include analysis of both EWSR1 and FLI1.
Recognition of the myxoid variant of ES is important because it can
easily be mistaken for other myxoid neoplasms, potentially resulting in
suboptimal therapy. The overall survival of patients with ES is

Fig. 4. Ewing sarcoma with myxoid stroma. Sanger sequencing of the RT-PCR product confirms the presence of the EWSR1 (exon 7) to FLI1 (exon 6) fusion
transcript.
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significantly better than that for patients with CIC-DUX4 and BCOR-
CCNB3 fusion-gene-associated SRCS [19/24, 20/25].
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