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Introduction
Giant cell tumours of bone (GCTB) are exceedingly rare, locally aggressive, benign tumours that 
mostly affect the meta-epiphyseal region of long bones in young adults.1 They account for 3% – 5% 
of primary bone tumours and have a strong tendency for local recurrence after primary resection. 
Benign metastases, mostly to the lungs, are rare, but have been reported, and are more likely to be 
associated with local recurrence. In rare cases, malignant transformation of a primary lesion can 
occur. This can be spontaneous but is often linked to prior radiotherapy treatment.2 Common 
primary sites of involvement include the distal femur and proximal tibia.3 Other sites include the 
long bones, pelvis and vertebrae, with the cervical spine being the least affected axial site.4 
Histologically, it is characterised by mononuclear stromal cells, thought to be the true neoplastic 
component, and osteoclast-like multinucleated giant cells. The receptor activation by nuclear 
factor kappa B (RANK) ligand seems to be critical in the pathogenesis of GCTB. Receptor 
activation by nuclear factor kappa B ligand is overexpressed by stromal cells within GCTB. When 
binding to the RANK receptor on osteoclast precursor cells, the RANK ligand expressed on the 
stromal cells stimulates recruitment of osteoclast precursor cells including the multinucleated 
giant cells that actively absorb host bone tissue, resulting in the characteristic osteolysis associated 
with GCTB.5 As per the WHO classification of soft tissue and bone tumours (5th edition, 2020), 
GCTB is diagnosed based on the typical features found on radiology and histomorphology, with 
molecular identification of a G34W mutation being a desirable add on.4

Wide resection or intralesional curettage with or without a local adjuvant (bone cement, 
cryotherapy, arterial embolisation) are the two principal treatment options for operable GCTB. 
Wide en bloc resection is associated with lower rates of local recurrence compared to intralesional 
curettage, but may result in higher rates of functional morbidity, especially in central sites such 
as the spine.6 As an example, the local recurrence rates in a retrospective cohort of 384 patients 
were 2% after wide resection, 49% after curettage alone, and between 15% and 27% after 
curettage with an adjuvant, depending on the adjuvant used.6 Megavoltage radiation therapy 
(RT) at doses of 45 Gy – 60 Gy has been utilised as primary or adjuvant treatment in tumours 
not amenable to complete surgical resection, resulting in high rates of local control and overall 
survival.7,8,9 The RT has, however, been historically associated with high reported rates of 
malignant transformation of up to 11% and is therefore reserved for primary or recurrent cases 
where surgical treatment options are not feasible and as adjuvant therapy for spinal GCTB.8,10,11 
Denosumab is a fully humanised systemic monoclonal antibody against the RANK ligand that 
has demonstrated tumour-controlling activity in case series and non-randomised phase II trials 
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enrolling patients with irresectable or recurrent GCTB. In 
these studies, the use of denosumab for a minimum of 6 
months allowed for less morbid resection to be performed 
or resulted in long-term tumour control on its own. This has 
led to it being approved by the United States Food and 
Drug Administration for potentially resectable GCTB where 
upfront surgery would cause significant functional 
impairment or morbidity.12,13,14 Through competitive 
binding to the RANK ligand expressed on stromal cells in 
bone, it inhibits osteoclast formation, resulting in decreased 
bone resorption and increased bone mass. Through this 
mechanism, denosumab is used in the management of 
osteoporosis and bone metastasis from solid tumours. In 
GCTB, this disruption of the RANK is believed to inhibit the 
formation of multinucleated giant cells. After an initial 
loading schedule, it is administered subcutaneously on a 
4-weekly basis. Reported side effects include musculoskeletal 
pain, fatigue, hypocalcaemia and rarely, osteonecrosis of 
the jaw.13,15 Based on data from two recent meta-analyses, 
concerns have been raised about the risk of increased local 
recurrence rates when neoadjuvant denosumab therapy is 
followed by less aggressive intralesional curettage instead 
of en bloc resection.16,17 Concern about the risk of malignant 
transformation on long-term denosumab therapy has also 
been raised.15

Case presentation
We present a 21-year-old female who complained of an 
18-month history of worsening neck pain radiating to the head. 
She was initially treated for neck muscle spasm and depression 
by her general practitioner. The eventual onset of weakness in 
the upper and lower extremities triggered a referral to the 
tertiary hospital for review by an orthopaedic surgeon. She 
was found to have severe neck pain at presentation and had 
decreased strength of 4/5 in all her limbs. Faecal and urinary 
incontinence as well as decreased sensation in the Cervical 
spinal nerve 8 (C8) to Thoracic spinal nerve 4 (T4) dermatomes 
could be elicited. An initial X-ray of the cervical spine showed 
a lytic expansile destructive lesion involving the second and 
third cervical vertebrae with loss of normal disc space and a 
resultant kyphotic deformity at this level.

An urgent magnetic resonance imaging scan (MRI) of the 
spine showed a destructive second cervical vertebral body 
(C2) lesion (4.1 cm × 2.9 cm) extending into the odontoid peg 
as well as posterior elements (Figure 1a). Anterior 
subligamentous extension and anterior angulation of the 
upper cervical spine was also found. There was upper 
cervical cord compression with increased signal intensity at 
C1–C2, as well as encasement of both vertebral arteries by the 
lesion. The initial differential diagnosis included a metastatic 
bone lesion, lymphoma, tuberculosis (TB) of the spine or a 
vertebral chordoma.

The patient was immediately placed in cervical spine traction. 
A staging CT scan of the chest, abdomen and pelvis was 
performed in view of the possibility of metastatic carcinoma 
of unknown primary. This showed only markedly distended 

large bowel to the level of the rectum, most likely neurological 
in origin. An erect abdominal X-ray showed dilated bowel 
loops with no air-fluid levels, and a diagnosis of neurogenic 
ileus was made, which was managed conservatively. No 
other primary or metastatic cancerous lesions were seen on 
the CT scan. A repeat X-ray after 4 days showed no change in 
the degree of kyphosis, although the patient reported an 
improvement in motor function.

After 14 days of traction, the patient underwent a posterior 
surgical decompression, cranio-cervical fusion and partial 
resection with biopsy of the C2 vertebral lesion. An urgent 
MRI was requested on day 1 post-operatively because of an 
unexpected worsening of motor function in all extremities. It 
demonstrated remnants of the C2 tumour mass now causing 
compression of the spinal cord because of the correction of 
the kyphosis. The patient was immediately taken for revision 
surgery with clearance of the spinal cord and improvement 
in neurological function. At discharge, she mobilised 
unassisted with complete resolution of her bowel and 
bladder symptoms and required only tramadol and 
paracetamol for pain control.

The histomorphology of the tumour was consistent 
with  giant cell tumour of bone with no sarcomatous 
transformation. No features of TB infection were found. 
Sections showed solid sheets of mononuclear cells that 
were round, ovoid and slightly spindled in regions, as well 
as regularly interspersed osteoclast-like multinucleated 
giant cells. Immunohistochemistry for the pathognomonic 
G34W mutation was not performed because of resource 
constraints and the radiology and histomorphology being 
diagnostic in this case.

The patient was referred to the oncology division 2 months 
after her initial surgery for consideration of adjuvant 
radiotherapy because of incomplete resection. On her first 
oncology visit, she had normal power in all her extremities, 
no faecal or urinary incontinence, and her systemic 
examination was unremarkable. She was using tramadol and 
paracetamol regularly for pain control. The potential benefits 

FIGURE 1: (a) Pre-operative sagittal magnetic resonance imaging (MRI) scan 
showing lesion in second cervical vertebra (C2) and associated spinal cord 
compression; (b) sagittal MRI scan at 22 months of denosumab therapy showing 
reduced tumour size with interval sclerosis and normal cord signal.
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and risks of adjuvant radiotherapy were discussed with the 
patient in detail and weighed up against the risk of local 
recurrence in this high-risk tumour location. This included 
the chance of reducing local recurrence with RT and the risk 
of RT-induced myelopathy. The small risk of malignant 
transformation of the GCTB with the use of RT was also 
discussed. At the time the oncology team and the patient felt 
that the risk benefit ratio for RT was too high. An alternative 
option was using denosumab post-operatively as continuous 
tumour control therapy. Denosumab is unfortunately not 
funded in the SA public health sector and was prohibitively 
expensive to buy out of pocket for this student. A 
motivation was written to hospital administration for special 
consideration to fund denosumab for this patient, which was 
accepted.

A pretreatment 18-Fluoro-deoxyglucose (FDG) positron 
emission tomography-computed tomography (PET-CT) 
scan  was performed to establish a radiological baseline 
(Figure  2a).  This showed moderate FDG uptake in a 
destructive lesion in the vertebral body, odontoid process, 
and posterior elements of C2 and C3, with a residual soft 
tissue component and spinal canal stenosis. Baseline 
dental health, renal function and serum calcium levels 
were assessed. The patient was administered subcutaneous 
(SC) denosumab at 120 mg on day 1, day 8 and day 15 for 
the first month as a loading dose, and  then 120 mg SC 
every 4 weeks. Oral calcium and vitamin D supplementation 
was given to reduce the risk of hypocalcaemia.

Periodic FDG PET-CT and MRI scans at month 7, month 13, 
and month 22 (Figure 1b and Figure 2b) have shown 
continued reduction in the size of the C2 lesion, signs of 
continuing benign bone remodelling, and reduction in 
myelopathic cord signal over time. At the time of writing 
this report, the patient is on her 41st month of SC denosumab 
therapy. The patient tolerated  denosumab well and only 
complained of occasional paraesthesia in the left arm. 
Serum calcium levels have remained normal. She is 
functioning independently and has resumed her tertiary 
studies. There is currently no plan to stop her denosumab 
therapy.

Discussion
Giant cell tumours of bone are extremely rare and the 
cervical vertebrae are reported to be among the less common 
sites. The rarity of GCTB in this location, the fact that it has 
the highest incidence in 20-year olds – 40-year-olds,3,4 and 
its initial presentation with neck pain make clinical 
suspicion for GCTB low. X-ray imaging showing lytic bone 
changes would increase suspicion. In the South African 
Adult Primary Care treatment guideline for neck pain in the 
absence of high-risk features (neurological fall-out, trauma, 
features of meningitis, escalating pain), an X-ray should be 
performed if neck pain persists for 6 weeks in an otherwise 
well person under the age of 50 years. Our patient had non-
specific neck pain for 18 months before developing severe 
neurological deficits from spinal cord compression, after 
which she was referred for imaging.

The lowest rate of local recurrence in GCTB is achieved with 
wide surgical resection, but this is more feasible in long bones 
sites. In the spine, wide resection and the use of adjuvants after 
curettage can potentially damage important neurovascular 
structures and result in severe morbidity.18 Alternative options 
to upfront surgery are embolisation, definitive radiotherapy or 
upfront denosumab.7 Our patient was diagnosed late with 
significant neurological compromise and a threatened spinal 
cord, which necessitated urgent decompressive and stabilising 
surgery. Because of the location of the GCTB in C2 with 
extensive surrounding of the vertebral arteries, an en bloc 
resection was not feasible. This placed her at high risk of local 
recurrence.

Limited data are available on the use of adjuvant radiotherapy 
after incomplete resection of spinal GCTB with no definitive 
data on local recurrence risk reduction.10 Although GCTB are 
radiosensitive tumours, high RT doses above 50 Gy are 
generally recommended.7 As a result of the lesion encircling 
the cervical spinal cord, it would have been impossible to 
keep the dose to the cord below the recommended tolerance 
dose to prevent RT-induced myelopathy.19 Although 
malignant transformation rates after RT up to 11% have been 
reported in older cohorts, modern series using megavoltage 
RT report rates of < 1%.8,10,11,20 In our case, the risk of RT 
toxicity and the lack of strong evidence for tumour control 
led us to reject this option.

The administration of denosumab after surgery for GCTB 
remains investigational, with the only reports on this 
treatment approach being of the continuation of denosumab 
for about 6 months after neoadjuvant denosumab and 
surgery.13,21 In our case, denosumab presented the only 
feasible adjuvant treatment option after incomplete surgical 
resection. It was made clear to the patient that such treatment 
would have to be life-long, as evidence for recurrence rates of 
26% – 40% after cessation of long-term denosumab has 
been  reported.13,22 In the light of the fact that the patient is 
of child-bearing age, contraception is of vital importance, as 
denosumab cannot be given during pregnancy. The risk of 
malignant transformation because of denosumab was 

a b

FIGURE 2: (a) Post-operative 18-Fluoro-deoxyglucose (FDG) positron emission 
tomography-computed tomography (PET-CT) scan prior to denosumab therapy 
showing moderate uptake in the second to third cervical (C2-C3) vertebra; (b) FDG 
PET-CT after 7 months of denosumab therapy showing decreased FDG avidity.
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considered low as the study that led to its FDA approval 
demonstrated a rate of true malignant transformation after 4 
years of < 1%, with patients being on treatment for a median 
of 20 months.13,23 In patients treated with surgery alone 
transformation rates of 4% – 8% have been reported.8

Conclusion
This case study highlights the significant challenges 
involved in managing a young patient with an irresectable 
GCTB in the cervical spine, beginning with delays in 
establishing a diagnosis to selecting the optimal treatment 
approach. Despite obtaining good radiological and clinical 
improvement with postoperative denosumab therapy in 
this case, there remains uncertainty regarding the optimal 
duration of therapy and risk of long-term complications. 
Denosumab can be useful in the management of irresectable 
GCTB, but access is currently cost-prohibitive in low- and 
middle-income countries.
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