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Abstrct 

Giant cell tumours (GCT) of the skull base account for approximately 1% of 
all GTC of the bone. Despite being considered as a benign neoplasm, they 
are locally aggressive with high recurrence rates after incomplete surgery. 
Due to the small number of cases reported in skull base, standardized treat-
ment remains unclear. Even with new surgical techniques, a complete resec-
tion in skull base tumours is not always possible without functional com-
promise. Therefore, adjuvant therapy is essential to enhance local control 
and quality of life. We described a case treated successfully with primary 
surgery followed by Cyberknife stereotactic radiosurgery (SRS) and deno-
sumab with a 48-month follow-up. To the best of our knowledge, the usage 
of combined therapy, SRS and denosumab, in skull base GCT has not been 
previously described. 
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1. Introduction 

Giant cell tumour (GCTs) of the bone are defined as a benign but locally aggres-
sive primary neoplasm, representing approximately 5% of all skeletal tumors [1], 
which usually occur in the epiphyses of the long bones, particularly the distal 
femur, proximal tibia and distal radius. GCT involving the skull account for less 
than 1% of all GCT reported, commonly observed in the sphenoid or temporal 
bone [2]. Due to the small number of cases reported in this location, standar-
dized treatment remains unclear [3] [4]. Surgery is considered a priority to pre-
vent local recurrence; however, this anatomical location not always allows per-
forming a complete resection of the tumour [5]. Adjuvant therapy has changed 
over the past years, mainly with the use of modern radiotherapy techniques and 
the discovery of a specific monoclonal antibody improving quality of life and 
survival in these patients. We report a case of GCT of the clivus and petrous 
bone, an extremely rare entity, treated with primary surgery followed by stereo-
tactic radiosurgery and denosumab. 

2. Case Report 

History and Examination 
A 34-year-old male with a three-month history of progressive right-sided 

hearing loss without any medical treatment, in June 2012, developed secondary 
dizziness, tinnitus and right facial palsy. His medical history was otherwise 
noncontributory and had no prior surgeries. Physical examination revealed right 
peripheral facial nerve palsy (CN VII) and deficit of the right vestibulocochlear 
nerve (CN VIII). No abnormalities in the trigeminal (CN V) and abducens (CN 
IV) nerves were seen. Audiogram revealed moderate mixed hearing loss on the 
right. Magnetic resonance imaging (MRI) of the brain showed an expansive, ra-
diolucent, lytic mass with irregular shape involving the petrous bone, clivus and 
sphenoid body (Figure 1). 

Treatment description 
 

 
Figure 1. Initial MRI of giant cell tumour. Coronal maximum intensity projection (MIP) with contrast 
revealing an irregular expansive tumour with heterogeneous enhancement (a). Axial T1 with contrast (b) 
and T2 (c) presented an irregular tumor from the right petrous bone and clivus extending to the sphenoid 
body. 
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The patient underwent a two-stage surgery, first a right temporal craniotomy 
and osteotomy of the zygomatic arch with a partial resection of the tumor in-
cluding the anterior wall of the petrous bone, followed by endoscopic transnasal 
trans sphenoidal resection. A slightly hard and poorly vascularized mass was 
partially resected. The patient’s postoperative course was uneventfully. Histopa-
thology revealed a tumour composed of multinucleated giant cells in a prolifera-
tive spindle cell stroma. Stromal cell showed occasional mitotic figures with 
areas of osteoid production and hemorrhage. Immunostains for CD68 and Vi-
mentin were positive in the multinucleated giant cells and stroma. Features that 
may suggest an aggressive lesion were not identified. The histopathology diag-
nosis was giant cell tumour (Figure 2). 

To reduce local recurrence due to subtotal resection, he received adjuvant ste-
reotactic radiosurgery (SRS) using the CyberKnife® system with a safety margin 
(clinical treatment volume CTV 20.6 cc) and a total dose of 20.1 Gy in 3 frac-
tions, followed by subcutaneous injections of 120 mg of denosumab adminis-
tered monthly for the first year, then every 3 months during the second year and 
every 6 months from the third year to the current date. He also received daily 
supplements of calcium 600 mg and vitamin D 400 IU. 

Follow-up 
Follow-up has been performed for 48 months with both clinical and imaging 

evaluation. After radiosurgery presented Radiation Therapy Oncology Group 
(RTOG) toxicity criteria grade 1, due to tiredness but fully functional status, no 
late toxicity was observed during the follow up. The patient has not submitted 
any side effects of the drug and clinically continues with right-sided hearing loss  
 

 
Figure 2. ((a), (b)) Histopathological findings showing multinucleated giant cells dispersed in a prolifera-
tion of spindled cell stroma (hematoxylin and eosin stain, magnification × 100). ((c), (d)) Some mitotic 
figures in mononuclear stromal cells were observed with areas of osteoid production (hematoxylin and 
eosin stain, magnification × 200). 
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but the facial palsy disappeared. MRI examination demonstrated a progressive 
regression of the tumour volume throughout the years (Figure 3). A tumor re-
sponse diagram was performed, demonstrating a 65% tumor volume reduction 
compared to the post operative image and 71% reduction compared to the initial 
MRI (Figure 4). 
 

 
Figure 3. Radiological response of giant cell tumour of the skull base. Postoperative coronal and axial T1 magnetic re-
sonance imaging ((a), (d)) showing a residual tumor with zones of poor gadolinium enhancement. Followed by tumor re-
gression observed twenty-four ((b), (e)) and forty-eight ((c), (f)) months after stereotactic radiosurgery and denosumab. 

 

 
Figure 4. Tumor volume response diagram throughout the years. Initial volume 
described as the postoperative volume. 
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3. Discussion 

GCT are a primary bone tumor generally considered histologically benign, but 
locally aggressive, which typically occur in the epiphyses of long bones, rarely 
seen in the cranium. Skull base involvement is unique and only described in case 
reports [3] [6]. Uslu et al. reported a total of 115 cases available in literature of 
GCT of the cranium, most of them observed in the sphenoid and temporal 
bones [6]. We report a rare case of GCT affecting the petrous bone, clivus and 
sphenoid body. 

The age of presentation is usually between 20 and 40 years with the predo-
minance in females and Asian population [7]. The clinical symptoms vary wide-
ly depending on tumor location. Hearing loss, headache, tinnitus and dysfunc-
tion of the cranial nerves are the usual modes of presentation in skull base in-
volvement [8]. In our patient, despite the location of the tumor, the sixth and 
fifth cranial nerves were preserved with affection of the eight and the seventh 
cranial nerves. 

Radiological features alone are insufficient to make an accurate preoperative 
diagnosis. CT scan demonstrates a slightly hyper dense lytic lesion with en-
hancement after contrast infusion. MRI demonstrates both cystic and solid 
components usually hypo intense or iso intense on T1 and T2 with heterogene-
ous enhancement after gadolinium infusion. The differential diagnosis should 
include “brown tumor” of hyperparathyroidism, eosinophilic granuloma, chor-
doma, aneurysmal bone cyst, plasmacytoma and chondroma [9]. 

GCT’s histopathology consists of spindle mononuclear stromal cells, which 
are the true neoplastic component, multinucleated giant cells and monocyte/ 
macro-phage family cells. The spindle stromal cells secrete the Receptor Activa-
tor of Nuclear Factor Kappa-B-Ligand (RANKL) affecting the immune system 
and control bone regeneration and remodel by binding RANK, a receptor ex-
pressed on the surface of the multinucleated giant cells [10]. This finding has led 
to therapeutic targeting as Denosumab, a fully human monoclonal antibody 
against RANKL recently approved by the Food and Drug Administration (FDA) 
and by the European Medicines Agency (EMA) for GCT [10] [11]. 

Surgical excision remains the treatment of choice but with recurrence rates up 
to 40% - 60% correlated to the tumor size and extent of surgical resection [12]. 
Despite the improvements in surgical techniques, complete tumor removal 
without functional deficits remains challenging in skull base lesions, as seen in 
this case [13]. Therefore, considering both the possibility of incomplete resection 
and high recurrence rates, adjuvant therapy is considered necessary for local 
control. 

Radiation used as a single modality or adjuvant therapy remains controversial 
because of low rates of local control, concerns about side effects and induction of 
malignant transformation [13]. However, radiation therapy techniques have strongly 
improved over the last decade, achieving dose escalation with high homogenei-
ty/conformity indices and maximum adjacent tissue sparing. Several studies us-
ing modern radiotherapy techniques (IMRT, RapidArc and radiosurgery) for 
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GCT reported a good local control rate with marked symptoms reliefs without 
severe toxicity, as well as incident of less than 1% of malignant transformation 
[12] [13] [14] [15]. The recommended dose is 45 - 60 Gy to achieve a long-term 
control of the tumor [3], in this case we calculated a total dose of 20.1 Gy deli-
vered in three fractions of 6.7 Gy each equaling a biologically effective dose of 
approximate 44 Gy. No acute or late radiation side effects were seen during the 
follow-up periods. 

There is limited evidence regarding the use of chemotherapy and it is consi-
dered not active in GCTs [10]. Bisphosphonates agents have shown some activi-
ty in GCTs but are not currently approved due to lack of information and ran-
domized studies [10] [11]. Denosumab results demonstrated long lasting res-
ponses with 96% of progression-free patients at a median follow up of 15 
months and incredible response in the 8 patients with skull base GCTs [16]. 
Chawla et al., reported that denosumab was associated with a great tumour re-
sponse and reduced the need for morbid surgery with only 1% of osteonecrosis 
of the jaw and 5% of hypocalcaemia reported [17]. However, no long term data 
about the recurrence rate, functional outcome and long term toxicity exists so 
far and therefore we need to wait for the final analysis of the phase 2 study that 
has been published only in part at the moment. 

Denosumab alone have shown to work by inhibiting the recruitment and the 
differentiation of giant cell component of the tumour, not directly to the stromal 
cells and tumour re-growth is expected after discontinuation of the drug. This 
strongly suggests the need for prolonged treatment or the used of combined 
therapy to enhance long term local control. Our case illustrates the used of com-
bined therapy, SRS and denosumab after subtotal resection of the tumor, result-
ing in excellent tumour control after 48 months. Further investigation on the use 
of combined therapy for skull base GCTs is necessary to define adjuvant setting 
and treatment duration. 
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