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ChondrosarComas of the skull base are relatively 
slow growing and locally invasive tumors that 
usually do not metastasize distantly until very late 

in their natural history.10 The typical sites of origin are 
synchondroses of the clivus, the sphenoid-ethmoid re-

gion, the parasellar area, and the temporal-occipital junc-
tion.23,26 The imaging features and clinical presentations of 
patients with chordomas or chondrosarcomas are similar. 
Whereas chordomas tend to cause brainstem compression 
because they arise from the clivus, chondrosarcomas tend 
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OBJect Stereotactic radiosurgery (SRS) is a potentially important option for patients with skull base chondrosarcomas. 
The object of this study was to analyze the outcomes of SRS for chondrosarcoma patients who underwent this treatment 
as a part of multimodality management.
methOdS Seven participating centers of the North American Gamma Knife Consortium (NAGKC) identified 46 pa-
tients who underwent SRS for skull base chondrosarcomas. Thirty-six patients had previously undergone tumor resec-
tions and 5 had been treated with fractionated radiation therapy (RT). The median tumor volume was 8.0 cm3 (range 
0.9–28.2 cm3), and the median margin dose was 15 Gy (range 10.5–20 Gy). Kaplan-Meier analysis was used to calcu-
late progression-free and overall survival rates. 
reSultS At a median follow-up of 75 months after SRS, 8 patients were dead. The actuarial overall survival after 
SRS was 89% at 3 years, 86% at 5 years, and 76% at 10 years. Local tumor progression occurred in 10 patients. The 
rate of progression-free survival (PFS) after SRS was 88% at 3 years, 85% at 5 years, and 70% at 10 years. Prior RT 
was significantly associated with shorter PFS. Eight patients required salvage resection, and 3 patients (7%) developed 
adverse radiation effects. Cranial nerve deficits improved in 22 (56%) of the 39 patients who deficits before SRS. Clinical 
improvement after SRS was noted in patients with abducens nerve paralysis (61%), oculomotor nerve paralysis (50%), 
lower cranial nerve dysfunction (50%), optic neuropathy (43%), facial neuropathy (38%), trochlear nerve paralysis (33%), 
trigeminal neuropathy (12%), and hearing loss (10%).
cONcluSiONS Stereotactic radiosurgery for skull base chondrosarcomas is an important adjuvant option for the treat-
ment of these rare tumors, as part of a team approach that includes initial surgical removal of symptomatic larger tumors.
http://thejns.org/doi/abs/10.3171/2014.12.JNS132580
KeY wOrdS chondrosarcoma; Gamma Knife; stereotactic radiosurgery; skull base tumor; oncology
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to affect lower cranial nerves as they frequently origi-
nate from the occipitotemporal bone synchondrosis.32 
Due to their location and local invasiveness, it is rare for 
chondrosarcomas to be completely resectable without 
additional morbidity. Further management options must 
be considered for residual tumors.29,30 Due to their low 
vascularity, the presence of extracellular matrix, and their 
lower mitotic rate, chondrosarcomas had been considered 
less responsive to conventional photon-based fraction-
ated radiation therapy (RT), the role of which requires 
additional study.11 Advances in photon-based RT have 
enabled improved dose conformality to a defined target 
volume and increased sparing of adjacent normal tissue. 
Combs et al.6 recently reported that excellent results (5-
year progression-free survival [PFS] rates of 85%–95% 
without cranial nerve deficit or brainstem damage) have 
been achieved in current series in which patients were 
treated with photon-based RT with doses ranging from 66 
to 76 Gy. They also reported that the 5-year control rate 
after proton therapy for chondrosarcoma is in the range of 
85%–95%, albeit with some toxicity. Stereotactic radio-
surgery (SRS) has been used as a minimally invasive pri-
mary, adjuvant, or salvage option for a relatively few pa-
tients with chondrosarcomas, primarily those with small-
er tumor volumes.5,13,17,20,22 The North American Gamma 
Knife Consortium (NAGKC) was established to evaluate 
outcomes of SRS for conditions that are relatively rare 
(e.g., chordoma,18 cluster headache,19 glomus tumors,31 
hemangioblastomas) and to facilitate prospective clinical 
trials. This report is based on retrospective data provided 
by 7 medical centers that participate in the NAGKC. In 
the present study, we analyze the outcomes of SRS for 
patients who underwent this treatment as a part of mul-
timodality management for skull base chondrosarcomas.

methods
patient population

Seven medical centers with individual internal review 
board approvals for retrospective NAGKC clinical out-
come studies participated: the University of Pittsburgh 
Medical Center (UPMC, 23 patients); University of Vir-
ginia (7 patients); University of California, San Francisco 
(5 patients); Barrow Neurological Institute (7 patients); 
University of Kentucky (3 patients); Hoag Memorial 
Hospital (1 patient); and the University of Sherbrooke (1 
patient). The records of consecutive skull base chondro-
sarcoma patients who underwent Gamma Knife SRS be-
tween 1988 and 2009 were assessed by each center for 
inclusion. A database with selected variables was created 
and sent to all participating centers. Participating centers 
reviewed the medical records of these patients, entered the 
data in the spreadsheet, and removed all patient identifiers 
form the data. These de-identified data were sent to the 
NAGKC data coordinating center (UPMC) by December 
2011. All living patients had a minimum follow-up of 6 
months. Clinical and imaging outcomes were assessed at a 
median follow-up period of 75.4 months (range 6.3–138.5 
months) after SRS. Six patients (13%) had less than 12 
months of follow-up after SRS, and 24 patients (52%) had 
more than 5 years of follow-up after SRS.

This series included 26 female patients (57%) and 20 
male patients (43%). Their median age was 43 years (range 
15–75 years). Thirty-six patients had prior resections, and 
5 had prior fractionated external beam radiation therapy 
(RT). The median total dose of RT was 54.1 Gy (range 
50.4–60 Gy). Thirty-nine patients had their tumor con-
firmed by biopsy or resection before SRS. Two patients 
had their chondrosarcoma confirmed at the time of re-
section performed because of progression despite SRS. 
Five patients had chondrosarcomas identified by imaging 
alone. The locations of tumor in these 5 patients without 
histological confirmation by resection or biopsy included 
anterior skull base in 2, posterior skull base in 1, petro-
clival region in 1, and cavernous sinus in 1. Chondrosar-
comas were distinguished from chordomas in these 5 pa-
tients due to increased bone destruction and tumor miner-
alization using MRI or CT that allowed delineation from 
chordoma.13,27 Ten patients underwent SRS for recurrent 
tumors, 26 for residual tumors, and 10 for tumors newly 
diagnosed by biopsy (n = 3), subsequent resection after 
SRS (n = 2), or neuroimaging criteria (n = 5). The number 
of prior surgical procedures (1–3) and the tumor locations 
are shown in Table 1.

radiosurgery technique
Patients underwent application of an imaging-com-

patible stereotactic head frame with local anesthesia 
supplemented by intravenous conscious sedation. High-
resolution MRI and/or CT was then performed. Patients 
underwent either sagittal scout MRI or a 3D localizer se-
quence that included axial, coronal, and sagittal images. A 
contrast-enhanced spoiled gradient recalled acquisition in 
steady state (SPGR) sequence was then used to image the 
tumor and surrounding brain. T2-weighted MR images 
using fast spin echo technique and bone-window axial CT 
images also were acquired to assess the infiltrative tumor 
volume. The target volume included enhanced and nonen-
hanced tumor regions. A Model U, B, C, or 4-C Leksell 
Gamma Knife (Elekta Inc.) was used for SRS, depend-
ing on the technology available at participating centers. 
Our radiosurgical technique has been described in detail 
in previous reports.18 In all cases, the radiosurgery treat-
ment volume determined at the time of dose planning con-
formed to the enhancing tumor volume. The median target 
volume was 8.0 cm3 (range 0.9–28.2 cm3), and the median 
margin dose was 15 Gy (range 10.5–20 Gy) (Table 2).

evaluation criteria
Clinical and MRI evaluations were performed at in-

tervals of 3–6 months. The follow-up MR images were 
compared with the intraoperative images, and tumor di-
mensions were measured in the axial, sagittal, and coronal 
planes. A volume was then calculated using the reduced 
formula of an oblate spheroid: XYZ/2.18 A complete re-
sponse was defined as the complete disappearance of en-
hancing or nonenhancing tumor, a partial response was 
defined as > 25% shrinkage of the tumor volume, stable 
disease was defined as ± 25% change in tumor volume 
and progressive disease was defined as > 25% increase in 
volume of the enhancing or nonenhancing tumor. Tumor 
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growth within the planned treatment volume was consid-
ered treated tumor progression. Tumor growth adjacent 
to the planned treatment volume but within the 20% iso-
dose volume was defined as adjacent (marginal) progres-
sion. Tumor progression beyond the 20% isodose volume 
were considered remote tumor progression. All patients 
were evaluated for cranial nerve symptoms and signs in 
the neurosurgery and ophthalmology clinics of each insti-
tution. Visual acuity, visual field, and ocular motility was 
evaluated by ophthalmologists. Any type of improvement 
in cranial nerve symptoms or signs was considered clini-
cal improvement. Adverse radiation effects (ARE) were 
evaluated according to the toxicity criteria of the Radia-
tion Therapy Oncology Group (RTOG) and the Europe-
an Organization for Research and Treatment of Cancer 
(EORTC).7

For statistical analysis, PFS and actuarial overall sur-
vival times were calculated from the day of the first SRS 
using the Kaplan-Meier method. The endpoints of patient 
survival were the day of death or the last follow-up. The 
endpoints of PFS were the day of tumor progression con-
firmed or the last imaging follow-up. Univariate analysis 

was performed on the Kaplan-Meier curves using log-
rank statistics with p < 0.05 set as significant. Standard 
statistical processing software (SPSS, version 20.0; IBM 
Corp.) was used.

results
patient Survival

At the time of this assessment, 38 patients (83%) were 
alive, and 8 patients (17%) had died. Six patients died due to 
tumor progression, and 2 patients died of unknown causes. 
The actuarial overall survival since diagnosis for the entire 
series (n = 46) was 98% at 3 years, 89% at 5 years, and 75% 
at 10 years (Fig. 1). The median interval between initial di-
agnosis and SRS was 2.8 months (range 0.03–313 months). 
The overall survival rate after SRS for the entire series (n 
= 46) was 89% at 3 years, 86% at 5 years, and 76% at 
10 years (Fig. 1). None of the assessed variables (age, sex, 
symptom duration before SRS, duration from diagnosis to 
SRS, number of prior surgical procedures, prior RT, pres-
ence of cranial nerve deficits, tumor volume, and margin 
dose) were associated with overall survival for the entire 
series. The overall survival rate after SRS in patients with-
out prior RT (n = 41) was 94% at 3 years, 91% at 5 years, 
and 80% at 10 years. In the group of patients without prior 
RT, larger tumor volume (continuous data) was signifi-
cantly associated with worse overall survival (p = 0.049, 
hazard ratio [HR] 1.07, 95% CI 1.00–1.14). In the group of 
patients without prior RT, the 5-year overall survival rate 
was 100% when the tumor volume was < 5 cm3 compared 
with 84% for patients with tumor volumes ≥ 5 cm3 (p = 
0.049) (Fig. 1). The overall survival rate in patients with 
residual tumor and no prior RT (n = 33) was 93% at 3 and 
5 years and 81% at 10 years after SRS. The overall survival 
rate in patients with recurrent tumor and no prior RT (n = 
8) was 100% at 3 years and 75% at 5 and 10 years after 
SRS. Recurrent tumors were not associated with patient 
survival (p = 0.977). Other variables (age, sex, symptom 
duration between before SRS, duration from diagnosis to 
SRS, number of prior surgical procedures, presence of cra-
nial nerve deficits, and margin dose) were not associated 
with overall survival in patients without prior RT.

When the 5 patients without histological confirmation 
by resection or biopsy were excluded, the overall survival 
rate after SRS was 88% at 3 years, 85% at 5 years, and 
74% at 10 years. There was no statistically significant dif-
ference between overall survival in patients with histologi-
cal confirmation (n = 41) and overall survival in patients 
without histological confirmation (n = 5).

tumor response
Five patients developed tumor progression within the 

SRS planning tumor volume (PTV). Four patients devel-
oped tumor progression within the PTV and marginal re-
currence. One patient developed tumor progression within 
the PTV and distant tumor progression at 18 months after 
SRS. Two patients developed distant tumor progression 
despite no treated tumor progression at 11 and 136 months 
after SRS. In the PTV, a total of 10 patients (22%) devel-
oped tumor progression, 21 (46%) had stable disease, and 
15 (33%) had tumor regression.

taBle 1. demographic characteristics of the patient population

Characteristic No. of Pts

Sex
  Male 20
  Female 26
Prior surgical procedures
  Biopsy 3
  1 craniotomy 28
  2 craniotomies 5
  3 craniotomies 3
Tumor location
  Clivus 6
  Cavernous sinus 9
  Cavernous sinus-sella-clivus 1
  Cavernous sinus-sphenoid 1
  Cavernous sinus-petroclival 3
  Petroclival 12
  Sphenoid wing 5
  Anterior skull base 4
  Posterior skull base 3
  Occiput-cerebellum 1
  Parietooccipital 1
No prior RT group
  No prior surgery 7
  Biopsy w/o prior RT 3
  Residual w/o prior RT 23
  Recurrence w/o prior RT 8
Prior RT group
  Residual w/ prior RT 3
  Recurrence w/ prior RT 2

Pts = patients; RT = fractionated radiation therapy; SRS = stereotactic radio-
surgery.
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The PFS rate for the entire series was 88% at 3 years, 
85% at 5 years, and 70% at 10 years (Fig. 2). Prior RT 
was significantly associated with shorter PFS (p = 0.006). 
Other variables (age, sex, symptom duration between 
before SRS, duration from diagnosis to SRS, number of 
prior surgical procedures, presence of cranial nerve defi-
cits, histological confirmation, tumor volume, and margin 
dose) were not associated with PFS for the entire series.

The PFS rate in patients without prior RT was 92% at 
3 years, 88% at 5 years, and 81% at 10 years (Fig. 2). In 
patients without prior RT, larger tumor volume (continu-
ous: p = 0.035, HR 1.074, 95% CI 1.005–1.147; ≥ 5 cm3: 
p = 0.043) was significantly associated with shorter PFS. 
The PFS rate in patients without prior RT and with tumor 
volume < 5 cm3 was 100% at 10 years while the PFS rate 
in patients without prior RT and with tumor volume ≥ 5 
cm3 was 87% at 3 years, 81% at 5 years, and 69% at 10 
years (Fig. 2). The PFS rate in patients with residual tu-
mor and no prior RT (n = 33) was 94% at 3 years, 90% 
at 5 years, and 82% at 10 years after SRS. The PFS rate 
in patients with recurrent tumor and no prior RT (n = 8) 
was 86% at 3, 5, and 10 years after SRS. Recurrent tu-
mors were not associated with shorter PFS (p = 0.977). 
Other variables (age, sex, symptom duration before SRS, 
duration from diagnosis to SRS, number of prior surgi-
cal procedures, presence of CN deficits, and margin dose) 
were not determined to be associated with shorter PFS in 
patients without prior RT.

In the group of patients with residual tumor and no 
prior RT (n = 33), the PFS rate of patients with a tumor 
volume < 8 cm3 (n = 17) was 100% at 10 years while that 
of patients with a tumor volume ≥ 8 cm3 (n = 16) was 88% 
at 3 years, 77% at 5 years, and 51% at 10 years after SRS. 
In patients with residual tumor and no prior RT, tumor vol-
ume < 8 cm3 was significantly associated with improved 
PFS (p = 0.028) (Fig. 3). In the group of patients with re-
sidual tumor and no prior RT, the PFS rate of patients with 
a margin dose ≥ 15 Gy (n = 22) was 100% at 10 years after 
SRS while that of patients with a margin dose < 15 Gy (n 
= 11) was 82% at 3 years, 70% at 5 years, and 47% at 10 
years after SRS. In patients with residual tumor and no 
prior RT, margin dose ≥ 15 Gy was significantly associ-
ated with improved PFS (p = 0.009) (Fig. 3).

When 5 patients without histological confirmation by 
resection or biopsy were excluded, the PFS rate was 87% 
at 3 years, 83% at 5 years, and 74% at 10 years. There 
was no statistically significant difference between PFS in 
patients with histological confirmation (n = 41) and those 
without histological confirmation (n = 5). An illustrative 
case is shown in Fig. 4.

Functional Outcomes
Longitudinal functional outcomes were available in 44 

patients. Twenty-two (56%) of 39 patients who had cranial 
nerve deficits before SRS had improvement. The percent-
ages of patients who had improvement in cranial nerve 
function included: 61% of those with abducens nerve defi-
cits, 50% of those with oculomotor nerve deficits, 50% of 
those with lower cranial nerve deficits, 43% of those with 
optic nerve deficits, 38% of those with facial nerve defi-
cits, 33% of those with trochlear nerve deficits, 15% (12%) 
of those with trigeminal nerve deficits, and 10% of those 
with hearing deficits (Table 3).

Seven patients had deterioration in cranial nerve func-
tion at a median of 4.4 months after SRS (range 1.5–8.3 
months) (Table 3). In 1 patient, worsening oculomotor pa-
ralysis was due to tumor progression, either in the PTV or 
adjacent to it 8 months after SRS. Six patients had wors-
ening clinical symptoms in the absence of tumor progres-
sion and were considered to have adverse radiation ef-
fects (ARE). Four of these patients had tumors that had 
invaded the cavernous sinus at the time of SRS. Two pa-
tients whose tumors were adjacent to the trigeminal nerve 
or the hypoglossal nerve developed new-onset trigeminal 
neuralgia and an increase in hypoglossal sensory loss 2.6 
months and 4 months, respectively, after SRS. In these pa-
tients, we were unable to determine whether microscopic 
nerve invasion, direct contact by the tumor, or treatment-
related side effects led to these new symptoms. Symptom-
atic ARE occurred in 3 patients (7%), including 2 patients 
who experienced seizures related to steroid-responsive 
peritumoral edema and 1 patient who developed a facial 
neuropathy. None of the patients who developed ARE had 
undergone prior RT.

taBle 2. patient and radiosurgery treatment characteristics*

Characteristic Prior RT Group (n = 5) No Prior RT Group (n = 41) Entire Series (n = 46)

Age, yrs 36.0 (35.2–62.5) 42.0 (15.3–75.0) 41.7 (15.3–75.0)
Symptom duration before SRS, mos 14.9 (2.0–27.8) 5.8 (1.0–152.0) 5.8 (1.0–152.0)
Interval btwn diagnosis & SRS, mos 11.5 (8.3–94.1) 2.6 (0.03–313.1) 2.8 (0.03–313.1)
Interval btwn prior RT and SRS, mos 4.5 (2.7–88.6) NA 4.5 (2.7–88.6)
Total dose of prior RT, Gy 54.1 (50.4–60) NA 54.1 (50.4–60)
Follow-up after diagnosis, mos 90.3 (38.5–112.8) 79.9 (7.3–331.3) 81.22 (7.3–331.3)
Follow-up after SRS, mos 17.7 (13.0–81.9) 76.4 (6.3–138.5) 75.4 (6.3–138.5)
Tumor volume, cm3 9.9 (3.2–21.6) 8.0 (0.9–28.2) 8.0 (0.9–28.2)
Margin dose, Gy 14.5 (10.5–16.0) 15.0 (11.0–20.0) 15.0 (10.5–20.0)
Maximum dose, Gy 30.6 (21.0–32.0) 30.0 (22.0–40.0) 30.0 (21.0–40.0)
Isocenters, n 9 (3–15) 9 (2–25) 9 (2–25)

*  Data are presented as median (range). 
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Fig. 1. a: Kaplan-Meier estimate of actuarial overall survival curve in 
chondrosarcoma patients after diagnosis.  B: Kaplan-Meier estimate 
of actuarial overall survival curve in chondrosarcoma patients after 
SRS.  c: Kaplan-Meier curves comparing overall survival after SRS in 
patients without prior RT stratified by tumor volume (< 5 vs ≥ 5 cm3).

Fig. 2. a: Kaplan-Meier estimate of PFS curve in chondrosarcoma 
patients after SRS.  B: Kaplan-Meier curves comparing PFS after SRS 
in patients who had previously been treated with RT versus those who 
had not.  c: Kaplan-Meier curves comparing PFS after SRS in patients 
without prior RT stratified by tumor volume (< 5 vs ≥ 5 cm3).
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additional management after radiosurgery
Three patients had repeat SRS, 1 patient had fraction-

ated RT 1 month after SRS, and 8 patients underwent sub-
sequent resection due to tumor progression at a median of 
53 months after SRS (range 13.5–168 months). Among the 
3 patients who had repeat SRS, 1 patient underwent repeat 
SRS alone for treated tumor progression 101 months after 
the initial SRS, 1 patient underwent resection followed by 
postoperative SRS for treated and marginal tumor pro-
gression 101 months after the initial SRS, and 1 patient 
underwent chemotherapy followed by resection and repeat 
SRS for treated tumor progression 9 months after the ini-
tial SRS.

discussion
Distinguishing chondrosarcomas from chordomas by 

imaging alone is not always easy, but it is clinically impor-
tant, because the prognosis is generally considered rela-

tively better for chondrosarcomas.12,24 The most common 
presenting symptom in patients with chondrosarcoma is 
diplopia, secondary to abducens nerve palsy.3 In the pres-
ent study, 23 patients (50%) presented with abducens nerve 
palsy and 16 (35%) presented with trigeminal neuropathy.

therapeutic Options for chondrosarcomas
Chondrosarcomas are rarely completely resectable and 

additional treatment is generally recommended for sub-
total resected tumors.29,30 Crockard et al. reported a 93% 
5-year survival rate for 17 patients who underwent surgery 
as the sole treatment.8 In contrast, Bloch et al.4 conducted a 
multireport systematic review of 560 cases of chondrosar-
coma and found a recurrence rate of 44% of patients who 
underwent resection as the sole treatment, compared with 
9% in patients who had surgery followed by radiation ther-
apy. The 5-year mortality rate was 11.5%, and the median 
survival was 24 months. The authors found no association 
between the rate of recurrence and the histological grade 
of the tumor.4 Studies using proton beam RT for chondro-
sarcomas suggest that the overall survival and local tumor 
control rates at 5 years are above 90%.14,21,26 Amichetti et 
al.1 reported that the early acute toxicity rates are higher 
with fractionated proton beam RT. Ares et al.2 treated 22 
chondrosarcomas using proton beam RT. High-grade late 
radiation toxicity was found in 6% of the patients. Schulz-
Ertner et al.28 reported that RTOG/EORTC Grade 3 toxici-
ties developed in 4.1% of 54 chondrosarcoma patients who 
underwent carbon ion RT. Adverse radiation effects were 
reported in the range of 5%–17% of patients, including pa-
tients with RTOG/EORTC Grade 4 toxicities.7,14–16,24,25,27 
The rate of adverse radiation effects of proton beam RT 
was higher than that of SRS, because proton beam RT 
tends to be used for larger tumors compared with SRS. 
Proton beam RT is expensive and can be provided in only 
a limited number of institutions. Therefore, it is still not 
a standard treatment modality for chondrosarcomas. The 
numbers of patients in other published chondrosarcoma 
series are small, reflecting the role of surgery, generally 
followed by photon RT. Such series also describe 90%–
100% actuarial local control rates at 5 years.9,10

Fig. 4. left: Axial T1-weighted contrast-enhanced MR image obtained 
in a 74-year-old woman showing a chondrosarcoma at the time of SRS 
for treatment of residual tumor following resection. The tumor volume 
was 10 cm3, and the margin dose was 16 Gy.  right: Axial T1-weighted 
contrast-enhanced MR image obtained 3 years after SRS showing slight 
regression of the tumor. Figure is available in color online only.

Fig. 3. upper: Kaplan-Meier curves comparing PFS after SRS for pa-
tients with residual tumor and no prior RT stratified by tumor volume (< 8 
vs ≥ 8 cm3).  lower: Kaplan-Meier curves comparing PFS after SRS for 
patients with residual tumor and no prior RT stratified by tumor volume 
(< 15 vs ≥ 15 Gy).
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Stereotactic radiosurgery for chondrosarcomas
Relatively little data exists to define the use of SRS in 

the multimodality management of chondrosarcoma. SRS 
has been shown to result in less toxicity to surrounding 
structures and have fewer complications than RT in the 
management of chondrosarcomas. Hasegawa et al. stud-
ied 7 chondrosarcoma patients who underwent SRS.13 The 
5-year PFS rate was 76%. A tumor volume of less than 
20 cm3 was associated with significantly improved PFS. 
Krishnan et al. reported on 4 patients with chondrosar-
comas who underwent SRS and had tumor control at 5 
years.22 In the present study, the 5-year PFS rate after SRS 
was 85%. Prior RT was significantly associated with a 
shorter PFS. In patients without prior RT, a tumor volume 
of less than 5 cm3 was significantly associated with im-
proved PFS. SRS would be a potent treatment option for 
small to medium-sized chondrosarcomas before photon or 
proton-based RT.

Iyer et al. studied 22 patients (these patients are includ-
ed in the current report) who underwent Gamma Knife 
SRS for residual or recurrent intracranial chondrosarco-
mas.17 The overall patient survival rates were 95% at 1 
year after SRS, 70% at 5 years, and 56% at 10 years. Fac-
tors associated with longer survival after SRS included a 
shorter interval (< 6 months) between diagnosis and SRS, 
age greater than 40 years, and either a single or no prior re-
section. The PFS rates were 91% at 1 year, 72% at 5 years, 
and 54% at 10 years. Factors associated with longer PFS 
after SRS included patient age greater than 40 years and 
no prior RT. In the present study, a larger tumor volume in 
patients without prior RT was significantly associated with 
worse overall survival. Prior RT was significantly associ-
ated with shorter PFS. In patients with residual tumor and 
no prior RT, tumor volume < 8 cm3 and margin dose ≥ 15 
Gy was significantly associated with improved PFS (Fig. 
3). Smaller residual chondrosarcomas were considered to 
be a good candidate for SRS. The percentage of patients 
with cranial nerve disorders who reported improved func-
tion ranged from 10% in the case of hearing deficit to 61% 
of patients with abducens nerve palsy.

Study limitations and Future directions
The limitations of this study include the inherent dif-

ferences in patient selection and treatment afforded by a 
retrospective multicenter study. In addition, the length of 
follow-up for some of the patients was less than 12 months. 
making it difficult to determine the effect of treatment ver-
sus the natural history of a slow-growing, skull base lesion 
such as a chondrosarcoma. In a future study, we antici-
pate an analysis of outcomes for chondrosarcoma patients 
who undergo repeat SRS. Finally, neuroimaging and ra-
diosurgical techniques have changed over the years. These 
changes have likely led to earlier detection of residual or 
recurrent chondrosarcomas following resection and facili-
tated improvements in radiosurgical delivery.

conclusions
Stereotactic radiosurgery provided a reasonable ben-

efit-to-risk profile for patients with residual or newly di-
agnosed small skull base chondrosarcomas in this multi-
center experience. The ability to achieve tumor control of 
chondrosarcomas is likely enhanced by earlier recognition 
and the application of multimodal treatment in appropri-
ate patients. Maximal safe resection should be the primary 
initial management of chondrosarcomas. SRS is a potent 
treatment option for small to medium-sized chondrosarco-
mas and is associated with improvement of cranial nerve 
function in selected cases, especially for patients who 
present with diplopia related to abducens nerve palsy.
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