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Abstract
Background We sought to evaluate the effectiveness of definitive or adjuvant external-beam proton therapy on local control 
and survival in patients with skull-base chondrosarcoma.
Methods We reviewed the medical records of 43 patients with a median age of 49 years (range, 23–80 years) treated with 
double-scattered 3D conformal proton therapy for skull-base chondrosarcomas between January 2007 and February 2016. 
Proton therapy-related toxicities were scored using CTCAE v4.0.
Results The median radiotherapy dose was 73.8 Gy(RBE) (range, 64.5–74.4 Gy[RBE]). Thirty-six (84%) and 7 (16%) 
patients underwent surgical resection or biopsy alone. Tumor grade distribution included: grade 1, 19 (44%) patients; grade 
2, 22 (51%); and grade 3, 2 (5%). Forty patients had gross disease at the time of radiotherapy and 7 patients were treated 
for locally recurrent disease following surgery. The median follow-up was 3.7 years (range, 0.7–10.1 years). There were no 
acute grade 3 toxicities related to RT. At 4 years following RT, actuarial rates of overall survival, cause-specific survival, 
local control, and RT-related grade 3 toxicity-free survival were 95%, 100%, 89%, and 95%.
Conclusion High-dose, double-scattered 3D conformal proton therapy alone or following surgical resection for skull-base 
chondrosarcoma is an effective treatment with a high rate of local control with no acute grade 3 radiation-related toxicity. 
Further follow-up of this cohort is necessary to better characterize long-term disease control and late toxicities.
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Introduction

Chondrosarcomas are a heterogeneous group of slow-grow-
ing neoplasms originating from cartilage-producing cells in 
areas of enchondral ossification that comprise fewer than 
0.2% of all skull-base malignancies. While most of these 
tumors affect the long bones, pelvis, or ribs, a small propor-
tion occur in the head and neck, spine, and skull-base area. 

Optimal management is maximal safe surgery with the intent 
of gross total resection or optimization of target geometry 
for postoperative charged-particle therapy for those with 
incompletely resectable or unresectable disease, subtotal 
resection, or positive margins.

As skull-base chondrosarcomas are typically paramed-
ian, arising from the sphenopetroclival synchondrosis of 
the petroclival fissure, and require radiation doses over 
70 Gy(RBE) for disease control, treatment planning can 
be a challenge when using conventional radiotherapy (RT) 
because of the proximity to dose-limiting neural structures, 
such as the brainstem, spinal cord, and optic apparatus [1]. 
Modern RT techniques, such as static beam angle and rota-
tional intensity-modulated radiotherapy (IMRT), stereotactic 
radiosurgery (SRS), proton therapy (PT), and carbon therapy 
(CT) have allowed for RT-dose escalation, which has led to 
better treatment outcomes [2, 3]. In fact, a recent national 
cancer database report demonstrated both an overall survival 
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advantage for dose escalation and those treated with proton 
RT (pubmed ID: 30644538) [4]. Herein we report outcomes 
of patients treated at a single institution with high-dose con-
formal PT for skull-base chondrosarcomas.

Methods

Under institutional review board approval, we reviewed the 
medical records of 43 patients enrolled on an institutional 
outcomes-tracking protocol (ClinicalTrials.gov Identifier: 
NCT00797602) who were treated with double-scattered PT 
at our institution for skull-base chondrosarcomas between 
January 2007 and February 2016. Statistical analysis was 
performed with JMP Pro 13.0 (SAS Institute, Cary, NC). 
Patients with mesenchymal histology were excluded from 
analysis and pathologic specimens were not routinely re-
reviewed at our institution unless the grade or diagnosis 
from the referring tertiary care center was uncertain. The 
Kaplan–Meier product limit method provided estimates of 
local control, distant control, overall survival, and grade 
3 toxicity-free survival. PT-related toxicities were scored 
using the Common Terminology for Criteria for Adverse 
events, version 4.0.

As our institute is an international referral center, almost 
all follow-up was conducted by the referring home team. We 
recommended that participants be followed every 3 months 
for the first 2 years, every 6 months for the next 5 years, then 
annually thereafter with routine interval history and physical 
examinations, imaging as well as annual audiology, oph-
thalmology, and endocrine testing when indicated based on 
doses to normal organs. We recommended high-resolution 
MRI with T1 with and without gadolinium, T2, and T1 fat-
suppressed sequences. Our team routinely updated follow-up 
at least annually according to the duration from treatment 
and stability of the individual’s toxicity profile and disease 
status.

Patient characteristics and presenting symptoms are 
detailed in Table 1 and treatment and tumor details are 
shown in Table 2. One patient had Oliver’s disease, of 
which some reports suggest the lifetime risk of chondro-
sarcoma is close to 50% [5]. Patients were simulated using 
a three-dimensional (3D) computed tomography scan 
with intravenous (IV) contrast (Philips Brilliance, Philips 
Medical Systems, Madison, WI). Patients were immo-
bilized with a carbon fiber mask with an aquaplast bite 
plate (Civco Precise-Bite Mouthpiece), which was shaped, 
anchored, and then attached to a plywood board for mount-
ing with indexing. Before 2013, Eclipse software (Var-
ian Medical Systems, Palo Alto, CA) was used for target 
delineation and image registration (rather than MIMVista, 
MIM Software Inc, Cleveland, OH). Target and organ at 
risk (OAR) volumes were imported into an Eclipse proton 

treatment planning system (Varian Medical Systems, Palo 
Alto, CA) and a 3D conformal double-scatter technique. 
No patients received photon RT as a component of treat-
ment; full details regarding the technical and dosimetric 

Table 1  Patient characteristics

*At time of RT
**> 10 pack years

Patient characteristic Value (% or range)

Age 49 (23–80) years
Sex
 Women 25 (58%) pts
 Men 18 (42%) pts

Race
 Asian/Pacific 1 (2%) pts
 Black 2 (5%) pts
 Hispanic 2 (5%) pts
 White 38 (88%) pts

Grade
 I 19 (44%) pts
 II 22 (51%) pts
 III 2 (5%) pts

Cranial nerve deficit* 33 (77%) pts
 Hearing deficit 9 (21%) pts
 Visual deficit 21 (49%) pts

Endocrine disorder* 4 (9%) pts
Comorbid conditions
 Smoking history 5 (12%)** pts
 Hyperlipdemia 7 (16%) pts
 Hypertension 12 (28%) pts
 Cardiac disease 0 (0%) pts
 Oliver disease 1 (2%) pts

Presenting symptoms
 Diplopia 21 (49%) pts
 Headaches 13 (30%) pts
 Change visual acuity 6 (14%) pts
 Facial weakness/numbness 5 (12%) pts
 Facial pain 4 (9%) pts
 Tinitus 3 (7%) pts
 Hypopituitarism 2 (5%) pts
 Proptosis 2 (5%) pts
 Dysphagia 2 (5%) pts
 Hearing loss 2 (5%) pts
 Nasal congestion 2 (5%) pts
 Cognitive impairment 2 (5%) pts
 Vertigo 2 (5%) pts
 Odynophagia 1 (2%)
 Dysarthria 1 (2%)
 Sinusitis 1 (2%)
 Lower extremity weakness 1 (2%)
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factors of proton treatment planning in this cohort at our 
institution has been previously described [6].

Treatment planning dose coverage goals and planning 
constraints were set per institutional protocols, with com-
posite target coverage and heterogeneity goals of planning 

target volume (PTV) D95 = 100%, PTV D99 ≥ 93%, and 
PTV V110 ≤ 20%. Treatment volume definitions were 
defined per our institutional protocol, as outlined in 
Table  3. Under-coverage of composite target volumes 
were permitted to meet brainstem, optic chiasm, bilateral 
optic nerve, and spinal cord absolute constraints. Uni-
lateral optic nerve, temporal lobe, retina, and bilateral 
cochlear constraints were exceeded on an individual case 
basis. Target and maximally acceptable dose constraints, 
respectively, were as follows: brainstem (0.1 cm3) < 55, 
64  Gy(RBE); brainstem (Dmax) < 67  Gy(RBE); brain-
stem core (0.1  cm3) < 50, 60  Gy(RBE); spinal cord 
(0.1 cm3) < 50, 55 Gy(RBE); Optic chiasm (0.1 cm3) < 55, 
60  Gy(RBE); optic nerves (0.1  cc) < 55, 60  Gy(RBE); 
retina (0.1  cm3) < 50  Gy(RBE); cochlea (mean) < 36, 
45  Gy(RBE); temporal lobe (V74) < 2  cm3; hippocam-
pus-head/tail (mean) < 5/20  Gy(RBE); pituitary gland 
(mean) < 30 Gy(RBE); and lens (mean) < 15 Gy(RBE). The 
brainstem core was defined as a 3-mm subtraction structure 
from the surface of the brainstem.

Results

At the time of analysis, three patients were alive with 
< 1 year of follow-up, 37 had more than 1 year of follow-
up, and three were deceased. Seven patients were treated 
with primary RT after biopsy alone and most underwent 
fewer than two surgical resections. Only eight patients had 
three or more procedures, and no patient had more than four 
surgeries. The oncologic and survival outcomes are shown in 
Fig. 1. With a median follow-up of 3.7 years, at 4 years local 
control, overall survival, and toxicity-free survival rates were 
89%, 95% and 95%, respectively. Crude events to date are 
as follows: one patient died with disease more than 5 years 
after treatment, two died of intercurrent causes 2 years and 
8 months after treatment, respectively, and two are alive with 
disease. Of the two cases of intercurrent deaths, one was 
unknown with documented stable disease and the other was 
a suspected stroke. Of the three local failures, two were geo-
graphic misses outside of the 80% isodose line, for which the 
under-coverage is accounted for, as reflected in Table 2. All 
three patients were treated prior to 2013, two of whom had 
a grade 2 tumor and one of which had a grade 1. One patient 
who developed progressive facial weakness and hearing loss, 
ipsilateral to the initial site of disease, failed within the high-
risk CTV. All three underwent unsuccessful surgical salvage.

Acute post-surgical complications included the follow-
ing: 3 (7%) cases of complete hearing loss, 2 (5%) cerebro-
vascular events, 1 (2%) patient with damage to an internal 
carotid artery requiring stenting, 1 (2%) patient with cranio-
spinal fluid leak requiring endoscopic repair, and 1 (2%) 
patient with a pulmonary embolism and respiratory distress 

Table 2  Tumor and treatment characteristics

RT radiotherapy, GTV gross tumor volume, PTV planning target vol-
ume, Gy[RBE] cobalt-grey equivalent

Characteristic Value (% or range)

Involved site
 Cavernous sinus 32 (74%) pts
 Cervical spine 2 (5%) pts
 Clivus 39 (91%) pts
 Ethmoid 6 (14%) pts
 Petrous bone 34 (79%) pts
 Sphenoid bone 37 (86%) pts
 Suprasellar 22 (51%) pts

Tumor abutting the
 Optic chiasm, preoperatively 17 (40%) pts
 Optic nerve, preoperatively 18 (42%) pts
 Brainstem, preoperatively 29 (67%) pts
 Cord, preoperatively 2 (5%) pts
 Optic chiasm at RT 15 (35%) pts
 Optic nerve at RT 18 (42%) pts
 Brainstem at RT 36 (84%) pts
 Cord at RT 0 (0%) pts

Target dose
 GTV 18 (2–311) cm3

 GTV receiving 70 Gy 96 (35–100)%
 PTV 36 (7–457) cm3

 PTV D95% 95 (80–100) GyRBE
 PTV D99% 86 (70–99) GyRBE
 PTV, minimum 54 (6–68) GyRBE
 PTV, maximum 82 (75–110) GyRBE
 PTV, mean 75 (64–82) GyRBE

Brainstem dose
 0.1 cm3 60 (16–67) GyRBE
 Dmax 64 (23–72) GyRBE

Cochlea, left dose
 Mean 31 (0–85) GyRBE

Cochlea, right dose
 Mean 21 (0–79) GyRBE

Optic chiasm dose
 0.1 cm3 38 (1–60) GyRBE
 Dmax 47 (5–83) GyRBE

Optic nerve dose
 Left, 0.1 cm3 42 (2–81) GyRBE
 Right, 0.1 cm3 42 (1–87) GyRBE

Temporal, left V74 < 1 (0–7) mL
Temporal, right V74 < 1 (0–5) mL
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requiring tracheostomy and dysphagia requiring a temporary 
percutaneous feeding tube. One patient had a cerebrovas-
cular event during an attempted salvage surgery after RT.

RT-related toxicities were divided between acute (during 
RT) and late events (following RT). All patients had varying 
degrees and combinations of acute grade 1 and 2 toxici-
ties during RT, which included fatigue, radiation dermatitis, 
alopecia, and mucositis but there were no grade 3 acute tox-
icities attributed to RT. In terms of late toxicity, there have 
been 6 grade 3 events to date. One patient had a grade 2 
temporal lobe and brainstem radiation necrosis, and another 
had had a grade 2 temporal lobe necrosis within 2 years of 
treatment. For the patient with both a grade 2 temporal lobe 
and brainstem necrosis, the temporal lobe V74Gy(RBE) was 
2.1 cm3 and the brainstem (Dmax to 0.1 cm3) received was 
64 Gy(RBE). The patient who experienced a grade 2 ipsi-
lateral temporal necrosis had a V74Gy(RBE) of 5.5 cm3. 
Lastly, one patient developed bilateral grade 3 temporal lobe 

necrosis requiring surgical resection for epilepsy 4 years 
from completion of treatment; the V74GyRBE in this case 
was less than 2 cm3. Another ten patients who received a 
V74GyRBE of at least 4 cm3, and eight who had a brain-
stem Dmax (0.1 cm3) of 64 GyRBE, did not demonstrate 
any clinical or radiographic evidence of radionecrosis. At 
least seven patients had or required intervention for mid-
dle ear effusions, of which there were 4 (9.0%) who expe-
rienced expected grade 3 hearing loss. One patient devel-
oped grade 2 peripheral vision loss following surgery that 
progressed to grade 3 by 10 years after treatment. While 4 
(9%) patients had pituitary dysfunction prior to RT, 1 (2%) 
patient had hormone deficiency that warranted replacement 
with testosterone, cortisol, and thyroid medications follow-
ing treatment. We do not have sufficient laboratory follow-
up to report detailed information regarding untreated hor-
mone deficiencies following treatment. In summary, while 
the radiation-related grade 3 toxicity was 95% (n = 2) at 4 
years, most events occurred later (n = 4) and were related to 
expected hearing loss (n = 4).

Discussion

Low-grade, asymptomatic skull base chondrosarcomas for 
which treatment would cause clinically significant morbidity 
can be observed with close surveillance. Otherwise, maxi-
mal safe surgery to relieve symptoms related to mass effect 
or to improve the target geometry of highly conformal RT 
is the preferred initial approach to skull-base chondrosarco-
mas. Maximal safe surgery can provide a histologic diagno-
sis, relieve compression of critical structures, and optimize 
target geometry for postoperative RT [7].

Because gross total resection of these tumors is rare, the 
ability to deliver conformal high-dose RT is essential for 

Table 3  Summary practices 
at UF Health Proton Therapy 
Institute

CTV clinical target volume, GTV gross tumor volume, PTV planning target volume

Item Definition

Extent of surgery Maximal safe resection
CT simulation Immobilization with thermoplastic head mask and bite plate
Imaging Thin-slice CT scan (-mm thickness) + IV contrast, and co-

registration to all pre- and postoperative imaging
GTV Gross residual tumor and/or tumor bed
CTV 1 GTV expanded for preoperative and high-risk subclinical 

extent of disease edited for boundaries of tumor spread
CTV 2 Gross residual tumor and/or tumor bed
PTV 1 3 mm isotropic expansion of CTV 1
PTV 2 3 mm isotropic expansion of CTV 2
Target Total dose
PTV 1 50.4 Gy (RBE) at 1.8 Gy/fx
PTV 2 73.8 Gy (RBE) at 1.8 Gy/fx

Fig. 1  The 3-year rates of local control, cause-specific survival, and 
overall survival
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local control. Bolch et al. performed a meta-analysis of over 
500 patients with cranial chondrosarcoma and found that, 
while the 5-year recurrence rate among all patients was 22%, 
the recurrence rate was highest in patients who underwent 
surgery alone compared with surgery and RT (44% vs 9%; 
p < 0.0001) or RT alone (19%; p = 0.036) [8]. Given the 
tendency of these tumors to originate in paramedian bony 
sites, surgeons have approached these tumors using a crani-
otomy, endoscopic or combined approach. These techniques 
resulted in improved recurrence-free survival, and the shift 
in surgical management to maximal safe resection parallels 
technological advancements in the field of radiation oncol-
ogy and a greater ability to provide highly-conformal adju-
vant treatment [9, 10].

For patients with gross residual disease and optimal dis-
placement from critical normal structures, dose intensifica-
tion with modern RT techniques, such as PT, has been used 
in the treatment of skull-base chondrosarcomas for local 
control. Since the dose tolerances of the brainstem, spinal 
cord, and optic OAR are below the dose required to control 
gross disease, a minimum separation of at least 1 to 2 mm 
between the residual disease and the OARs is necessary 
for adequate target coverage [3, 11–19]. Having a radiation 
oncologist involved early in the surgical planning can assist 
with the defining areas of interest that achieve the largest 
benefit from post-surgical target geometry optimization.

Although early reports are promising that PT provides 
advantages over photon-based RT in delivering an adequate 
radiation dose to the tumor while reducing the dose to nor-
mal tissue and may even provide a survival advantage with 

dose escalation, there is a relative scarcity of data on the 
long-term effectiveness of particle therapy [4]. As dem-
onstrated in Table 4, the 3- to 5-year local control ranges 
from approximately 85% to over 95%, with minimal acute 
and acceptable late toxicity [11–18, 20, 21]. For instance, 
the Massachusetts General Hospital (Boston) experi-
ence reported on 165 patients treated to a median dose of 
72 Gy(RBE) with combined photon and proton RT. They 
observed an excellent 5-year local control rate of 98% [18]. 
Investigators from the Switzerland, Japan and France have 
similarly shown promising results [12–14].

In a outcomes study collaboration between Paul Scherrer 
Institut and the Institut Curie Proton Therapy center-Orsay, 
Weber et al reported long-term outcomes in 251 patients 
with skull-base chondrosarcoma, of whom 135 were treated 
with protons alone. The purpose to evaluate for prognostic 
factors, and with a median follow-up of over 7 years, they 
reported a 95% local control rate, a 94% overall survival rate, 
and an 84% toxicity-free survival rate. A univariate analy-
sis demonstrated that a gross tumor volume greater than 
or equal to 25 mL was associated with both a statistically 
significant increased risk of failure and decreased overall 
survival [16]. Gross residual disease > 25 mL at the time 
of RT has been a known prognostic indicator for inferior 
local control [15, 17]. The PSI-ICOP analysis showed that 
age > 40 at the start of RT, > 1 surgery and a gross tumor 
volume > 25 mL to be significant for overall survival on uni-
variate analysis, which are consistent with other reports [8, 
13, 20, 22, 23]. We did not observe a relationship between 
recurrence and tumor volume or whether the patient was 

Table 4  Single institutional reports on proton outcomes

FFS failure-free survival, Gy(RBE) gray-relative biologic equivalent, RION radiation-induced optic neuropathy
*Paul Scherrer Institut (PSI; protons only) and the Institut Curie Proton Therapy center-Orsay (ICPO; protons ± photons)
**Patients received combined photon-proton post-op radiotherapy, the dose distribution/ weighting is not described in manuscript

Author, year No. Pts Median RT dose, Gy or Gy (RBE) Median follow-up (years) Local control rate

Munzenrider, 1999 [18] 165 72 (66–83) proton/photon 3.4 (0.1–1.2) 5 years—98%
Complications, 5-year brainstem toxicity rate, 8%; rate of temporal lobe complication, 13%; RION, 4.4%; 

rate of endocrinopathy in patients studied, 40%; 15 of 33 prospectively evaluated developed significant 
hearing loss; 15 of 27 studied with DVH had cranial nerve injury

Hug,1999 [15] 25 70.7 (64.8–79.2)- proton 2.8 (0.6–6.3) 92% at 5 years
Complications, 7% grade 3 or 4 (5% symptomatic); no grade 5

Fuji, 2011 [14] 8 63 (50–70) proton 3.5 (0.8–6.7) 86% at 3 years
Complications, no grade 3 + reported

Feuvret, 2016 [13] 159* Total, 70.2 (67–71); photon, 34.2 Gy (0–54) 6.4 (0.2–17.8) 98% at 5 years
Complications, 10% at 10 years; 8 hearing loss; 1 temporal lobe necrosis; radionecrosis after salvage RT, 

brainstem glioma 7 years after treatment
Weber, 2016 [17] 22** 68.4 (63–74)-proton 5.8 (0.4–15.9) 93% (FFS) at 7 years

Complications, 6%; 1 grade 3 optic neuropathy; 2 grade 3 temporal lobe necrosis
Holtzman, 2019 (present series) 43 73.8 (64.5–74.4) with protons 3.7 (0.7–10) 89% at 4 years

Complications, 4-year RT-related toxicity-free survival, 95%; crude events: 4 expected hearing loss; 1 
complete vision loss; 1 grade 3 temporal radionecrosis; no grade 5 toxicities
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treated with definitive versus adjuvant RT, which may be 
attributable to the small sample size. Uhl et al. reported that 
tumors with boost volumes of up to 55 mL can be treated 
without an increased risk of local failure [21]. Lastly, while 
there are few reports investigating the use of carbon therapy 
in the treatment of skull-base chondrosarcomas, its contin-
ued study will determine the role of other forms of heavy-ion 
particle therapy [20, 24–27].

Because the chance of salvage after a recurrence is 
remote, the ability to deliver an adequate RT dose to these 
skull base chondrosarcomas is crucial to improving local 
tumor control and overall prognosis. In our series, none of 
the three local recurrences were surgically salvaged. Only 
1 of the local recurrences occurred within the 80% isodose 
line. The other two were marginal, with the 80% isodose line 
traversing gross residual disease with a steep dose gradient. 
This observation connotes the importance of re-evaluating 
high-risk CTV margins, high-quality pre- and postopera-
tive imaging review within a multidisciplinary team, with 
an understanding of the potential benefits and limitations of 
certain surgical techniques and the uncertainties related to 
sharp-dose fall off, which is often desired when the tumor is 
adjacent to a critical nerve and optic structures [28].

This approach is echoed in a report from MD Ander-
son Cancer Center (Houston, TX). Although not specific 
for skull-base tumors, of the 2830 cases they presented for 
peer review, changes were recommended in over 10%; 28% 
were categorized as a dose change, but almost 70% were a 
target change of which 3% were considered major changes. 
Of the sites modified, head-and-neck tumors accounted for 
the majority of changes made [29]. The importance of target 
delineation, precise image registration, and sub-site chart 
review cannot be overstated in the era of highly-conformal 
treatment.

With improved image fusion software and modifications 
in our treatment planning algorithm using physician-directed 
image registration of 3D MRI sequence of ≤ 1-mm thick 
slices and high spatial resolution, we have not documented 
any geographic failures. We have also implemented a pro-
tocol requiring physician-radiologist review for each case 
and for standardization of our planning process regarding 
surgical hardware [28]. While no patient in the present series 
required surgical stabilization, if a patient is to undergo sur-
gical stabilization that will be dispositioned to postoperative 
RT, the use of carbon-fiber-reinforced polyetheretherketone 
materials an emerging tool that can mitigate hardware arti-
facts. This has the added benefit of reducing range uncertain-
ties, and clarity of tumor bed for treatment, surveillance and 
follow-up [30].

In regards to systemic therapy, no patient in the pre-
sent series received upfront induction or adjuvant chemo-
therapy as those with mesenchymal disease were excluded 
from analysis. Chemotherapy was reserved for those with 

recurrent disease. Emerging data, however, demonstrate 
improved local control and survival in patients with mes-
enchymal tumors who receive induction systemic treatment 
[31]. While data analyzing recurrent and metastatic disease 
are beginning to emerge, future research should help deter-
mine which agents are the most efficacious [32].

The main limitations of this study are those inherent to 
any outcomes study for which most of the primary follow-up 
and toxicity assessment has been performed by an outside 
institution. Nevertheless, direct contact with both patients 
and referring physicians continued throughout the follow-up 
care, including toxicity and outcomes assessments, using 
an electronic patient portal; relevant imaging was reviewed 
by the study team. While we were limited in our ability to 
report grade 1 and 2 toxicity, the high rate of follow-up com-
pliance allowed for us to report oncologic and severe grade 
3 + long-term toxicity. Additionally, such limitations are also 
intrinsic to studies of rare diseases when patients are referred 
to an international center to which travel for continued fol-
low-up care is preclusive to the patient for various logistical 
or financial reasons.

Conclusions

High-dose, conformal PT alone or following surgical resec-
tion for skull base chondrosarcomas is an effective treatment 
with a high rate of local control and a relatively low grade 
3 toxicity profile within 4 years of treatment completion. 
Further follow-up of this cohort is necessary to better char-
acterize long-term disease control and late toxicities.
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