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ABSTRACT

The literature regarding recurrences in patients with cranial chondrosarcoma is
limited to small series performed at single institutions, raising the question if these data
precisely reflect the true recurrence of this tumor for guiding the clinician in the manage-
ment of these patients. An extensive systematic review of the English literature was
performed. The patients were stratified according to treatment modality, treatment history,
histological subtype, and histological grade, and the recurrence rates were analyzed. A total
of 560 patients treated for cranial chondrosarcoma were included. Five-year recurrence rate
among all patients was 22% with median follow-up of 60 months and median disease-free
interval of 16 months. Tumor recurrence was more common in patients who only received
surgery or had mesenchymal subtype tumors. Our systematic review closely reflects the
actuarial recurrence rate and provides predictive factors in the recurrence of cranial
chondrosarcoma.
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Intracranial chondrosarcomas, rare tumors aris-
ing from the skull base, have high associated morbidity
from the tumor itself as well as from treatment modal-
ities. Although the pathogenesis of these tumors remains
unclear, it has been proposed that intracranial chondro-
sarcomas develop from the chondrocytes within rests of
endochondral cartilage present within the skull base.1 In
contrast to the skull vault that develops primarily by
intramembranous ossification, the bones of the skull
base, including a large part of the petrous portion of
the temporal bone, areas of the petro-occipital, spheno-
occipital, and sphenopetrosal synchondrosis,2 mature
predominantly by endochondral ossification.3 It is their
anatomic location within the skull base that makes
surgical resection of these tumors challenging.

Chondrosarcomas account for 6% of skull
base neoplasms and 0.15% of all intracranial tumors.4

Although most chondrosarcomas arise de novo,
they are common in patients with Ollier’s disease,
Maffucci syndrome, Paget’s disease, and osteochon-
droma. Several histological subtypes of chondrosar-
coma have been reported, including conventional,
mesenchymal, clear cell, and dedifferentiated sub-
types. Among intracranial chondrosarcomas, the
conventional and mesenchymal subtypes are the pre-
dominant histological patterns described in the
literature. The grading system for chondrosarcomas
consists of three categories: grade I (well differenti-
ated), grade II (moderately differentiated) and grade
III (poorly differentiated).5
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Surgical resection has traditionally been the
mainstay of treatment for intracranial chondrosarcoma.
This has been combined with adjuvant radiation and
chemotherapy to improve recurrence rates and overall
survival. Although there has been a large volume of
literature published on intracranial chondrosarcomas
relating histological patterns and treatment modalities
to outcomes, most of the data come from small case
series that lack the statistical power to draw significant
conclusions about appropriate management. In this
study, we have performed a comprehensive review of
the English literature and meta-analysis on intracranial
chondrosarcomas to investigate the factors associated
with tumor recurrence. We examined the roles of degree
of surgical resection, adjuvant therapy, and histological
subtype on the rate of tumor recurrence in over 500
patients to identify key prognostic factors and guide
clinical decision making in this rare and difficult disor-
der.

METHODOLOGY

Article Selection

Articles were identified via a PubMed search using the
key phrases ‘‘cranial chondrosarcoma,’’ ‘‘clival chondro-
sarcoma,’’ ‘‘skull base chondrosarcoma,’’ and ‘‘intracranial
chondrosarcoma’’ alone and in combination with ‘‘re-
currence’’ as Boolean searches. We then searched all the
references in these articles.

Inclusion criteria were: (1) All patients had to
have follow-up data on recurrence available. (2) Articles
had to have enough information for each patient to be
completely disaggregated.

Exclusion criteria were: (1) Articles that com-
bined patient outcomes of chondrosarcoma and chor-
doma were excluded, unless there was a clear distinction
between the two separate groups of patients. (2) All
chondrosarcomas of the head and neck region in origin
were excluded. (3) All patients with Ollier’s disease,
Maffucci syndrome (enchondroma with multiple
angiomas), Paget’s disease, and osteochondroma were
excluded from our analysis.

Data Extraction

Our search resulted in over 2000 patients treated for
cranial chondrosarcoma. Of these, 630 patients were
collected from 99 sources. Among the 630 patients,
560 of them had appropriate follow-up to document
recurrence. All references for these articles were further
scrutinized to ensure the nonduplication of patients.

In those cases where patients had more than one
treatment for recurrence, only the initial treatment was
considered. The age recorded for patients with recur-
rence was age of first presentation.

Data were analyzed as a whole and stratified into
four groups. The first analysis divided the data accord-
ing to treatment with patients undergoing surgery alone
and the other group composed of those patients who
received surgery in combination with postoperative
adjuvant radiation treatment. A second stratification
divided databases on treatment history into two groups:
group one consisted of patients who received previous
treatment and the other group consisted of those
patients who were being treated for the first time. A
third analysis divided patients into two groups based on
histological subtypes: group one included those chon-
drosarcomas with conventional histology and group
two represented the mesenchymal subtype. The final
analysis stratified the data into three groups according
to histological grading: grade I, grade II, and grade III,
respectively.

Statistical Analysis

Pearson chi-square test was used for statistical evaluation
of the data. A p value <0.05 was considered statistically
significant.

RESULTS
A total of 560 nonduplicated chondrosarcoma patients
met inclusion criteria for this systematic review.1,5–102

The recurrence rate among all patients was 22% (93
patients) with an average disease-free interval of
32.5 months (median, 16 months). Most of the chon-
drosarcomas in our study involved the clivus (32%), and
the second most common location was the tempero-
occipital junction (27%). The most common presenting
symptom was diplopia (11%), closely followed by head-
ache (9%). Patient data were analyzed for recurrence rate
at 5 years from treatment based on treatment modality,
history of previous treatment, and histological grade of
the tumor. Sufficient data to evaluate all of these factors
were not available for every patient, and therefore the
analyses of each prognostic variable contain varying
numbers of patients based on data availability.

The Effect of Treatment on Recurrence

A total of 161 patients had surgery alone, and 325
patients had surgery in addition to postoperative adju-
vant radiation therapy. Additionally, 46 patients under-
went radiation therapy alone without surgical resection.
The recurrence rate was higher in the group of patients
that had surgery alone compared with surgery and
radiation (44% versus 9%, p< 0.0001; Fig. 1). Unex-
pectedly, the rate of recurrence in patients undergoing
radiation alone was also significantly lower than in
patients undergoing surgery alone (19% versus 44%,
p¼ 0.036) but significantly higher than in patients who
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had combined surgery and radiation (19% versus 9%,
p¼ 0.011; Fig. 1).

The Effect of Previous Treatment on Recurrence

A total of 68 patients received previous treatment, and
492 patients were being treated for the first time. There
was no difference in recurrence between these two
groups of patients (24% versus 22%, p¼ 0.835; Fig. 2).

The Effect of Histological Subtype on

Recurrence

There were a total of 452 patients in our analysis who
possessed chondrosarcomas of the conventional subtype,
and 60 patients had the mesenchymal subtype. As
expected, the recurrence rate was lower among patients
with the conventional subtype (16% versus 63%,
p< 0.0001; Fig. 3).

The Effect of Histological Grade on Recurrence

On pathological evaluation, a total of 364 patients had
grade I disease, 80 patients had grade II disease, and
eight patients had a grade III chondrosarcoma. Not
surprising, the lowest recurrence rate was observed

among the patients with grade I tumors (15%), and
the highest recurrence rate was observed in the grade III
group (33%), with grade II tumors in the middle (16%).
There was no statistically significant difference in recur-
rence in patients with different grade tumors (15% versus
16%, p¼ 0.803; 15% versus 33%, p¼ 0.137; 16% versus
33%, p¼ 0.175; Fig. 4).

DISCUSSION
Intracranial chondrosarcomas, although rare among all
intracranial tumors, pose a significant challenge to
treating physicians given their location and local ag-
gressiveness. These malignant extra-axial tumors occur
primarily within the skull base in the petrous portion of
the temporal bone and areas of the petro-occipital,
spheno-occipital, and sphenopetrosal synchondro-
ses.103 It has been proposed that these tumors occur
preferentially in the skull base as they arise from
chondrocytes within rests of endochondral cartilage
responsible for the intramembranous growth of the
bones of the skull base.93 Others have suggested that
these tumors arise from pluripotent mesenchymal cells
of the skull base or from mature fibroblasts.32 Although
the cytological origin of these tumors remains contro-
versial, their need for treatment does not. They often

Figure 1 Five-year recurrence rate by treatment modality.

Figure 2 Five-year recurrence rate by treatment history.

Figure 3 Five-year recurrence rate by histological subtype.

Figure 4 Five-year recurrence rate by histological grade.
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present with symptoms of brain stem or cranial nerve
compression. Despite relatively slow growth, the con-
sequences even small amounts of mass effect on tight
skull base structures can be neurologically devastating.
Even with appropriate treatment, the mortality from
cranial chondrosarcoma ranges from 1 to 55% depend-
ing on histological subtype and morbidity from recur-
rent disease.

A large body of research has shown that many
factors affect the prognosis in patients with cranial
chondrosarcoma. Histological subtype, previous treat-
ment (surgery or radiation therapy), and extent of tumor
resection and of the use of adjuvant postoperative radi-
ation therapy have all been shown to influence patient
outcome; however, local recurrence is considered by
many to be the most significant predictor of overall
mortality in these patients.76 Unfortunately, given the
rare nature of this disease, most of the data available on
outcomes for cranial chondrosarcoma come from small
case studies without sufficient statistical power to draw
meaningful conclusions. For this reason, we have per-
formed a systematic review of recurrence in a large
population of patients from the literature who have
undergone treatment for skull base chondrosarcomas to
identify the key prognostic factors on the recurrence of
this disease.

Examining the effect of treatment modality on
recurrence, our study found that chondrosarcoma pa-
tients treated with surgery alone had a 5-year recurrence
rate of 44%, and the addition of adjuvant radiation
therapy reduced this rate dramatically to 9%. Although
the benefit of postoperative radiation therapy has long
been recognized, some authors have suggested that
adjuvant radiation should be the standard of care,
although others have merely suggested that it may be
of benefit, especially when less than total resection can be
achieved.104 Additionally, differences in the type of
radiation have not been adequately addressed in the
literature. To assess whether radiation was of benefit
for all patients despite the degree of resection, we divided
the cohort of surgical patients into those with gross total
versus subtotal resection when these data were available.
Although these data were only available for a subset
of the patients reviewed in our analysis, the results
demonstrated a clear, statistically significant benefit
in recurrence-free survival for patients receiving post-
operative radiation regardless of degree of resection.
Furthermore, the overall rate of tumor recurrence was
comparable for patients with gross total versus subtotal
resection after postoperative radiation therapy was given,
suggesting that a gross total resection does not improve
recurrence-free survival if adjuvant radiation therapy is
given. Because the greatest risk of treatment-related
morbidity is associated with surgical resection of these
hard-to-access tumors, the data would suggest that less
aggressive resections leaving residual disease behind is

preferable when combined with postoperative radiation
to reduce operative morbidity without affecting out-
come.

Despite the obvious benefit of radiation therapy
in chondrosarcoma, surgical resection remains the main-
stay for treatment. As we have demonstrated, the addi-
tion of radiation to surgical resection significantly
improves recurrence-free survival and may overcome
the need for complete tumor resection. Yet there are
little data regarding the use of radiation as the primary
treatment modality for chondrosarcoma. Of the 560
patients reviewed in this study, only 46 (8%) were treated
with radiation alone. These patients were treated either
for a recurrence with a history of resection confirming
the diagnosis or as a new tumor with classic imaging
characteristics of chondrosarcoma treated without tissue
confirmation. The 5-year rate of recurrence following
treatment with radiation alone was 19%, which was
statistically lower than the recurrence rate of patients
who received only surgical resection. Admittedly, these
data are limited by the small number of cases, the lack of
tissue confirmation of the diagnosis in all cases, and
limited data on the size of tumors treated with radiation
only compared with those treated with combined ther-
apy. Although the data are insufficient to recommend
nonsurgical management of this disease as a primary
modality, it indicates that biopsy followed by radiation
may be a reasonable alternative to attempted resection
for small tumors in particularly challenging locations.

The histological classification of chondrosarco-
mas is known to include several subtypes. However, the
four major subtypes are: conventional, mesenchymal,
clear cell, and dedifferentiated. The review of literature
revealed no clear cell or dedifferentiated subtypes occur-
ring intracranially. Consequently, our analysis included
only the mesenchymal and conventional subtypes. The
conventional subtype has been reported to consist of
hyaline or myxoid areas or a combination of both these
histological features.105 The hyaline component consists
of neoplastic chondrocytes residing within lacunar spaces
surrounded by a hyaline matrix, and the myxoid compo-
nent has been described as areas of chondrocytes sur-
rounded by a frothy mucinous matrix.106,107 The
mesenchymal subtype is known to display a more ana-
plastic appearance. In our study, those patients possess-
ing chondrosarcomas of the conventional subtype had a
16% chance of recurrence, and those chondrosarcomas
demonstrating the mesenchymal subtype carried a much
higher recurrence rate of 63% (p< 0.0001). This was
expected as the conventional subtype has been portrayed
throughout the literature as the most benign. The
mesenchymal subtype, on the other hand, demonstrates
a much more aggressive behavior.108

Chondrosarcomas have been placed into catego-
ries based on varying cellularity and nuclear atypia.
Three histological grades of cell differentiation exist:
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grade I (well differentiated), grade II (moderately differ-
entiated), and grade III (poorly differentiated). This
grading system is important because it reflects prognosis
based on tumor biology distinct from its location or stage
of presentation.105 Evans et al109 demonstrated this
correlation between survival and histological grade per-
fectly in his study of chondrosarcomas from all body
sites. They reported 5-year survival rates of chondrosar-
comas grade I to be 90%, grade II to be 81%, and grade
III to be 43%. Bearing this in mind, it was not surprising
when the recurrence rate found in our study correlated
directly with the histological grade of the chondrosarco-
mas. Our review revealed that a grade I chondrosarcoma
had a 15% chance of recurrence, and grades II and III
demonstrated a recurrence rate of 16% and 33%, respec-
tively. The overall 5-year recurrence rate in our study
came out to be 22% for a median follow-up time of
5 years. This falls well within the range of 12 to 60%
recurrence, quoted in the literature for chondrosarcomas
with a median follow-up time of 1.9 to 30 years.110,111

In conclusion, we report our results from a size-
able disaggregated meta-analysis of the English lan-
guage literature regarding recurrence among cranial
chondrosarcoma patients. It is our hope, that by using
such a large data set, we are able to minimize the effects
of individual surgeons and individual institution bias on
the outcome of these patients, thereby creating a more
impartial guide for physicians and patients in the future
management of these tumors.
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