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A neurysmal bone cysts (ABC) are expan-
sile, hemorrhagic, non-neoplastic lesions 
that can be locally destructive1 and that 

can arise either de novo or secondary to another 
benign or malignant lesion.2 Although primary and 
secondary ABCs typically are benign, there are 
cases of malignant degeneration of primary ABCs, 
though the transformation arises almost exclu-
sively in the context of prior radiation exposure.3-5 
Malignant change without history of irradiation 
is rare; only 6 such cases have been reported.5-10 
In 4 of these cases, the transformation was to 
osteosarcoma.5,8-10

Here we report on an ABC that degenerated into 
a fibroblastic osteosarcoma—the fifth such case 
in the medical literature. In addition to reviewing 
the earlier cases, we describe the radiologic and 
histologic underpinnings of this diagnosis and the 
insight that they provide into the pathogenesis 

of this rare process. Although the prevailing view 
is that ABCs are benign, it is important to know 
these lesions have the potential to undergo malig-
nant transformation, even in the absence of prior 
radiation exposure. The patient provided written 
informed consent for print and electronic publica-
tion of this case report.

Case Report
A healthy and previously asymptomatic 37-year-old 
man presented with thigh pain after a minor fall 
onto a couch. Radiographs showed a diaphyseal 
femoral pathologic fracture adjacent to a small but 
benign-appearing cystic lesion (Figures 1A, 1B). At 
another institution, the patient underwent incision-
al biopsy through a lateral transvastus approach 
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Figure 1. (A) Anteroposterior and (B) lateral radiographs at initial presentation show 
fracture through femoral diaphysis. Fracture is adjacent to well-marginated 2 × 4-cm 
ovoid lesion with cortical scalloping and thin rim of sclerosis (arrowhead).
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before antegrade intramedullary interlocked rod 
fixation. The histologic specimen was reported by 
the referring pathologist as being consistent with 
a unicameral bone cyst with hemorrhage. The 
patient returned for only 1 follow-up visit, 1 month 
after fracture fixation, and radiographic findings 
were similar—a benign-appearing cystic bone 
lesion adjacent to a healing fracture (Figures 2A, 
2B). He had mild persistent thigh swelling, which 
did not interfere with daily activities, and he did not 
seek further medical attention.

Two years later, the patient had a bicycle accident 
and, after 2 weeks of significantly increased thigh 
swelling, presented to the emergency department 
at the referring institution. Radiographs showed a 
lytic lesion in the femoral diaphysis that was highly 
suspicious for malignancy (Figures 3A, 3B). The 
patient was transferred to our institution. Clinical 
examination revealed an extensive firm mass 
in the mid to distal thigh. Magnetic resonance 
imaging (MRI) showed an aggressive, multilobu-
lated mass surrounding the mid to distal femoral 
diaphysis (Figures 4A-4C).

The initial biopsy specimens were evaluated at 
our institution and interpreted as being consistent 
with an ABC, with negative immunohistochemical 
staining for MDM2 (Figures 5A, 5B). A repeat 
incisional biopsy of the thigh soft-tissue mass was 
performed, and its results showed a high-grade os-
teosarcoma that was markedly positive for MDM2 
(Figures 6A, 6B). The constellation of initial imag-
ing findings (benign-appearing cystic lesion) and 
histologic appearance without MDM2 staining plus 
subsequent imaging findings (aggressive, multi-
lobulated mass) with histology positive for MDM2 
was considered evidence of sarcomatous degen-
eration of a primary ABC. Radiographs obtained 2 
weeks after the osteosarcoma diagnosis showed 
worsening bone erosion (Figures 7A, 7B).

The patient underwent a 3-month course of 
neoadjuvant chemotherapy with cisplatin and 
doxorubicin. Interval-staging contrast-enhanced 
chest, abdomen, and pelvis computed tomography 
(CT) showed no evidence of metastatic disease. 
Preoperative MRI showed a significantly larger 
heterogeneous mass, now with neurovascular 
involvement, which precluded limb salvage. The 
massive size and proximal extent of the tumor 
required hip disarticulation for local control. Areas 
contaminated by the prior surgery, including the 
entry site of the antegrade rod and surrounding 
gluteal musculature, were resected widely, en 
bloc, with the amputation specimen. The surgical 

Figure 2. (A) Anteroposterior and (B) lateral radiographs 1 month after presentation. 
Scalloped appearance of posterior cortex persists (arrow). Periosteal new bone forma-
tion (arrowheads) occurs with fracture healing.
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Figure 3. (A) Anteroposterior and (B) lateral radiographs 2 years after presentation 
show complex bony destructive changes (black arrowheads) with irregular sunburst 
pattern of periosteal reaction (white arrows) and faintly mineralized soft-tissue mass 
(black arrows). These findings are consistent with an aggressive lesion, particularly an 
osteosarcoma.
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margins were widely free of tumor. Necrosis in 
response to chemotherapy was <1%. Histologic 
analysis revealed a heterogeneous 35-cm tumor 
with areas similar to those on the initial biopsy 
specimen (2 years earlier) intermixed with areas 
consistent with high-grade osteosarcoma  
(Figures 8A–8D). Adjuvant salvage chemotherapy 
was continued, and the patient had no evidence of 
tumor recurrence or metastatic disease more than 
2 years after surgery.

Discussion
Aneurysmal bone cysts are expansile, hemorrhag-
ic, locally destructive lesions that generally develop 
within the first 3 decades of life. Ever since they 
were first described by Jaffe and Lichtenstein11 in 
1942, the most widely accepted theory of their 
pathogenesis has been that they begin as a benign 
reactive vascular process.12 However, more recent 
molecular studies by Oliveira and colleagues13 and 
Panoutsakopoulos and colleagues14 have demon-
strated a clonal neoplastic basis for primary ABCs 
related to cytogenetic upregulation of oncogenes 
USP6 and CDH11 after translocation of 17p13 and 
16q22.

Given the clonal nature of these lesions, it is 
surprising that malignant transformation is so rare. 
Until now, there have been only 4 reports of an 
ABC undergoing malignant degeneration to osteo-
sarcoma without prior radiation exposure. Kyria-
kos and Hardy5 described a patient with a distal 
tibial ABC that recurred as an ABC several times 
after curettage before finally changing 3 years 
later into a pleomorphic osteosarcoma. Hsu and 
colleagues8 reported a proximal tibial ABC, treated 
with complete excision and phenol therapy, that 
transformed into an osteosarcoma after 6 years. 
Brindley and colleagues10 described 2 cases of 
ABC (1 in the proximal humerus, 1 in the proximal 
tibia) that were treated with careful curettage but 
subsequently became telangiectatic and fibro-
blastic osteosarcomas after 5 years and 12 years, 
respectively.

In this article, we have presented a fifth case of 
a primary ABC degenerating into an osteosarcoma, 
which in this instance was the fibroblastic subtype. 
This diagnosis was strongly supported by radiologic 
and pathologic evidence. From a radiologic per-
spective, imaging at initial presentation showed ab-
solutely no suspicious features, and the same was 
true when follow-up radiographs were obtained,  
1 month later. Although 1 month is short for a  
follow-up, the complete lack of radiographic changes 

Figure 4. (A) Axial T1-weighted postcontrast, (B) axial short TI inversion recovery (STIR), 
and (C) sagittal STIR magnetic resonance imaging of thigh 2 years after presentation. 
A 32 × 13 × 14-cm heterogeneous soft-tissue lesion surrounds entire femoral diaphysis 
with interspersed enhancing soft tissue (black arrowheads) and innumerable cystic cav-
ities containing fluid-fluid levels (white arrowheads). Also evident are extensive bone 
erosion and aggressive periostitis of femoral diaphysis (white arrow). Overall, imaging 
features are consistent with a highly aggressive sarcoma.
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Figure 5. Histologic specimens at initial presentation. (A) Minimal nuclear atypia 
but extensive hemorrhage and scant fragments of narrow spindle cells mixed with 
osteoclast-type giant cells and small seams of osteoid (hematoxylin-eosin, original 
magnification ×200). (B) No appreciable expression of MDM2 (immunohistochemical 
staining, original magnification ×400).
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would be highly unusual if in fact there had been 
a coexisting, undetected lesion as aggressive as 
the one that ultimately developed. Furthermore, 
imaging at second presentation, almost 2 years 
later, showed an extremely rapid evolution of 
findings over 1 month. Extrapolating back in time, 
we think this time course indicates the malignancy 
developed not long before its aggressive features 
were detected. 

Genetic evidence suggests that most conven-
tional high-grade osteosarcomas arise de novo 
from a mesenchymal precursor driven by multiple 
genetic aberrations. Less often, low-grade osteo-
sarcomas progress to high-grade osteosarcomas. 
Amplification of 12q13-15 with resulting overex-
pression of MDM2 and CDK4 proteins is found in 
low-grade osteosarcomas and persists in examples 
that progress to higher-grade forms.15 Not only did 
review of our patient’s initial biopsy sample reveal 
no evidence of malignant features or abnormal 
mitotic activity, but the complete absence of 
MDM2 suggests not even a low-grade osteo-
sarcoma was present at the time. By contrast, 
the second incisional biopsy specimen, 2 years 
later, showed markedly different histology and 
pronounced expression of MDM2 throughout the 
specimen. This finding suggests the histologically 
high-grade osteosarcoma did not arise de novo but 
rather secondarily from a low-grade osteosarcoma 
that had arisen from an ABC. Results of the final 
heterogeneous histology of the very large mass, 
which contained benign ABC areas indistinguish-
able from the initial biopsy sample, as well as 
areas of high-grade osteosarcoma, further support 
a multistep process of de-differentiation. Together, 
these findings are compelling evidence of malig-
nant transformation of a primary ABC.

We acknowledge that the initial surgery 
performed at the outside hospital might have 
properly included frozen-section analysis of the 
biopsy material and that sampling error may have 
occurred during the index procedure—possibilities 
in the absence of complete lesional resection. In 
this case, however, the radiographic findings and 
the dominant histologic immunophenotype from 
medullary canal bone were both consistent with 
ABC and not osteosarcoma, lending support to 
malignant degeneration. 

We have presented a fifth case of primary ABC 
degenerating into an osteosarcoma, now with im-
munohistochemical evidence supporting traditional 
radiologic and histologic evidence. Despite the 
rarity of the diagnosis, this case yields consider-

Figure 6. Histologic specimens from biopsy 2 years after initial presentation. (A) Frag-
ments of spindle cell tumor with pleomorphic nuclei in sheets and streaming fascicles; 
multinucleated giant cells and areas of necrosis are scattered throughout, with scant 
areas of osteoid formation by malignant cells (hematoxylin-eosin, original magnifica-
tion ×200). (B) Strongly positive expression of MDM2 (immunohistochemical staining, 
original magnification ×400).
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Figure 7. (A) Frontal and (B) lateral radiographs 1 month after osteosarcoma diagnosis 
show interval progression of bony destructive change with loss of about 12 cm of 
bony cortex (arrowheads) and interval enlargement of soft-tissue mass (arrows), again 
concerning for a highly aggressive, rapidly progressive osteosarcoma.
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able insight into the pathogenetic mechanisms 
underlying malignant degeneration. Despite the 
widely held view that ABCs are benign, physicians 
caring for these patients must be aware that malig-
nant transformation can occur.
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