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Chondrosarcomas of the skull base and temporal bone

L R LUSTIG, J SCIUBBA*, M J HOLLIDAY*

Abstract
Objective: To evaluate the clinical presentation and outcomes of treatment for patients with
chondrosarcomas involving the skull base and temporal bone.

Study design: Retrospective review.
Setting: Tertiary medical centre.
Patients: Cases of histologically confirmed chondrosarcoma involving the skull base and temporal

bones.
Intervention: Surgery.
Main outcome measures: Demographic features of presenting patients; presenting symptoms and signs;

surgical approach employed; use of post-operative radiation therapy; histological grade of tumour; and
interval of post-operative follow up.

Results: Twelve patients were identified with chondrosarcomas involving the skull base, with
post-operative follow up ranging from three to 33 years. The average age at presentation was 42 years.
The most common presenting symptoms were diplopia, decreased visual acuity and headaches. Five of
the 12 patients required multiple surgical procedures.

Conclusions: Patients with chondrosarcoma involving the skull base and temporal bone may present in a
variety of ways. Surgical resection, even subtotal, in combination with radiation therapy, can often provide
good tumour control over many years for these rare tumours.
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Introduction

Chondrosarcomas are primary bone neoplasms which
may arise spontaneously in normal bone and seconda-
rily in diseased bone.1 Although they account for
up to one-third of primary malignant bone tumours,
intracranial chondrosarcomas are considerably rarer,
making up less than 1 per cent of all intracranial
tumours.2 The embryology of these tumours explains
their sites of origin.3 Within the skull, they are
believed to arise anywhere that endochondral bone
ossifies intramembranously, leading to a predilection
within the clivus and petrous bone and near the
sella turcica and frontoethmoid region.4 –9 It is
hypothesised that the tumours arise within rests of
fetal cartilage and notochord in these regions, where
the petroclival, spheno-petrosal, petro-occipital and
spheno-occipital synchondroses converge.9,10

Although they more commonly occur spon-
taneously, chondrosarcomas may also arise as a
result of malignant degeneration in endochondro-
mas, seen both in Maffucci’s syndrome (a meso-
dermal dysplasia causing enchondromas and
haemangiomas) and in Ollier’s disease (manifesting

as multiple enchondromas).3,10 They are also
reported to arise in association with Paget’s disease,
osteocartilaginous exostoses and bone trauma.11,12

As a rule, chondrosarcomas are locally invasive
and rarely metastasise, causing injury through com-
pression and invasion of critical structures within
the skull base, including the cranial nerves and the
carotid artery.13 Because of the complex anatomy
of the skull base, margin-free tumour extirpation in
this region is often not possible without significant
morbidity to the patient. As a result, treatment
has focused on local control, using a combination
of surgery and radiation or proton beam
radiotherapy.1,14,15

In an effort to further characterise these uncom-
mon neoplasms, we performed a retrospective
review of patients with chondrosarcomas involving
the temporal bone and skull base, treated at our
institution over the past 30 years.

Patients and methods

We undertook a retrospective review of all patients
with chondrosarcomas involving the skull base and
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temporal bone, treated at our institution over the
past 30 years. Patients were identified through a
review of clinical and operative records and of a
pathology database. Patients were excluded from
the study if there was insufficient clinical data,
including lack of current clinical information
(within the past five years) or clear documentation
in the medical records of the final outcome (e.g.
death). Patients were also excluded if there was not
a clear histopathologic diagnosis of chondrosarcoma.

From the clinical records, data were tabulated on
each patient, including gender, age at presentation,
presenting symptoms and signs, and treatment
(both surgical and radiotherapeutic). Data tabulated
also included length of survival from initial presen-
tation, and whether the patient was currently
either: free of disease (e.g. gross total surgical resec-
tion had been undertaken and there had been a
normal post-operative magnetic resonance imaging
(MRI) screening); alive with disease (e.g. subtotal
resection of tumour, with or without radiation
therapy and persistence of tumour on MRI screen-
ing, or initial gross total resection with recurrence
on MRI); deceased from disease; or deceased from
an unrelated cause.

This study comprised a review of existing clinical
data with patient identifiers removed. It qualified
for exemption from an institutional review board
protocol based upon Department of Health and
Human Services criteria 45 CFR 46.101(b)(4). The
determination that this study was exempt from a pro-
tocol requirement was made by the joint committee
on clinical investigation of the Johns Hopkins
University School of Medicine.

Results

Patient demographics

A total of 12 patients were identified who met all the
criteria for inclusion in this retrospective review
(Table I). There were eight females and four males.
The average age at presentation was 42 years, with
a range of six to 67 years.

Anatomical presentation

The chondrosarcomas involved a variety of structures
throughout the skull base (Table II). The most
common site of involvement was the clivus, in eight
patients (67 per cent). Four patients (33 per cent)
had involvement of the petrous apex, three (25 per
cent) had involvement of the sella turcica with supra-
sellar extension, three (25 per cent) had involvement
of the cavernous sinus, three (25 per cent) had invol-
vement of the sphenoid and three (25 per cent) had
involvement of the ethmoid. Two patients (17 per
cent) had involvement of the orbit, internal carotid
artery and maxilla. One patient (8 per cent) had
involvement of the jugular bulb.

Presenting symptoms and signs

The most common presenting features were diplopia
and facial pain or headache, in association with
cranial nerve deficits (Tables I and II). Diplopia

was due to a VIth cranial nerve deficit in four patients
and proptosis in one patient. Headache or facial pain
was noted in three patients (25 per cent). Other pre-
senting symptoms included visual loss or blindness
(n ¼ 3), facial dysaesthesias (n ¼ 2), a bulging mass
in the nose (n ¼ 1), and otalgia (n ¼ 1). When eval-
uated by cranial nerve deficits at presentation
(Table II), the VIth cranial nerve was the most com-
monly affected (n ¼ 4), followed by the IIIrd (n ¼ 3),
Vth (n ¼ 2), VIIIth (n ¼ 1), IXth (n ¼ 1) and the
Xth (n ¼ 1).

Patients requiring a single operation

All patients underwent some form of surgical exci-
sion of their tumour (Table I). Seven of the 12
patients (58 per cent) only required a single oper-
ation to achieve control of the disease. Of these,
three also underwent post-operative radiation
therapy. Of these seven cases, three had well differ-
entiated (grade one) tumours, three had moderately
differentiated (grade two) tumours and one had a
poorly differentiated (grade three) tumour. All of
these seven patients were free of disease at the time
of writing, after a follow up ranging from five to 33
years from their original presentation. There did
not appear to be any unique anatomical features of
the tumour in these seven (single operation) patients,
as compared with those who underwent multiple
procedures for persistent disease or recurrence (see
below). However, there did appear to be an associ-
ation between the histologic grade of the tumour
and the need for more than one surgical procedure.
Patients with well differentiated tumours (i.e. grade
one) were more likely to require only a single oper-
ation (3/4 patients) as opposed to those with grade
two tumours (2/6 needed only a single operation).
Both patients with grade three tumours underwent
only one operation, although one of these patients
had an inoperable recurrence 17 years later, to
which she subsequently succumbed.

Of these seven patients requiring only one oper-
ation, three underwent anterior approaches
(Table I). Patient six, with maxillary and orbital
involvement, and patient seven, with maxillary,
septal and palatal involvement, both underwent a
mid-face degloving procedure for tumour removal.
Patient 10, with clival and sphenoid involvement,
underwent a transsphenoethmoid approach. Three
of the seven patients underwent laterally based infra-
temporal fossa approaches. Patient three underwent
an infratemporal fossa approach to the skull base
for tumour involving the petroclival region, extend-
ing down to the jugular bulb, and involving the
internal carotid, internal auditory canal and caver-
nous sinus (Figure 1). Patient five underwent an
infratemporal fossa approach and an anterior petro-
sectomy for tumour involvement of the petroclival
junction, cavernous sinus and sphenoid. Patient five
underwent an infratemporal pre-auricular approach
for tumour involving the petroclival junction
(Figure 2). The last patient who required only a
single operation (patient 11) underwent a frontal
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TABLE I

CLINICAL INFORMATION

Patient Gender Structures
involved

Age�

(years)
Presenting
symptoms & signs

Treatment Follow up &
outcome†

Tumour
grade

1 M PA, C, PF 39 HA Craniotomy �3 (1981, 1987, 1997) Multiple recurrences,
last 2001

II

XRT 1982 CN palsies VII–XII
Medialisation thyroplastyþ PEG 1997 FOD @ 22 yrs
Transtemporal resectionþ labyrinthectomy

2001
2 M Eth 6 Bulging mass in nose Excision �3 FOD @ 16 yrs II

Mid-face degloving procedure
3 F C, PA, JB, IAC,

ICA, CS
67 Diplopia (CN VI) Large skull base excision FOD @ 7 yrs II

Dysphagia (CN IX, X) Post-op XRT
Facial dysaesthesia (CN V)

4 F NP, Sph, Eth, C,
Orb, Sella

54 Visual loss (CN III) Bilat mid-face degloving 1995 AWD @ 8 yrs II

Frontal HAs Transantral resection 1999
Otalgia Inferotemporal fossa 2001

5 F PA, C, Sph, CS 23 Diplopia (CN VI) Excision, petrosectomy, removal of sphenoid FOD @ 7 yrs II
Facial dysaesthesia (CN V) Post-op XRT

6 M Max, Orb 64 Proptosis Maxillectomyþ orbital exenteration FOD @ 10 yrs II
Visual loss
Diplopia

7 F Max, septum,
palate

26 Facial pressure & pain Maxillectomy FOD @ 11 yrs III

Reconstruction with fibula free flap
8 F PA, C 44 Diplopia (CN VI) Infratemporal preauricular approach Resolved CN VI palsy I

Disarticulation of mandible FOD @ 5 yrs
ICA decompression

9 F C, Sella, Sph, Eth 37 Blindness (CN III) Excision @ 37 yrs; blind R eye DOD 1973 III
Recurrence 17 yrs later w/ L eye vision

decrease
XRT

10 M C, Sph 54 Diplopia (CN VI) Transsphenoethmoid approach LTF after 30 yrs I
Ataxia

11 F C, Sella 33 Visual loss (CN III) R frontal craniotomy FOD @ 33 yrs I
Calcification on plain films XRT (4500 Rads)

12 F PA, C 51 Temporal HAs Subtemporal/infratemporal fossa
approachþ petrous apicectomy

FOD @ 5 yrs I

Re-exicision for residual tumour @ 2 mths w/
petrous carotid artery mobilisation

�At first presentation. †Length of time is from first operation to time to writing. Yrs ¼ years; M ¼ male; PA ¼ petrous apex; C ¼ clivus; PF ¼ posterior fossa; HA ¼ headache; XRT ¼
radiotherapy; CN ¼ cranial nerve; PEG ¼ percutaneous endoscopic gastrostomy; FOD ¼ free of disease; Eth ¼ ethmoid; F ¼ female; JB ¼ jugular bulb; IAC ¼ internal auditory canal;
ICA ¼ internal carotid artery; CS ¼ cavernous sinus; NP ¼ nasopharynx; Sph ¼ sphenoid; Orb ¼ orbit; Sella ¼ sella turcica; bilat ¼ bilateral; AWD ¼ alive with disease; Max ¼ maxilla;
R ¼ right; L ¼ left; DOD ¼ died of disease; w/ ¼ with; LTF ¼ lost to follow up; mths ¼ months
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craniotomy for tumour in the region of the sella, with
suprasellar extension.

Patients requiring multiple operations

The remaining five patients required multiple oper-
ations due to tumour recurrence or persistence.
Patient one (Table I) required four operations over
a 20 year period. This patient had originally pre-
sented in 1981 with a petroclival chondrosarcoma
extending into the posterior fossa (Figure 3). He
had undergone a large suboccipital, posterior fossa
resection, with post-operative radiation therapy, for
a medium (grade two) chondrosarcoma. He had
two additional recurrences in 1987 and 1997, requir-
ing resection via the same approach. Because of sub-
sequent recurrence within the temporal bone, in 2001
he underwent a complete labyrinthectomy with gross
total tumour removal. At the time of writing, he had
unilateral deficits of cranial nerves VII to XII and
was alive without obvious disease (by MRI) two
years from his last procedure and 22 years from his
initial presentation.

Patient two (Table I) presented with a bulging
nose at the age of six years. Investigations revealed
a chondrosarcoma involving the ethmoid sinuses
(Figure 4). He underwent a mid-face degloving pro-
cedure for excision. However, due to tumour persist-
ence, the patient required an additional operation,
via the same approach, within a year of the initial
surgery. Histopathology demonstrated a moderately
differentiated (grade two) tumour. At his most
recent follow up, 16 years after the initial surgery,
this patient was free of disease.

Patient four (Table I) presented at the age of 54
years with progressive visual loss, headaches and
otalgia. Investigations demonstrated a large chondro-
sarcoma involving the nasopharynx, sphenoid,
ethmoid, clivus, sella turcica and orbit (Figure 5).
The patient originally underwent a mid-face deglov-
ing procedure in 1995. Histopathological analysis of
the tumour identified a grade two chondrosarcoma.
Four years later, because of tumour recurrence, the
patient underwent a transantral re-resection. A
third recurrence two years later led to resection via
an infratemporal fossa approach. Eight years after

TABLE II

STRUCTURES RESPONSIBLE FOR PRESENTING CLINICAL

FEATURES OF CHONDROSARCOMAS

Structure affected Patients (n)

Anatomical location
Clivus 8
Petrous apex 4
Sella 3
Sphenoid 3
Ethmoid 3
Cavernous sinus 3
ICA 2
Maxilla 2
Orbit 2
IAC 1
Jugular bulb 1
Cranial nerve
II 0
III 3
IV 0
V 2
VI 4
VII 0
VIII 1
IX 1
X 1
XI 0
XII 0

Sella ¼ sella turcica; ICA ¼ internal carotid
artery; IAC ¼ internal auditory canal

FIG. 1

(a) Axial and (b) coronal magnetic resonance imaging scans
for patient three. The tumour (arrows) involves the petroclival
region, extends down to the jugular bulb, and involves
the internal carotid artery, internal auditory canal and

cavernous sinus.
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FIG. 2

Patient five presented with tumour involvement of the petro-
clival junction, cavernous sinus and sphenoid. (a) Axial com-
puted tomography scan showing an expansive lesion adjacent
to the sphenoid and carotid artery (arrow). (b) T1-weighted
magnetic resonance image (MRI) demonstrating the tumour
in the petroclival region (arrow). (c) T2-weighted MRI
showing the same tumour, just anterior to the internal auditory

canal (arrow).

FIG. 3

Patient one. (a) Axial T1-weighted magnetic resonance image
(MRI) showing tumour (arrows) in the petroclival region,
extending into the posterior fossa. (b) The same tumour
(arrow) viewed on a T2-weighted MRI. (c) Coronal
T1-weighted MRI of the same tumour (arrow), with contrast

enhancement.
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her initial presentation and two years after her most
recent infratemporal fossa excision, the patient was
alive with residual disease that appeared stable.

Patient nine presented at the age of 37 years with
progressive visual loss. Investigation led to the diag-
nosis of a skull base tumour involving the clivus and
sella, with extension to the suprasellar region and to
the sphenoid and ethmoid bones. She underwent an
anterior approach to the skull base via a mid-face
degloving procedure. Histopathological analysis of
the tumour identified a high grade (grade three)
chondrosarcoma. The patient did well until 17 years
later, when she re-presented with visual loss in her
only seeing eye. Evaluation demonstrated a large
recurrence of the tumour, which was felt to be unre-
sectable. Despite receiving radiation therapy, the
patient died secondary to central nervous system
compression following radiation treatment.

Patient 12 presented at the age of 51 with temporal
headaches. Evaluation led to the diagnosis of a tumour
involving the petroclival region of the skull base,
adjacent to the intrapetrous carotid artery (Figure 6).
She underwent a subtemporal-infratemporal fossa
approach with an anterior petrous apicectomy.
Histopathological analysis of the tumour identified a
low grade (grade one) chondrosarcoma. Because of
persistent disease, the patient underwent a re-excision
of the residual tumour, with mobilisation of the
petrous carotid artery, two months later. At her most
recent follow-up, five years post-operatively, she was
free of disease.

Long-term follow up

The duration of patients’ follow up ranged from five
to 33 years from their initial presentation. Only one
patient died as a result of the tumour or its treatment
(patient nine). At the time of writing, the remaining

patients were either free of disease (by MRI evalu-
ation; nine patients), or alive with persistent disease
(by MRI; one patient). One patient (patient 10)
had been noted to be free of disease at their 30
year follow up, but was lost to follow up over the
past five years.

Long-term results were also compared for each
histological grade. Of the four patients with low
grade (i.e. grade one) chondrosarcoma (Figure 7),
all were free of disease at follow up ranging from
five to 33 years. Of these four cases, three achieved
tumour control after one operation, while one
(patient 12) required a second operation within two
months of the first for persistent disease. Six patients
had grade two chondrosarcoma (Figure 8); five were
free of disease after follow up ranging from seven
to 22 years, and one was alive with disease at eight
years. Of these six individuals with grade two
tumours, two had complete tumour removal in a
single operation, while four required multiple surgi-
cal procedures for tumour control, due to recurrence.
Two individuals had poorly differentiated (grade
three) chondrosarcoma (Figure 9). One was free of
disease 11 years following her operation (patient
seven), while the second died as a result of a large
tumour recurrence 17 years after her original
surgery (patient nine).

Discussion

Chondrosarcomas involving the temporal bone and
skull base are uncommon lesions, accounting for
less than 1 per cent of tumours within the head and
neck, and approximately 6 per cent of skull base
lesions in some series.16,17 Other series have shown
a much smaller incidence in the skull base.2,10

As already noted from its embryologic origins,
chondrosarcomas tend to arise in areas of synchon-
drosis. Within the skull base, this occurs in the
petroclival, petro-occipital, spheno-occipital and
spheno-petrosal synchondroses.9 The findings in
this current series of 12 patients support this asser-
tion, as chondrosarcomas were most likely to arise
in relation to the petroclival junction, occurring
here in two-thirds of patients, while the remainder
arose in relation to the sella, sphenoid and ethmoid
regions (Table II). Extension of these tumours also
caused involvement of additional critical structures,
including the cavernous sinus in three patients, the
orbit in two, the internal auditory canal in one and
the jugular bulb in one patient.

These areas of tumour involvement are similar
to findings from previous studies. In a review of
200 cases of chondrosarcoma of the skull base,
Rosenberg and colleagues4 also showed that two-
thirds of cases involved the petroclival junction,
approximately one-fourth of cases arose from the
spheno-occipital region and 6 per cent were centred
in the spheno-ethmoid complex. In contrast, in a
literature review of 48 patients with skull base chon-
drosarcoma, Seidman et al.10 showed a 44 per cent
involvement of the petrous bone, but only an 8 per
cent involvement of the clivus.

FIG. 4

Patient two; T1-weighted magnetic resonance image showing a
chondrosarcoma (arrow) involving the ethmoid sinuses.
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Clinically, the patients in our study presented with
a variety of symptoms (Table II), although ophthal-
mologic complaints were most likely, occurring in
two-thirds of patients. Eye complaints included
diplopia, due to involvement of the abducens nerve

(VIth cranial nerve; four patients), proptosis (one
patient) or loss of vision due to involvement of the
optic nerve (IIIrd cranial nerve; three patients).
This is not surprising, since prior reports have
shown that approximately 50 per cent of patients

FIG. 5

Magnetic resonance imaging (MRI) series from patient four. (a) Axial T2-weighted MRI showing a large chondrosarcoma (arrow)
eroding into the sphenoid and ethmoid sinuses and nasopharynx. (b) Saggital T1-weighted MRI demonstrating tumour involvement
(arrowhead) of the sella turcica and upper clivus. Coronal T1-weighted MRI images are also shown, (c) without and (d) with contrast

enhancement.
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with chondrosarcomas involving the skull base
will present with ocular symptoms (i.e. diplopia or
visual impairment) as the initial manifestation of
the disease.18

Headache or facial pain was another common pre-
senting feature, being reported by three patients.
Facial dysaesthesias due to involvement of the
trigeminal nerve (Vth cranial nerve) occurred in
two patients. In contrast, in the report by Seidman
et al.,10 hoarseness and dysphasia were the most
common presenting symptoms in patients with
temporal bone and skull base chondrosarcomas.

When evaluating our cases according to the cranial
nerves involved, we found that the VIth cranial nerve

FIG. 6

Axial (a & b) and coronal (c) computed tomography images of
patient 12; arrows indicate the tumour.

FIG. 7

Histopathology of a well differentiated (grade one) chondro-
sarcoma, characterised by spindle cell stroma containing chon-
drocytes in lacunae with a lobular configuration. There is
minimal cellular atypia, with only occasional mitotic figures

(H&E; original magnification �400).

FIG. 8

Histopathology of a moderately differentiated (grade two)
chondrosarcoma, showing a cellular, sarcomatous stroma at
an interface with chondroid material containing dysplastic
chondrocytic elements within lacunae. The latter shows
vesicular nuclear chromatin, hyperchromatic staining and
pleomorphic features. The stroma is highly cellular, being
composed of streaming, predominantly spindle-shaped

elements (H&E; original magnification �400).
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was the most commonly injured by tumour, followed
by the IIIrd cranial nerve. In contrast, Seidman’s
report showed that the Xth cranial nerve was most
commonly involved, followed by the VIth cranial
nerve. Another series of temporal bone chondro-
sarcomas, reported by Coltrera et al.,7 showed that
75 per cent of their 12 patients presented with VIth
cranial nerve deficits, similar to our study.

Most contemporary studies rely on MRI for
characterisation and diagnosis of chondrosarcomas,
while earlier studies relied upon computed
tomography (CT). While CT is useful for defining
the extent of bony destruction (Figures 2 and 6),
MRI is superior in defining the tumour extent and
the involvement of critical structures within the
skull base (Figures 1–5).12 The characteristic MRI
appearance of chondrosarcoma is a low to medium
signal on T1-weighted images, a high signal on
T2-weighted images and enhancement with contrast
(e.g. gadolinium). These lesions will often have a
‘soap bubble’ appearance, helping differentiate
them from other bony lesions such as chordomas.
Following treatment (radiation or surgery), serial
post-operative MRIs are recommended for screening
for recurrent disease. Whereas the MRI appearance
of post-operative changes will be fairly stable over
several scans spanning one to two years, recurrent
disease will manifest as an enlarging lesion.

Histopathologically, chondrosarcomas are divided
into four sub-types: conventional (hyaline/myxoid),
dedifferentiated, clear cell and mesenchymal.4,19

Within the skull base, the conventional type is over-
whelmingly the most common.4 These conventional
chondrosarcomas can be further subdivided, based
upon cellular features, into low grade or well differ-
entiated (grade one), medium grade or moderately
differentiated (grade two), and high grade or
poorly differentiated (grade three), based upon the
tumour’s cellularity and atypia (although some fea-
tures of grade three tumours overlap with those of

the undifferentiated variety).4 In the current study,
four patients (33 per cent) had grade one tumours,
six patients (50 per cent) had grade two tumours
and two patients (17 per cent) had grade three
tumours (Figures 7–9). These numbers are in con-
trast to Rosenberg’s pathological review of 200
cases of skull base chondrosarcomas, which found
50 per cent grade one tumours, 21 per cent grade
two tumours and no grade three tumours. The
reason for the preponderance of grade two tumours
in our current series is unclear.

Generally, chondrosarcomas, particularly the
lower grade varieties, rarely metastasise but cause
morbidity through local invasion of surrounding
structures.20 Thus, treatment has focused upon com-
plete surgical excision, with radiation therapy being
reserved for high grade tumours or following incom-
plete tumour resection. Within the skull base, the
close proximity of chondrosarcomas to vital struc-
tures makes these guiding treatment principles even
clearer. However, because these are in fact benign,
often low grade lesions, the aim of treatment
should be disease control with minimal surgical
morbidity.

Because these tumours can arise in a variety of
locations within the skull base, it is not surprising
that a variety of surgical approaches, both ante-
riorly and laterally based, have been described.
These ingenious approaches include the infratem-
poral fossa approach (as popularised by Fisch),21

the petrosal approach and its variations,22 – 24

the extended frontal approach,25 the supra-
infratentorial presigmoid avenue,26 the transsphe-
noethmoid approach,27 and the combined intra-
dural presigmoid transversarium transcondylar
approach,28 to name just a few. As can be shown
from this and prior series, the variable anatomic
locations of these tumours require the surgeon to
be familiar with a variety of anterior and lateral
approaches to the skull base, depending upon the
specifics of the presentation.

The decision to operate, particularly on asympto-
matic lesions, can be a challenging one. Morbidity
from these lesions results from growth and impinge-
ment upon surrounding structures. For asymptomatic
lesions, an initial, conservative ‘watch and wait’
approach can be adopted, together with serial scan-
ning. For those lesions showing rapid expansion or
ones that become symptomatic during the obser-
vation period, intervention can then be planned.

In the current series, four of the patients required
some form of lateral approach to reach the tumour;
these approaches included variations on the infratem-
poral fossa approach type B or C.21 In contrast, six
patients required anterior approaches to the tumour.
These included mid-face degloving approaches in five
patients and a transsphenoethmoidectomy approach
in one case. One patient required a standard suboccipi-
tal posterior fossa craniotomy, while another required a
frontal craniotomy. In each case, the approach was
based upon the specifics of the tumour, and was
decided upon after consultation between our insti-
tution’s skull base surgeons and neurosurgeons. As
noted by Crockard et al.,29 such a multidisciplinary

FIG. 9

Histopathology of a poorly differentiated (grade III) chondro-
sarcoma, showing a central area with marked cellular
pleomorphism and nuclear aberrations, with only minimal
chondroid differentiation (H&E; original magnification

�400).
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team approach is critical for effective management of
these tumours.

Radiation therapy was used in five of the 12
patients in this series. The literature suggests that
radiation therapy for chondrosarcomas is generally
ineffective.1 However, in this series, it was reserved
for cases in which there was subtotal tumour resec-
tion or recurrence in the setting of inoperable
tumour. Radiation treatment was given to one of
the patients with a grade one tumour, three patients
with grade two tumours and one patient with a grade
three tumour. The only death in the series occurred
in the patient with a 17-year recurrence of an inoper-
able grade three tumour, who received radiation in
an attempt to control further tumour growth. At
the time of writing, tumour growth in the remaining
patients had been controlled, after follow up ranging
from seven to 33 years. Other large series have shown
similar efficacy for radiation therapy, as an adjunct to
surgery, for treatment and control of chondrosar-
coma.4 Proton radiation has also been advocated as
a more useful modality by some,1 although none of
the patients in the current series received it.

. This study evaluated the clinical presentation
and treatment outcomes in 12 patients with
chondrosarcomas involving the skull base and
temporal bone

. Patients with chondrosarcomas involving the
skull base and temporal bone may present in a
variety of ways

. The decision to operate, particularly on
asymptomatic lesions, can be a challenging one

. For asymptomatic lesions, an initial,
conservative ‘watch and wait’ approach can be
adopted, with serial scanning. For those
lesions showing rapid expansion or becoming
symptomatic during the observation period,
intervention can then be planned

Perhaps the strongest feature of the current series
is the extended follow-up data available for all
patients, over time periods ranging from six to 67
years from the original presentation and from three
to 33 years from the most recent treatment. As
some of the patients within this series demonstrate,
recurrence can occur many years after treatment
for these insidious tumours (as many as 17 years in
this report). Thus, even five-year survival rates may
not accurately reflect a tumour-free state. Prior
studies have conflictingly shown that survival rates
may either be related to histologic grade19 or bear
no relation to histologic grade.4 In the large series
of 200 patients reported by Rosenberg et al.,4 the
five- and 10-year local control and disease-specific
survival rates were approximately 98 per cent for all
tumours, regardless of histological type. In contrast,
in the review by Seidman et al.,10 10-year survival
rates were reported to be 83, 64 and 29 per cent for
grade one, two and three tumours, respectively. By
comparison, in the current study, five-year local

control and disease-specific control rates were 92
and 83 per cent, respectively. While those with
grade one tumours were more likely to have their
disease controlled with a single operation than
those with grade two tumours, the data from our
study suggest that the long-term control rates did
not differ greatly between these histologic grades.
However, as only two patients in the current study
had grade three tumours, meaningful survival
statistics cannot be generated.

These results, combined with data from prior
studies, show that patients with chondrosarcomas,
despite the anatomically challenging location within
the skull base, can be effectively treated with a com-
bination of surgery and radiation therapy. Even with
recurrences or persistent disease, long-term control
rates of over 10 years are generally possible.
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