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INTRODUCTION

Aneurysmal bone cysts (ABCs) are benign bone lesions that can either occur primarily or 
secondary to another lesion.[1-3] ABCs account for 1% of primary bone tumors, with an annual 
occurrence rate of 1.4 cases/100,000 individuals.[1,3] The majority of cases are observed during 
the first two decades of life.[1,3] The most common site for ABCs is the metaphysis of long bones, 
particularly around the knee. However, around one-third of these tumors originate in the spine, 
accounting for approximately 15% of all primary spine tumors, with the posterior elements being 
the most affected.[1,3]

Spinal ABCs typically manifest with pain, deformity, and/or neurological dysfunction secondary 
to swelling or mass effect.[1] On radiographs and computed tomography (CT), ABCs appear as 
expansile areas of bone loss with thin, dense borders.[1] On magnetic resonance imaging (MRI), 
these cysts are divided by connective tissue and bone partitions, with emphasized fluid levels 
and surrounding areas of increased enhancement.[1] Angiography displays poor vascularization 
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of the cyst, while bone scans show heightened uptake at the 
periphery “doughnut sign.”[1,2]

The mainstay treatment of ABCs is surgical resection in 
conjunction with embolization to minimize blood loss 
during surgery. However, it has been reported that arterial 
embolization can be sufficient as a standalone treatment 
in some cases.[1] Recent studies suggest that denosumab 
can also be used for adjuvant treatment of ABCs alongside 
surgery and embolization or even as a standalone therapy in 
skeletally mature patients with spinal ABCs.[4]

Denosumab has proven its efficacy in treating a multitude 
of pathologies such as osteoporosis, bone metastases, and 
fibrous dysplasia, and more recently, it has gained interest 
in treating giant cell tumors (GCT) of the bone.[5] Due to 
the many similarities between GCT and ABC, it has been 
hypothesized that it can also be used to treat ABCs. However, 
the literature is scarce in this regard, and no randomized 
controlled trials have been conducted to demonstrate its 
efficacy in treating ABCs.[4] In this paper, we present a case 
of a recurrent spinal ABC in a pediatric patient, which 
was treated with revision surgical resection and adjuvant 
denosumab therapy.

CASE PRESENTATION

An 8-year-old Middle Eastern girl presented to our ER with 
a sudden onset of weakness and paresthesia in her upper 
extremities. She provided a history of ABC at the level of 
C3 that was confirmed by biopsy. Three months before her 
presentation in our emergency room (ER), she underwent a 
front-back procedure, including a C3 corpectomy, iliac crest 
bone grafting, and anterior plating, followed by a posterior 
partial resection of the tumor and instrumentation from C2 
to C5. Her initial surgery was done at another hospital.

Clinical findings

The patient presented to our ER ambulatory, not in any 
distress. On examinations, she had bilateral weakness in 
shoulder abduction that was worse on the left side. She 
also had bilateral upper limb paresthesia. Her American 
Spinal Injury Association (ASIA) score was C.[6] During the 
examination of upper motor neuron signs, she had positive 
Hoffman’s and sustained clonus.

Radiographs showed a kyphotic deformity in the cervical 
spine in addition to the posterior and anterior fixation that 
the patient underwent at her local hospital [Figure  1]. An 
urgent MRI of the cervical spine with IV contrast was done, 
which revealed a residual/recurrent disease process and post-
surgical changes with heterogeneous areas of enhancement 
representing septations with multiple fluid-fluid levels 
causing severe cord compression and myelomalacia. The 
lesion completely encased the vertebral arteries bilaterally 

at the level of C3 [Figure  2]. The patient was started on a 
dexamethasone loading dose, then maintenance, and booked 
for urgent selective arterial embolization. The tumor received 
numerous feeders from the occipital, ascending cervical, deep 
cervical, and vertebral arteries bilaterally. The embolization 
process was labeled limited by the Interventional Radiology 
team as they were only able to embolize three feeders from the 
right ascending, right deep cervical, and left occipital artery. 
Most tumor feeders had angiographically gross dangerous 
collateral connections to the vertebral arteries that were not 
embolized out of fear of occluding the vertebral arteries. Pre-
operative CT was performed and showed stable implants with 
a mild kyphotic deformity in the cervical spine [Figure 3].

Figure  1: (a) Anteroposterior and (b) Lateral radiographs on 
presentation showing previous hardware with arrows pointing the 
expansile lesion involving the upper cervical spine.

Figure  3: (a) Sagittal and (b) Axial computed tomography on 
presentation shows the extent of the lesion (arrows) with stable 
implants and a mild kyphotic deformity in the cervical spine.
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Figure  2: (a) Axial and (b) Sagittal magnetic resonance imaging 
on presentation shows the lesion at C3, arrows showing the tumor 
encasing the vertebral artery bilaterally.
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Surgical intervention

The patient was taken to the operating room for urgent 
decompression through a posterior approach. Intraoperative 
findings were consistent with imaging. Instrumentation 
was found to be stable and complete resection was deemed 
impossible due to complete bilateral encasement of the 
vertebral arteries by the lesion. Therefore, marginal resection 
of the tumor with decompression of the cord was carried out, 
and a biopsy was sent, which confirmed the diagnosis of ABC.

Three weeks postoperatively, the patient recovered fully with 
an ASIA score of E.[6] The medical oncology team was involved 
and started the patient on denosumab therapy 2 months after 
surgery. The regimen was 70 mg/m2/dose, equaling 60 mg SC 
weekly for 4 weeks, followed by once monthly for 12 months 
with supplemental Vitamin D and calcium carbonate. 
Biochemistry was assessed monthly and remained stable 
except for a few episodes of mild hypocalcemia that required 
supplement dose adjustment. A  follow-up CT was done 
12 months after treatment initiation and showed near-complete 
ossification of the residual expansile osseous lesion [Figure 4]. 
The patient completed her denosumab therapy course without 
any complications. The patient remained neurologically intact 
without complications during her 2-year follow-up visit.

LITERATURE REVIEW

Methods

We utilized online databases such as Medline, Web of Science 
Core Collection, and Google Scholar for article collection. 
Our literature review was limited to articles published from 
2010 and onwards. Since Denosumab was Food and Drug 
Administration (FDA)-approved in June 2010 and only for 
postmenopausal osteoporosis, we saw no need to extend 
our research further.[7] All articles that reported the use of 
denosumab for the treatment of ABC were isolated and 
then narrowed down further to spinal/peri-spinal ABCs. 
Publications without radiological follow-up were excluded 
from this study. All collected papers were either case reports 
or case series. Each subject reported in a case series was 
reported separately in our paper.

We identified 14 articles with cases of ABCs in the spine, 
sacrum, or costovertebral angle treated with denosumab. 
From these 14 articles, we identified 28 subjects, five pediatric 
and 23 adults, who underwent medical treatment for spinal 
ABC with denosumab. Out of those 28, 16 patients received 
denosumab as a first-line treatment due to surgery being too 
risky or associated with high morbidity. One of the 16 patients 
underwent curettage and bone grafting after 4  months of 
denosumab therapy, while the rest did not undergo any 
other interventions. Out of the remaining 12 patients, eight 
underwent surgical resection, three underwent embolization, 
and one patient underwent chemo and radiotherapy before 
starting denosumab as she was initially misdiagnosed as a 
case of osteosarcoma [Supplementary Table 1].[8-23]

RESULTS

In all cases but two, symptomatic improvement was reported 
[Supplementary Table 1]. Only two cases reported no change 
in patients’ symptoms.[8,9] All papers reported radiological 
improvement after treatment, which was evident by ossification 
and/or tumor shrinkage on imaging on follow-up. Recurrence was 
reported in five cases; however, follow-up ranged between 2 and 
37 months following treatment, which could affect the reported 
recurrence rate as the earliest reported recurrence happened 
10 months after discontinuation of denosumab therapy.[10,11] There 
was no long-term follow-up in any of the papers that we found.

Furthermore, the denosumab regimen and duration of 
treatment varied between papers, which could alter the 
outcome and recurrence rate. Overall, denosumab seems 
to have a relatively safe profile in the treatment of ABCs, as 
there were only two cases of severe rebound hypercalcemia 
following discontinuation of treatment.[12,13] Other reported 
adverse effects were mild and included grade  1 vomiting, 
mild hypocalcemia during therapy, and mild hypercalcemia 
after discontinuation of treatment.[10,13]

DISCUSSION

ABCs of the spine can be challenging to treat, especially 
in a revision setting.[24] The mainstay treatment of ABCs 
is complete resection to decrease the chance of local 
recurrence.[24] When complete resection is deemed 
impossible, second-line treatment modalities become 
essential.[10] Partial resection and adjuvant therapy have 
been increasing in popularity as an alternative and are being 
reported in the literature with successful outcomes.[10] One 
of the popular adjuvants in treating ABCs is denosumab; 
however, its use in the pediatric population is mostly off-
label.[10] Denosumab has been approved by the FDA for 
treating multiple pathologies in adults and skeletally mature 
adolescents. However, there are concerns regarding its safety 
in skeletally immature patients.[22] Complications such as 

Figure 4: Follow-up (a) Axial and (b) Sagittal computed tomography 
with arrows showing complete calcification and fusion of the lesion.
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growth disturbance and growth plate ossification have been 
reported in the literature.[22]

Furthermore, research on the safety of denosumab in 
skeletally immature patients is lacking, which hinders its 
approval by the FDA and, in turn, its widespread use.[22] Due 
to a lack of sizable data on using denosumab to treat ABCs, 
there is no consensus in the literature regarding dosage 
and length of therapy.[22] Most articles describe the same 
denosumab adult dose as the one used for GCT to be used for 
the treatment of spinal ABCs. However, the pediatric dose is 
more challenging as the drug is not FDA-approved to be used 
for any pediatric pathology [Supplementary Table 1].[22]

The clinical picture of spinal ABC differs from other sites, as 
patients can present with neurological symptoms alongside 
the expected pain and pathological fractures that are 
associated with ABCs in other musculoskeletal sites.[1] The 
main indication for using denosumab in our case was the 
rapid recurrence and difficulty in achieving complete surgical 
resection of the mass due to its bilateral encasement of the 
vertebral arteries. The degree of bilateral vertebral artery 
encasement was complete and categorized as D according 
to the Westbroek et al. classification.[25] Furthermore, the 
presence of a neurological deficit on examination constituted 
the urgency of surgical intervention in our case and excluded 
the option to treat with denosumab alone.

In our literature review, we identified three papers that 
reported a total of five pediatric patients with spinal ABC 
who underwent adjuvant denosumab therapy following 
surgical resection of their lesions [Supplementary Table 
2].[10,13,19] It was reported that all five patients showed clinical 
and radiological improvement following the denosumab 
therapy with no serious side effects.[10,13,19] There was only 
a single case of recurrence at 10  months after denosumab 
therapy discontinuation.[13]

In all three articles, denosumab was utilized following 
recurrence.[10,13,19] Multiple interventions were considered 
or carried out in all patients, but one with no discernable 
improvement before starting denosumab therapy.[10,13,19] 
Fadavi et al. presented a case where denosumab was used 
after multiple interventions were carried out for repeated 
recurrence.[19] After denosumab treatment, the patient 
had no recurrences for over 12  months.[19] Not only was 
denosumab useful in preventing recurrence and stabilizing 
the lesion but also Raux et al. reported on the efficacy 
of denosumab in improving neurological dysfunction 
when used alone in cases of recurrence presenting with 
neurological deficits.[13]

The denosumab regimen differed between the three articles. 
Lange et al. suggested individualizing the regimen depending 
on the case.[10] The more critical patients received an 
induction dose of weekly injections for 1  month followed 

by monthly injections, while the more stable patients 
could be managed with monthly injections to minimize 
side effects.[10] In contrast, Raux et al. started all patients 
with weekly injections for 1  month, followed by monthly 
injections.[13] Regarding dosage, both Lange et al. and Raux 
et al. used 70 mg/m2, while Fadavi et al. used the GCT adult 
dose of 120 mg, which is also recommended for 13-year-olds 
weighing more than 45 kg.[10,13,19]

CONCLUSION

Denosumab has the potential to be an important adjuvant for 
spine surgeons in the treatment of ABCs. This is especially 
true in patients who undergo incomplete or marginal 
resections with remnant/recurrent disease. However, further 
research is warranted to illustrate the efficacy and safety of 
denosumab therapy in treating ABCs in pediatrics and to 
establish an ideal regimen that would consider the treatment’s 
risks and benefits.
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