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Introduction

Giant cell tumor (GCT) is a benign but locally aggressive bone
tumor that usually involves the end of long bones. It is a
relatively common neoplasm in patients, constituting 5 to
10% of all benign bone tumors.1,2 Most of these tumors occur
in the long bones in the epiphyseal segment within the bone
marrow of the bone. In the long bones, they tend to occur at
the distal femur, proximal tibia, proximal humerus, and distal
radius.3

The pathologic hallmark of this lesion is a pattern of
osteolytic destruction. There are, however, similar bony
tumors that can mimic the clinical presentation of these
lesions. The differential diagnosis of a GCT is therefore wide
and consists of giant cell reparative granuloma, chondroblas-
toma, aneurysmal bone cyst, and enchondroma. Giant cell
reparative granulomas are known to have a more benign
course,with complete cure following surgical curettage alone.

GCTs, in contrast, have a high recurrence rate of 40 to 60%4

with a 10% risk for malignant transformation. Despite benign
histology, 1 to 4%metastasize to the lungs.5Approximately 2%
of GCTs occur in the craniofacial skeleton with a predilection
for the ethmoid, sphenoid, and temporal bones.6 The skull
base location is unique and not commonly described.

Clinical Features: Signs and Symptoms of the
Skull Base

Hearing loss, headache, tinnitus, and subcutaneous masses
are the most commonly reported symptoms in GCTs of the
skull base.7,8 Findings on examination areminimal including
micro-otoscopy because these tumors originate in the
deeper structures of the temporal/sphenoid bone. Facial
nerve and lower cranial nerve involvement has been ob-
served in advanced stages of the disease; pain is an
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Abstract Giant cell tumor (GCT) is a benign but locally aggressive bone tumor that usually
involves the end of long bones. It is a relatively common neoplasm in patients,
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bones. The skull base location is unique and not commonly described. Hearing loss,
headache, tinnitus, and subcutaneous masses are the most commonly reported
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of a GCT within the internal auditory canal causing cranial neuropathy and review the
recent pertinent literature.
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uncommon complaint.7 Hearing loss can be either conduc-
tive due to involvement of the middle ear or sensorineural
due to involvement of the otic capsule.8 Radiographically,
these tumors occupy the middle cranial fossa, the temporo-
mandibular joint, and the infratemporal fossa. Computed
tomography (CT) andmagnetic resonance imaging (MRI) are
used to evaluate the extent of bony erosion and the extent of
soft tissue involvement.4 GCTs typically are hypointense on
T1 and T2 and enhance with the administration of gadolini-
um.4 GCTs rarely exhibit calcifications; however, when
calcifications are present, other pathology should be con-
sidered such as chordoma, craniopharyngioma, meningio-
ma, and chondrosarcoma.9

In this case report study,we report thefirst description of a
GCT within the internal auditory canal (IAC) causing cranial
neuropathy.

Case Report

Patient is a 47-year-old woman who presented to the
neurosurgery clinic with significant headache, dizziness,
and right ear pain. She reported complaints of a dramatic
decrease in hearing in her right ear and disabling tinnitus
over the course of the past year. She had no past medical
history.

Physical Examination
Results of her general physical and neurologic examination
were unremarkable, except for mild sensorineural hearing
loss in her right ear and a positive Romberg sign. Her facial
nerve function was intact with no signs of facial asymmetry.
Her audiometric evaluation disclosed a 4% discrimination
score and a 35 to 50 Db mild to moderate downsloping
sensorineural hearing loss in her right ear with word recog-
nition significantly lower than would be expected given her
pure tone thresholds.

Laboratory Values
All preoperative basic chemistry and hematologic laboratory
values were within normal limits. Calcium, magnesium, and
phosphorus were also within normal limits.

An MRI was performed that revealed an enhancing lesion
at the level of the right cerebellopontine angle cistern (CPA)
with extension into the right IAC (►Fig. 1). Our institution
typically performs CT scans on CPA lesions to evaluate the
bony anatomy, for preoperative planning, and we prefer to
fuse the CT and MRI scans in stereotactic operative guidance
systems. The CT scan of the right IAC demonstrated a lytic
lesion involving the right temporal bone and the posterior
wall of the right IAC. The lesionmeasured 1.3 � 1.2 � 0.8 cm.
The lesion involved the medial aspect of the vestibular
aqueduct but spared the vestibule, semicircular canals, and
cochlea. The mass was inferior to the intracanalicular por-
tions of cranial nerves VII and VIII complexes. The presump-
tive diagnosis based on imaging was meningioma, however;
aneurysmal bone cyst, osteosarcoma, vestibular schwan-
noma, and brown tumor of hyperparathyroidism (lower
suspicion based on normal serum calcium) were also consid-
ered in the differential diagnosis.

Operation
Based on the patient’s clinical deterioration in hearing,
persistent headaches, and vertigo, and the atypical appear-
ance of bony destruction on CT scan, a discussion with the
patient outlined the necessity for operative intervention. A
decision was made to proceed with skull base tumor resec-
tion. The surgery would entail a right presigmoid/retrolabyr-
inthine approach combined with posterior (retro) sigmoid
approach. The patient was placed supine with a shoulder roll
and placed in a Mayfield head holder. Somatosensory evoked
potentials and motor potentials were attached as well. The
combined retro/presigmoid craniectomywas performed, and
the IAC was exposed. The inferior and superior aspect of the

Fig. 1 Axial contrast-enhanced magnetic resonance imaging demonstrating a uniformly enhancing lesion involving the right cerebellopontine
angle cistern with extension into the right internal auditory canal. The imaging lead to a presumptive diagnosis of a meningioma. However, a dural
tail was not identified, raising the suspicion for an alternative pathology.
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tumor was removed and the IAC was skeletonized from
within the temporal bone. Intraoperatively it appeared that
a gross total resection (GTR) was achieved. Neurophysiologic
monitoring demonstrated a drop in facial motor potentials at
the end of the case. The tumor had a soft and granular
consistency. A frozen section was sent intraoperatively, and
the preliminary report stated the tissuewas consistent with a
meningioma (►Fig. 2).

Surgical Pathology
The surgical pathology report identified the specimen as
consisting of multiple tan/brown soft tissue fragments ag-
gregating up to 2.0 � 1.2 � 0.4 cm. Microscopy revealed the
lesion to be composed of a proliferation of monomorphic
spindle and plump epithelioid cell proliferation admixed
with numerous multinucleated giant cells (►Fig. 2). The
mitotic rate was up to 4 per 10 high power fields. There
was no significant atypia, coagulative tumor cell necrosis, or
neoplastic osteoid, thus ruling out osteosarcoma. Also, mi-
croscopy did not demonstrate honeycombed blood-filled
spaces that would have been consistent with an aneurysmal
bone cyst. Immunohistochemistry showed immunoreactiv-
ity for CD 68 in both the multinucleated giant cells and a
proportion ofmononuclear cells (figure inset). The cellswere
negative for epithelial membrane antigen and progesterone
receptor. Negative immunoreactivity for epithelial mem-
brane antigen and progesterone receptor ruled out a me-
ningioma. The morphological and immunophenotypic
features were consistent with a giant cell rich fibrohistio-
cytic lesion. Furthermore, with normal parathyroid function

and calcium levels, brown tumor of hyperparathyroidism
was also ruled out.

Postoperative Course
The patient awoke from anesthesia with a right-side facial
nerve palsy, consistent with a House-Brackmann grade IV.
She was started on high-dose dexamethasone that was
tapered over a week. Her hearing postoperatively was stable,
and she is pending formal audiometric evaluation. Of note,
the patient’s vertigo did improve postoperatively with abate-
ment of her Romberg sign and dizziness. On postoperative
follow-up 6weeks later, the patient had improved to a House-
Brackmann grade III with independent eye closure. There
were no signs of postoperative cerebrospinal fluid leak, either
clinically with clear fluid egress, or radiographically with air
or fluid on imaging, 6 weeks postoperatively.

Discussion

GCTs commonly involve the sphenoid and temporal bones in
the craniofacial skeleton.6 We report here this first descrip-
tion of a GCT primarily affecting the IAC and causing cranial
neuropathy. This skull base location and proximity to the
cranial nerves presents several challenges in their surgical
management. Because GCT is primarily a locally aggressive
tumor and rarely metastasizes, the most common treatment
paradigm involves local curettage and a wide excision. This
becomes more difficult, however, when the bony margins
involve the skull base and cranial nerves. This complicates
treatment of the GCT in the craniofacial skeleton as opposed

Fig. 2 Photomicrograph showing proliferation of monomorphic plump spindle cells, admixed with multinucleated giant cells (hematoxylin and
eosin: magnification �200). Inset shows immunoreactivity for CD68 in the multinucleated cells as well as the spindle cells (avidin-biotin-
peroxidase magnification �200). Findings were consistent with giant cell tumor.
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to GCTs in long bones. Despite GTR, GCTs still recur locally in
10 to 50% of patients as reported in some clinical series.10

Due to the location of these tumors and their propensity to
recur locally, complete excision without damage to regional
critical structures, especially cranial nerves, is challenging.
Tumor removal in a complete fashion is the goal of the
treatment because recurrence in these areas will necessitate
revision surgery that increases the chance of cranial nerve
injury aswell as local recurrence. However,when the tumor is
large, internal debulking is necessary.11 Therefore it is imper-
ative that the first surgical resection be directed at GTR with
preservation of neurovascular structures. In the temporal
bone this is particularly important given the sensitivity of
the cochleovestibular nerve and the complex course of the
facial nerve.

Staging

GCTs are often characterized by extent of invasion prior to
operative planning. Stage I tumors are located within a small
area in the bone; stage II tumors are expansile within the
cortex. Stage III tumors are defined as having breached the
cortex and extending into the adjacent soft tissues.12

Histopathology and Cell Biology

GCTs are characterized by uniform layers of ovoid mononu-
clear cells interspersed with multinucleated osteoclast-like
giant cells, which is a pathognomonic histologic sign of this
tumor.11–13 GCTs consist mainly of three cell types14: spindle
shaped cells, mononuclear cells,15 and multinucleated osteo-
clast-like giant cells.15,16 The osteoclast-like giant cells and
their precursors express a receptor activator of nuclear factor
κB (RANK). The mononuclear cells express the RANK ligand
(RANKL)17 that is essential to osteoclast function, formation,
and survival. It is theorized that the recruitment of osteoclast-
like giant cells is related to the expression of RANKL and that
the giant cellsmediate the osteolytic nature of the tumor.17–21

This finding has led to treatment paradigms targeting the
RANKL.

Emphasis has been placed on the differentiation between
the giant cell reparative granuloma and GCT due to the
proposed differences in their nature and clinical course.22

These differences are based mostly on the clinical behavior of
GCTs in long bones. However, there have been case reports of
giant cell reparative granulomas in the skull base mimicking
intracranial tumors.23Hence it is necessary to understand the
pathology and differences in the treatment of GCT and giant
cell reparative granulomas. Giant cell reparative granulomas
are known to have a more benign course, with complete cure
following surgical curettage alone. GCTS, in contrast, have a
high recurrence rate of 40 to 60% with a risk for malignant
transformation and potential to metastasize ranging from 1%
to 9%, with the lung the most common location for
metastases.4

Although most literature is on GCTs of long bones, bi-
sphosphonates and other antiosteoclastic drugs have shown
efficacy in various trials for treating local and metastatic

GCTs.12 Tse et al administered two doses of intravenous
bisphosphonate before surgery and at 3 to 4 weeks between
each dose for three doses and 3 months of additional oral
bisphosphonate therapy. In the treatment group, 4.2% devel-
oped local recurrence; in the control group, 30% developed
recurrence.12 It is hypothesized that bisphosphonate use
results in apoptosis of GCT cells that can be used as an adjunct
to surgical resection.24

Intraoperatively, it is difficult to distinguish GCT from
other pathology based on gross appearance and texture. If
GCT is suspected based on radiographic features, the pathol-
ogist should be notified before frozen sectioning.

Origin in the Skull Base

The skull is an uncommon location for GCTs. The GCTs arise
from nonosteogenic stromal cells of bone marrow at the
epiphysis in cartilaginous bone.25 The temporal bone consists
of squamous and petromastoid components. GCTs are found
to develop from petromastoid temporal bone more so than
the squamous temporal bone.26 The radiologic and clinical
features in our case favor the origin from the petrous portion
of the temporal bone. It is still the belief of some authors that
GCTs and giant cell reparative granulomas (GCRGs) encom-
pass a single disease process that is influenced by both the age
of the patient and the site of occurrence.27

The first case of GCRG in the temporal bone was reported
by Hirschl and Katz.28,29 Some specimens have distinct
histologic features of either GCT or GCRG, but there may be
similarities in themicroscopic appearances of others.30 These
overlapping lesions reconfirm the hypothesis that GCT and
GCRG may be a single spectrum of pathology. Trauma has
been implicated in the etiology of both GCTs and GCRGs, as in
the present case, and suggests a correlation between the two
lesions.31 Few GCTs have been reclassified as GCRGs due to
the confusion in these lesions in thehead and neck region. It is
still a possibility that lesions following trauma are not true
neoplasms and those giant cell granulomas that lack the
history of trauma are true neoplastic lesions.

GCTs are uncommon in the skull and comprise <1% of all
reported bone tumors.32,33 Moreover, GCTs commonly in-
volve the sphenoid and temporal bones of the middle cranial
fossa that are formed by the enchondral bone.26 From a
histologic perspective, GCTs are a benign lesion; however,
when located in the skull base or sphenoid bone, these locally
aggressive tumors can be clinically devastating due to their
aggressive local destruction and their proximity to vital
neurologic structures.34–36 GCTs that present in the skull
base are surgically challenging lesions, and the use of adju-
vant therapy with external-beam radiotherapy has been
reportedwithout clear benefit and without obvious radiolog-
ic regression.37 More research is needed in radiation as a
treatment for GCT. As reported in the literature, the lack of
efficacy of radiation on GCT has led authors toward surgical
management as their primary modality of treatment for GCT,
despite the morbidity as noted in our case presentation.

As an alternative to radiotherapy, bisphosphonate treat-
ment for GCTs has been proposed in the literature as well,
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with data showing lower local recurrence and promising
outcomes.12,24 However, this modality needs further clinical
evaluation.

Treatment

In a reviewof the head and neck/skull base literature, surgery
is still the definitive treatment modality for GCTs. Approxi-
mately 80% of patients with primary GCTs (craniofacial and
long bone) have surgically amenable lesions; however, the
morbidity associated with surgery is substantial, especially
with regard to GCTs of the skull base. The reported recur-
rence rate is 10 to 75% depending on the location and size of
the lesion, as well as the extent of surgical resection.38,39

There is a paucity of literature on recurrence of skull patients
with GCT lesions who are not amenable to surgical resection
and have limited treatment options. Arterial embolization
and radiation therapy are treatment possibilities, although
radiation can lead to transformation of GCTs to high-grade
sarcomas, or it can lead to development of secondary malig-
nancies.40 Reports have shown that patients with pulmonary
GCT metastases have favorable life expectancies; however,
distant metastases of GCTs have not been shown to respond
to chemotherapy and carry a poor prognosis.41

Causative Factors

Although the etiology of GCTs is uncertain, current theories
for the origin of GCTs include neoplastic, toxic, allergic,
genetic, inflammatory, and traumatic causes.42,43 True neo-
plastic lesions are thought to originate from the connective
tissue of bone, whereas inflammatory lesions are thought to
arise from the periosteum. Differentiating periosteal lesions
from marrow or soft tissue lesions, either clinically or radio-
graphically, is challenging due to the size of the tumor at
diagnosis.44 Thus there is debate on the etiology of GCTs and
whether theyare inflammatory reactions as opposed to a true
neoplastic lesion.45 Haque and Moatasim describes GCTs as a
nonneoplastic condition that is a reactive process resulting
from weak local vasculature in the bone.45

Radiology

Radiologic features of GCT can help establish a diagnosis. GCTs
typically demonstrate a meta-epiphyseal location with an
extension into subchondral bone.4 On temporal bone CT,
GCTs are identified as osteolytic lesions with a soft tissue
component resulting in bony erosion and distinct margins.46

GCTs have been described as having a “soap bubble appear-
ance” on CT scan as well.47 Although CT scan is essential for
the delineation of bony anatomy and erosion, MRI is the
diagnostic modality of choice for GCTs. Both cystic and solid
components of the lesion can be observed onMRI. Lesions are
typically isointense on T1 and low to intermediate intensity
onT2,with heterogeneous enhancement after administration
of intravenous gadolinium.4,48

The CT scan in our patient revealed smooth expansion of
bonewith areas of bone destruction and a characteristic soap

bubble matrix.47 Also the lesion was isointense to the sur-
rounding brain parenchyma on both T1- and T2-weighted
images with intense postcontrast enhancement.

GCTs have shown increased uptake of technetium-99m;
however, it is both a nonspecific and unreliable marker in
defining extent of tumor, and its use is limited tometastatic or
multicentric GCTs.49 Positron emission tomography (PET)
scans have demonstrated utility in the diagnosis of malignant
and recurring GCTs, in addition to surveillance imaging for
monitoring response to therapy.49

Emerging Treatments

As described earlier, the expression of the RANKL has been
implicated in giant cell recruitment and the osteolytic nature
of GCTs. New therapy has been directed at inhibiting the
RANKL.

Denosumab is a fully human monoclonal antibody that
specifically inhibits RANKL, thus inhibiting osteoclast-
mediated bone destruction.13 Denosumab has demonstrated
suppression of bone turnover in patients with multiple mye-
loma, breast and prostate cancer, bone metastases, and osteo-
lytic bone disease.50–53 Current studies are investigating the
efficacy of denosumab in patients with GCT. With its mecha-
nism of inhibition of RANKL, it may inhibit bone destruction
and eliminate giant cells.13 PET/CT may be the ideal imaging
study to ascertain serial progression to treatment.

Surgical Management

Surgical resection remains the mainstay and primary treat-
ment modality of GCTs of the head, neck, and long bones.
GCTs of the skull base present a challenge due to the complex
anatomy and intimate nature of the neurovascular elements.
GTR with preservation of the facial nerve and lower cranial
nerves is the goal of surgery, although with GCTs of the
temporal bone, GTR may not possible. In our case, GTR was
attempted; however, there was compromise of the facial
nerve. The surgical approach to the tumor must be evaluated
on a case-by-case basis. For tumors involving the temporal
bone, some authors have advocated an infratemporal fossa
approach, and for tumors involving themiddle cranial fossa, a
combined middle fossa and infratemporal approach has been
suggested.7 The surgical treatment of choice is intralesional
curettage, burring with a high-speed drill, and packing with
bone cement (polymethyl methacrylate). Furthermore, some
authors suggest chemical adjuncts, if applicable, such a
hydrogen peroxide or phenol.38 Balke et al reports a reduc-
tion of recurrence rate by a factor of 28 with the addition of a
chemical adjunct.54

Radiation

Postoperative radiation for subtotal resection remains con-
troversial.55 In a case series by Roeder et al, the authors
concluded intensity-modulated radiotherapy (IMRT) is a
feasible option for subtotal resection of GCTs, noting 4 of 5
patients with symptom relief and local control.56
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Furthermore, in a reviewof GCTof the sphenoid and temporal
bones, Glasscock andHunt noted recurrence rates of 60 to 70%
when radiotherapywas used as a single modality.57 Typically,
radiation should be reserved for those patients who are not
surgical candidates, haveGCTs not amenable to surgery due to
location and procedural risk, or have multiple recurrences
after surgical resection. More research is needed to delineate
the role of radiation in the management of GCTs.

Conclusion

In this case report study we report the first description of a
GCT within the IAC causing cranial neuropathy. GCTs are
locally aggressive benign lesions that occur in long bones,
with 2% occurring in the craniofacial skeleton, most common-
ly within the sphenoid and temporal bones. Patients may
present with facial nerve symptoms and hearing loss late in
the presentation of the disease. GTR remains the mainstay of
treatment; however, in lesions of the temporal bone this may
not be feasible. Postoperative cranial neuropathy and/or
weakness may occur from the extensive bony involvement.
This may happen even in a delayed fashion. Local recurrence
correlates with the size of the lesion and the extent of
resection and curettage. Although controversial, IMRT may
be a possible treatment modality for subtotal resection and
should be investigated further. Emerging technologies for
treatment are being developed and may provide improved
patient outcomes.
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