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ABSTRACT

A 19-year-old woman presented with swelling of the left forehead without pain. She did not have
any relevant past or family history. Computed tomography showed destruction of the outer cortex of the
frontal bone. A solitary mass lesion with a fluid collection was detected with magnetic resonance imaging.
Because the swelling of the left forehead had enlarged rapidly with osteolytic changes, surgical removal
of the lesion was performed. The lesion appeared to be enveloped in a fibrous capsule. The soft lesion
was removed from the frontal bone. The outer frontal bone was absent, although the inner frontal bone
was preserved. Then, the frontal bone was resected with margins from the edge of the erosion. The dura
mater under the lesion was intact. A cranioplasty was performed using titanium mesh. On histological
examination, the trabecular bones revealed irregular shapes and arrangements, indicating fibrous dysplasia.
There was a continuous high-cell-concentration pathological lesion outside the fibrous dysplasia. There
were numerous cells, such as mononuclear cells, osteoclast-like multinucleated giant cells, foam cells,
and red blood cells. The osteoclast-like multinucleated giant cells and other cells did not show significant
nuclear atypia. Immunostaining with H3.3G34W was negative, and the ubiquitin-specific peptidase 6/Tre-2
gene showed no rearrangements. The histopathological diagnosis was secondary aneurysmal bone cyst
with fibrous dysplasia. Additional postsurgical therapy was not performed. There has been no evidence of
recurrence of the lesion for two years.
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INTRODUCTION

Aneurysmal bone cyst (ABC) is benign bone tumors that account for 1-2% of all primary bone
tumors.! ABC is expansile osteolytic lesions containing thin-walled, blood-filled cystic cavities.
Patients typically present with painless swelling, and the growth is often slow and gradual.?
ABC is commonly found in patients within the first two decades of life, and they are primarily
located in the metaphyses of long tubular bones, vertebrae, or flat bones.!* ABC of the skull is
very rare, accounting for 2-6% of all ABC.> ABC is often classified as primary or secondary,
with primary lesions in approximately 70% of cases, and the remaining 30% of cases occurring
secondary to other lesions.*” Secondary ABC can occur with other bone tumors, including
chondrosarcoma, chondroblastoma, osteoblastoma, giant cell tumor, chondromyxoid fibroma,
nonossifying fibroma, and fibrous dysplasia, or as a result of trauma.® A case of secondary ABC
of the left frontal bone with fibrous dysplasia showing rapid expansion is presented along with
an update on diagnosis and therapy.

CASE REPORT

A 19-year-old woman presented with swelling of the left forehead without pain. She did not
have any relevant past or family history. Computed tomography showed thickening of the frontal
bone, and the lesion had the appearance of a ground-glass opacity (Fig. 1A-D). Magnetic reso-
nance imaging showed a solitary mass lesion in the frontal bone with fluid collection containing
a fluid-fluid level (Fig.1E and F). There were no apparent findings of invasion of the dura mater
and edema around the brain. The lesion showed heterogeneous enhancement on contrast-enhanced
T1-weighted images (Fig. 1G and H). The swelling of the left forehead enlarged rapidly with pain

Fig. 1 CT and MRI findings before rapid expansion

Fig. 1A:  Plain computed tomography shows thickening of the frontal bone.

Fig. 1B-D: Bone condition computed tomography shows the lesion as a ground-glass opacity (B: axial, C:
coronal, and D: sagittal views).

Fig. 1E, F: Magnetic resonance images show a solitary mass lesion in the left frontal bone with fluid collection
with a fluid-fluid level. There are no apparent findings of invasion of the dura mater and edema
around the brain (E: T2-weighted, F: fluid-attenuated inversion recovery).

Fig. 1G, H: The lesion shows heterogenous enhancement on contrast-enhanced magnetic resonance T1-weighted
images (G: axial, and H: sagittal views).
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during the 2 weeks from the first magnetic resonance imaging (Fig.2A). Computed tomography
showed new osteolytic changes and destruction of the outer cortex of the bone (Fig.2B and C).
Magnetic resonance imaging showed increased fluid content (Fig. 2D).

Prompt surgical removal of the lesion was performed for treatment and confirmation of the
pathological diagnosis. The frontal skin was turned using a bicoronal skin incision onto the galea.
The lesion appeared to be enveloped in a fibrous capsule (Fig. 2E). The mass contained dark
fluid. After aspiration of the fluid, the soft lesion was removed from the frontal bone. The frontal
bone was eroded, and the outer bone was absent, whereas the inner bone was preserved (Fig.
2F). Then, the frontal bone was resected with more than a 10-mm distance from the edge of
the erosion (Fig. 2G). The dura mater under the lesion was intact. A cranioplasty was performed
using titanium mesh and covered as much as possible with a vascularized pericranial flap (Fig.
2H). 3D-skull computed tomography showed the time-course changes of the skull bone from the
first visit, with lesion expansion, and after surgery (Fig. 2I-K).

Histological examination showed an irregular shape and arrangement of the trabecular bones
surrounded by spindle-shaped cells on hematoxylin and eosin staining (Fig. 3A). The trabecular

Fig. 2 Findings of the lesion after rapid expansion, intraoperative photographs,
and time-course changes of the skull bone

Fig. 2A:  The swelling of the left forehead has enlarged rapidly over 2 weeks.

Fig. 2B, C: Computed tomography shows osteolytic changes and destruction of the outer cortex of the bone (B:
plain, C: bone condition).

Fig. 2D:  Magnetic resonance image shows increased fluid content.

Fig. 2E-H: Intraoperative photographs show that the lesion is enveloped in a fibrous capsule (E). After the soft
lesion is removed, the frontal bone is eroded, but the inner bone is preserved (F). The frontal bone
is resected with more than a 10-mm distance from the edge of the erosion (G). A cranioplasty is
performed using titanium mesh (H).

Fig. 2I-K: 3D-skull computed tomography images show time-course changes of the skull bone (I: first visit, J:
lesion expansion, and K: after surgery).
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bones showed apple-green sign by polarized light, which indicated osteoid (Fig. 3B). Shapey
fibers were seen around the trabecular bones on Azan staining (Fig. 3C). These fibro-osseous
findings indicated that the lesion was fibrous dysplasia. There was a high-cell-concentration patho-
logical lesion outside of the fibrous dysplasia. There were numerous cells, such as mononuclear
cells, osteoclast-like multinucleated giant cells, foam cells, and red blood cells on hematoxylin
and eosin staining (Fig. 3D). The osteoclast-like multinucleated giant cells and other cells did
not show significant nuclear atypia on hematoxylin and eosin staining (Fig. 3E). Reactive bone
formations were seen in the fibrous capsule tissue on hematoxylin and eosin staining (Fig. 3F).
Immunostaining with H3.3G34W was negative (Fig. 3G). Dual-color split-apart ubiquitin-specific
peptidase 6 (USP6) fluorescence in situ hybridization probe was performed in paraffin-embedded
tissues using probe on the centromeric (green) and telomeric (red) sides of the USP6 locus.
Fluorescence in situ hybridization showed no split of the green-red probe signal (Fig. 3H). The
cadherinl1 was not examined in this case. The histopathological diagnosis was secondary ABC
with fibrous dysplasia. Additional postsurgical therapy was not performed, and there has been
no evidence of recurrence of the lesion for two years.

Fig. 3 Histological and immunostaining findings

Fig. 3A: Surgical specimen stained with hematoxylin-eosin shows irregular shape and arrangement of the
trabecular bones surrounded by spindle-shaped cells.

Fig. 3B: The trabecular bones show apple-green sign by polarized light.

Fig. 3C: Shapey fibers are seen around the trabecular bones on Azan staining.

Fig. 3D: There are numerous cells such as mononuclear cells, osteoclast-like multinucleated giant cells, foam
cells, and red blood cells.

Fig. 3E: The osteoclast-like multinucleated giant cells and other cells do not show atypical findings.

Fig. 3F: Reactive bone formations are seen in the fibrous capsule tissue.

Fig. 3G: Immunostaining with H3.3G34W is negative.

Fig. 3H: Dual-color split-apart ubiquitin-specific peptidase 6 fluorescence in situ hybridization using probe on the
centromeric (green) and telomeric (red) sides of the ubiquitin-specific peptidase 6 locus. Fluorescence
in situ hybridization shows no split of the green-red probe signal which indicates no rearrangements
of ubiquitin-specific peptidase 6.
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DISCUSSION

The rare entity of ABC of the skull bone has been reported in the frontal,® temporal,®'®
occipital,'' sphenoidal,'? clivus,'® and paranasal bones.!* Clinical presentations depend on the
anatomical location. Convexity lesions usually present with local swelling, and neurological
deficits are seldom present.®'" Skull base lesions are more likely to present with focal neurological
symptoms.'>™* An ABC is a honeycomb-shaped, cystic lesion composed of cyst walls and septum.
The cyst cavities are filled with old blood and show a fluid-fluid level.’>'® Computed tomography
findings include expansile lytic lesions with widening of diploic spaces and ground-glass opacity.
Magnetic resonance imaging also shows a well-defined expansile mass lined by a T1 and T2
hypointense rim with septations that divide the mass into small cavities. The fluid-fluid levels are
characteristic of ABC, but they are neither constant nor specific. Although an ABC is a benign
bone tumor, the lesion sometimes destroys surrounding bone tissue and enlarges within several
months or weeks. The pathogenesis of ABC is suggested to involve vascular occlusion of venous
drainage of the ABC, or preexisting lesions of bone may initiate osseous arteriovenous fistulas
inducing local circulatory disturbances.!>!6

Histopathological diagnosis of ABC is based on the presence of blood-filled cystic spaces
separated by fibrous septa. The fibrous septa are composed of fibroconnective tissue with oc-
casional osteoclast-type giant cells and reactive new bone formation.!” The overlying bone can
have erosions with cancellous bone replaced by fibrovascular tissue.!® Areas of hemorrhage are
surrounded by fibroconnective tissue with areas of new bone formation.'® Numerous multinucle-
ated giant cells may also be present, primarily near areas of hemorrhage.!® In terms of pathologi-
cal diagnosis, it can be important to differentiate primary from secondary ABCs Many primary
ABC show clonal chromosome band 17pl3 translocation. This translocation leads to fusion of
the cadherinll gene with the USP6/Tre-2 gene. USP6/Tre-2 and/or cadherinll rearrangements
were detected in 69% of primary ABC. In contrast, USP6/Tre-2 and cadherinl1 rearrangements
were not found in secondary ABC.' Split-apart of a green-red probe signal of fluorescence in
situ hybridization indicates USP6 rearrangement. In our case, fluorescence in situ hybridization
revealed no rearrangements of USP6, and which indicated the secondary ABC.

Gross total resection is the curative treatment of choice for skull ABC. Subtotal surgical
resection or simple curettage has high recurrence rates, varying from 21% to 50%.> However,
gross total resection may be difficult to achieve when the lesion is large or when it involves
the skull base. In such cases, partial resection or intralesional curettage with adjunctive therapy
should be considered. Radiotherapy should seldom be selected because of the high recurrence
rate and the risk of sarcomatous degeneration.” Imaging findings of ABC are very similar to
those of osteosarcoma, especially in cases showing cystic lesions with bone destruction.! It is
difficult to determine if the lesion contains malignant components by preoperative clinical and
various imaging examinations. Therefore, a cystic lesion presenting with bone destruction and
rapid expansion must be completely resected with adequate margins."”

In the present case, the features of the lesion were rapid expansion with osteolytic changes and
the existence of numerous osteoclast-like multinucleated giant cells on pathological examination.
These imaging and pathological findings are very similar to those of malignant bone tumors,
especially osteosarcoma.!® The first critical differential diagnosis was malignant skull bone tumors.
However, malignant bone tumors were excluded because there were no findings of proliferation
of anaplastic or atypical cells. The second differential diagnoses included giant cell lesions, such
as Langerhans cell histiocytosis, giant cell tumor, giant cell reparative granuloma, and aneurysmal
bone cyst. Langerhans cell histiocytosis was excluded because of lack of eosinophilic infiltra-
tion, and negative both S-100 and CDla immunostaining. On immunohistochemistry, giant cell

Nagoya J. Med. Sci. 85. 395-401, 2023 399 doi:10.18999/nagjms.85.2.395



Yuta Koketsu et al

tumors are mostly positive for H3.3G34W, although this case was negative.”> ABC and giant cell
reparative granuloma have similar pathological and clinical profiles, and recently the two lesions
are considered to be overlapped benign bone tumors.?!

Skull bone lesions showing cystic and osteolytic findings on imaging examinations and
the presence of multinucleated giant cells on pathology are not easy to diagnose distinctively.
Therefore, these cases require careful follow-up to detect recurrence or malignant changes even
if the gross total resection of the lesion is performed.
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