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Abstract

Primary intraosseous rhabdomyosarcomas are extremely rare. Recently two studies reported 4 

cases of primary intraosseous rhabdomyosarcoma with EWSR1/FUS-TFCP2 gene fusions, 

associated with somewhat conflicting histologic features, ranging from spindle to epithelioid. In 

this study we sought to further investigate the pathologic and molecular abnormalities of a larger 

group of intraosseous rhabdomyosarcomas by a combined approach using targeted RNA 

sequencing analysis and fluorescence in-situ hybridization (FISH). We identified 7 cases, 3 males 

and 4 females, all in young adults, age range 20–39 years (median 27 years). Three cases involved 

the pelvis, 2 involved the femur and 1 each involved the maxilla and the skull. Molecular studies 

identified recurrent gene fusions in all 7 cases tested, including: a novel MEIS1-NCOA2 fusion in 

2 cases, EWSR1-TFCP2 in 3 cases and FUS-TFCP2 gene fusions in 1 case. One case showed a 

FUS gene rearrangement, without a TFCP2 gene abnormality by FISH. The MEIS1-NCOA2 
positive cases were characterized by a more primitive and fascicular spindle cell appearance, while 

the EWSR1/FUS rearranged tumors had a hybrid spindle and epithelioid phenotype, with more 

abundant eosinophilic cytoplasm and mild nuclear pleomorphism. Immunohistochemically, all 

tumors were positive for desmin and myogenin (focal). In addition, 4 tumors with TFCP2 
associated gene fusions also co-expressed ALK and Cytokeratin. In conclusion, our results suggest 

a high incidence of gene fusions in primary rhabdomyosarcomas of bone, with two molecular 

subsets emerging, defined by either MEIS1-NCOA2 or EWSR1/FUS-TFCP2 fusions, showing 

distinct morphology and immunophenotype. Additional studies with larger numbers of cases and 

*Correspondence to: Narasimhan P. Agaram, MBBS, Department of Pathology, Memorial Sloan Kettering Cancer Center, 1275 York 
Ave, New York, NY, 10065 (agaramn@mskcc.org) or Cristina R Antonescu, MD, Department of Pathology, Memorial Sloan Kettering 
Cancer Center, 1275 York Ave, New York, NY 10065 (antonesc@mskcc.org). 

HHS Public Access
Author manuscript
Am J Surg Pathol. Author manuscript; available in PMC 2020 May 01.

Published in final edited form as:
Am J Surg Pathol. 2019 May ; 43(5): 695–702. doi:10.1097/PAS.0000000000001227.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



longer follow-up data are required to definitively evaluate the biologic behavior of these tumors 

and to establish their relationship to other spindle cell rhabdomyosarcoma genetic groups.
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INTRODUCTION

Primary intraosseous rhabdomyosarcomas are rare, with only few case reports being 

described, more often involving the head and neck bones, and less commonly the long bones 

or pelvis.(1–8) Recently, Watson et al.(9) reported a group of 3 rhabdomyosarcomas in 

young adult females (age range 16–38 yrs) involving the pelvis, chest wall and sphenoid 

bones that showed a distinctive epithelioid to spindle cell morphology and had EWSR1-
TFCP2 or FUS-TFCP2 gene fusions. Dashti et al.(10) subsequently reported an additional 

case of a skeletal rhabdomyosarcoma of the mandible of a 72 year-old woman showing a 

spindle cell morphology and a FUS-TFCP2 gene fusion.

In this study, we further investigate a larger group of intraosseous rhabdomyosarcomas by 

applying targeted RNA sequencing and FISH methodology and correlate with their 

clinicopathologic features.

MATERIALS AND METHODS

Patient Selection and Histologic Diagnosis

Archival and personal consultation material (CRA) from patients with a diagnosis of 

rhabdomyosarcoma involving bone were retrieved from the pathology files at Memorial 

Sloan Kettering Cancer Center. Morphology was reviewed, and diagnosis was confirmed by 

immunohistochemical stains for desmin and myogenin. Cases with material available for 

ancillary cytogenetic / molecular studies were selected for the study. The study was 

approved by the Institutional Review Board at Memorial Sloan Kettering Cancer Center.

FISH

FISH on interphase nuclei from paraffin-embedded 4-micron sections was performed 

applying custom probes using bacterial artificial chromosomes (BAC), covering and 

flanking genes MEIS1, NCOA2, EWSR1, FUS, and TFCP2. BAC clones were chosen 

according to UCSC genome browser (http://genome.ucsc.edu), see Supplementary Table 1 

and as previously described.(11) The BAC clones were obtained from BACPAC sources of 

Children’s Hospital of Oakland Research Institute (CHORI) (Oakland, CA) (http://

bacpac.chori.org). DNA from individual BACs was isolated according to the manufacturer’s 

instructions, labeled with different fluorochromes in a nick translation reaction, denatured, 

and hybridized to pretreated slides. Slides were then incubated, washed, and mounted with 

DAPI in an antifade solution. The genomic location of each BAC set was verified by 

hybridizing them to normal metaphase chromosomes. Two hundred successive nuclei were 

examined using a Zeiss fluorescence microscope (Zeiss Axioplan, Oberkochen, Germany), 
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controlled by Isis 5 software (Metasystems, Newton, MA). A positive score was interpreted 

when at least 20% of the nuclei showed a break-apart signal. Nuclei with incomplete set of 

signals were omitted from the score.

ARCHER Assay

Archer FusionPlex™®-targeted RNA sequencing analysis was performed in one case (case 

1). The sarcoma fusion assay is a targeted RNA-based panel that utilizes the Archer 

Anchored Multiplex PCR (AMP™) technology and next generation sequencing to detect 

gene fusions in sarcoma samples. The Archer FusionPlex™® Sarcoma panel targets 26 

genes known to be recurrently involved in rearrangements associated with these tumors. 

RNA is extracted from formalin-fixed paraffin-embedded (FFPE) tumor material followed 

by cDNA synthesis. cDNA undergoes end repair, dA tailing, and ligation with Archer 

Molecular Barcode Adapters. SPRI-cleaned ligated fragments are subject to two rounds of 

PCR amplifications using two sets of gene specific primers (GSP1 used in PCR1 and a 

nested GSP2 pool used in PCR2) and a primer complementary to the adapter. At the end of 

two PCR steps, the final targeted amplicon library is quantified. Templating was performed 

on an Ion Chef™ and sequencing was performed on an Ion Torrent™ S5 XL instrument 

(Thermo Fisher). The Archer™ analysis software V5.1 was used for data analysis to identify 

the fusion.

RESULTS

Clinicopathologic Features

Seven cases were identified in 3 males and 4 females, with an age range of from 20 to 39 

years (median – 27 years; mean – 28.5 years). The tumors were located in the iliac bone (3), 

femur (2), maxilla and skull. One patient (case 5) presented with a large mass involving the 

maxilla and masticator space with extensive extension into the maxillary and sphenoidal 

sinuses, orbit and clivus. Staging work-up in this patient revealed synchronous distant 

metastasis to the femur, which was confirmed histologically by core biopsy. 

Morphologically, all cases showed a predominant spindle cell morphology arranged in 

intersecting fascicles. None of the cases showed evidence of rhabdomyoblastic 

differentiation. A detailed morphologic description is provided below based on the two 

molecular subgroups. Immunohistochemical stains showed diffuse reactivity for desmin and 

focal to patchy positivity for myogenin.

Novel MEIS1-NCOA2 gene fusion correlates with a primitive spindle cell phenotype

ARCHER Fusionplex study performed in one case identified a novel MEIS1-NCOA2 gene 

fusion (case 1, Figure 1). The fusion transcript consisted of MEIS1 exon 6 fused to NCOA2 
exon 12. FISH studies confirmed these findings, showing break-apart signals in both MEIS1 
and NCOA2 genes. Additional FISH screening showed one additional case positive for 

MEIS1 and NCOA2 gene rearrangements (case 2).

Cases 1 and 2 showed similar clinical presentations of large tumors centered in the iliac 

bone with associated destruction of the bone and extensive soft tissue extension. (Figure 

1A). No definite osteoid or chondroid matrix was identified on imaging. Case 1, on the 
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initial biopsy, showed dense cellular fascicles of primitive appearing spindle cells with scant 

cytoplasm and ovoid hyperchromatic nuclei. The tumor was associated with a branching 

hemangiopericytoma-like vascularity in some areas. (Figure 1B–C) The post-therapy en-

bloc resection revealed therapy-related changes in the form of hyalinization, with the 

residual areas of viable tumor showing spindle cells in intersecting fascicles. (Figure 1D–E) 

Case 2 showed primitive spindle cells with scant cytoplasm arranged in short fascicles. 

Focally the tumor cells had a more ovoid to rounded appearance, displaying an unusual 

whorling or micronodular pattern. (Figure 2) Mitotic activity was markedly increased, with 

more than 15 mitotic figures (MF) per 10 high power fields (HPF) in both cases (18 MF/10 

HPFs in case 1 and 50 MF/10 HPFs in case 2). Necrosis was noted in Case 1. 

Immunohistochemically, Cases 1 and 2 showed diffuse positivity for desmin and focal 

positivity for myogenin. No cytokeratin or ALK positivity was identified in either of the 

cases. Case 1 was treated with 4 cycles of neo-adjuvant chemotherapy followed by surgical 

resection and additional 4 cycles of chemotherapy and has no evidence of disease 8 months 

since diagnosis.

EWSR1/FUS-TFCP2 gene fusions were associated with a more variable spindle and 
epithelioid morphology with eosinophilic cytoplasm

The remaining 5 cases were then tested for EWSR1, FUS and TFCP2 gene abnormalities by 

FISH. Three cases showed an EWSR1-TFCP2 gene fusion (cases 3, 4 and 5) and one case 

was positive for FUS-TFCP2 fusion (case 6). One case showed a FUS gene rearrangement 

without abnormalities detected in TFCP2 or NCOA2 genes (case 7).

The morphology of the TFCP2-associated group was distinct from the NCOA2-fusion 

positive subset, showing tumor cells with more abundant light eosinophilic cytoplasm 

arranged in short fascicles or sheets. Similar to the first group, the TFCP2 positive lesions 

showed only mild nuclear pleomorphism and lacked overt rhabdomyoblastic differentiation. 

Overall, the tumors showed scant stromal component and a paucity of vascular spaces. The 

predominant growth pattern included plump spindle cells with moderate amount of 

eosinophilic cytoplasm, arranged in short fascicles or vague storiform growth. However, 

distinctly epithelioid cells were noted in 3 cases (cases 3, 4 and 7), showing centrally located 

nuclei with vesicular chromatin and prominent nucleoli. (Figure 4) The epithelioid cells 

merged imperceptibly with the spindle cell areas. (Figure 4) The remaining 2 cases (cases 5 

and 6) showed a relatively pure spindle cell morphology arranged in fascicles infiltrating the 

bony trabeculae. The lesional cells showed slender fusiform to ovoid nuclei and moderate 

amount of fibrillary, pale eosinophilic cytoplasm. (Figure 5) Mitotic activity was highly 

elevated in all except one case (case 6), with >15 MFs/10 HPFs and necrosis was seen in all 

3 cases with mixed spindle and epithelioid features.

Immunohistochemically, all cases showed expression of desmin and focal positivity for 

myogenin. MyoD1 expression was noted in all 5 cases, showing a diffuse pattern of staining 

in 4. All of the tumors except for Case 7 showed expression for pan-cytokeratin and ALK 

(Figure 5).

Follow-up data was available in 2 cases. In case 4, the patient had surgical resection of the 

maxillary tumor and had no evidence of disease at 108 months. Case 7 developed multiple 
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pulmonary metastasis after 14 months and is currently alive with disease at 30 months 

following diagnosis. The other 3 cases were relatively recent cases.

DISCUSSION

In a recent study, Watson et al. (9) identified novel gene fusions in primary skeletal 

rhabdomyosarcoma involving TFCP2 gene fused with either EWSR1 or FUS. In their study 

investigating a series of 184 undifferentiated/small round cell sarcomas, 3 such cases of 

intraosseous rhabdomyosarcoma were identified in young adult females (age range 16–38 

yrs) involving the pelvis, chest wall and sphenoid bone. Histologically, the tumors were 

described as having an epithelioid morphology, arranged in sheets or short fascicles, in a 

partially sclerotic stroma. Immunohistochemically, apart from the positivity for muscle 

markers desmin, myogenin and MyoD1, they also showed positivity for cytokeratin and 

cytoplasmic positivity for ALK. Gene expression profiles also showed an overexpression of 

ALK and TERT. Subsequently, Dashti et al. reported a case of a mandibular lesion in a 72 

year-old man with an identical FUS-TFCP2 gene fusion and noted that the morphology was 

that of a spindle cell rhabdomyosarcoma with long cellular ‘fibrosarcoma-like’ fascicles of 

tumor cells. This case also showed co-expression of ALK along with the myogenic markers.

(10)

In the current study, we investigate a larger series of 7 intra-osseous rhabdomyosarcomas, to 

further characterize the molecular and pathologic features of this clinical subset and to 

establish any relationship to other known subtypes of rhabdomyosarcomas. Remarkably, all 

cases tested were positive for a gene fusion abnormality, distinct from any other types of 

rhabdomyosarcoma. The most prevalent genetic alteration were fusions involving either 

EWSR1 or FUS with TFCP2 gene, detected in 5 of the 7 (71%) cases. Additionally, our 

results identify a novel molecular subtype, characterized by the presence of recurrent 

MEIS1-NCOA2 fusion in 2 cases. Regardless of the gene fusion type, the clinical 

presentation was variable, affecting long bones of extremity, pelvic flat bones or head and 

neck. The radiological findings (when available in selected cases) suggested a locally 

destructive growth pattern in the head and neck and the pelvic tumors with tumors centered 

in the bone and showing extensive extra-osseous extension.

Morphologically, the two tumors displaying MEIS1-NCOA2 fusions showed a rather 

primitive growth of monomorphic spindle cells with scant cytoplasm arranged in long 

intersecting fascicles. The histologic appearance was somewhat reminiscent to congenital/

infantile spindle cell rhabdomyosarcoma or to other undifferentiated spindle cell sarcomas, 

such as monophasic synovial sarcomas, BCOR-family of tumors, etc. MEIS1-NCOA2 gene 

fusion was recently reported by our group in two undifferentiated spindle cell sarcomas of 

the kidney (12), which occurred in a 72 year-old woman and a 21 year-old man. One of the 

cases in our study (Case 2) showed tumor cells arranged in a whorled pattern, similar to the 

renal case# 1 from the study by Argani et al.(12). By RNA sequencing, the fusion transcripts 

in the kidney tumors were slightly different, including MEIS1 exon 7 fused to NCOA2 exon 

13/14, while the current case showed MEIS1 exon 6 fused to NCOA2 exon 12. None of the 

renal tumors showed evidence of skeletal muscle differentiation. NCOA2 related gene 

fusions have been described in a number of both benign and malignant mesenchymal 

Agaram et al. Page 5

Am J Surg Pathol. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



neoplasms, including a subset of congenital / infantile spindle cell rhabdomyosarcoma. (13, 

14) In the setting of infantile spindle cell rhabdomyosarcoma, NCOA2 gene partners include 

critical transcription factors or co-activators involved in muscle development and regulation, 

such as SRF, VGLL2 and TEAD1. Rare cases of alveolar rhabdomyosarcoma have also 

been associated with PAX3-NCOA2 gene fusion. (15) NCOA2 gene fusions have also been 

reported in soft tissue angiofibroma with AHRR-NCOA2 and GTF21-NCOA2 fusions (16, 

17) and mesenchymal chondrosarcoma with HEY1-NCOA2 fusion.(18) In the recent study 

by Argani et al., although the MEIS1-NCOA2 positive kidney tumor clustered together with 

the HEY1-NCOA2 mesenchymal chondrosarcoma and away from the NCOA2-positive soft 

tissue angiofibroma by unsupervised hierarchical clustering, no increase in expression level 

of HEY1 or AHRR was noted.(12)

MEIS1 (myeloid ectopic viral integration site-1), on 2p14 locus, encodes for a 390 amino 

acid protein, which is a member of the three amino acid loop extension (TALE) 

homeodomain transcription factor family. MEIS1 regulates target gene activation by 

association with Hox transcription factors. MEIS1 plays a role in cardiac regeneration, stem 

cell function and tumorigenesis.(19, 20) MEIS1 also functions as a tumor suppressor in 

some neoplasms, such as clear cell renal cell carcinoma, prostatic adenocarcinoma and 

esophageal squamous cell carcinoma. (21) MEIS1 gene amplification has been reported in a 

subset of malignant peripheral nerve sheath tumors (22) and neuroblastomas. (23) MEIS1 is 

overexpressed in ovarian cancers (24) and acts as co-factor with HOXA9 in driving acute 

leukemias, particularly aggressive MLL-associated leukemias (25) and chemotherapy-

resistant leukemias. (26–28)

In the second molecular group of intraosseous rhabdomyosarcomas harboring recurrent 

EWSR1/ FUS-TFCP2 fusions, tumors had a similar histologic appearance as described by 

Watson et al. and Dashti et al. (9, 10), showing plump spindle cells with moderate amount of 

fibrillary eosinophilic cytoplasm, arranged in short fascicles, with scattered foci of more 

epithelioid growth. Immunohistochemically, all of the cases in our study stained for desmin, 

myogenin and MyoD1. Co-expression of ALK was noted in cases with EWSR1 / FUS-
TFCP2 gene fusion, but not in the MEIS1-NCOA2 molecular group. This finding is in 

keeping with the cases reported by Watson et al. (9) and Dashti et al.(10) where ALK 

expression was consistently reported in all cases. ALK expression has been previously 

reported in a subset of alveolar and embryonal rhabdomyosarcoma.(29–31) In our study, 

aberrant cytokeratin positivity was noted in all 4 cases with TFCP2 gene fusions, but not in 

the NCOA2-positive group.

TFCP2 (also known as LSF or LBP1) was first described as an activator of the Late SV40 

promoter and later found to bind globins and HIV-1 promoters (32, 33) It is ubiquitously 

expressed and plays determinant roles in lineage-specific gene expression and cell cycle 

regulation. (34) TFCP2 is overexpressed in hepatocellular carcinomas, (35) and is inhibited 

by small molecules leading to cell cycle arrest; (36) whereas in melanoma, TFCP2 is 

underexpressed, and its re-expression induces growth arrest. (37) Although, in the study by 

Watson et al.,(9) these tumors did not cluster together with other rhabdomyosarcoma types, 

interestingly, a number of up-regulated genes in the FUS/EWSR1–TFCP2-positive tumors 

were involved in muscle biology, such as cholinergic receptor nicotinic subunit alpha 1, delta 
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and gamma, and sarcoglycan alpha. (9) From a therapeutic aspect, recently developed small 

molecules which inhibit the TFCP2 DNA-binding activity (36, 38) retained in the fusion 

protein, may be effective in inhibiting the EWSR1–TFCP2 function.

Primary osseous rhabdomyosarcomas are exceptionally rare, with relatively few cases 

reported to date. (1–8) Involvement of the head and neck bones (mandible, maxilla and 

temporal) appears to be more frequent than long bones. One case in our study presented with 

a large mass involving the maxilla with extensive extension into the maxillary and 

sphenoidal sinuses and clivus. However, the incidence of intra-osseous, ‘gnathic 

rhabdomyosarcoma’ might be difficult to establish, as medical oncologists have traditionally 

classified these lesions as para-meningeal primary tumors arising in the paranasal sinuses, 

with secondary invasion into the maxilla. Although most cases reported were diagnosed as 

embryonal rhabdomyosarcoma, rare cases of spindle cell rhabdomyosarcoma with 

fibrosarcoma-like pattern (6) have also been documented. The recent report of mesenchymal 

chondrosarcoma with rhabdomyoblastic differentiation (39) also presents a diagnostic pitfall 

as these cases may be misdiagnosed as spindle cell rhabdomyosarcoma, especially on a 

biopsy. In the study by Watson et al.(9) one of the 3 cases reported was in the pelvic region. 

In our study, 3 of the 7 cases were located in the iliac region, suggesting that pelvic bones 

might also be a preferred site for this disease.

In the study by Watson et al.(9) all 3 patients followed a highly aggressive course, 

succumbing to disease in less than 5 months. The patient reported by Dashti et al.(10) was a 

recent case with no significant follow-up. In our study, follow-up was available only on two 

patients, one with FUS gene rearrangement who developed pulmonary metastasis at 14 

months and was alive with disease at 30 months and the other with EWSR1-TFCP2 gene 

fusion who had no evidence of disease at 108 months. The remaining 5 cases were relatively 

recent with limited follow-up. One of these recent cases with EWSR1-TFCP2 gene fusion 

presented with synchronous bone metastasis from a maxillary primary.

In conclusion, we report the largest series of intraosseous spindle cell rhabdomyosarcoma to 

date and expand their morphologic and molecular spectrum. Despite their lack of overt 

rhabdomyoblastic on histology, the tumors showed unequivocal evidence of skeletal muscle 

markers expression by immunohistochemistry. First, primary skeletal rhabdomyosarcomas 

have a predilection for young adults and for either pelvic or gnathic bones. Second, all cases 

harbored a gene fusion by molecular assessment, showing either a MEIS1-NCOA2 fusion or 

a TFCP2 fusion with either EWSR1 or FUS genes. The 2 molecular subsets appear to 

correlate with distinct phenotypes, the MEIS1-NCOA2 fusion being associated with a 

primitive fascicular spindle cell growth, while the more common EWSR1/FUS-TFCP2 
fusion with a more variable spindle to epithelioid histology, and pale eosinophilic cytoplasm. 

Additional studies with larger numbers of cases and longer follow-up data are required to 

definitively evaluate the biologic behavior of these tumors and to determine whether they 

represent a variant of spindle cell RMS or a stand-alone subtype of rhabdomyosarcomas. 

Larger series will also establish if indeed these genetic signatures represent a hallmark for 

the intra-osseous location or similar cases can occur at various anatomic sites.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: MEIS1-NCOA2 positive iliac bone rhabdomyosarcoma
(case 1, 22/M). A) MRI showing a large tumor centered in the iliac bone with extraosseous 

extension. B) Pre-therapy biopsy shows a highly cellular spindle cell neoplasm with 

scattered branching vessels and insignificant stromal component; C) higher power with 

monomorphic spindle cells arranged in a streaming pattern. D, E) Resected tumor s/p 

chemotherapy reveals spindle cells in intersecting fascicles and scant eosinophilic 

cytoplasm. Immunohistochemical stains show F) diffuse positivity for desmin and G) focal 

Myogenin staining.
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Figure 2: MEIS1-NCOA2 positive iliac bone rhabdomyosarcoma
(case 2, 39/M). A) Low power showing a densely cellular primitive neoplasm. B) High 

power reveals round to ovoid and short spindle cells arranged in vague micronodules or 

whorling patterns. Immunohistochemical stains show C) scattered multifocal Myogenin 

positivity and D) relatively diffuse MyoD1 staining.
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Figure 3: Schematic diagram of MEIS1-NCOA2 fusion.
A) ARCHER results revealed a fusion transcript composed of MEIS1 exon 6 fused to 

NCOA2 exon 12. The proteins domains of MEIS1 and NCOA2 are illustrated above. B) 

FISH studies showing break-apart signals of B) NCOA2 gene and C) MEIS1 gene (red, 

centromeric; green telomeric).
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Figure 4: EWSR1-TFCP2 fusion positive rhabdomyosarcoma with a mixed spindle and 
epithelioid histology.
(A-D) Case 3 (27/F, skull): A) Low power showing a cellular neoplasm with geographic 

areas of necrosis. High power showing B) spindle cells with pale eosinophilic cytoplasm 

arranged in intersecting fascicles at 90-degrees and C) areas with distinct epithelioid 

features. D) FISH studies show break-apart signals for both TFCP2 and EWSR1 (inset) 

genes (red, centromeric, green, telomeric). (E-J) Case 4 (33/F, maxilla): E) Cellular 

neoplasm composed of plump ovoid to short spindle cells with moderately abundant pale 

eosinophilic cytoplasm, arranged in solid sheets or streaming pattern and F) areas of 

necrosis. Immunohistochemical stains show G) patchy positivity for desmin and H) 

relatively diffuse nuclear staining for MyoD1. FISH analysis showed the presence of break-

apart split signals for both I) EWSR1 and J) TFCP2 genes (red, centromeric; green, 

telomeric)
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Figure 5: TFCP2 fusion positive subset showing mainly spindle cell morphology.
(A-C) EWSR1-TFCP2 fusion positive femur rhabdomyosarcoma (case 5, 20/M). A) Cellular 

neoplasm involving the bone and completely replacing marrow spaces with spindle cells 

arranged in intersecting fascicles or vague storiform, with B) pale eosinophilic cytoplasm 

and ovoid to fusiform nuclei with high mitotic activity. C) Immunohistochemical stain 

shows diffuse MYOD1 positivity. (D-F) FUS-TFCP2 positive iliac bone tumor (case 6, 

37/F). D) Low power showing a cellular neoplasm diffusely involving bone. E) High power 

reveals short spindle cells arranged in short fascicles. F) Immunohistochemical stain shows 

focal Myogenin positivity (Inset: diffuse ALK immunoreactivity).
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