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Abstract
Herein we described the clinical, radiological, histological, and molecular characteristics of seven soft tissue aneurysmal
bone cysts (STABCs) diagnosed and managed at a tertiary cancer center and to elucidate their relationship with myositis
ossificans (MO). All cases had established imaging and histopathological diagnosis of STABC and were subject to
fluorescence in situ hybridization (FISH) for USP6 rearrangement and Archer® FusionPlex® targeted RNA sequencing
(RNASeq) analysis to identify the fusion partner. A thorough literature review of STABC and MO was conducted. The
patients presented with painful masses unpreceded by trauma, occurring most commonly in the deep soft tissue of the thigh/
gluteus (4/7), and also in the supraclavicular region, the axilla, and the hand. On imaging, the lesions were frequently
associated with peripheral calcification on conventional radiographs and CT (6/7), cystic components on ultrasound, as well
as perilesional edema (7/7) and fluid levels (3/7) on MRI. Bone scan (1/1) showed intense radiotracer uptake. Histologically,
6/7 cases demonstrated zonal arrangements reminiscent of MO. USP6 rearrangement was found in all seven cases by FISH
and/or RNASeq. RNASeq further detected COL1A1-USP6 fusion in six cases and a novel ANGPTL2-USP6 fusion in one
case. Four patients underwent resection of the tumors and were disease free at their last follow-up. Three patients who
underwent incisional or needle biopsies had no evidence of disease progression on imaging studies. In conclusion, the
clinical, radiological, and pathological overlap between STABC and MO suggests that they are closely related entities. A
novel fusion ANGPTL2-USP6 is associated with distinct clinical and pathological presentation.

Introduction

Although primary aneurysmal bone cyst (ABC) of bone was
originally thought to be reactive when the entity was
recognized by Jaffe and Lichtenstein in 1942 [1], evidence
suggesting its neoplastic nature was established when
Panoutsakopoulos et al. [2] discovered a recurrent chromo-
some aberration, t(16;17)(q22;p13). This was subsequently
proven by Oliveira et al. to result in a fusion gene, in which
the promoter region of the osteoblast cadherin 11 gene
(CDH11) at 16q22 is fused to the entire ubiquitin-specific
protease 6 (USP6; alias Tre2) coding sequence at 17p13,
transcriptionally upregulating the latter [3, 4]. Alternative 5′
fusion partners to USP6 gene—THRAP3 (1p34.3), FOSL2
(2p23.2), CTNNB1 (3p22.1), CNBP (3q21.3), SEC31A
(4q21.22), SPARC (5q33.1), OMD (9q22.31), PAFAH1B1
(17p13.3), COL1A1 (17q21.33), EIF1 (17q21.2), STAT3
(17q21.2), and USP9X (Xp11)—have been subsequently
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described [5–9], whereas CDH11 remains the most common
fusion partner in primary ABCs of bone.

Oliveira et al. tested for USP6 rearrangements in
morphological mimickers of primary ABCs, such as
secondary ABCs, myositis ossificans (MO), brown
tumor, and cherubism, and found USP6 rearrangements
in 2 of 12 cases with classic radiological and histological
features of MO [10]. Recently, MO-like lesions with
USP6 rearrangement were reported under both terms of
MO [11, 12] and soft tissue aneurysmal bone cyst
(STABC) [13]. The discordance in nomenclature in part
reflects the overlapping radiological and pathological
features of these newly defined USP6-rearranged lesions
with MO and primary bone ABC. Our cases herein
referred to as MO-like STABCs emphasize this diag-
nostic challenge with detailed case examples and the
value of molecular analysis for diagnostic confirmation.
The objective of this study is twofold—(1) to describe
the clinical course, radiological characteristics, and his-
tological features of MO-like STABC; (2) and to identify
the fusion partners to USP6 by targeted RNA sequencing
(RNASeq).

Material and methods

The study was conducted at a tertiary cancer center with
approval by the Institutional Review Board (protocol#
18–215).

Eight patients with MO-like STABCs diagnosed
between 2009 and 2018 were identified by searching the
pathology laboratory information system. Hematoxylin
and Eosin-stained slides from archival formalin-fixed
paraffin-embedded (FFPE) blocks were reviewed and
radio–pathological correlation was performed. Specimens
with sufficient tumor content (>10%) that were not sub-
jected to acid decalcification were submitted for molecular
studies.

Fluorescence in situ hybridization (FISH) analysis for
USP6 rearrangement

FFPE tissue samples were tested for USP6 rearrangements
by a break-apart FISH assay using a commercial USP6
break-apart FISH probe (Zytovision, 27572 Bremerhaven,
Germany). FFPE tissue sections (4 mm thick) generated
from FFPE blocks of tumor specimens were pretreated by
deparaffinization in xylene and dehydration in ethanol. The
dual-color FISH assay was conducted according to the
protocol for FFPE sections from Vysis/Abbott Molecular
with a few modifications. FISH analysis and signal capture
were conducted on a fluorescence microscope (Zeiss, Jena,
Germany) coupled with the ISIS FISH Imaging System

(Metasystems, Altlussheim, Germany). We analyzed 100
interphase nuclei from each tumor specimen, except for case
7, in which 50 interphase nuclei were analyzed due to
regional suboptimal signal quality.

RNA-extraction and -targeted sequencing

A minimum of ten unstained slides were subject to depar-
affinization. RNA extraction was then performed by using
RNeasy FFPE Kit according to the manufacturer’s protocol
(Qiagen, Catalog #73504). cDNA libraries were constructed
according to the Archer FusionPlexTM protocol (previously
described by Zheng et al. [14]) with manufacturer supplied
reagents, including Archer® Universal RNA Reagent Kit for
Illumina® (Catalog #AK-0040-8), Archer MBC adapters
(Catalog #SA0040-45), and custom designed gene-specific
primer (GSP) pool kit. A total 346 fusion unidirectional
GSPs, ranging in length from 18 to 39 base pairs, have been
designed to target-specific exons in 62 genes known to
undergo rearrangement in tumorigenesis based on the cur-
rent literature [15]. GSPs are hybridized in either 5′–3′ or
3′–5′ direction to the relevant exons of each gene in order to
enrich the cDNA libraries for known and novel fusion
transcripts in combination with adapter-specific primers.
The enriched amplicons were sequenced on an Illumina
MiSeq instrument. A high confidence fusion event was
reported when supported by a minimum of five breakpoint-
spanning unique reads and three breakpoint-spanning reads
with unique start sites.

Results

Clinical, radiological, and pathological features

Of the eight MO-like STABCs, one case showed USP6
rearrangement by FISH but was excluded from the study
due to insufficient material for RNASeq.

The remaining seven patients included five females and
two males with a median age of 32 years (14–51 years).
All patients presented with a painful mass without ante-
cedent trauma. Two patients (cases 3 and 5) had symptoms
for more than 6 months. These lesions ranged from 2.4 cm
to 6.0 cm in the greatest dimension and were located in the
thigh/gluteus (4), supraclavicular region (1), axilla (1), and
hand (1). Two lesions were juxtacortical (cases 2 and 6).
All patients underwent imaging studies. Four lesions were
solid (4/7), while others were partially cystic with fluid
levels (3/7) on ultrasound and/or MRI. Peripheral calcifi-
cations were typically seen on plain radiograph and CT (5/
7) at initial presentation, which increased over the course.
On MRI, the lesions exhibited perilesional edema (7/7)
with enhancement. Bone scan (1/1) showed intense
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radiotracer uptake, which markedly decreased at a follow-
up bone scan. Histologically, 6/7 cases (except for case 3)
had zonal growth pattern seen in classic MO, composed of
(myo)fibroblastic spindle cells, multinucleated giant cells,
and blood-filled sinusoids in the center, in most cases
confined by reactive woven bone at the periphery, while
the lesion in case 3 was infiltrative with clustered calcifi-
cation. The FISH study in 6/7 cases showed rearrangement
of USP6 with either split of the 5′ and 3′ signals or a single
3′ signal. Subsequent RNASeq detected USP6 rearrange-
ment in all seven cases. In 6/7 cases RNASeq showed a
COL1A1-USP6 fusion. Case 3 had a novel ANGPTL2-
USP6 fusion. In all cases, the breakpoints were located in
exon 1 of USP6, placing the entire coding sequence of
USP6 under the influence of the promoter region of

COL1A1 and most likely promoter region of ANGPTL2 in
case 3 (see Fig. 1). Six patients (except for patient 4) were
followed for a median of 26.5 months. Patient 3 underwent
resection after having persistent symptoms for about 3.5
years. The remaining patients had resolved symptoms
following resection or biopsy. The clinical, radiological,
and pathological findings of all cases are summarized in
detail in Table 1.

Case 1

A 32-year-old woman presented with an enlarging, painful
mass in her left proximal thigh for 2 months (Fig. 2). Ima-
ging studies showed a partially cystic mass without calcifi-
cation. Although the clinical and imaging presentations were

Fig. 1 Fusion patterns in MO-like STABCs. a Fluorescence in situ
hybridization (FISH) analysis with break-apart probes flanking the
USP6 gene (5′—green, 3′—orange) showed a split of the green and
orange signals, indicating disruption of USP6. b Two normal signals
and a single 3′ (arrow) signal indicative of USP6 gene rearrangement
was seen in case 3. c This schematic diagram represents the most

common fusion pattern in our series of MO-like STABCs (6/7 cases),
with breakpoints within exon 1 of COL1A1 (17q21-1722) and exon 1
of USP6 (17p13). d A novel fusion between ANGPTL2 (9q33) and
USP6 was found in case 3. e The COL1A1-USP6 and ANGPTL2-
USP6 fusion products included the promoter region of the COL1A1
and ANGPTL2 and the entire coding sequence of USP6.
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suggestive of a nodular fasciitis, the clinical course was not
typical. A wide resection of the mass was performed.
Grossly, the mass had a thick, ossified wall, and a central
cystic space with hemorrhage. Microscopic examination
showed a lesion with zonal phenomenon. The inner
cystic areas were lined by fibroblast-like spindle cells,
occasional osteoclast-like giant cells, and background
inflammatory cells, reminiscent of ABC. In the middle zone,
osteoid was being laid down by the proliferating spindle
cells, which gradually merged into the outer zone of trabe-
culated, osteoblast-rimmed woven bone, focally containing
cartilage. The patient remained disease free 3.5 years
postoperatively.

Case 2

A 17-year-old young man noted a painful, palpable mass in
his left clavicle for 6 weeks. The radiological differential
diagnoses included infection, intracortical osteoid osteoma,
periosteal osteoblastoma, and STABC. The lesion was
resected along with the periosteum. The macro- and
microscopic findings were similar to those in case 1. There
was no recurrence 5 months after the resection.

Case 3

A 46-year-old woman noticed a mass in her left gluteus/
thigh that caused soreness (Fig. 3). On imaging studies, the
mass continued to grow over 6 months from 5.1 cm to 6.0
cm. Clinical and radiological differential diagnoses included
deep fibromatosis (desmoid tumor), nodular fasciitis, and
MO. Biopsy showed fibroblastic spindle cell proliferation in
a collagenized stroma. The cellularity was variable but in
general low. Osteoclast-like giant cells were focally scat-
tered around osteoid. No blood-filled cysts or reactive bone
trabeculae were seen. The mass was resected 3.5 years after
the initial presentation given the patient’s persistent symp-
toms. Gross examination showed a 7.5 × 4.2 × 2.9 cm pre-
dominantly solid, ill-defined, and lobulated mass with
multifocal ossification involving the deep adipose tissue and
skeletal muscle. Histologic sections showed fibroblastic
proliferation that was previously seen on the biopsy infil-
trating into adipose tissue with multiple haphazard foci of
reactive woven bone.

Case 4

A 51-year-old woman suddenly noticed a tender lump in the
hypothenar region of the left hand. A needle biopsy showed
a solid fibroblastic proliferation in a loose stroma alternating
with dense collagen bundles (osteoid), reminiscent of an
early MO. After 3 months, the mass was extricated dis-
playing a vague zonal pattern with markedly decreasedTa
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cellularity in the center and mineralized collagen matrix at
the periphery. The patient was lost to follow-up.

Case 5

A 22-year-old woman presented with left shoulder pain for
6 months. Although the main consideration radiologically

was a MO, the anatomic site, and protracted clinical course
were rather unusual.

An open biopsy showed elements reminiscent of a
MO, including fibroblastic spindle cell proliferation,
osteoclast-like giant cells centered around blood-filled
sinusoids, and osteoblast-rimmed woven bone maturing
into lamellar bone. A resection was not performed given

Fig. 2 Case 1. A 32-year-old
woman with a thigh mass
status post resection. a A
longitudinal ultrasound image of
the anterior thigh showed a
partially cystic subcutaneous
mass with irregular rim and
peripheral vascular flow. b On
axial T2-weighted MR image,
the mass had high signal with
thickened rim and fluid level
(arrowhead). It compressed on
and infiltrated the adjacent fascia
(arrows). c The excised mass
had a tan-white, glistening, and
firm cut surface with a central
cystic space with hemorrhage.
d The lesion displayed a MO-
like zonal pattern composed of
an outer shell of reactive woven
bone with a hypocellular stroma
(e) and central blood-filled cysts
lined by fibroblast-like spindle
cells, osteoclast-like giant cells,
and background inflammatory
cells, resembling primary ABC
of bone (f).
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the proximity of the lesion to the brachial plexus and
axillary vessels. The patient reported significantly
improved range of motion after the open biopsy, and her

axillary mass had decreased in size and residual dense
calcification and remained stable at 4.5-year postoperative
follow-up.

Fig. 3 Case 3. A 46-year-old
woman with a gluteal/thigh
mass status post resection
(ANGPTL2-USP6 fusion). a A
lateral radiograph showed a
mass with clustered peripheral
calcification (arrows) in the left
proximal posterior thigh. b
Axial T1-weighted and c T2-
weighted MR image showed a
mass infiltrating the gluteus
maximus and hamstring
muscles. The mass consisted of
an ossified component (arrow)
and a nonossified soft tissue
component (curved arrows). d A
needle biopsy showed solid
fibroblastic spindle cell
proliferation in a collagenized
stroma. e Gross examination
showed an ill-defined and
lobulated mass with multifocal
ossification involving the deep
adipose tissue and skeletal
muscle. f Both ossified and
nonossified components were
present on histologic
examination. In contrast to other
cases with a zonal pattern, the
nonossified component
composed of spindle cells
infiltrated the adipose tissue with
multiple haphazard foci of
woven bone.
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Case 6

A 14-year-old girl, an avid dancer, developed sudden pain in
her right thigh 3 weeks prior to presentation (Fig. 4). The pain
limited her mobility and was inadequately relieved by anti-
inflammatory medication. Imaging studies showed a solid,
calcified lesion in the vastus intermedius muscle, with asso-
ciated right femoral diaphyseal periosteal reaction and intense
radiotracer uptake, raising concern for a surface osteosarcoma.
No intracortical lesion was identified. Radiological differential
diagnoses were broad, including solid ABC, bizarre parosteal
osteochondromatous proliferation, and MO. Bone tumors
such as Ewing sarcoma, osteosarcoma, or osteoblastoma were

also considered. An incisional biopsy showed a solid lesion
with exuberant interconnecting woven bone, favoring a
benign etiology. The bony matrix was embedded within
a collagenized to myxoid stroma with variably cellular
fibroblastic spindle cells and thick-walled vessels. Occasional
osteoclast-like giant cells were also identified, however,
without associated blood-filled sinusoids. The patient was
asymptomatic at the last follow-up.

Case 7

A 42-year-old man developed subacute right thigh pain and
swelling. Main differential diagnoses based on imaging

Fig. 4 Case 6. A 14-year-old
girl with a thigh mass status
post incisional biopsy. a A
radiograph showed a
juxtacortical mass with
calcifications (arrowheads) and
periosteal reaction (arrows).
b On axial MRI STIR image, the
mass (T) was surrounded by
edema (arrowheads) and
thickened soft tissue in the
vastus intermedius muscle. No
fluid level was identified.
c Axial T2-weighted fat-
suppressed image of the follow-
up MRI 10 months after the
open biopsy showed unchanged
thick periosteal reaction along
the femoral cortex with almost
complete resolution of the
previously identified the high
T2 signal, consistent with
continued internal healing. d An
incisional biopsy showed
exuberant interconnecting
woven bone formation and
e neighboring areas of
fibroblastic proliferation with
small foci of osteoid matrix.
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findings included MO and solid ABC. A needle biopsy
demonstrated similar findings as those in case 5. In
3 months, the mass decreased in size and the patient’s
associated pain resolved.

Discussion

Historically, “myositis ossificans”, also known as MO cir-
cumscripta and MO traumatica, is localized and self-
limiting. The condition affects individuals of any age with
a male predominance but is most commonly documented in
adolescents and athletically active young adults. It is com-
monly agreed that trauma (e.g., stab wound, blunt trauma)
or repetitive mechanical stress (e.g., “rider’s bone”, “fen-
cer’s bone”) is the initiating event in most cases, while
arthroplasty, fractures, spinal cord damage, and thermal
injury are also risk factors [16, 17]. It usually presents as a
localized mass, but occasionally can be infiltrative. Within a
few days of trauma, radiographs show a rounded discrete
soft tissue swelling. It takes about 6 weeks before ossifi-
cations at the periphery becomes apparent on radiography.
In about 2 months, MO reaches its maximal size and defi-
nitive outline, then continues to mature and ossify in
5–6 months. Although the condition is not rare, the patho-
genesis of MO has not been well elucidated. Earlier authors
placed MO in a middle ground between inflammatory
process and a neoplasm, while some pathologists favor it to
be a true neoplasm [16, 18, 19]. Undoubtedly MO is a
benign process and may involute over time, therefore, can
be conservatively managed. But it may present to the
pathologist as a pseudosarcomatous soft tissue tumor, par-
ticularly during its rapidly developing phase and when it
arises in the juxtacortical location, radiographically
mimicking osteochondroma, or osteosarcoma (as in case 6).
If biopsied, the histology may display a highly cellular
osteoblastic proliferation with osteoid or woven bone for-
mation. However, MO has a characteristic “zonal phe-
nomenon,” composed of a well-delimited outer rim of bony
spicules, a central area of proliferating fibroblastic spindle
cells with multinuclear giant cells, and a transition zone of
osteoblasts with islands of immature bone. The circum-
scription with zonation usually separates MO from the more
ominous infiltrating surface osteosarcomas however
deceptively benign the cytology the latter may show.

In 1992, Amir et al. [20] reported a MO that sponta-
neously occurred in a 15-year-old girl, which contained a
central radiolucent area made up of multiple blood-filled,
cyst-like spaces. This lesion was interpreted as MO with
ABC changes. Following this report, Rodríguez-Peralto
et al. [21] first used the term “primary aneurysmal cyst of
soft tissues” in describing a MO-like lesion with histolo-
gical features identical to those found in ABC of bone.

More STABCs were described in the literature and almost
all of them had overlapping clinical and radiological fea-
tures of MO [10, 12, 13, 22–31] (Table 2). As with MO,
STABC affects patients with a wide age distribution (6–62,
mean age 30 years) without gender predilection and pre-
sents as a painful, rapidly enlarging mass. The thigh, glu-
teus, upper arm, shoulder, and axilla are most commonly
affected regions. Although in previous reports cystic com-
ponents were common on imaging studies [13, 25],
fluid–fluid levels on MRI were only present in 3/7 (43%) of
our cases, which may be explained by different temporal
stages. In the current standard care for MO-like lesions, a
biopsy is only performed when the clinical presentation
deviates from a classic MO, making watchful waiting
clinically untenable. Thus there is a selection bias in
STABC and, therefore, suggested clinical and radiological
features to differentiate STABC from MO such as lack of
perceived trauma and protracted clinical course are not
entirely specific.

FISH and RNASeq studies for USP6 (chromosome
17p13.2) rearrangement in STABC [5, 10, 13, 27, 28, 31]
have proved to be objective tools for diagnosis. The lesions
in our series encompassed a variety of anatomic sites (e.g.,
axilla, tendon insertion site), beyond the intramuscular
locations of classic MO. Still, the overlapping clinical,
radiological, and pathological features between STABCs
and MOs suggest that they are closely related entities.
Indeed, Bekers et al. stated that MO is another “transient
neoplasm” characterized by recurrent rearrangement of
USP6, a promiscuous fusion partner identified in primary
ABC of bone, nodular fasciitis [32, 33], cellular fibroma of
tendon sheath [34], giant cell rich lesions of the small bones
[35], and more recently in cranial fasciitis [36, 37] and
fibro-osseous pseudotumor of digits [12, 38] (Table 3).

While primary ABC of bone demonstrates variant trans-
locations with multiple partners, the fusion partners for
STABC have remained relatively consistent with COL1A1
[5, 13, 31]. COL1A1 encodes for the collagen alpha 1
polypeptide chain and mutations in the gene are associated
with many inherited disorders, such as osteogenesis imper-
fecta, Ehlers–Danlos syndrome, infantile cortical hyper-
ostosis, and idiopathic osteoporosis [39]. In the neoplastic
setting, this gene is well known for this diagnostic fusion
with the platelet-derived growth factor B-chain (PDGFB)
gene in dermatofibrosarcoma protuberans and giant cell
fibroblastoma driving the constitutive activation of PDGFB
gene [40]. COL1A1 is mapped to 17q21–17q22, with
opposite orientation with USP6 at 17p13. Previous cytoge-
netic with subsequent RNA sequencing studies [25, 31] in
two STABCs showed COL1A1-USP6 fusion involving exon
1 of COL1A1 and a splicing variant of USP6 exon 1 or exon
2. The RNASeq results in six of our cases showed consistent
breakpoints in exon 1 of COL1A1 and USP6 exon 1.
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Case 3 was unique for the lack of zonal growth pattern
and a novel ANGPTL2-USP6 fusion. ANGPTL2 (angio-
poietin-related protein-2) at 9q33 is a member of vascular
endothelial growth factor family, known not only for its
angiogenic and antiapoptotic properties but also for its
proinflammatory properties [41]. In our case, the fusion
involved exon 1 of ANGPTL2 and the entire coding
sequence of USP6. It is likely that ANGPTL2 also con-
tributes with its promoter. It is unknown how these fusions
recapitulate similar pathological processes within bone and
soft tissue.

Oliveira et al. [42] studied the molecular pathogenesis
underlying the role of USP6 in ABCs and showed that USP6
residing in the fibrous stromal component of ABC induces
transcription of matrix metalloproteinase through activation
of the nuclear factor κB (NFκB), which seems to play a role
in matrix degradation, angiogenesis, and inflammatory
response. More recently, an essential mediator of USP6's
pathogenic mechanism has been recognized as the
Jak1–STAT3 pathway [43], which acts in concert with
NFκB. This biological effect explains the histological fea-
tures of the lesion mimicking a reparative/reactive hemor-
rhagic process and thus the long-term assumption that ABC
was nonneoplastic albeit this was a destructive lesion of the
bone. While the cell line of differentiation remains elusive,
most of the reported fusion partners of ABC of bone are
expressed during osteoblastic differentiation and it is sug-
gested that the neoplastic cell could be derived from osteo-
blasts [5]. A common breakpoint is in exon 1 or 2 of the 5′
partner gene, which fuses with the first coding exon of USP6;
the expected functional consequence being upregulated
expression of an intact USP6 protein under the influence of
the highly active promoter of the partner gene [5, 44].

In conclusion, MO-like STABC is a benign neoplasm
with USP6 rearrangement, characterized with overlapping
histological features with MO and primary bone ABC.
Thigh, upper arm, and shoulder are common locations.
Peripheral calcification on plain radiograph and CT, peri-
lesional edema, and fluid–fluid levels on MRI are frequently
observed radiological features. En-bloc excision is curative
when the lesions cause symptoms. Majority of cases show
COL1A1-USP6 fusion and herein we have described an
additional case with ANGPTL2 gene as a novel fusion
partner with USP6.
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