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Introduction
Chordoma (Ch) and Chondrosarcoma (Chs) are rare tumors; Ch arise from the primitive 

notochord [1], whereas Chsare malignant primary bone tumors of cartilaginous origin; they can 
resemble Ch and are often misdiagnosed as such [2]. Ch and Chs are low-grade malignancies that 
in about one third of cases occur at the skull base, particularly developing in the clivus, with alocally 
invasive spread. Their incidence is less than 0.1 per 100,000 per year [3]. Chondrosarcoma is less 
common than Ch, particularly in the skull base location. In combined series, the occurrence is 
typically one-half to one-third the frequency of Ch. Chordoma and Chondrosarcoma have been 
historically grouped together in retrospective and prospective series because of their rarity and 
similar midline presentation, similar imaging characteristics, and possible confusion in initial 
pathology. However, these lesions are distinct clinic-pathological entities and can vary significantly 
in outcome [4]. In particular Ch is highly recurrent, making its clinical progression very similar 
to that of malignant tumors. Because metastasis and dissemination are uncommon, local control 
by aggressive treatment is crucial for long-term survival. Unfortunately, these lesions grow next 
to structures deputed to relevant physiologic functions such as temporal lobes, brainstem, cranial 
nerves, major vessels, pituitary gland etc. that limit extensive surgical approaches and delivery of 
definitive doses of radiotherapy without severe risks of side effects and complications. The aim of 
the treatment is to avoid serious damage to the surrounding brain parenchyma and cranial nerves 
and to relieve any compression caused by the tumor [5]. The most recent progresses of surgery and 
radiotherapy requiring a special expertise have permitted to improve the results in terms of local 
control with acceptable risks.

Surgery
Surgical resection remains the first choice for Ch and Chs of the skull base with the appropriate 

surgical approach based on tumor size and location. Given the irinvasive nature with spread along 
critical bony and neural structures, and large tumor burden, complete resection of these tumors 
is often difficult. Surgery should aim towards maximally safe cytoreductive surgery with wide en-
bloc resection with preservation of neurological function and quality of life, even at the price of 
postoperative residual tumor. Within the constraints to safety and minimizing complications, 
a particular effort should be made to obtain the maximal surgical reduction of the lesion and 
clearance from eloquent structures even to repeating further surgery. The reduction of the burden 
of tumor and the abutting to critical structures can also favor the safer delivery of high doses of 
irradiation. These lesions have a broad surgical approach strategy that is based on the location of 
the tumor and the surgeon’s preference: in the literature surgical goals and approaches selected 
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Abstract
Chordoma and Chondrosarcoma are rare, locally aggressive, tumors occurring in one third of cases 
in the base of the skull. Although the risk of distant metastasis is low, without adequate therapy, 
these tumors often recur locally with significant morbidity and mortality. The mainstay of treatment 
is maximal tumor debunking. A gross total resection, however, is difficult to achieve, often leaving 
residual tumor. Adjuvant radiation is considered a standard therapeutic option postoperatively to 
reduce the risk of local recurrence and increase survival. High doses of radiation are required, as 
these tumors are considered relatively radioresistant but the presence of several organs at risks a 
major challenge with respect to covering the target with the prescribed high dose. In this regards, 
protons, for their physical and dosimetric advantages, have become a standard of care. Even though 
some reports have shown clinical activity with the use of chemotherapy or biologic drugs, there is 
no role at the moment for medical treatment.
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on a case-by-case basis. Transphenoidal, transanal, trans maxillary, 
anterior cervical retro pharyngeal, and transanal approaches have 
been well documented [6]. Surgical results and clinical outcomes 
have improved throughout the years [7]. A variety of both open 
and endoscopic therapeutic approaches have evolved, with an 
emphasis on neurological preservation, increasing the rate of gross 
total resection and reducing morbidity. To exploit a total resection 
can be challenging because of difficult access, anatomic constraints, 
infiltrative nature of the lesion, and proximity to critical structures 
such as optic nerves, optic chiasm, cranial nerves, cochlea, brainstem, 
pituitary gland, and temporal lobes. Lateral extension of the disease 
often can be accessed with endoscopic nasal approaches [8]. The 
most challenging side effect with endoscopic approaches is the defect 
closure and prevention of Cerebrospinal Fluid (CSF) leak. With 
the increased experience with endoscopic skull-based techniques, 
improved instrumentation, and, if needed, the use of arterially based 
mucosal flaps for cerebrospinal fluid leak closure, the ability to 
approach resections of these lesions has significantly improved [9-12] 
permitting more thorough removal of tumor with less postoperative 
morbidity. Local Recurrence (LR) with surgery alone has been found 
very high (>50%) mainly in Chand can be associated with significant 
morbidity [13]. Chondrosarcoma appear to be more indolent than 
chordomas, which may lead to favoring a more conservative initial 
surgery. Some small tumors and other select cases may be addressed 
with observation alone if of low-grade. In these cases, residual tumor 
can be observed closely without adjuvant treatment; being local 
recurrence rates and ability to metastasize less than Chordoma.

Considering the high rate of LR, postoperative radiotherapy plays 
a very important role in a global therapeutic approach; however, 
there is currently no clear consensus on the post-surgical radiation 
treatments that should be used after maximal resection.

Patients sometimes can subsequently develop recurrent disease 
along the cervical skin incision due to surgical seeding: tumor seeding 
can occur anywhere along the operative route and is often outside 
the field of radiotherapy [14] even though the frequency of this 
occurrence is reported in less than 5% of cases and the need to include 
it in the radiotherapy field is controversial [15]. The use of novel clean 
oncologic techniques to minimize exposure may help limit tumor 
seeding.

Radiotherapy
Considering the difficulty to obtain a gross total resection and 

wide surgical margins, adjuvant Post-Operative Radiotherapy 
(PORT) is important or even essential for local tumor control even 
in these slowly growing tumors. In retrospective series aggressive up-
front management with immediate PORT after surgery showed a 10-
year survival rate of 65% versus 0% in comparison to those patients 
treated with RT at the time of recurrence [16].

The control of these radioresistant tumors requires doses more 
than 56-70 Gy, the dose level usually administered with photon 
beams. Doses of at least 74 Gy using conventional fractionation (1.8-
2 Gy per fraction) that are beyond the tolerance of several critical 
structures are recommended [17,18]. This makes the treatment 
with X-ray difficult and the 5-year Progression Free Survival (PFS) 

Authors 
[year] Histology N. of Patients 

Mean total dose 
(range) 

[Gy (RBE)] 

Dose per fraction 
[Gy(RBE)] 

Mean follow up 
[months]

Local 
control [%]

Overall 
survival [%]

Hug et al. [32] Chordoma 33 71.9
(66.6-79.2) 1.8 33.2

(7-75)# 59 (5 y) 79.0 (5 y) 

Chondrosarcoma 25 69.3
(64.8-72) 1.8 75 (5 y) 100 (5 y)

Munzenrider et al. [27] Chordoma 290 66-83# 1.8-1.92 41
(1-254)#

73 (5 y), 
54 (10 y) 

80 (5 y), 
54 (10 y) 

Chondrosarcoma 229 1.8-1.92 98 (5 y), 
94 (10 y)  

91 (5 y), 
88 (10 y)

Noel et al. [28] Chordoma 34 66.7
(60-73)# 1.8-2.0 31* 83.1 (3 y) 91.2 (4 y) 

Chondrosarcoma 11 1.8-2.0 90 (3 y) 60 (4 y)

Noel et al. [33] Chordoma 100 67 1.8-2 31 53.8 (4 y) 80.5 (5 y)
Igaki et al. [34] 

Chordoma 13 72.0
(63-95) 2.0-3.5 69.3* 66.7 (5 y) 44.2 (5 y) 

Ares et al. [35] Chordoma 42 73.5
(67-74) 1.8-2.0 38# 81 (5 y) 62 (5 y) 

Chondrosarcoma 22 68.4
(63-74) 1.8-2.0 94 (5 y) 91 (5 y)

Fuji et al. [36] Chordoma 8 63
(50-70)# 1.8 42* 100 (3 y) 100 (3 y) 

Chondrosarcoma 8 1.8 86 (3 y) 100 (3 y)

Yasuda et al. [37] Chordoma 40 68.9
(55-74) N/A 62.3 70 (5 y) 83.4 (5 y) 

Deraniyagala et al. [38] Chordoma 33 77.4 – 79.4 1.8 21 86 (2y) 92 (2 y)

Grosshans et al. [39] Chordoma 10 69.8
(68-70) 2.0

27
(13-42)# 82 (2 y) 100 (2 y) 

Chondrosarcoma 5 68.4
(66-70) 2.0 100 (2 y) 100 (2 y) 

Weber et al. [29] Chordoma 151 72.5#

(70.3-74.7 1.8-2.0 50 
(4-176)#

75.8 (5 y), 
70.9 (7 y) 

86.4 (5 y), 
80.0 (7 y) 

Chondrosarcoma 71 1.8-2.0 93.6 (5 y), 
93.6 (7 y)

93.6 (5 y), 
93.6 (7 y)

Table 1: Series of skull base chordoma and chondrosarcoma treated by proton beam therapy.

RBE*: Median; N.: Number; # : Ch and Chs together, y: years; N/A: Not Available; Gy: Gray; RBE: Relative Biological Effectiveness
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reported with X-ray treatment is poor in the range of 17-39% [19-22]. 
It is to note that most current series studying long-term outcome with 
conventional radiation therapy employed older techniques and may 
not apply to current management.

Advances in radiation technology and delivery with the 
introduction of hadrons (i.e., protons or charged particles, including 
carbon ions, helium, or neon) have led to higher doses being 
delivered to the target, with limited injury to the surrounding tissue 
and improved radiobiological effect. Unfortunately, the availability 
of hadron-based therapy is limited because of the associated 
construction and operational expenses [23,24].

Particles
In comparison with conventional radiotherapy, particle beams 

such as Proton Beam Therapy (PBT) and Carbon Ion Radiation 
Therapy (CIRT) have different physical and biological characteristics 
with better dose distribution. They deliver a lower entry dose, 
depositing the majority of their energy at the end of their path, 
yielding atypical narrow dose energy peak called “Bragg peak”. This 
steep fall-off allows for delivery of high doses and sparing of tissue 
beyond the tumor. In the skull base, this feature is crucial, given the 
presence of several critical structures at risk.

Because of this physical property, particles are suitable for treating 
skull base tumors because high doses can be delivered to the target 
while preserving the surrounding normal tissue. In addition, because 
it is possible to make irregular target fields, they can deliver uniform 
doses to irregularly shaped tumors. Proton beams are categorized as 
low Linear Energy Transfer (LET) radiation with a biological effect of 

1.1 times that of photon beams [25]. Radio biologically, carbon-ion 
beams result in two to three times the Relative Biological Effectiveness 
(RBE) of proton and conventional irradiation methods and they may 
be effective for treating highly radioresistant tumors [26].

Proton beam therapy (PBT)
PBT was shown to be superior to photons in the seminal report 

of the Boston group for delivering higher doses to the tumor while 
keeping lower doses to normal tissues in the clival region [27]. In 
this early study at Massachusetts general Hospital in Boston (US) 
and at the institute Curie at Orsay (France) [28], PBT was often 
conducted in combination with photon radiotherapy. Afterwards, 
PBT has been considered the irradiation technique of choice in the 
treatment of these tumors and adjuvant therapy with Ch and Chs is 
largely accomplished with proton EBRT, despite the limited number 
of available centers, but its exact role has not been fully established 
[17,18]. New delivery techniques have developed and the recent 
introduction in the clinic of spot scanning PT technique (single 
pencil proton beams that can be modulated or conformed) to mimic 
current photon technique (i.e., IMRT) can offer very exciting results 
with high long term late grade >3 toxicity-free survival [29].

Proton therapy has been used also in pediatric patients mixed 
with photons [30] or alone [31]. In these series, even with a limited 
number of patients, the treatment was well tolerated in children 
allowing excellent local control with minimal long-term toxicity.

At the moment, instead of the number of published series showing 
a very satisfactory local control rate achieved with protons, high level 
evidence for unequivocal recommendation does not exists [32]. The 
results of PBT reported in the literature are shown in (Table 1).

Authors
[year] Histology No. of Patients

Mean total dose 
(range)

[Gy (RBE)]

Dose per fraction 
[Gy(RBE)] 

Mean follow up 
[months]

Local 
control [%]

(range)

Overall 
survival [%] (years)

Mizoe et al. [43] chordoma 33 48 – 60.8 3.4 – 4.2 53
(8-129)

85.1 (5 y), 
63.8 (10 y)

87.7 (5 y), 
67 (10 y)

Uhl et al. [44] chondrosarcoma 79 60 3 91
(3-175)

88 (5 y), 
88 (10 y)

96.1 (5 y), 
78.9 (10 y)

Uhl et al . [41] chordoma 155 60
(54-70) 3 72

(12-165)
72 (5 y), 
54 (10 y)

85 (5 y), 
75 (10 y)

Table 2: Series of skull base chordoma and Chondrosarcoma treated by carbon ions.

RBE*: Median; N: Number; #:Ch and Chs together, y: Years; Gy: Gray; RBE: Relative Biological Effectiveness

Authors 
[year] Histology N.of Patients 

Mean total dose 
(range)

[Gy]

Dose per fraction 
[Gy] 

Mean follow up 
[months]

Local 
control [%]

Overall
survival[%]

Debus et al. [49] chordoma 37 66.6 1.8 95 50 (5 y),
40 (8 y) 82 (5 y)

chondrosarcoma 8 64.9 1.8 59 100 (5 y) 100(5 y)

Foweraker et al. [45] chordoma 9 65
(62-65) 1.8-2.0 34 88(5 y) 62(5 y)

chondrosarcoma 3 60-65 1.8 17.5-107.5 100 (5 y) 100 (5 y)
Hong Jiang et al. 

[48] chordoma 10 N/A N/A 17 100 (2 y) 100 (2 y)

Hauptman et al. [54] chordoma 13
(5 SRS)

70
(53-84) 2.0 44 50 (5 y) 82 (5 y)

chondrosarcoma 2 68-70 2.0 7-62 100 (5 y) 100 (5 y)

Potluri et al. [46] chordoma 13 65
(62-70) 1.8-2.0 53 83 (5 y) 92 (5 y)

chondrosarcoma 6 62.5
(60-65) 1.8-2.0 53 100 (5 y) 100(5 y)

Ahmed et al. [50] chordoma 30 81 1.2-1.5 BID 76 31 (5 y) 73 (5 y),
44 (10 y),

Bugoci et al. [51] chordoma 12 66.6
(48.6-68.4) 1.8 42 37.5 (5 y) 76(5 y),

Table 3: Series of skull base chordoma and chondrosarcoma treated by Intensity Modulated Radiation Therapy (IMRT) or Stereotactic Radiation Therapy (SRT).

Gy: Gray; N: Number; N/A: Not Available; y: Years; SRS: Stereotactic Radio Surgery; BID: twice daily
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Carbon ion radiation therapy (CIRT) 
In addition to proton therapy, heavy ion beams have been used 

for the treatment of skull base Ch and Chs and its use has been 
increasing, especially in Europe and Asia [33]. Heavy ions, most 
frequently carbon ions, have been theoretically postulated to have 
a biological advantage in terms of Relative Biological Effectiveness 
(RBE) over photon and proton therapy, particularly in slow-growing, 
usually radio resistant, tumors.

The long-term results of irradiation with carbon ions using a 
raster scanning technique in patients with skull base Ch has been 
recently published [34]. A total of 155 patients were treated; at a 
median follow-up of 72 months, 5 and 10-year LC rates were 72% 
and 54%, respectively, whereas the 5-year - 10-year OS rates were 
85%, and 75%, respectively. CIRT has been proposed also as a method 
of re-irradiation in cases with tumor recurrences with satisfactory 
outcome (survival after re-irradiation 86% at 24 months, and 43% at 
60 months) [35]. Moderatehypofractionation with 16-22 fractions of 
3- 4.2 [36] GyE per fraction is feasible [37]. The results of patients 
with CH or CHS of the base of the skull treated with carbon ions are 
reported in (Table 2).

Modern photon radiation therapy (RT)
Recent development of photon radiotherapy has enabled to 

achieve a co focal and precise dose distribution with different 
irradiation photon techniques [38-44]. The results obtained with 
these advanced, modern forms of radiotherapy, even though in 
limited sample of patients, are reported in (Table 3 and 4).

Conformal radiotherapy and intensity modulated radiation 
therapy (IMRT)

Relatively high doses (60-65 Gy) were delivered with conformal 
modern techniques using a combination of static fields and arcs 
with advanced planning techniques showing satisfactory results 
even though in a very limited sample [45]. Similar dose (65 Gy in 39 
fractions) was used in the report of Potluri et al. [46], resulting in a 
survival rate for radically treated patients with chordomas of 92% and 
a 5 year local control rate of 83%. The 5 year cause-specific survival 
and local control rates with Chondrosarcoma were both 100%.

Intensity modulated radiation therapy (IMRT) is the new 
paradigm of treatment in radiotherapy [47] and has been applied to 
few series. Hong Jiang et al. [48] published on 10 patients treated with 

IMRT after an endoscopic resection in clival tumors; even though 
no technical data on irradiation were available and a limited follow-
up was reported, postoperative IMRT was referred as an effective 
adjuvant treatment.

Stereotactic radiation therapy
Stereotactic treatments can be delivered either of a single fraction 

(stereotactic radiation surgery - SRS) or in a limited number of 
sessions usually between 3 and 5 (stereotactic radiation therapy - 
SRT).

A. Stereotactic radiotherapy – SRT
Fractionated Stereotactic Radiation Therapy (SRT) delivered at 

a median dose of 66.6 Gy (for Ch) and 64.9 Gy (for Chs) showed to 
be feasible and safe [49]. Local control at 5-years of 100% in Chs and 
84% in Ch without clinically significant late toxicity. These favorable 
results have been confirmed in more recent literature [50] where hyper 
fractionated high doses up to 81 Gy were used obtaining 5-year and 
10-year survival rates for these patients of 73% and 44%, respectively. 
Fractionated Stereotactic Radiation Therapy (FSRT) with dynamic 
conformal arcs and intensity-modulated radiation therapy boost was 
used in the report of Bugoci et al. [51]. Even though the number of 
patients treated was limited (12 patients), the authors reported that 
in their experience FSRT as postoperative treatment of skull base 
chordomas resulted in promising overall survival results (76.4% at 5 
years) , comparable with the published literature of particle therapy 
without significant complications but with only 37.5% of patients free 
of progression.

A. Stereotactic radio surgery - SRS
SRT can be delivered with different treatment systems: with 

classic Linear Accelerators (LINACs) using multiple beams focused 
on the target from different angles in an isocentric way; with 
multiple cobalt sources (Gamma Knife(GK), Elekta Instruments 
AB, Stockholm, Sweden or with commercially available dedicated 
machines, such as Cyber Knife (CK), Accuray, Sunnyvale, CA, USA a 
small LINAC mounted on a 6 degree of freedom robotic arm. These 
methods of irradiation are particularly useful for diseases with a 
limited postoperative residual volume, usually less than three cms. 
in diameter [52].

The North American Gamma Knife Consortium published a 
review of six institutions treating base of skull CH with Gamma Knife 

Authors 
[year] Histology N.of Patients 

Mean total dose 
(range)

[Gy]

Dose per fraction 
[Gy] 

Mean follow up 
[months]

Local 
control [%]

Overall
survival[%]

Gwak et al. [55] chordoma 7 21-43.6 7-8.7 20
(12-32) 6/7 controlled 86 (2 y)

chondrosarcoma 2 30-43. 6 8.7-10 11-33 272 controlled N/A

Hasegawa et al. [57] chordoma 27 14 (marginal) SF 59 80 (5 y),
56 (10 y)

72 (5 y),
72 (10 y)

chondrosarcoma 7 86 (5 y) 86 (5 y)

Martin et al. [58] chordoma 18 16.5 SF 88 62.9 (5 y) 62,9 (5 y)

chondrosarcoma 10 86 80 (5 y) N/A

Liu et al. [60] chordoma 31 12.7 (marginal) SF 30 21.4 (5 y) 21.4 (5 y)
Henderson et al. 

[56] chordoma 7 35
(28-40) 7-7.5 83

(12-216) 6/7 controlled 86 (5 y)

Dassoulas et al. [59] chordoma 43 15
(marginal) SF 70 50.3 N/A

Ito et al. [55] chordoma 10 17.8
(12.5-20) SF 71 47.9 (5 y) 89.5 (5 y)

Table 4: Series of skull base chordoma and chondrosarcoma treated by Stereotactic Radio Surgery (SRS).

Gy: Gray; N: Number; N/A: Not Available; y: Years; SF: Single Fraction
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radio surgery as the primary, adjuvant, or salvage management [53]. 
With a median follow-up of 5 years, of the 71 patients treated, 23 had 
died of tumor progression [54]. Overall survival at 5 years was 93% 
for patients who had not received prior radiation therapy and 43% for 
those who had received prior therapy.

Recurrent tumors can be controlled with gamma knife radio 
surgery mainly in case of residual lesions localized and small after 
initial aggressive resection [55].

The use of Cyber Knife for stereotactic treatment has introduced 
a new treatment technique used with typically fractionated regimens 
(1–5 fractions) that facilitate treatment of larger tumors with high 
doses per fraction [56]. As expected, patients with previous radiation 
therapy are at a higher risk of complications and poorer tumor control. 
In 18 patients treated with a median follow-up of 65 months, the local 
control was 59% and overall survival was 74%, with a disease-specific 
survival of 88.9% [57].

A comprehensive radiotherapy approach
Additional data are required to further delineate the role of 

advanced photon techniques is-a` -vis with PT that is actually 
considered the most appropriate irradiation technique in these 
tumors. The optimal radiation technique for a patient depends largely 
on the extent of surgery, the biological profile, the experience of the 
professional team, and the availability of resources. The published 
data are difficult to compare because of their retrospective nature and 
the length of their follow-up.

Many clinical series with patients postoperatively treated with 
several irradiation methods found that the type of radiation seemed 
not clearly influence recurrence rate, however these studies were 
usually small, retrospective, made in a very long life span and very 
heterogeneous with different selection bias [62,63].

In a meta-analysis of recent studies Di Maio et al. (64), found 
that 5-year PFS and OS were 50.8% and 78.4%, respectively, and no 
significant differences in 5-year OS were observed among photon 
radiotherapy, gamma knife surgery, PBT, and CIRT, but 5-year 
PFS was lower in gamma-knife surgery. Although doses of photons 
delivered were lower than those of protons and carbon ions, these 
results suggest that Chordoma may possibly be controlled when a 
sufficient dose is delivered in well selected cases, regardless of the 
radiation quality. Advanced treatment planning technologies are able 
to compensate for the less favorable dose distribution traditionally 
achieved with conventional EBRT techniques. It is to note that Chs 
require less high-level doses and can be treated more easily and 
successfully.

Further progress both in photon and particle radiotherapy is 
definitely required to improve the results in these radio resistant and 
invasive tumors that develop at a very complicated location. Although 
PT continues to be recommended as the radiation technique of 
choice, considering also the restriction for referral to the relatively 
few existing centers, other irradiation modalities may have a role in 
selected patients. PT could result particularly useful in tumors large 
and with complex shape that encompass an area too large for SRS, 
and achieve a high enough dose with generally acceptable toxicity 
that is not otherwise achievable with EBRT. Collectively, at present, 
the treatment modality should be selected on the basis of not only 
the tumor location, size, and shape but also the experiences of each 
institute.

Systemic therapy
Chemotherapy (CHT) has demonstrated to be largely ineffective 

for these slow-growing tumors and studies reporting the use of 
cytotoxic agents have not demonstrated clinically significant activity 
[6,65-67]. Different drugs have been tested with poor results and the 
evidence on treatment from literature mainly refers to anecdotal 
reports and at present, no drugs are approved for the treatment of 
advanced Chand overall, no evidence is available to recommend 
CHT. Published series regarding CHT of Chand Chsare scarce and 
most of these only give few details about primary histology, agents 
and regimens used, making impossible to define a standard CHT 
approach. Most chemotherapeutic regimens are currently considered 
in locally advanced or metastatic disease in a palliative setting often 
after several recurrences in patients not treatable with any other 
approach [68].

Molecular target-drugs, anti-PDGFRBimatinibmesylate has 
shown a certain activity in Ch, as detected in a prospective Phase 
2 study and reported in several observational retrospective series 
[69-71]. Recently, there has been a renowned interest in exploring 
molecular therapy for Ch, as these tumors appear to have tyrosine 
kinase and related pathway mutations [72].

Limited data are available about the role of CHT in patients with 
advanced Chondrosarcoma: conventional CHT has very limited 
efficacy, the highest benefit being observed in mesenchymal and 
dedifferentiated Chs [73].

The characterization of molecular pathways involved in the 
oncogenesis of Ch and Chsand preclinical studies are needed to 
design clinical trials and classify targets that could be used in order to 
improve the prognosis of patients with advanced disease.

Conclusion
Ch and Chs are rare, slow-growing, locally aggressive neoplasms 

that in about one third of cases occur at the base of the skull near the 
spheno-occipital area. These tumors are challenging to treat due to 
their complex shape and proximity to very critical structures. Surgery 
continues to be the first choice of treatment and the primary modality 
in their management. Radiation therapy is often recommended 
regardless of resection status. The optimal treatment strategy includes 
surgicaldebulking, followed by irradiation. Radiation techniques able 
to cover the target with adequate doses and to reduce the risk of 
treatment are evolving. Particles (protons and carbon ions are more 
and more used and are considered a standard of irradiation but their 
wider use deserves further study in comparison with modern photon-
based radiotherapy techniques. Proton-beam therapy with wide en-
bloc excision is the accepted treatment standard in the management 
of chordomas at many quaternary-care cancer centers. No role at the 
moment is advisable for systemic therapies.

References
1. McMaster ML, Goldstein AM, Bromley CM. Chordoma: incidence and 

survival patterns in the United States. Cancer Causes Control. 2001; 12: 
1–11.

2. Rosenberg AE, Nielsen GP, Keel SB, Renard LG, Fitzek MM, Munzenrider 
JE, et al. Chondrosarcoma of the base of the skull: a clinicopathologic study 
of 200 cases with emphasis on its distinction from chordoma. Am J Surg 
Pathol. 1999; 23: 1370-1378.

3. Van Gompel JJ, Janus JR. Chordoma and chondrosarcoma. Otolaryngol 
Clin North Am. 2015; 48: 501-514. 

https://www.ncbi.nlm.nih.gov/pubmed/11227920
https://www.ncbi.nlm.nih.gov/pubmed/11227920
https://www.ncbi.nlm.nih.gov/pubmed/11227920
https://www.ncbi.nlm.nih.gov/pubmed/10555005
https://www.ncbi.nlm.nih.gov/pubmed/10555005
https://www.ncbi.nlm.nih.gov/pubmed/10555005
https://www.ncbi.nlm.nih.gov/pubmed/10555005
https://www.ncbi.nlm.nih.gov/pubmed/25863568
https://www.ncbi.nlm.nih.gov/pubmed/25863568


Maurizio Amichetti, et al., Clinics in Oncology - Lung Cancer

Remedy Publications LLC., | http://clinicsinoncology.com/ 2017 | Volume 2 | Article 11956

4. Jemal A, Siegel R, Xu J. Cancer statistics, 2010. CA Cancer J Clin. 2010; 
60: 277–300.

5. Matloob SA, Nasir HA, Choi D. Proton beam therapy in the management 
of skull base chordomas: systematic review of indications, outcomes, and 
implications for neurosurgeons. Br J Neurosurg. 2016; 30: 382-387.

6. Walcott BP, Nahed BV, Mohyeldin A, Coumans JV, Kahle KT, Ferreira 
MJ. Chordoma: current concepts, management, and future directions. 
Lancet Oncol. 2012; 13: 69-76.

7. Rangel-Castilla L, Russin JJ, Spetzler RF.  Surgical management of skull 
base tumors. Reports Pract Oncol Radiother. 2016; 21: 325–335.

8. Yasuda M, Bresson D, Chibbaro S, Cornelius JF, Polivka M, Feuvret L, 
et al. Chordomas of the skull base and cervical spine: clinical outcomes 
associated with a multimodal surgical resection combined with proton-
beam radiation in 40 patients. Neurosurg Rev. 2012; 35: 171-182; 182-183.

9. Rudnik A, Zawadzki T, Wojtacha M, Bazowski P, Gamrot J, Galuszka-
Ignasiak B, et al. Endoscopic transnasaltranssphenoidal treatment of 
pathology of the sellar region. Minim Invasive Neurosurg. 2005; 48: 101-
107.

10. Tzortzidis F, Elahi F, Wright D, Natarajan SK, Sekhar LN. Patient outcome 
at long-term follow-up after aggressive microsurgical resection of cranial 
base chordomas. Neurosurgery. 2006; 59: 230-237.

11. Fernandez-Miranda JC, Gardner PA, Rastelli MM Jr, Peris-Celda M, 
Koutourousiou M, Peace D, et al. Endoscopic endonasal transcavernous 
posterior clinoidectomy with interdural pituitary transposition. J 
Neurosurg. 2014; 121: 91–99.

12. Van Gompel JJ, Alikhani P, Tabor MH, van Loveren HR, Agazzi S, Froelich 
S, et al. Anterior inferior petrosectomy: defining the role of endonasal 
endoscopic techniques for petrous apex approaches. J Neurosurg. 2014; 
120: 1321–1325.

13. Pamir MN, Kiliç T, Türe U, Ozek MM. Multimodality management of 26 
skull-basechordomas with 4-year mean follow-up: experience at a single 
institution. Acta Neurochir. 2004; 146: 343-354.

14. Iloreta AM, Nyquist GG, Friedel M, Farrell C, Rosen MR, Evans JJ. Surgical 
pathway seeding of clivo-cervical chordomas. J NeurolSurg Rep. 2014; 75: 
e246-e250.

15. Stacchiotti S, Sommer J. Chordoma Global Consensus Group. Building 
a global consensus approach to chordoma: a position paper from the 
medical and patient community. Lancet Oncol. 2015; 16: 71-83.

16. Carpentier A, Polivka M, Blanquet A, Lot G, George B. Suboccipital and 
cervical chordomas: the value of aggressive treatment at first presentation 
of disease. J Neurosurg. 2002; 97: 1070–1077. 

17. Amichetti M, Amelio D, Cianchetti M, Enrici RM, Minniti G. A systematic 
review of proton therapy in the treatment of chondrosarcoma of the skull 
base. Neurosurg Rev. 2010; 33: 155-165.

18. Amichetti M, Cianchetti M, Amelio D, Enrici RM, Minniti G. Proton 
therapy in chordoma of the base of the skull: a systematic review. 
Neurosurg Rev. 2009; 32: 403-416.

19. Pearlman AW, Friedman M. Radical radiation therapy of chordoma. Int J 
Radiat Oncol Biol Phys. 1970; 108: 332-341.

20. Rich TA, Schiller A, Suit HD, Mankin HJ. Clinical and pathologic review 
of 48 cases of chordoma. Cancer. 1985; 56: 182-187.

21. Catton C, O’Sullivan B, Bell R, Laperriere N, Cummings B, Fornasier V, 
et al. Chordoma: long-term follow-up after radical photon irradiation. 
RadiotherOncol. 1996; 41: 67–72.

22. Romero J, Cardenes H, la Torre A, Valcarcel F, Magallon R, Regueiro C, et 
al. Chordoma: results of radiation therapy in eighteen patients. Radiother 
Oncol. 1993; 29:27–32.

23. Lundkvist J, Ekman M, Ericsson SR, Jönsson B, Glimelius B. Proton 

therapy of cancer: potential clinical advantages and cost-effectiveness. 
ActaOncol. 2005; 44: 850–861.

24. Levin WP, Kooy H, Loeffler JS, DeLaney TF. Proton beam therapy. Br J 
Cancer. 2005; 93: 849–854.

25. Paganetti H, Niemierko A, Ancukiewicz M, Gerweck LE, Goitein M, 
Loeffler JS, et al. Relative biological effectiveness (RBE) values for proton 
beam therapy. Int J RadiatOncolBiol Phys. 2002; 53: 407-421.

26. Ebner DK, Kamada T. The emerging role of carbon-Ion radiotherapy. 
Front Oncol. 2016; 6: 1-6. 

27. Munzenrider JE, Liebsch NJ. Proton therapy for tumors of the skull base. 
Strahlenther Onkol. 1999; 175: 2: 57-63.

28. Noël G, Habrand JL, Mammar H, Pontvert D, Haie-Méder C, Hasboun D, 
et al. Combination of photon and proton radiation therapy for chordomas 
and chondrosarcomas of the skull base: the Centre de Protontherapie 
D’Orsay experience. Int J Radiat Oncol Biol Phys. 2001; 51: 392–398.

29. Weber DC, Malyapa R, Albertini F, Bolsi A, Kliebsch U, Walser M, et al. 
Long term outcomes of patients with skull-base low-grade chondrosarcoma 
and chordoma patients treated with pencil beam scanning proton therapy. 
Radiother Oncol. 2016; 120: 169-174.

30. Habrand JL, Schneider R, Alapetite C, Feuvret L, Petras S, Datchary J, et al. 
Proton therapy in pediatric skull base and cervical canal low-grade bone 
malignancies. Int J Radiat Oncol Biol Phys. 2008; 71: 672-675.

31. Rombi B, Ares C, Hug EB, Schneider R, Goitein G, Staab A, et al. 
Spot-scanning proton radiation therapy for pediatric chordoma and 
chondrosarcoma: clinical outcome of 26 patients treated at Paul Scherrer 
institute. Int J Radiat Oncol Biol Phys. 2013; 86: 578-584. 

32. Hug EB, Loredo LN, Slater JD, DeVries A, Grove RI, Schaefer RA, et al. 
Proton radiation therapy for chordomas and chondrosarcomas of the skull 
base. J Neurosurg. 1999; 91: 432-439.

33. Noël G, Feuvret L, Calugaru V, Dhermain F, Mammar H, Haie-Méder C, 
et al. Chordomas of the base of the skull and upper cervical spine. One 
hundred patients irradiated by a 3D conformal technique combining 
photon and proton beams. ActaOncol. 2005; 44: 700-708.

34. Igaki H, Tokuuye K, Okumura T, Sugahara S, Kagei K, Hata M, et al. 
Clinical results of proton beam therapy for skull base chordoma. Int J 
RadiatOncolBiol Phys. 2004; 60:1120-1126.

35. Ares C, Hug EB, Lomax AJ, Bolsi A, Timmermann B, Rutz HP, et al. 
Effectiveness and safety of spot scanning proton radiation therapy for 
chordomas and chondrosarcomas of the skull base: first long-term report. 
Int J Radiat Oncol Biol Phys. 2009; 75: 1111-1118. 

36. Fuji H, Nakasu Y, Ishida Y, Horiguchi S, Mitsuya K, Kashiwagi H, et al. 
Feasibility of proton beam therapy for chordoma and chondrosarcoma of 
the skull base. Skull Base. 2011; 21: 201-206. 

37. Yasuda M, Bresson D, Chibbaro S, Cornelius JF, Polivka M, Feuvret L, 
et al.  Chordomas of the skull base and cervical spine: clinical outcomes 
associated with a multimodal surgical resection combined with proton-
beam radiation in 40 patients. Neurosurg Rev. 2012; 35: 171-182.

38. Deraniyagala RL, Yeung D, Mendenhall WM, Li Z, Morris CG, Mendenhall 
NP, et al. Proton therapy for skull base chordomas: an outcome study from 
the university of Florida proton therapy institute. J NeurolSurg B Skull 
Base. 2014; 75: 53-57.

39. Grosshans DR, Zhu XR, Melancon A, Allen PK, Poenisch F, Palmer M, 
et al.  Spot scanning proton therapy for malignancies of the base of skull: 
treatment planning, acute toxicities, and preliminary clinical outcomes. 
Int J Radiat Oncol Biol Phys. 2014; 90: 540-546. 

40. Mizoe J. Review of carbon ion radiotherapy for skull base tumors 
(especially chordomas). Rep PractOncol Rad. 2016; 21: 356–360.

41. Uhl M, Mattke M, Welzel T, Roeder F, Oelmann J, Habl G, et al. Highly 

https://www.ncbi.nlm.nih.gov/pubmed/20610543
https://www.ncbi.nlm.nih.gov/pubmed/20610543
https://www.ncbi.nlm.nih.gov/pubmed/27173123
https://www.ncbi.nlm.nih.gov/pubmed/27173123
https://www.ncbi.nlm.nih.gov/pubmed/27173123
https://www.ncbi.nlm.nih.gov/pubmed/22300861
https://www.ncbi.nlm.nih.gov/pubmed/22300861
https://www.ncbi.nlm.nih.gov/pubmed/22300861
https://www.ncbi.nlm.nih.gov/pubmed/27330418
https://www.ncbi.nlm.nih.gov/pubmed/27330418
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/15906205
https://www.ncbi.nlm.nih.gov/pubmed/15906205
https://www.ncbi.nlm.nih.gov/pubmed/15906205
https://www.ncbi.nlm.nih.gov/pubmed/15906205
https://www.ncbi.nlm.nih.gov/pubmed/16883163
https://www.ncbi.nlm.nih.gov/pubmed/16883163
https://www.ncbi.nlm.nih.gov/pubmed/16883163
https://www.ncbi.nlm.nih.gov/pubmed/24816325
https://www.ncbi.nlm.nih.gov/pubmed/24816325
https://www.ncbi.nlm.nih.gov/pubmed/24816325
https://www.ncbi.nlm.nih.gov/pubmed/24816325
https://www.ncbi.nlm.nih.gov/pubmed/24655102
https://www.ncbi.nlm.nih.gov/pubmed/24655102
https://www.ncbi.nlm.nih.gov/pubmed/24655102
https://www.ncbi.nlm.nih.gov/pubmed/24655102
https://www.ncbi.nlm.nih.gov/pubmed/15057528
https://www.ncbi.nlm.nih.gov/pubmed/15057528
https://www.ncbi.nlm.nih.gov/pubmed/15057528
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4242824/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4242824/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4242824/
https://www.ncbi.nlm.nih.gov/pubmed/25638683
https://www.ncbi.nlm.nih.gov/pubmed/25638683
https://www.ncbi.nlm.nih.gov/pubmed/25638683
https://www.ncbi.nlm.nih.gov/pubmed/12450028
https://www.ncbi.nlm.nih.gov/pubmed/12450028
https://www.ncbi.nlm.nih.gov/pubmed/12450028
https://www.ncbi.nlm.nih.gov/pubmed/19921291
https://www.ncbi.nlm.nih.gov/pubmed/19921291
https://www.ncbi.nlm.nih.gov/pubmed/19921291
https://www.ncbi.nlm.nih.gov/pubmed/19319583
https://www.ncbi.nlm.nih.gov/pubmed/19319583
https://www.ncbi.nlm.nih.gov/pubmed/19319583
https://www.ncbi.nlm.nih.gov/pubmed/2457005
https://www.ncbi.nlm.nih.gov/pubmed/2457005
https://www.ncbi.nlm.nih.gov/pubmed/2408725
https://www.ncbi.nlm.nih.gov/pubmed/2408725
https://www.ncbi.nlm.nih.gov/pubmed/8961370
https://www.ncbi.nlm.nih.gov/pubmed/8961370
https://www.ncbi.nlm.nih.gov/pubmed/8961370
https://www.ncbi.nlm.nih.gov/pubmed/8295984
https://www.ncbi.nlm.nih.gov/pubmed/8295984
https://www.ncbi.nlm.nih.gov/pubmed/8295984
https://www.ncbi.nlm.nih.gov/pubmed/16332592
https://www.ncbi.nlm.nih.gov/pubmed/16332592
https://www.ncbi.nlm.nih.gov/pubmed/16332592
http://www.nature.com/bjc/journal/v93/n8/abs/6602754a.html
http://www.nature.com/bjc/journal/v93/n8/abs/6602754a.html
http://iopscience.iop.org/article/10.1088/0031-9155/59/22/R419/meta
http://iopscience.iop.org/article/10.1088/0031-9155/59/22/R419/meta
http://iopscience.iop.org/article/10.1088/0031-9155/59/22/R419/meta
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4894867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4894867/
https://www.ncbi.nlm.nih.gov/pubmed/10394399
https://www.ncbi.nlm.nih.gov/pubmed/10394399
https://www.ncbi.nlm.nih.gov/pubmed/11567813
https://www.ncbi.nlm.nih.gov/pubmed/11567813
https://www.ncbi.nlm.nih.gov/pubmed/11567813
https://www.ncbi.nlm.nih.gov/pubmed/11567813
https://www.ncbi.nlm.nih.gov/pubmed/27247057
https://www.ncbi.nlm.nih.gov/pubmed/27247057
https://www.ncbi.nlm.nih.gov/pubmed/27247057
https://www.ncbi.nlm.nih.gov/pubmed/27247057
https://www.ncbi.nlm.nih.gov/pubmed/18440726
https://www.ncbi.nlm.nih.gov/pubmed/18440726
https://www.ncbi.nlm.nih.gov/pubmed/18440726
https://www.ncbi.nlm.nih.gov/pubmed/23582853
https://www.ncbi.nlm.nih.gov/pubmed/23582853
https://www.ncbi.nlm.nih.gov/pubmed/23582853
https://www.ncbi.nlm.nih.gov/pubmed/23582853
https://www.ncbi.nlm.nih.gov/pubmed/10470818
https://www.ncbi.nlm.nih.gov/pubmed/10470818
https://www.ncbi.nlm.nih.gov/pubmed/10470818
https://www.ncbi.nlm.nih.gov/pubmed/16227160
https://www.ncbi.nlm.nih.gov/pubmed/16227160
https://www.ncbi.nlm.nih.gov/pubmed/16227160
https://www.ncbi.nlm.nih.gov/pubmed/16227160
https://www.ncbi.nlm.nih.gov/pubmed/15519783
https://www.ncbi.nlm.nih.gov/pubmed/15519783
https://www.ncbi.nlm.nih.gov/pubmed/15519783
https://www.ncbi.nlm.nih.gov/pubmed/19386442
https://www.ncbi.nlm.nih.gov/pubmed/19386442
https://www.ncbi.nlm.nih.gov/pubmed/19386442
https://www.ncbi.nlm.nih.gov/pubmed/19386442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3312109/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3312109/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3312109/
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/21863225
https://www.ncbi.nlm.nih.gov/pubmed/24498590
https://www.ncbi.nlm.nih.gov/pubmed/24498590
https://www.ncbi.nlm.nih.gov/pubmed/24498590
https://www.ncbi.nlm.nih.gov/pubmed/24498590
https://www.ncbi.nlm.nih.gov/pubmed/25304948
https://www.ncbi.nlm.nih.gov/pubmed/25304948
https://www.ncbi.nlm.nih.gov/pubmed/25304948
https://www.ncbi.nlm.nih.gov/pubmed/25304948
http://www.oncology-and-radiotherapy.com.marlin-prod.literatumonline.com/article/S1507-1367(15)00020-6/abstract
http://www.oncology-and-radiotherapy.com.marlin-prod.literatumonline.com/article/S1507-1367(15)00020-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/24948519


Maurizio Amichetti, et al., Clinics in Oncology - Lung Cancer

Remedy Publications LLC., | http://clinicsinoncology.com/ 2017 | Volume 2 | Article 11957

effective treatment of Skull Base Chordoma with Carbon Ion irradiation 
using a Raster Scan Technique in 155 patients: first long-term results. 
Cancer 2014; 120: 3410-3417. 

42. Combs SE, Kalbe A, Nikoghosyan A, Ackermann B, Jäkel O, Haberer, et 
al. Carbon ion radiotherapy performed as re-irradiation using active beam 
delivery in patients with tumors of the brain, skull base and sacral region. 
Radiother Oncol. 2011; 98: 63-67.

43. Mizoe JE, Hasegawa A, Takagi R, Bessho H, Onda T, Tsujii H. Carbon ion 
radiotherapy for skull base chordoma. Skull Base. 2009; 19: 219-224.

44. Uhl M, Mattke M, Welzel T, Oelmann J, Habl G, Jensen AD, et al. High 
control rate in patients with chondrosarcoma of the skull base after carbon 
ion therapy: first report of long-term results. Cancer. 2014; 120: 157915-
157985. 

45. Foweraker KL, Burton KE, Maynard SE, Jena R, Jefferies SJ, Laing RJ, 
et al. High-dose radiotherapy in the management of chordoma and 
chondrosarcoma of the skull base and cervical spine: Part 1--Clinical 
outcomes. Clin Oncol. 2007; 19: 509-516.

46. Potluri S, Jefferies SJ, Jena R, Harris F, Burton KE, Prevost AT, et al. 
Residual postoperative tumour volume predicts outcome after high-dose 
radiotherapy for chordoma and chondrosarcoma of the skull base and 
spine. Clin Oncol. 2011; 23: 199-208.

47. Teh BS, Woo SY, Butler EB. Intensity modulated radiation therapy 
(IMRT): a new promising technology in radiation oncology. Oncologist 
1999; 4: 433-442.

48. Hong Jiang W, Ping Zhao S, Hai Xie Z, Zhang H, Zhang J, Yun Xiao J. 
J Endoscopic resection of chordomas in different clival regions. Acta 
Otolaryngol. 2009; 129:71-83.

49. Debus J, Schulz-Ertner D, Schad L, Essig M, Rhein B, Thillmann 
CO, et al. Stereo-tactic fractionated radiotherapy for chordomas and 
chondrosarcomas of the skull base. Int J Radiat Oncol Biol Phys. 2000; 
47: 591–596.

50. Ahmed R, Sheybani A, Menezes AH, Buatti JM, Hitchon PW. Disease 
outcomes for skull base and spinal chordomas: A single center experience. 
Clin Neurol Neurosurg. 2015; 130: 67–73.

51. Bugoci DM, Girvigian MR, Chen JC, Miller MM, Rahimian J. Photon-
based fractionated stereotactic radiotherapy forpostoperative treatment of 
skull base chordomas. Am J Clin Oncol. 2013; 36: 404-410.

52. Kano H, Iyer A, Lunsford LD. Skull base chondrosarcoma radiosurgery: a 
literature review. Neurosurgery. 2014; 61:155-158. 

53. Kano H, Iqbal FO, Sheehan J. Stereotactic radiosurgery for chordoma: a 
report from the North American Gamma Knife Consortium. Neurosurgery 
2011; 68: 379–389. 

54. Hauptman JS, Barkhoudarian G, Safaee M, Gorgulho A, Tenn S, Agazaryan 
N, et al. Challenges in linear accelerator radiotherapy for chordomas 
and chondrosarcomas of the skull base: focus on complications. Int J 
RadiatOncolBiol Phys. 2012; 83: 542-551. 

55. Ito E, Saito K, Okada T, Nagatani T, Nagasaka T. Long-term control of 
clivalchordoma with initial aggressive surgical resection and gamma knife 
radiosurgery for recurrence. ActaNeurochir (Wien). 2010; 152: 57-67.

56. Gwak O, Yoo H, Youn S, Chang U, Lee d, Yoo S, et al. Hypofractionated 
Stereotactic Radiation Therapy for Skull Base and Upper Cervical 
Chordoma and Chondrosarcoma: Preliminary Results. Stereotact Funct 
Neurosurg. 2005; 83: 233–243.

57. Henderson FC, McCool K, Seigle J. Treatment of chordomas with Cyber-
Knife: Georgetown university experience and treatment recommendations. 
Neurosurgery. 2009; 64: 44–53.

58. Hasegawa T, Ishii D, Kida Y, Yoshimoto M, Koike J, Iizuka H. Gamma 
Knife surgery for skull base chordomas and chondrosarcomas. J 
Neurosurg. 2007; 107: 752–757. 

59. Martin JJ, Niranjan A, Kondziolka D, Flickinger JC, Lozanne KA, Lunsford 
LD. Radiosurgery for chordomas and chondrosarcomas of the skull base. J 
Neurosurg. 2007; 107: 7587-7564.

60. Dassoulas K, Schlesinger D, Yen CP, Sheehan J. The role of Gamma Knife 
surgery in the treatment of skull base chordomas. J Neuro Oncol. 2009; 
94: 243-248.

61. Liu AL, Wang ZC, Sun SB, Wang MH, Luo B, Liu P. Gamma knife 
radiosurgery for residual skull base chordomas. Neurol Res. 2008; 30: 557-
561.

62. Sen C, Triana AI, Berglind N, Godbold J, Shrivastava RK. Clivalchordomas: 
clinical management, results, and complications in 71 patients. J 
Neurosurg. 2010; 113: 1059-1071.

63. Jahangiri A, Chin AT, Wagner JR, Kunwar S, Ames C, Chou D, et al. 
Factors predicting recurrence after resection of clivalchordoma using 
variable surgical approaches and radiation modalities. Neurosurgery. 
2015; 76: 179-185.

64. Di Maio S, Temkin N, Ramanathan D, Sekhar LN. Current comprehensive 
management of cranial base chordomas: 10-year meta-analysis of 
observational studies. J Neurosurg. 2011; 115: 1094-1105.

65. Amichetti M, Amelio D, Rombi B, Vennarini S, Cianchetti M. Current 
concepts on the management of chordoma. Curr Drug Ther. 2012; 7: 235-
247.

66. Jacob HE. Chemotherapy for cranial base tumors. J Neurooncol. 1994; 20: 
327–335.

67. Chugh R, Dunn R, Zalupski MM, Biermann JS, Sondak VK, Mace JR, 
et al. Phase II study of 9-nitro-camptothecin in patients with advanced 
chordoma or soft tissue sarcoma. J Clin Oncol 2005; 23: 3597–3604.

68. Colia V, Provenzano S, Hindi N, Casali PG. Systemic therapy for selected 
skull base sarcomas: Chondrosarcoma, chordoma, giant cell tumour and 
solitary fibrous tumour/hemangiopericytoma. Rep Pract Oncol Radiother. 
2016; 21: 361-369.

69. Stacchiotti S, Longhi A, Ferraresi V, Grignani G, Comandone A, Stupp R, 
et al. Phase II study ofimatinib in advanced chordoma. J Clin Oncol. 2012; 
30: 914–920.

70. Ferraresi V, Nuzzo C, Zoccali C, Marandino F, Vidiri A, Salducca N, et al. 
Chordoma: clinical characteristics, management and prognosis of a case 
series of 25 patients. BMC Cancer. 2010; 10: 22.

71. Casali PG, Messina A, Stacchiotti S, Tamborini E, Crippa F, Gronchi A, et 
al. Imatinibmesylate in chordoma. Cancer 2004; 101: 2086–2097.

72. Akhavan-Sigari R, Gaab MR, Rohde V. Expression of vascular endothelial 
growth factor receptor 2 (VEGFR-2), inducible nitric oxide synthase 
(iNOS), and Ki-M1P in skull base chordoma: a series of 145 tumors. 
Neurosurg Rev. 2014; 37: 79–88.

73. Italiano A, Mir O, Cioffi A, Palmerini E, Piperno-Neumann S, Perrin C, et 
al. Advanced chondrosarcomas: role of chemotherapy and survival. Ann 
Oncol. 2013; 24: 2916-2922.

https://www.ncbi.nlm.nih.gov/pubmed/24948519
https://www.ncbi.nlm.nih.gov/pubmed/24948519
https://www.ncbi.nlm.nih.gov/pubmed/24948519
http://www.sciencedirect.com/science/article/pii/S0167814010006055
http://www.sciencedirect.com/science/article/pii/S0167814010006055
http://www.sciencedirect.com/science/article/pii/S0167814010006055
http://www.sciencedirect.com/science/article/pii/S0167814010006055
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2702197/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2702197/
https://www.ncbi.nlm.nih.gov/pubmed/24500784
https://www.ncbi.nlm.nih.gov/pubmed/24500784
https://www.ncbi.nlm.nih.gov/pubmed/24500784
https://www.ncbi.nlm.nih.gov/pubmed/24500784
https://www.ncbi.nlm.nih.gov/pubmed/17524633
https://www.ncbi.nlm.nih.gov/pubmed/17524633
https://www.ncbi.nlm.nih.gov/pubmed/17524633
https://www.ncbi.nlm.nih.gov/pubmed/17524633
https://www.ncbi.nlm.nih.gov/pubmed/20980136
https://www.ncbi.nlm.nih.gov/pubmed/20980136
https://www.ncbi.nlm.nih.gov/pubmed/20980136
https://www.ncbi.nlm.nih.gov/pubmed/20980136
https://www.ncbi.nlm.nih.gov/pubmed/10631687
https://www.ncbi.nlm.nih.gov/pubmed/10631687
https://www.ncbi.nlm.nih.gov/pubmed/10631687
https://www.ncbi.nlm.nih.gov/pubmed/18607890
https://www.ncbi.nlm.nih.gov/pubmed/18607890
https://www.ncbi.nlm.nih.gov/pubmed/18607890
https://www.ncbi.nlm.nih.gov/pubmed/10837940
https://www.ncbi.nlm.nih.gov/pubmed/10837940
https://www.ncbi.nlm.nih.gov/pubmed/10837940
https://www.ncbi.nlm.nih.gov/pubmed/10837940
https://www.ncbi.nlm.nih.gov/pubmed/25590662
https://www.ncbi.nlm.nih.gov/pubmed/25590662
https://www.ncbi.nlm.nih.gov/pubmed/25590662
https://www.ncbi.nlm.nih.gov/pubmed/22772429
https://www.ncbi.nlm.nih.gov/pubmed/22772429
https://www.ncbi.nlm.nih.gov/pubmed/22772429
https://www.ncbi.nlm.nih.gov/pubmed/25032544
https://www.ncbi.nlm.nih.gov/pubmed/25032544
https://www.ncbi.nlm.nih.gov/pubmed/21135744
https://www.ncbi.nlm.nih.gov/pubmed/21135744
https://www.ncbi.nlm.nih.gov/pubmed/21135744
https://www.ncbi.nlm.nih.gov/pubmed/22137019
https://www.ncbi.nlm.nih.gov/pubmed/22137019
https://www.ncbi.nlm.nih.gov/pubmed/22137019
https://www.ncbi.nlm.nih.gov/pubmed/22137019
https://www.ncbi.nlm.nih.gov/labs/articles/19826755/
https://www.ncbi.nlm.nih.gov/labs/articles/19826755/
https://www.ncbi.nlm.nih.gov/labs/articles/19826755/
https://www.ncbi.nlm.nih.gov/pubmed/16601376
https://www.ncbi.nlm.nih.gov/pubmed/16601376
https://www.ncbi.nlm.nih.gov/pubmed/16601376
https://www.ncbi.nlm.nih.gov/pubmed/16601376
https://www.ncbi.nlm.nih.gov/pubmed/19165073
https://www.ncbi.nlm.nih.gov/pubmed/19165073
https://www.ncbi.nlm.nih.gov/pubmed/19165073
https://www.ncbi.nlm.nih.gov/pubmed/17937219
https://www.ncbi.nlm.nih.gov/pubmed/17937219
https://www.ncbi.nlm.nih.gov/pubmed/17937219
https://www.ncbi.nlm.nih.gov/pubmed/17937220
https://www.ncbi.nlm.nih.gov/pubmed/17937220
https://www.ncbi.nlm.nih.gov/pubmed/17937220
https://www.ncbi.nlm.nih.gov/pubmed/19277468
https://www.ncbi.nlm.nih.gov/pubmed/19277468
https://www.ncbi.nlm.nih.gov/pubmed/19277468
https://www.ncbi.nlm.nih.gov/pubmed/18647493
https://www.ncbi.nlm.nih.gov/pubmed/18647493
https://www.ncbi.nlm.nih.gov/pubmed/18647493
https://www.ncbi.nlm.nih.gov/pubmed/19929198
https://www.ncbi.nlm.nih.gov/pubmed/19929198
https://www.ncbi.nlm.nih.gov/pubmed/19929198
https://www.ncbi.nlm.nih.gov/pubmed/25594191
https://www.ncbi.nlm.nih.gov/pubmed/25594191
https://www.ncbi.nlm.nih.gov/pubmed/25594191
https://www.ncbi.nlm.nih.gov/pubmed/25594191
https://www.ncbi.nlm.nih.gov/pubmed/21819197
https://www.ncbi.nlm.nih.gov/pubmed/21819197
https://www.ncbi.nlm.nih.gov/pubmed/21819197
https://www.ncbi.nlm.nih.gov/pubmed/22300861
https://www.ncbi.nlm.nih.gov/pubmed/22300861
https://www.ncbi.nlm.nih.gov/pubmed/22300861
https://www.ncbi.nlm.nih.gov/pubmed/7844625
https://www.ncbi.nlm.nih.gov/pubmed/7844625
https://www.ncbi.nlm.nih.gov/pubmed/15908670
https://www.ncbi.nlm.nih.gov/pubmed/15908670
https://www.ncbi.nlm.nih.gov/pubmed/15908670
https://www.ncbi.nlm.nih.gov/pubmed/27330421
https://www.ncbi.nlm.nih.gov/pubmed/27330421
https://www.ncbi.nlm.nih.gov/pubmed/27330421
https://www.ncbi.nlm.nih.gov/pubmed/27330421
https://www.ncbi.nlm.nih.gov/pubmed/22331945
https://www.ncbi.nlm.nih.gov/pubmed/22331945
https://www.ncbi.nlm.nih.gov/pubmed/22331945
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2828414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2828414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2828414/
https://www.ncbi.nlm.nih.gov/pubmed/22331945
https://www.ncbi.nlm.nih.gov/pubmed/22331945
https://www.ncbi.nlm.nih.gov/pubmed/23999886
https://www.ncbi.nlm.nih.gov/pubmed/23999886
https://www.ncbi.nlm.nih.gov/pubmed/23999886
https://www.ncbi.nlm.nih.gov/pubmed/23999886
https://www.ncbi.nlm.nih.gov/pubmed/24099780
https://www.ncbi.nlm.nih.gov/pubmed/24099780
https://www.ncbi.nlm.nih.gov/pubmed/24099780

	Title
	Abstract
	Introduction
	Surgery
	Radiotherapy
	Particles
	Proton beam therapy (PBT)
	Carbon ion radiation therapy (CIRT) 
	Modern photon radiation therapy (RT)
	Conformal radiotherapy and intensity modulated radiation therapy (IMRT)
	Stereotactic radiation therapy
	A. Stereotactic radiotherapy - SRT
	A. Stereotactic radio surgery - SRS
	A comprehensive radiotherapy approach
	Systemic therapy

	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4

