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           Introduction 

 This chapter will focus on the rarer skull base tumors not 
discussed in detail in the respective meningioma, pituitary, 
and schwannoma chapters. 

 These skull base tumors can be divided into those that are 
unique to a particular region and those that can occur through-
out the skull base. These tumors may derive from the bone, 
paranasal sinuses, nasopharynx, inner ear, dura, cranial 
nerves, or brain. They may be primary tumors invading local 
structures, or metastatic disease. They can also be divided 
into benign and malignant lesions. 

 Unfortunately, even benign lesions can become life 
threatening if critically located, rendering them unresectable 
or otherwise not amenable to effective local therapy. 

 Tumors of the skull base pose the greatest challenge to 
neurosurgeons as they tend to grow around and invade criti-
cal structures such as cranial nerves and vessels, hindering 
complete resections as the risk of neurologic defi cits and 
morbidity is high. Especially here, the advantages of mod-
ern, high-precision radiosurgery with its high rate of local 
control with minimal risk due to optimal sparing of these 
critical structures become an attractive alternative. Primary 
radiosurgery can also be an alternative for inoperable patients 
or a palliative alternative for those with a poor prognosis. For 
these, symptom relief such as tumor-related facial pain is 
common. In general however, the goals of radiosurgery are 
long-term prevention of tumor growth, maintenance of 

patient function and quality of life, as well as prevention of 
new neurologic defi cits. Very few complications occur after 
stereotactic radiosurgery, such as perifocal edema, delayed 
intratumoral hemorrhage, or radionecrosis requiring neuro-
surgical intervention [ 1 ,  2 ]. 

 In general, single-fraction stereotactic radiosurgery is 
used for small localized lesions under 3 cm in diameter by 
using external stereotactic techniques such as Gamma Knife 
which requires the applications of an invasive stereotactic 
frame attached to the skull with four pins. The same tech-
nique has also been adapted to linac-based systems and 
charged-particle therapy such as protons. However, in the 
last decade, noninvasive alternatives have emerged, using 
noninvasive fi xation, most commonly thermoplastic masks 
or a vacuum-mouthpiece [ 3 – 5 ]. This allows temporal separa-
tion of the imaging, planning, and treatment sessions as well 
as the option of fractionation should this be required. The 
inherent repositioning inaccuracy and intrafraction motion 
of noninvasive fi xation systems are fully compensated by 
image guidance and, in many cases even six degrees of free-
dom treatment couches [ 6 ]. As of late, it has become possi-
ble to fractionate treatment with the Gamma Knife as well, 
using the abovementioned vacuum-mouthpiece [ 5 ,  7 ]. 

 Linac-based radiosurgery can be performed with various 
techniques, such as the traditional arc-based approach with 
circular collimators [ 8 ], static beams [ 9 ]. Dynamic Circular 
Arc (DCA) [ 10 ] and intensity-modulated techniques (IMRT/
IMSRS) [ 11 ]. When circular collimators are used for irregu-
lar treatment volumes (Gamma Knife, but also so equipped 
Linacs), multiple isocenters are usually required. These 
result in overlapping beams which in turn cause substantial 
dose inhomogeneity within the treatment volume. This inho-
mogeneity may damage organs at risk (OAR), in cases where 
these OARs are located within the treated volume. This can 
be of special relevance at the base of skull where cranial 
nerves abound [ 12 ]. The introduction of (micro-) multileaf 
collimation in linac radiosurgery improved conformity and 
homogeneity [ 13 ]. 
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 Table  38.1  summarizes the evolution of techniques with 
their inherent advantages and disadvantages in the form of a 
literature review; initially, static beams showed superior con-
formality compared to circular collimator arc treatment [ 14 ]. 
Perks et al. showed that more beams don’t necessarily trans-
late into better normal brain sparing as four to six noncopla-
nar beams yielded similar results as plans using up to 30 
fi elds [ 15 ]. Then followed the next level of conformality in 
the form of DCA therapy, where the beam is continually 
MLC-shaped during gantry rotation [ 16 ]. Most recently, 
IMSRS has been shown to offer superior treatment volume 
(PTV) coverage and lower OAR doses for irregular and con-
cave targets [ 11 ].

       Dose Limitations at the Skull Base 

 Radiosurgery in the region of the skull base poses special 
challenges, as many critical structures converge there, 
most notably the optic apparatus and cranial nerves. 
Table  38.2  summarizes the current data from literature, 
which can assist in determining the feasibility of radiosur-
gery itself or a given plan. We cannot emphasize enough 
that these data are to be used with utmost caution as, with 
exception of the RTOG 90–05 data, they are not the result 
of dose escalation or randomized trials but stem originate 
mostly from retrospective clinical outcome data, with not 

    Table 38.1    Advantages of different radiosurgical techniques; a literature review   

 First Author (year)  Methods compared  Patients ( N )  PTV (cm 3 )  Results 

 Bourland  et al. (‘94) [ 9 ]  Noncoplanar circular arc vs. 
conformal fi xed beam 

 NA  NA  Smaller high-dose volume and 
better homogeneity for fi xed 
beam 

 Hamilton et al. (‘95) [ 99 ]  Noncoplanar circular arc vs. 
conformal fi xed beam 

 1  3.5  Smaller high-dose volume and 
better homogeneity for fi xed 
beam 

 Shiu et al. (‘97) [ 100 ]  Noncoplanar circular arc vs. 
conformal fi xed beam 

 2  4.5–9  Smaller high-dose volume and 
better homogeneity for fi xed 
beam 

 Kubo et al. (‘97) [ 101 ]  Noncoplanar circular arc vs. 
conformal fi xed beam 

 11  0.4–17.6  Lower doses to normal tissues 
and shorter planning time for 
fi xed beam 

 Kramer et al. (‘98) [ 102 ]  Noncoplanar circular arc vs. 
IMSRT 

 1  NA  Better CI, lower max. Dose, 
better HI, but larger penumbra 
in IMSRT 

 Yu et al. (‘99) [ 14 ]  Noncoplanar circular arc vs. 
IMSRT vs. conformal fi xed beam 

 3  9.6–36.7  IMSRT: better CI, lower dose 
to normal brain than others 

 Cardinale et al. (‘98) [ 103 ]  Noncoplanar circular arc vs. 
conformal fi xed beam vs. IMSRT 

 3  11.5  Depending upon shape: IMSRT 
better conformity and OAR- 
sparing (irregular) or arcs better 
(ellipsoid) 

 Benedict et al. (‘01) [ 104 ]  Noncoplanar circular arc vs. 
conformal fi xed beam-IMSRT 

 4  2.3–3.5  IMSRS: lower dose to OAR, 
lower volume normal brain 
receiving >50 % of prescr. Dose 

 Leavitt et al. (‘01) [ 105 ]  DCA vs. IMSRS/IMSRT  3  8.7–55  Lower dose to OAR in IMSRS/
IMSRT 

 Yu et al. (‘02) [ 10 ]  3D conformal fi xed beam vs. 
DCA vs. IMSRT 

 50  Large volumes, no SRS  DCA: best conformity, lower 
dose to normal tissues than 
conformal beam but not IMSRT 

 Perks et al. (‘03) [ 13 ]  Gamma Knife vs. Conformal 
Fixed Beam vs. DCA 

 8  0.3–10.6  Gamma Knife: best conformity, 
fi xed beam and arc : better 
homogeneity 

 Baumert et al. (‘03) [ 11 ]  DCA vs. IMSRS  10  15–43  IMSRS: better coverage and 
lower OAR dose, but higher 
low-dose regions in the normal 
brain 

 Ernst-Stecken et al. (‘05) [ 106 ]  DCA vs. IMSRS  6  1.1–10.4  IMSRS: lower volume of 
normal brain receiving >90 % 
of PD but higher integral dose. 
RTOG criteria best met by DCA 

   NA  not available,  CI  conformity index,  HI  homogeneity index,  IMSRT  intensity-modulated stereotactic radiotherapy,  IMSRS  intensity-modulated 
stereotactic radiosurgery,  OAR  organ at risk,  DCA  dynamic conformal arc  
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only limited long-term outcome data but also small patient 
collectives.

   From these data, one can surmise that the most critical 
structures are the optic pathways. The risk of clinically sig-
nifi cant radiation optic neuropathy for patients receiving 
SRS for skull base tumors is 1–2 % following doses to optic 
chiasm below 10 Gy and this percentage may signifi cantly 
increase for higher doses [ 17 ,  18 ]. Leber et al. reviewed 50 
patients having SRS for benign skull base tumors in which 
the optic nerves or chiasm were exposed to 4.5 Gy or more. 
For patients receiving 10–15 Gy and greater than 15 Gy, the 
risk of radiation-induced optic neuropathy was 26.7 % and 
77.8 %, respectively, however no optic neuropathy was 
observed when a dose less than 10 Gy was delivered to the 
optic apparatus [ 19 ]. Stafford et al. found that the risk of 
developing a clinically signifi cant optic neuropathy was 
1.1 % for patients receiving a maximum point dose of 12 Gy 

or less [ 20 ] and similar results have been reported by others 
[ 21 ]. Considering an effective dose of 13–16 Gy to achieve 
local control of a given tumor and a recommended dose of 
8 Gy as the maximum for the optic chiasm this means that in 
clinical practice a distance between tumor margin and optic 
apparatus should be at least of 2–3 mm to avoid visual 
deterioration. 

 The auditory apparatus is second in line with 12–15 Gy 
SRS tolerance using a single fraction or 18 Gy in three frac-
tions. Then follows the trigeminal nerve and fi nally the motor 
cranial nerves [ 2 ,  4 ,  6 ,  7 ,  9 – 12 ] which have rarely been 
reported having a defi cit using doses under 16 Gy. 

 Considering these data and published risks of optic neu-
ropathy for conventionally fractionated radiotherapy, 
α/β[alpha/beta] ratios in the range of 0–1 seem reasonable 
for estimating radiosurgery dose equivalents for optic and 
cranial nerves.  

   Table 38.2    Summary of radiosurgical tolerance doses at the base of skull   

 Organ  # fx  Vol. cm 3   Vol. %  Vol. limit (Gy)  Max. limit (Gy) 

 Major vessels  1  0.035–10  31–37  37 
 3  5–10  21–39  45 
 4  1–10  35–43  49 
 5  10  47  53 

 Pituitary gland  1  NA 
 Brainstem  1  1  10  15 

 3  1  18  23 
 5  1  26  31 
 5  100  20 

 Brain  5  100  20 
 Chiasm  1  8–15  10 Gy safe → 77 % chance 

of RON above 15 Gy 
 3  0.2  15 
 5  0.2  100  20  25 

 Cranial nerves  1  20–30  Fifth cranial nerve 20 Gy max 
 Cochlea  1  12 

 3  20 
 5  27.5 

 Lens  1  2–3 
 2  3–6 
 3  3–7 
 5  3–7 

 Retina and lacrimal gland  1  5 
 2  5–10 
 3  5–15 
 5  5–15 

 Neurovascular bundle  5  20–50  38 
 Optic nerve  1  8–15 

 2  10 
 3  0.2  15  19.5 
 5  0.03–0.5  12.5–25  25–30 

 Area postrema  6.2 

  Adapted from Grimm J, LaCouture T, Croce R, Yeo I, Zhu Y, Xue J. Dose tolerance limits and dose volume histogram evaluation for stereotactic 
body radiotherapy. Journal of Applied Clinical Medical Physics/American College of Medical Physics. 2011; 12(2): 3368; (open source journal)  
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    Re-irradiation at the Skull Base 

 This often represents a relatively high-risk treatment, as criti-
cal tolerance doses have usually been applied in the fi rst 
course of treatment. Historically, most radiation oncologists 
have refused re-irradiation due to concern about the risks of 
late central nervous system toxicity, especially radionecro-
sis, which may appear several months to years after treat-
ment. Re-irradiation of brain tumors has recently attracted 
more interest as our understanding of the tolerance of the 
brain to radiation evolves, and developments in radiation 
technology and imaging make highly accurate targeting of 
biologically relevant tumor volumes possible. Prospective 
data addressing this approach is however lacking. 

 Obviously, the applicable doses depend to large extent on 
time since initial treatment, treatment volume, fractionation 
used and location as well as individual factors such as histol-
ogy, location, and imminent danger to the patient, so that 
individual recommendations are well beyond the scope of 
this book. 

 However, it seems reasonable to apply the same rationale 
to re-irradiation in the base of skull regions as is applicable 
to the brain itself; own and other published clinical experi-
ences have yet to describe any major untoward effects of 
such re-irradiation if certain radiobiological principles are 
followed: 

 Although available data come mainly from animal spinal 
models, the pathogenesis of radiation toxicity and recovery 
potential in the brain is assumed to be similar with a similar, 
low α/β[alpha/beta] [ 22 ]. Animal spinal cord models suggest 
that signifi cant recovery follows irradiation; conservative 
estimates being up to 50 % recovery within 1–2 years after 
initial exposure [ 23 ,  24 ]. An increasing body of evidence is 
available (mainly for re-irradiation of gliomas) resulting in a 
solid clinical rationale should re-irradiation be required. But 
there may also be a case to be made for repeat radiosurgery 
in the base of skull region, i.e. for acoustic neuromas [ 25 ]. 

 In summary, re-irradiation at the skull base remains a 
complex procedure and should be left to centers with exten-
sive experience herein. With developments in molecular- 
targeted therapy, further exploration of the role of 
re-irradiation on its own or in combination with novel agents 
is needed.  

    Clinical Entities 

 Skull base tumors are relatively rare. Approximately 0.1 % 
of all intracranial tumors are chondrosarcomas and also 
approximately 0.1 % of all intracranial tumors are chordo-
mas. For benign tumors of the skull base such as glomus 

tumors, local control rates of 90–100 % have been reported. 
On the other end of the spectrum, local control rates for chor-
domas range from 50 to 70 %. 

 On the following pages, the radiosurgical options for 
primary malignant and benign skull base tumors will be 
discussed.  

    Angiofi broma 

    Disease Pathophysiology 

 Juvenile angiofi broma is one of the most common benign 
nasal tumors affecting males between 9 and 19 years of age 
accounting for 0.05 % of all head and neck tumors [ 26 ]. In 
the USA it is the most common Head and Neck tumor of 
adolescence [ 27 ]. The tumor originates from the broad area 
of the posterolateral wall of the nasal cavity in the region of 
the sphenopalatine foramen [ 28 ]. The etiology is still unclear, 
however recent electron microscope studies suggest it is 
rather a vascular malformation, possibly associated with 
incomplete regression of the fi rst brachial artery, than a 
tumor [ 29 ]. They often act in a malignant manner by eroding 
into the surrounding sinuses developing an aggressive growth 
pattern. Intracranial extension is noted in 10–20 % of cases. 
Different staging systems based on tumor extension have 
been proposed [ 30 ]. 

 Typical clinical symptoms are frequent epistaxis, nasal 
obstructions, and rhinorrhea. Chronic rhinosinusitis, swell-
ing of the cheek, alteration of olfaction are possible; unilat-
eral otitis media may result by eustachian tube blockage. By 
eroding into the cranial fossa, diplopia may occur as well as 
symptomatic pressure of the chiasm and optic nerves.  

    Treatment Options 

 After CT/MRT and bilateral angiography for staging and 
determination of blood supply, treatment of choice in 
patients with primary and recurrent juvenile nasopharyn-
geal angiofi broma is surgical resection as sole treatment of 
early-stage tumor when gross total resection can be 
achieved. Preoperative embolization is recommended by 
most authors to reduce intraoperative blood loss [ 31 ]. In the 
last decade, endoscopic resections have evolved, providing 
reduction of complications and intraoperative bleeding and 
thus an alternative to open surgery for early to intermediate 
stage angiofi bromas [ 30 ]. Complications in advanced-stage 
angiofi bromas after surgery include intraoperative blood 
loss requiring transfusions, neuralgia, hearing loss, and 
ophthalmoplegia [ 32 ]. Surgical contraindications include 
unresectable intracranial involvement. 
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 After primary resection of extracranial angiofi bromas, 
cure rates of nearly 100 % can be achieved compared with 
results in patients with intracranial lesions where the cure 
rates are approximately 70 %. 

 In case of incomplete resection, or in advanced-stage 
lesions, a combination of surgery followed by radiotherapy 
is indicated due to the high recurrence rate in these patients. 
Advanced-stage disease with cranial base involvement and 
intracranial extension often allows only subtotal resection of 
the tumor. 

 External beam irradiation has been shown to be a useful 
adjunct to therapy in patients with unresectable recurrent dis-
ease. Gamma Knife and linac-based radiosurgery with a 
dose of 20 Gy to the tumor margin (55 % isodose line) is an 
effective way to deliver high-dose radiation to incompletely 
resected angiofi bromas [ 32 ] as they represent slow-growing 
and late-responding tissues. Therefore, a radiobiological 
advantage to radiosurgery may be given. Radiosurgery is 
regarded as a reasonable strategy in small-volume and local-
ized angiofi bromas. 

 For larger angiofi bromas, fractionated conformal radiation 
therapy with total doses of 36–46 Gy is also effective and 
may reduce the risk of late effects such as cranial nerve defi -
cits, bone and soft tissue necrosis. Another treatment tech-
nique described in the literature is the use of intensity- modulated 
radiation therapy (IMRT) in three cases [ 33 ]. The applied 
tumor dose varied from 34 to 45 Gy. In all three cases, a 
reduction of tumor size occurred without signifi cant toxicity. 
Especially in children, inhibition of facial bone growth and 
second malignancy are severe possible side effects and must 
be considered in treatment decisions [ 34 – 36 ].   

    Esthesioneuroblastoma 

    Disease Pathophysiology 

 Esthesioneuroblastomas are rare tumors originating from the 
olfactory epithelium of the upper nasal cavity [ 36 ]. The sex 
distribution of esthesioneuroblastomas is uniform. The olfac-
tory nerves perforate the groove in the ethmoid bone in the 
cribriform plate and continue into the subarachnoid spaces. 
Therefore, a high incidence of intracranial extension results. 
This highly dedifferentiated tumor occurs in all periods of 
life with a bimodal peak at the second and sixth decades. 
The two most common clinical signs of esthesioneuroblastoma 
constitute unilateral nasal obstruction and epistaxis. Other 
clinical symptoms include headache, swelling of the cheek, 
blurred vision, and dental pain. Esthesioneuroblastoma can 
metastasize to regional lymph nodes, primarily of the neck 
[ 37 ] lung, or bones. According to the WHO classifi cation 
system, the terms  olfactory neuroblastoma  and  olfactory 
neurogenic tumors  are used. The Kadish staging classifi ca-
tion is shown in Table  38.3 .

       Rationale for Treatment and Alternatives 

 Because of the rarity of esthesioneuroblastoma and its wide 
variety of clinical behavior, there is no defi nitive consensus 
regarding the optimal treatment. For small, low-grade tumors 
confi ned to the ethmoids, surgery alone appears to be an 
adequate method. Patients with locally advanced disease or 
high-grade tumors should receive aggressive treatment with 
combined modalities such as surgery, radiation therapy, and 
chemotherapy [ 38 ]. Most authors recommend  en bloc  resec-
tion, combined with radiation therapy [ 39 ,  40 ]. Local failure 
rates of 44 % in low-grade and 60 % in high-grade tumors 
and metastatic rates of 25 % in low-grade and 47 % in high- 
grade tumors are described [ 41 ]. A signifi cantly lower recur-
rence rate with overall 5- and 10-year survival rates of 81 and 
54.5 % in patients with response to neoadjuvant radiotherapy 
combined with chemotherapy has been reported [ 42 ]. At 
recurrence, either surgical and/or radiosurgical retreatment 
can lead to long lasting remissions in 42 % of patients [ 43 , 
 44 ]. Thus close follow-up is recommended.  

    Radiosurgery for Esthesioneuroblastoma 

 Very few studies report on radiosurgical treatment in the pri-
mary situation; the limiting factors are usually the radiosen-
sitivity of cranial nerves as discussed in Table  38.1 . 

 Walch et al. [ 45 ] reported on three patients with olfactory 
neuroblastoma treated with a combination of endoscopic sur-
gery and Gamma Knife. Stereotactic radiosurgery was per-
formed within the fi rst 3 months of surgery. The maximum 
diameter of the tumors was approximately 24.3 mm and the 
marginal dose to the tumor varied from 16 to 34 Gy; 1–5 iso-
centers were used. Radiation-induced side effects were nasal 
discharge and crusts. One patient developed bilateral frontal 
chronic sinusitis, and in a second, endoscopic operation was 
necessary. 

 An Austrian group described the combined treatment 
of endoscopic surgery and radiosurgery for olfactory 
neuroblastoma [ 46 ]. Median marginal doses ranged from 
15 to 34 Gy at a marginal isodose between 45 and 85 %. 

   Table 38.3    Staging of esthesioneuroblastoma according to Kadish et al.   

 Stage  Characteristic 

 A  Confi ned to the nasal cavity 
 B  Confi ned to the nasal cavity and one or more 

paranasal sinuses 
 C  Extending beyond the nasal cavity or paranasal 

sinuses, including involvement of the orbit, 
base of skull or intracranial cavity, cervical 
lymph nodes or distant metastatic sides 

  From Kadish S, Goodman M, Wang CC. Olfactory neuroblastoma. 
A clinical analysis of 17 cases. Cancer. 1976; 37(3): 1571–6; used with 
permission  
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The maximum tumor volume treated with radiosurgery was 
approximately 20 cm 3 . The median follow-up period was 58 
months. Observed radiosurgical side effects were mild and 
transient, such as cephalea and dizziness. No changes in 
mental status were observed. No new pathology of the optic 
pathway was described during follow-up. 

 IMRT is recommended for larger and more complex- 
shaped Esthesioneuroblastoma [ 40 ]. However also here, the 
required conventionally fractionated doses of 50–60 Gy 
(postoperatively) or 65–70 Gy required for inoperable cases, 
the challenge remains similar [ 47 ,  48 ].   

    Craniopharyngioma 

    Disease Pathophysiology 

 Craniopharyngiomas are benign tumors located at the base of 
the skull next to the pituitary gland. Differentiation 
between craniopharyngioma and pituitary can therefore 
sometimes be diffi cult on CT or magnetic resonance (MR) 
scans. Approximately 5–10 % of primary brain tumors are 
craniopharyngiomas. They typically occur in childhood as 
well as in the sixth to eighth decades [ 29 ]. Histopathologically, 
craniopharyngiomas are benign tumors arising from squa-
mous cell remnants of the Rathke pouch during embryo-
genesis at the junction of the pituitary stalk and pituitary. 
Craniopharyngiomas present as a suprasellar lesion, fre-
quently partially calcifi ed and usually including an intrasellar 
component. These tumors are often composed of solid and 
cholesterol-rich cystic components. Cystic or solid compo-
nents of this tumor extension may occur laterally into the 
middle or into the posterior cranial fossa. Symptoms relate to 
compression effects of the tumor due to its vicinity to pitu-
itary gland, chiasm, optic nerves, and hypothalamic region. 
Locally, these tumors can produce signs and symptoms of 
increased intracranial pressure such as headache, drowsiness, 
or vomiting at the time of diagnosis and are due to hydro-
cephalus by obstruction of the foramen Monro by tumor parts 

within the third ventricle in 55–85 % of the patients [ 49 ]. 
Compression of the pituitary and hypothalamic region can 
produce antidiuretic hormone and growth hormone defi ciency 
or obesity in children. Diabetes insipidus is present in approx-
imately 10 % of the patients. Visual fi eld defects and decreased 
vision due to compression of the optic chiasm and optic path-
ways are the initial symptoms in approximately 40–60 % of 
these patients [ 50 ,  51 ] (Table  38.4 ).

       Rationale for Treatment and Alternatives 

 The main treatment modality for craniopharyngiomas is 
surgery. Microsurgery allows complete tumor removal in 
49–100 % of the patients with low morbidity and operative 
mortality [ 52 – 54 ]. After radical resection, 10-year 
progression- free survival rates between 60 and 93 % are 
reported [ 55 ,  56 ]. Treatment modalities include complete 
resection of the tumor with radiation therapy at the time of 
recurrence or subtotal resection followed by radiotherapy. 
The probability of complete tumor resection decreases 
with increasing tumor volume. Because of the proximity to 
critical normal structures and the relatively high associa-
tion of radical surgery with visual loss and impaired hor-
mone function requiring replacement therapy, many 
authors recommend less radical surgery (partial resection, 
biopsy, and aspiration of cystic contents) followed by radi-
ation therapy or radiosurgery. With this strategy, local con-
trol rates of 70–83 % after 10 years are reported [ 57 ,  58 ] 
and assumed to be similar to complete surgical resection of 
the tumor [ 59 ]. Treatment-related toxicities after subtotal 
resection followed by radiotherapy include impairment of 
hormone function. Impairment of vision is reported for 
less than 10 % of all patients treated with the combination 
of subtotal resection and irradiation compared with up to 
20 % after complete tumor resection [ 60 ]. Other side 
effects such as radionecrosis, radiation-induced malignan-
cies, vascular morbidity, and cognitive decline occur less 
frequently [ 60 ,  61 ]. 

   Table 38.4    Review of the literature for radiosurgery of craniopharyngioma   

 Author   N   Median follow-up (range) 
 Mean peripheral 
dose (range)  Local control (%) a   Morbidity 

 Chung et al. [ 64 ]  31  33 months (5–69) b   12.2 Gy (9.5–16)  87.2  Visual fi eld defi cit (1 patient) 
 Mokry [ 65 ]  23  23 months (6–57)  10.8 Gy (8–15)  78.2  None 
 Ulfarsson et al. [ 67 ]  21  42 months (6–348) b   30 Gy (20–50) c   36.4  Visual fi eld defi cit (8 patients) 
 Kobayashi et al. [ 68 ]  98  66 months (6–148)  11.5 Gy (NA)  79.5  Visual/endocrine (6 %) 
 Iwata [ 62 ]  44  40 (12–92)  13–25 Gy (1–5 

fractions) 
 85  Hypopituitarism (1 patient) 

   a Crude local control rates 
  b Median values 
  c Given in maximum dose  
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 The major goal of radiotherapy treatment strategies is 
sparing of critical normal structures. Radiosurgery as well as 
intracavitary irradiation with stereotactically applied β[beta]-
emitting radioisotopes maximize normal tissue sparing. The 
cystic nature of craniopharyngioma has led to trials of intra-
cystic applications of β[beta]-emitting radioisotopes such as 
yttrium-90 or phosphorus-32. The use of radiosurgery has 
been reported in patients with minimal residual or recurrent 
disease. However, for patients with larger target volumes, 
tumors immediately abutting the optic apparatus and multi-
ple cystic confi gured lesions, fractionated stereotactic radio-
therapy should be preferred as excellent local control with 
minimal morbidity can be realized [ 62 ,  63 ].  

    Treatment Planning and Results 
for Radiosurgery 

 The target volume for craniopharyngiomas is narrowly 
defi ned to the tumor volume, including solid and cystic com-
ponents. In cases with cyst aspiration or subtotal resection, it 
is important to cover the complete cyst wall. This technique 
can be used for selected patients with smaller tumors (<2 cm) 
not abutting critical structures such as the chiasm and the 
brain stem. Median doses to the margin of the tumor range 
from 9 to 16 Gy. Chung et al. recommend a margin dose of 
12 Gy to induce satisfactory tumor response [ 64 ]. The main 
restriction with radiosurgery treatment is the tolerance dose 
of the neighboring visual pathway. The dose to the optic 
nerves and the chiasm should be kept below 8 Gy with 
single- dose techniques to avoid damage to these structures. 
Stereotactic radiosurgery has been used to treat small resid-
ual or recurrent tumors after surgical intervention. 

 Mokry et al. [ 65 ] treated 23 patients with Gamma Knife 
radiosurgery for craniopharyngioma and found no relevant 
morbidity. Ten patients had additional therapy with intracys-
tic bleomycin before radiosurgery. Tumor progression was 
observed in 5 of 23 patients. They conclude that the best 
results might be obtained in monocystic tumors amenable to 
stereotactic drainage and intracystic bleomycin treatment. 
The Cologne group of Kickingrieder et al. summarizes their 
results on 53 patients with cystic craniopharyngiomas treated 
with stereotactically applied colloidal β-emitting radioactive 
sources. They concede few but notable severe side effects 
(hemiparesis and third nerve palsy) as well as suboptimal 
progression-free survival (79.4 ± 6.1, 72.4 ± 6.8, and 
45.6 ± 8.7 % at 12, 24, and 60 months, respectively) [ 66 ]. 

 After an average follow-up of 36 months, Chung et al. 
reported a tumor control rate of 87 % for 31 patients treated 
with Gamma Knife radiosurgery and a prescribed dose to 
the tumor margin from 9.5 to 16 Gy [ 64 ]. One patient devel-
oped a mildly restricted visual fi eld. None of the patients 
showed additional endocrinologic impairment or neurologic 

deterioration related to radiosurgery. In a Swedish study, 
21 patients were treated with Gamma Knife radiosurgery. 
They found a statistically signifi cant difference between 
tumor progression and applied dose; a higher progression 
rate was found in patients treated with less than 6 Gy to the 
margin than in patients treated with a dose higher than 6 Gy. 
Four of these patients developed pituitary dysfunction [ 67 ]. 
In the literature, parenchymal injuries of the brain or second 
malignancies caused by radiotherapy are estimated to be 
less than 1–2 % [ 68 ].   

    Chordomas, Chondromas, 
and Chondrosarcomas 

    Disease Pathophysiology 

 Chondromas are rare benign tumors arising at the base of the 
skull, especially in the area close to the pituitary gland. It is 
a very-slow-growing tumor and might be present for a long 
time before causing any symptoms. Chondromas are com-
posed of cartilage formed by the meninges and is usually 
attached to the dura mater. Surgical intervention might be the 
treatment of primary choice because of their usually well- 
defi ned margins. 

 Chordomas are relatively rare, slow-growing, primary 
bone tumors arising from embryonic remnants of the noto-
chord (chorda dorsalis) at the two extreme ends of the verte-
bral axis. They are most often diagnosed in the second or 
third decade of life, more common in males (2:1) and com-
prise less than 1 % of intracranial tumors [ 69 ,  70 ]. Twenty 
fi ve to forty percent of chordomas occur in the spheno- 
occipital or skull base region. The clivus is the most common 
site. Chordomas are locally more aggressive with a poorer 
outcome compared with chondrosarcomas. 

 Chondrosarcomas are malignant tumors composed of 
cartilage-producing cells encountered in the skull base. Two 
histologic variants of chordoma have been described. The 
fi rst is chondroid chordoma, a typical chordoma that also 
contains areas resembling low-grade hyaline chondrosar-
coma. The second variant is dedifferentiated chordoma, 
which contains areas of typical chordoma mixed with com-
ponents that resemble high-grade or poorly differentiated 
spindle cell sarcoma. Chondrosarcomas rarely metastasize, 
are slow-growing but often invade local structures. Prognostic 
factors that most infl uence choice of treatment are location, 
local tumor extension, and surgical resectability. 

 Approximately 0.1 % of all intracranial tumors are chon-
drosarcomas. This locally invasive tumor is a malignant vari-
ant of a benign chondroma arising from bone and is composed 
of cartilage. 

 Chondrosarcomas are mostly located in the sphenoid 
bone or clivus. Chondrosarcomas are also more common in 
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males than in females (1.5:1). They can be classifi ed into 
three grades (I–III). Lower-grade tumors are less aggressive 
and act clinically similar to chordomas. Historically, skull 
base chordoma and chondrosarcoma were often pooled 
together in reported series due to the rarity of these tumors; 
however, recently published studies have shown important 
differences with respect to diagnosis, treatment, and progno-
sis, strongly suggesting a more aggressive therapy for chor-
domas than chondrosarcomas [ 71 ] (Table  38.5 ).

       Rationale for Treatment and Alternatives 

 Treatment of choice is total surgical resection, if feasible, 
followed by radiation therapy. The best results in the treat-
ment of chordomas have been obtained by complete surgi-
cal resection followed by high doses of proton irradiation 
[ 72 ]. Complete resection of these tumors at the skull base is 
challenging and associated with higher rates of morbidity 

and mortality. Furthermore, it is diffi cult to treat skull base 
chordomas and chondrosarcomas with radiotherapy alone 
because of the large tumor size, the extent of infi ltrated tis-
sues, and because of dose limitations imposed by the sensi-
tivity of adjacent critical normal tissues such as the brain 
stem and cranial nerves [ 73 ]. Frequently used fractionated 
doses are 55–66 Gy. A clear dose-response relationship with 
improved outcomes after doses exceeding 60 Gy have been 
shown in chordomas [ 74 ]. Similar effects have been shown 
with radiosurgery with better results after marginal doses 
>15 Gy [ 73 ]. Because of the slow proliferative nature of 
chordomas, high linear energy transfer may be useful. To 
yield good results with respect to local tumor control, high- 
dose radiation therapy with photons combined with proton 
beam boost [ 75 ,  76 ] or particle therapy alone [ 77 ,  78 ], are 
reported. Heavily charged particles such as protons or car-
bon ions may be superior because of their fi nite range in 
tissues. This radiation technique offers an excellent chance 
of cure with acceptable radiation-induced toxicity. However, 

   Table 38.5    Radiosurgical literature on chordoma and chondrosarcoma   

 Author   N  
 Median follow-up 
(range) 

 Median 
peripheral dose 
in Gy (range)  Local control * (%)   Morbidity  Comments 

 Krishnan et al. [ 107 ]  4.8 years (0.8–11.4)  15 (10–20) 
 Chordoma  25  32‡  34 % (all with 

combined EBRT) 
 Chondrosarcoma  4  100 
 Feigl et al. [ 82 ]  17 months (6–36)†  17 (14–18) †  
 Chordoma  3  33  Cranial nerve defi cits, 

headaches, diplopia 
 Chondrosarcoma  10  100 
 Pamir et al. [ 89 ]  23.3 months (NA)†  NA  29  NA 
 Chordoma  7 
 Chang et al. [ 108 ] §   4 years (1–9)†  19.4 (18–24)† 
 Chordoma  10  80‡  None 
 Hauptman et al. [ 85 ]  5  4.5 years  15.5 (to 90 % 

isodose line) 
 60  Cranial neuropathy, 

visual defi cits 
 Koga et al. [ 84 ]  14  65 months (12–167)  15 (10–20)  Local relapse in all cases 

of Radiosurgery after 
fractionated xRT, Marginal 
doses of >16 Gy crucial 

 Chordoma  10  40.5 (12–167) months  13.7 (10–20)  15  1 transient visual 
defi cit 

 Chondrosarcoma  4  20 (45–145) months  15.5 (12–20)  100  1 transient visual 
defi cit 

 Martin et al. [ 109 ]  7.7 years (2–17)  16.5 (10–25) 
 Chordoma  18  88 months     62.9‡  1 transient effect 
 Chondrosarcoma  10  88 months  80‡ 
 Hasegawa et al. [ 110 ]  59 months (1–172)  14 (9–20)  80‡  1 worsening of facial 

numbness 
 Under 20 mL volume sig. 
better LC, at least 15 Gy 
marginal dose required 

 Chordoma  30  0.72 
 Chondrosarcoma  7 
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IMRT has also shown its effectiveness [ 79 ], so that the fi nal 
verdict may ultimately require long-term results from a ran-
domized trial.  

    Radiosurgery for Chordomas 
and Chondrosarcomas 

 There is a strong argument for radiosurgical treatment of 
chordomas and chondrosarcomas to reduce the incidence of 
brain or bone necrosis in smaller circumscribed post-surgical 
tumor-remnants. In literature, lesions with a diameter of less 
than 30 mm were treated with 17–20 Gy to the tumor margin 
[ 73 ,  80 ,  81 ]. 

 Kondziolka et al. [ 73 ] reported on four patients with chor-
doma and two patients with chondrosarcoma treated with 
radiosurgery. All tumors were less than 30 mm in diameter 
and were treated with 20 Gy to the tumor margin. During a 
mean follow-up of 22 months (range, 8–36 months), no in- 
fi eld progression was seen. Three patients showed improve-
ment of preexisting neurologic defi cits. The other three 
patients remained in stable neurologic condition. Serial fol-
low- up imaging studies showed tumor volume reduction in 
two patients, whereas the other four patients showed stable 
tumor size. One patient showed tumor progression outside 
the irradiated tumor volume. In the study of Feigl et al., 13 
patients with chordoma and chondrosarcoma were treated 
with Gamma Knife radiosurgery after maximal tumor resec-
tion [ 82 ]. The mean treated tumor volume was 9.7 cm 3  (range 
1.4–20.3 cm 3 ). The mean treatment dose was 17 Gy and the 
mean marginal isodose was 52 %. After a mean follow-up of 
17 months, only one recurrence of disease was seen at the 
margin of the radiation fi eld. Pamir et al. reported on 26 skull 
base chordomas with a mean follow-up period of 48.5 months 
receiving multimodality treatment with various combina-
tions of conventional surgery, skull base surgical techniques, 
and Gamma Knife surgery [ 83 ]. The mean follow-up after 
Gamma Knife treatment was 23.3 months. They recommend 
Gamma Knife radiosurgery immediately after initial surgical 
intervention if the tumor volume is less than 30 cm 3 . This 
suggested treatment algorithm of Pamir and colleagues is 
shown in Fig.  38.1 .

   Interesting results were published by the Tokyo group by 
Koga et al. [ 84 ] on ten chordoma and four chondrosarcoma 
patients with tumor volumes at radiosurgery ranging from 
3.4 to 55.5 cm 3 . Four chordoma patients received radiosur-
gery with lower marginal doses (12 Gy) after 60 Gy fraction-
ated radiotherapy. All four patients recurred locally. One 
chondrosarcoma patient receiving 12 Gy marginal dose 
recurred locally. Five-year PFS rates for patients with higher 
and lower marginal doses were 80 % and 14 % respectively 
( p  = 0.0005). The authors conclude that a marginal dose of at 
least 16 Gy is required for local control.   

    Glomus Jugulare Tumors/Chemodectoma/
Paraganglioma 

    Disease Pathophysiology 

 Glomus jugulare tumors are rare, radiosensitive tumors of 
the skull base/neck regions, slow-growing, hypervascular, 
and histologically benign. They comprise 0.6 % of all tumors 
and are closely associated with the sympathetic system, aris-
ing from the paraganglia of the chemoreceptor system. Thus, 
 chemodectoma  and  paraganglioma  are frequently used syn-
onyms. Due of their tendency to invade and compress adja-
cent tissues, local problems can evolve. 

 Typical clinical symptoms are gradual hearing loss, uni-
lateral pulsatile tinnitus, or imbalance. 

 Familial as well as multilocal/bilateral occurrence is pos-
sible and should be excluded by MRI of the skull base and 
neck (Fig.  38.2 ).

   These tumors can show metabolic activity on PET/SPECT 
which may change disease management [ 85 ]. Malignant 
transformation rates are rare (2–5 %) with metastatic spread 
to lung, liver, and bone [ 86 ,  87 ]. Because of their slow 
growth, up to 10 years of follow-up is necessary to establish 
a cure rate for these lesions [ 88 ].  

    Rationale for Treatment and Alternatives 

 The treatment options for glomus jugulare tumors include sur-
gery, radiosurgery, radiotherapy, and endovascular occlusion 
of feeding vessels either in combination or alone [ 89 – 91 ]. 

Chordomas

Skull base approaches

Surgical intervention

No residual tumors

Follow-up

Radiosurgery as
soon as recurrence

detected

Radiosurgery Consider
Re-operation

>30 CC<30 CC

Residual tumors

  Fig. 38.1    Radiosurgical management algorithm for skull base chordomas 
according to Pamir et al. [ 83 ]. Should re-operation not be possible, 
high-dose particle beam therapy or IMRT should be recommended       
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Embolization alone does not prevent further tumor progression 
[ 92 ]. Surgical resection is the only treatment option that 
can offer immediate and complete tumor elimination. 
Contraindications to surgical intervention of skull base tumors 

are based on the patients’ comorbidities. Surgical resection of 
glomus jugulare tumors carries a high complication rate, 
due to their high vascularity and the involvement of critical 
vascular and neuronal structures, which included stroke, 

  Fig. 38.2    This    right sided incidental jugular glomus tumor was 
detected on  99m Tc-octreotide SPECT imaging ( bottom  in fusion with 
MRI) after being missed on both CT ( top ) and MRI ( middle ) for a left 

sided glomus tumor at the level of the carotid bifurcation. 
Retrospectively, it is quite obvious in MRI       
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cranial nerve injury with 8–40 %, and an overall mortality rate 
of 5–13 % [ 93 ]. Compared with radiosurgery, fractionated ste-
reotactic radiotherapy may reduce the risk of radiation-induced 
side effects providing additional radiobiologic sparing and 
should be recommended for larger tumors or those, which 
cannot be precisely defi ned by imaging.  

    Patient Selection for Radiosurgery 
and Treatment Planning Details 

 For radiosurgical techniques, the prescribed dose to the 
tumor margin ranges from 12 to 25 Gy with typical doses 
greater than 20 Gy for small- to medium-sized tumors but 
lower doses to larger tumors due to an increased risk of 
radiation- induced side effects [ 82 ,  83 ,  94 ]. Median tumor 
volumes of glomus tumors should be less than 10 cm 3  
because of the possible increased risk of radiation-induced 
cranial nerve defi cits due to the radiosensitivity of cranial 
nerves. On the other hand and in analogy to excellent control 
rates after only 45–50 Gy in fractionated radiotherapy [ 95 ] 
12 Gy single fraction or 25 in 5 Gy fractions [ 96 ] likely suf-
fi ce, especially in critical locations.  

    Review of the Literature 

 For well-defi ned and noninfi ltrating glomus jugulare tumors, 
stereotactic radiotherapy should be particularly benefi cial. 
They usually present in a small size due to their proximity to 
cranial nerves whose dysfunctions often herald the presence 

of the tumor. The steep dose gradient achievable with radio-
surgery minimizes the irradiation dose to surrounding nor-
mal tissue. Whereas diagnostic imaging techniques have 
been much improved within recent years, they cannot reli-
ably separate tumor from adjacent cranial nerve when target-
ing radiosurgery treatment. Because of the close proximity 
of glomus tumors to cranial nerves, permanent cranial nerve 
defi cits are possible side effects of radiosurgery. Most pub-
lished studies reported only transient dizziness or occasional 
hearing loss (Table  38.6 ).

   Jordan et al. [ 82 ] reported on eight patients treated with 
Gamma Knife radiosurgery between 1990 and 1998. The 
mean tumor volume of these patients was 9.8 cm 3  (range, 
17.3–4.3 cm 3 ). The mean applied marginal dose was 16.3 Gy 
(range, 12–20 Gy). None of these patients developed delayed 
cranial neuropathy or tumor progression during a mean fol-
low- up of 27 months. 

 Lim et al. [ 94 ] reported on ten patients treated with 
radiosurgery, whereas four patients were treated with pri-
mary radiosurgery due to several comorbidities. The other 
fi ve had prior surgeries for their tumor. Tumor size ranged 
from 1.2 to 3.6 cm at the largest diameter with an average 
of 2.4 cm. Six patients were treated with a frame-based 
linac system and four with the CyberKnife. Prescribed 
dose to the 80 % isodose ranged from 16 to 25 Gy to the 
tumor margin. After a median follow-up of 21.5 months, 
nine patients had no change of tumor size, whereas one 
patient showed tumor regression. Nine patients had stable 
neurologic symptoms and only one patient experienced 
transient ipsilateral tongue weakness and hearing loss 
(Fig. 38.3 ).

   Table 38.6    Side effects of radiosurgery   

 Author   N   Median follow-up (range) 
 Median peripheral 
dose (range)  Local control a   Morbidity  Comments 

 Jordan et al. [ 82 ]  8  27 months (9.7–102) b   16.3 Gy (12–20) b   1  Acute vertigo (1 patient) 
 Foote et al. [ 89 ]  25  37 months (11–118)  15 Gy (12–18)  1  Late vertigo (1 patient)  8 decreased in size 
 Eustacchio et al. 
[ 111 ] 

 19  7 years (1.5–10)  14 Gy (12–20)  0.95  None 

 Maarouf et al. [ 83 ]  12  4 years (0.8–9)  15 Gy (11–20)  1  Moderate facial palsy (1 
patient) 

 8 decreased in size 

 Liscak et al. [ 88 ]  52  24 months (4–70)  16.5 Gy (10–30)  1  Tinnitus (2 patients)  Tumor size 
decreased in 40 % 

 Gottfried et al. 
[ 112 ] c  

 142  39.4 months b   0.98  8.5 % morbidity 

 Pollock et al. [ 113 ]  42  44 (6–149 months)     14.9 b (  0.98  15 % new defi cits (4× hearing 
loss, 2× vocal cord paralysis, 
temporary imbalance/vertigo ×1 

 Hurmuz et al. [ 96 ]  14  39 months (7–60)  25 (18–30) (in 
1–5 fractions) 

 1  None  Tumor regression 
in 6 

   a Crude local control rates 
  b Mean values 
  c Literature review  
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   After an observation period of up to 6.7 years, Saringer 
and co-workers [ 90 ] reported on 13 patients with glomus 
tumors treated with Gamma Knife radiosurgery. Three of 
these patients showed tumor size reduction, whereas ten had 
stable tumor volume. Clinical symptoms remained 
unchanged in six, and six patients showed an improvement 
of clinical symptoms. One patient failed the follow-up. Two 
patients developed transient cranial nerve complications 
(worsening of preexisting swallowing disorders and tempo-
rary facial nerve palsy 1 and 12 months after radiosurgery, 
respectively). 

 The Mayo Clinic experiences were published by Foote 
et al. in 2002 [ 97 ]. They described treatment outcome for a 
total of 25 patients and long-term results for a cohort of 9 
patients with a median largest diameter of 3.3 cm. No acute 

neurologic toxicity was identifi ed in all 25 patients. Only one 
patient experienced clinically signifi cant vertigo 8.5 months 
after treatment. They observed no new or progressive neu-
ropathy of cranial nerves V–XII. 

 Recently, even clearer evidence for radiosurgery’s role 
has been published in the form of a meta-analysis of 869 
patients with glomus tumors. Subtotal resection (STR), gross 
total resection (GTR), STR + postoperative radiosurgery and 
radiosurgery alone were compared in terms of local control 
and cranial neuropathy. Local control after radiosurgery was 
signifi cantly ( p  < 0.01) higher than the other groups. The 
GTR patient group had higher rates of defi cits than those 
who underwent SRS alone. The authors concluded that 
higher rates of morbidity are not associated with improved 
local control rates, compared to radiosurgery [ 98 ].   

  Fig. 38.3    Treatment plan of a patient presenting with hearing defi cit, vertigo and vocal cord paresis. MR imaging showed a left sided glomus 
tumor treated radiosurgically with 17 Gy marginal dose (70 % isodose). After 24 months the tumor has shrunk, no new toxicity (courtesy of Dr. 
A. Muacevic, CyberKnife Centre Munich)       
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    Conclusion 

 It can be generalized in the base of skull region as well, that 
when radiosurgery is limited to lesions that are 3 cm or less, 
dose fall-off is sharp and only a small amount of normal 
brain tissue receives a high radiation dose. At larger volumes, 
the radiation fall-off into the surrounding normal tissue is not 
as steep and the risk of delayed radiation-induced side effects 
increases. Still, many patients with skull base tumors larger 
than 30 mm can undergo radiosurgery safely because these 
tumors are often in contact with the brain for only a portion 
of their surface, and therefore, radiation fall- off occurs in the 
bone, the sinuses, or the infratemporal or cervical regions. 
For larger lesions and those located next to the optic path-
way, fractionated radiation therapy should be recommended 
due to its radiobiological advantages. 

 However, in order to maximize radiosurgical benefi ts and 
minimize its dangers, all highly precise radiation techniques 
must be preceded by the integration of optimal imaging (see 
Chap.   2    ) into the treatment planning process. This is espe-
cially challenging and critical in the base of skull region. 

 Whether chordomas and chondrosarcomas are better 
treated with particles such as protons and/or ions is awaiting 
clarifi cation, ideally in the form of randomized studies. 
Radiosurgery should be the considered treatment of choice 
for smaller and well-defi ned glomus tumors due to minimal 
morbidity compared to surgery as well as shorter treatment 
times and better normal tissue sparing compared to fraction-
ated radiotherapy.     

   References 

    1.    Pirzkall A, Debus J, Lohr F, Fuss M, Rhein B, Engenhart-Cabillic 
R, et al. Radiosurgery alone or in combination with whole-brain 
radiotherapy for brain metastases. J Clin Oncol. 
1998;16(11):3563–9.  

     2.    Shaw E, Scott C, Souhami L, Dinapoli R, Kline R, Loeffl er J, et al. 
Single dose radiosurgical treatment of recurrent previously irradi-
ated primary brain tumors and brain metastases: fi nal report of 
RTOG protocol 90-05. Int J Radiat Oncol Biol Phys. 2000;47(2):
291–8.  

    3.    Ramakrishna N, Rosca F, Friesen S, Tezcanli E, Zygmanszki P, 
Hacker F. A clinical comparison of patient setup and intra-fraction 
motion using frame-based radiosurgery versus a frameless image- 
guided radiosurgery system for intracranial lesions. Radiother 
Oncol. 2010;95(1):109–15.  

    4.    Guckenberger M, Roesch J, Baier K, Sweeney RA, Flentje 
M. Dosimetric consequences of translational and rotational errors 
in frame-less image-guided radiosurgery. Radiat Oncol. 2012;7:63.  

     5.    Ruschin M, Nayebi N, Carlsson P, Brown K, Tamerou M, Li W, 
et al. Performance of a novel repositioning head frame for gamma 
knife perfexion and image-guided linac-based intracranial stereo-
tactic radiotherapy. Int J Radiat Oncol Biol Phys. 2010;78(1):
306–13.  

     6.    Wilbert J, Guckenberger M, Polat B, Sauer O, Vogele M, Flentje M, 
et al. Semi-robotic 6 degree of freedom positioning for intracranial 

high precision radiotherapy; fi rst phantom and clinical results. 
Radiat Oncol. 2010;5:42.  

     7.    Sayer FT, Sherman JH, Yen CP, Schlesinger DJ, Kersh R, Sheehan 
JP. Initial experience with the eXtend System: a relocatable frame 
system for multiple-session gamma knife radiosurgery. World 
Neurosurg. 2011;75(5–6):665–72.  

    8.    Colombo F, Benedetti A, Pozza F, Zanardo A, Avanzo RC, 
Chierego G, et al. Stereotactic radiosurgery utilizing a linear 
accelerator. Appl Neurophysiol. 1985;48(1–6):133–45.  

      9.    Bourland JD, McCollough KP. Static fi eld conformal stereotactic 
radiosurgery: physical techniques. Int J Radiat Oncol Biol Phys. 
1994;28(2):471–9.  

     10.    Yu CX, Li XA, Ma L, Chen D, Naqvi S, Shepard D, et al. Clinical 
implementation of intensity-modulated arc therapy. Int J Radiat 
Oncol Biol Phys. 2002;53(2):453–63.  

      11.    Baumert BG, Norton IA, Davis JB. Intensity-modulated stereotac-
tic radiotherapy vs stereotactic conformal radiotherapy for the 
treatment of meningioma located predominantly in the skull base. 
Int J Radiat Oncol Biol Phys. 2003;57(2):580–92.  

     12.    Plowman PN. Post-radiation sensorineuronal hearing loss. Int J 
Radiat Oncol Biol Phys. 2002;52(3):589–91.  

     13.    Perks JR, St George EJ, El Hamri K, Blackburn P, Plowman 
PN. Stereotactic radiosurgery XVI: isodosimetric comparison of 
photon stereotactic radiosurgery techniques (gamma knife vs. 
micromultileaf collimator linear accelerator) for acoustic neu-
roma—and potential clinical importance. Int J Radiat Oncol Biol 
Phys. 2003;57(5):1450–9.  

     14.    Yu C, Luxton G, Jozsef G, Apuzzo ML, Petrovich Z. Dosimetric 
comparison of three photon radiosurgery techniques for an elon-
gated ellipsoid target. Int J Radiat Oncol Biol Phys. 1999;45(3):
817–26.  

    15.    Perks JR, Jalali R, Cosgrove VP, Adams EJ, Shepherd SF, 
Warrington AP, et al. Optimization of stereotactically-guided con-
formal treatment planning of sellar and parasellar tumors, based 
on normal brain dose volume histograms. Int J Radiat Oncol Biol 
Phys. 1999;45(2):507–13.  

    16.    Leavitt DD, Gibbs Jr FA, Heilbrun MP, Moeller JH, Takach Jr 
GA. Dynamic fi eld shaping to optimize stereotactic radiosurgery. 
Int J Radiat Oncol Biol Phys. 1991;21(5):1247–55.  

    17.    Kurita H, Sasaki T, Kawamoto S, Taniguchi M, Terahara A, Tago 
M, et al. Role of radiosurgery in the management of cavernous 
sinus meningiomas. Acta Neurol Scand. 1997;96(5):297–304.  

    18.    Colombo F, Casentini L, Cavedon C, Scalchi P, Cora S, Francescon 
P. Cyberknife radiosurgery for benign meningiomas: short-term 
results in 199 patients. Neurosurgery. 2009;64(2 Suppl):A7–13.  

    19.    Leber KA, Bergloff J, Pendl G. Dose-response tolerance of the 
visual pathways and cranial nerves of the cavernous sinus to ste-
reotactic radiosurgery. J Neurosurg. 1998;88(1):43–50.  

    20.    Stafford SL, Pollock BE, Leavitt JA, Foote RL, Brown PD, Link 
MJ, et al. A study on the radiation tolerance of the optic nerves 
and chiasm after stereotactic radiosurgery. Int J Radiat Oncol Biol 
Phys. 2003;55(5):1177–81.  

    21.    Morita A, Coffey RJ, Foote RL, Schiff D, Gorman D. Risk of 
injury to cranial nerves after gamma knife radiosurgery for skull 
base meningiomas: experience in 88 patients. J Neurosurg. 
1999;90(1):42–9.  

    22.    Withers HR. Biologic basis for altered fractionation schemes. 
Cancer. 1985;55(9 Suppl):2086–95.  

    23.    Ang KK, Price RE, Stephens LC, Jiang GL, Feng Y, Schultheiss 
TE, et al. The tolerance of primate spinal cord to re-irradiation. Int 
J Radiat Oncol Biol Phys. 1993;25(3):459–64.  

    24.    Wong CS, Hao Y. Long-term recovery kinetics of radiation damage 
in rat spinal cord. Int J Radiat Oncol Biol Phys. 1997;37(1):171–9.  

    25.    Kano H, Kondziolka D, Niranjan A, Flannery TJ, Flickinger JC, 
Lunsford LD. Repeat stereotactic radiosurgery for acoustic neuro-
mas. Int J Radiat Oncol Biol Phys. 2010;76(2):520–7.  

38 Skull Base Tumors

http://dx.doi.org/10.1007/978-1-4614-8363-2_2


496

    26.    Lund VJ, Stammberger H, Nicolai P, Castelnuovo P, Beal T, 
Beham A, et al. European position paper on endoscopic manage-
ment of tumours of the nose, paranasal sinuses and skull base. 
Rhinol Suppl. 2010;22:1–143.  

    27.    Chandler JR, Goulding R, Moskowitz L, Quencer 
RM. Nasopharyngeal angiofi bromas: staging and management. 
Ann Otol Rhinol Laryngol. 1984;93(4 Pt 1):322–9.  

    28.    Neel 3rd HB, Whicker JH, Devine KD, Weiland LH. Juvenile 
angiofi broma. Review of 120 cases. Am J Surg. 1973;126(4):
547–56.  

     29.    Schick B, Plinkert PK, Prescher A. [Aetiology of angiofi bromas: 
refl ection on their specifi c vascular component]. Laryngorhinoo-
tologie. 2002;81(4):280–4.  

     30.    Nicolai P, Schreiber A, Bolzoni Villaret A. Juvenile angiofi broma: 
evolution of management. Int J Pediatr. 2012;2012:412545.  

    31.    Midilli R, Karci B, Akyildiz S. Juvenile nasopharyngeal angiofi -
broma: analysis of 42 cases and important aspects of endoscopic 
approach. Int J Pediatr Otorhinolaryngol. 2009;73(3):401–8.  

     32.    Jafek BW, Krekorian EA, Kirsch WM, Wood RP. Juvenile naso-
pharyngeal angiofi broma: management of intracranial extension. 
Head Neck Surg. 1979;2(2):119–28.  

    33.    Kuppersmith RB, Teh BS, Donovan DT, Mai WY, Chiu JK, Woo 
SY, et al. The use of intensity modulated radiotherapy for the treat-
ment of extensive and recurrent juvenile angiofi broma. Int J 
Pediatr Otorhinolaryngol. 2000;52(3):261–8.  

    34.    Cummings BJ, Blend R, Keane T, Fitzpatrick P, Beale F, Clark R, 
et al. Primary radiation therapy for juvenile nasopharyngeal 
angiofi broma. Laryngoscope. 1984;94(12 Pt 1):1599–605.  

   35.    Reddy KA, Mendenhall WM, Amdur RJ, Stringer SP, Cassisi 
NJ. Long-term results of radiation therapy for juvenile nasopha-
ryngeal angiofi broma. Am J Otolaryngol. 2001;22(3):172–5.  

     36.    Takeda A, Shigematsu N, Suzuki S, Fujii M, Kawata T, Kawaguchi O, 
et al. Late retinal complications of radiation therapy for nasal and 
paranasal malignancies: relationship between irradiated-dose area 
and severity. Int J Radiat Oncol Biol Phys. 1999;44(3):599–605.  

    37.    Zanation AM, Ferlito A, Rinaldo A, Gore MR, Lund VJ, 
McKinney KA, et al. When, how and why to treat the neck in 
patients with esthesioneuroblastoma: a review. Eur Arch 
Otorhinolaryngol. 2010;267(11):1667–71.  

    38.    Weiden PL, Yarington Jr CT, Richardson RG. Olfactory neuro-
blastoma. Chemotherapy and radiotherapy for extensive disease. 
Arch Otolaryngol. 1984;110(11):759–60.  

    39.    Dulguerov P, Calcaterra T. Esthesioneuroblastoma: the UCLA 
experience 1970-1990. Laryngoscope. 1992;102(8):843–9.  

     40.    Zabel A, Thilmann C, Milker-Zabel S, Schlegel W, Zuna I, 
Wannenmacher M, et al. The role of stereotactically guided con-
formal radiotherapy for local tumor control of esthesioneuroblas-
toma. Strahlenther Onkol. 2002;178(4):187–91.  

    41.    Morita A, Ebersold MJ, Olsen KD, Foote RL, Lewis JE, Quast 
LM. Esthesioneuroblastoma: prognosis and management. 
Neurosurgery. 1993;32(5):706–14. discussion 14-5.  

    42.    Polin RS, Sheehan JP, Chenelle AG, Munoz E, Larner J, Phillips 
CD, et al. The role of preoperative adjuvant treatment in the man-
agement of esthesioneuroblastoma: the University of Virginia 
experience. Neurosurgery. 1998;42(5):1029–37.  

    43.    Gore MR, Zanation AM. Salvage treatment of local recurrence in 
esthesioneuroblastoma: a meta-analysis. Skull Base. 2011;21(1):
1–6.  

    44.    Dinca EB, Radatz MW, Rowe J, Kemeny AA. Gamma Knife(R) 
radiosurgery for recurrent intracranial olfactory neuroblastoma 
(esthesioneuroblastoma): a case report. J Med Case Reports. 
2012;6(1):240.  

    45.    Walch C, Stammberger H, Anderhuber W, Unger F, Kole W, 
Feichtinger K. The minimally invasive approach to olfactory 
neuroblastoma: combined endoscopic and stereotactic treat-
ment. Laryngoscope. 2000;110(4):635–40.  

    46.    Unger F, Haselsberger K, Walch C, Stammberger H, Papaefthymiou 
G. Combined endoscopic surgery and radiosurgery as treatment 
modality for olfactory neuroblastoma (esthesioneuroblastoma). 
Acta Neurochir (Wien). 2005;147(6):595–601; discussion 2.  

    47.    Chao KS, Kaplan C, Simpson JR, Haughey B, Spector GJ, 
Sessions DG, et al. Esthesioneuroblastoma: the impact of treat-
ment modality. Head Neck. 2001;23(9):749–57.  

    48.    Duprez F, Madani I, Morbee L, Bonte K, Deron P, Domjan V, 
et al. IMRT for sinonasal tumors minimizes severe late ocular tox-
icity and preserves disease control and survival. Int J Radiat Oncol 
Biol Phys. 2012;83(1):252–9.  

    49.    Rutka JT, Hoffman HJ, Drake JM, Humphreys RP. Suprasellar and 
sellar tumors in childhood and adolescence. Neurosurg Clin N 
Am. 1992;3(4):803–20.  

    50.    Fisher PG, Jenab J, Gopldthwaite PT, Tihan T, Wharam MD, Foer 
DR, et al. Outcomes and failure patterns in childhood craniopha-
ryngiomas. Childs Nerv Syst. 1998;14(10):558–63.  

    51.    Abrams LS, Repka MX. Visual outcome of craniopharyngioma in 
children. J Pediatr Ophthalmol Strabismus. 1997;34(4):223–8.  

    52.    Fahlbusch R, Honegger J, Paulus W, Huk W, Buchfelder 
M. Surgical treatment of craniopharyngiomas: experience with 
168 patients. J Neurosurg. 1999;90(2):237–50.  

   53.    Samii M, Bini W. Surgical treatment of craniopharyngiomas. 
Zentralbl Neurochir. 1991;52(1):17–23.  

    54.    Yasargil MG, Curcic M, Kis M, Siegenthaler G, Teddy PJ, Roth 
P. Total removal of craniopharyngiomas. Approaches and long- 
term results in 144 patients. J Neurosurg. 1990;73(1):3–11.  

    55.    Hoffman HJ, De Silva M, Humphreys RP, Drake JM, Smith ML, 
Blaser SI. Aggressive surgical management of craniopharyngio-
mas in children. J Neurosurg. 1992;76(1):47–52.  

    56.    Kalapurakal JA, Goldman S, Hsieh YC, Tomita T, Marymont 
MH. Clinical outcome in children with recurrent craniopharyngi-
oma after primary surgery. Cancer J. 2000;6(6):388–93.  

    57.    Becker G, Kortmann RD, Skalej M, Bamberg M. The role of 
radiotherapy in the treatment of craniopharyngioma—indications, 
results, side effects. Front Radiat Ther Oncol. 1999;33:100–13.  

    58.    Jose CC, Rajan B, Ashley S, Marsh H, Brada M. Radiotherapy for 
the treatment of recurrent craniopharyngioma. Clin Oncol (R Coll 
Radiol). 1992;4(5):287–9.  

    59.    Lin LL, El Naqa I, Leonard JR, Park TS, Hollander AS, Michalski 
JM, et al. Long-term outcome in children treated for craniopha-
ryngioma with and without radiotherapy. J Neurosurg Pediatr. 
2008;1(2):126–30.  

     60.    Sanford RA. Craniopharyngioma: results of survey of the 
American Society of Pediatric Neurosurgery. Pediatr Neurosurg. 
1994;21 Suppl 1:39–43.  

    61.    Rajan B, Ashley S, Gorman C, Jose CC, Horwich A, Bloom HJ, 
et al. Craniopharyngioma—a long-term results following limited 
surgery and radiotherapy. Radiother Oncol. 1993;26(1):1–10.  

     62.    Iwata H, Tatewaki K, Inoue M, Yokota N, Baba Y, Nomura R, 
et al. Single and hypofractionated stereotactic radiotherapy with 
CyberKnife for craniopharyngioma. J Neurooncol. 2012;106(3):
571–7.  

    63.    Schulz-Ertner D, Frank C, Herfarth KK, Rhein B, Wannenmacher 
M, Debus J. Fractionated stereotactic radiotherapy for craniopha-
ryngiomas. Int J Radiat Oncol Biol Phys. 2002;54(4):1114–20.  

      64.    Chung WY, Pan DH, Shiau CY, Guo WY, Wang LW. Gamma 
knife radiosurgery for craniopharyngiomas. J Neurosurg. 2000;93 
Suppl 3:47–56.  

     65.    Mokry M. Craniopharyngiomas: A six year experience with 
Gamma Knife radiosurgery. Stereotact Funct Neurosurg. 1999;72 
Suppl 1:140–9.  

    66.    Kickingereder P, Maarouf M, El Majdoub F, Fuetsch M, Lehrke R, 
Wirths J, et al. Intracavitary brachytherapy using stereotactically 
applied phosphorus-32 colloid for treatment of cystic craniopha-
ryngiomas in 53 patients. J Neurooncol. 2012;109(2):365–74.  

R.A.J. Sweeney and M. Guckenberger



497

     67.    Ulfarsson E, Lindquist C, Roberts M, Rahn T, Lindquist M, 
Thoren M, et al. Gamma knife radiosurgery for craniopharyngio-
mas: long-term results in the fi rst Swedish patients. J Neurosurg. 
2002;97(5 Suppl):613–22.  

     68.    Kobayashi T, Kida Y, Mori Y, Hasegawa T. Long-term results of 
gamma knife surgery for the treatment of craniopharyngioma in 
98 consecutive cases. J Neurosurg. 2005;103(6 Suppl):482–8.  

    69.    al-Mefty O, Borba LA. Skull base chordomas: a management 
challenge. J Neurosurg. 1997;86(2):182–9.  

    70.    Gay E, Sekhar LN, Rubinstein E, Wright DC, Sen C, Janecka IP, 
et al. Chordomas and chondrosarcomas of the cranial base: results 
and follow-up of 60 patients. Neurosurgery. 1995;36(5):887–96. 
discussion 96-7.  

    71.    Cho YH, Kim JH, Khang SK, Lee JK, Kim CJ. Chordomas and 
chondrosarcomas of the skull base: comparative analysis of clini-
cal results in 30 patients. Neurosurg Rev. 2008;31(1):35–43; dis-
cussion 43.  

    72.    Hug EB, Loredo LN, Slater JD, DeVries A, Grove RI, Schaefer 
RA, et al. Proton radiation therapy for chordomas and chondrosar-
comas of the skull base. J Neurosurg. 1999;91(3):432–9.  

       73.    Kondziolka D, Lunsford LD, Flickinger JC. The role of radiosur-
gery in the management of chordoma and chondrosarcoma of the 
cranial base. Neurosurgery. 1991;29(1):38–45; discussion 6.  

    74.    Pearlman AW, Friedman M. Radical radiation therapy of chordoma. 
Am J Roentgenol Radium Ther Nucl Med. 1970;108(2):332–41.  

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

    76.    Noel G, Habrand JL, Mammar H, Pontvert D, Haie-Meder 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(2):392–8.  

    77.    Schulz-Ertner D, Nikoghosyan A, Thilmann C, Haberer T, Jakel 
O, Karger C, et al. Results of carbon ion radiotherapy in 152 
patients. Int J Radiat Oncol Biol Phys. 2004;58(2):631–40.  

    78.    Hug EB, Sweeney RA, Nurre PM, Holloway KC, Slater JD, 
Munzenrider JE. Proton radiotherapy in management of pediatric 
base of skull tumors. Int J Radiat Oncol Biol Phys. 2002;52(4):1017.  

    79.    Debus J, Schulz-Ertner D, Schad L, Essig M, Rhein B, Thillmann 
CO, et al. Stereotactic fractionated radiotherapy for chordomas 
and chondrosarcomas of the skull base. Int J Radiat Oncol Biol 
Phys. 2000;47(3):591.  

    80.    Feigl GC, Bundschuh O, Gharabaghi A, Safavi-Abassi S, El 
Shawarby A, Samii M, et al. Evaluation of a new concept for the 
management of skull base chordomas and chondrosarcomas. J 
Neurosurg. 2005;102(Suppl):165–70.  

    81.    Pamir MN, Kilic T, Ture U, Ozek MM. Multimodality manage-
ment of 26 skull-base chordomas with 4-year mean follow-up: 
experience at a single institution. Acta Neurochir (Wien). 
2004;146(4):343–54; discussion 54.  

        82.    Koga T, Shin M, Saito N. Treatment with high marginal dose is 
mandatory to achieve long-term control of skull base chordomas 
and chondrosarcomas by means of stereotactic radiosurgery. J 
Neurooncol. 2010;98(2):233–8.  

       83.    Konefal JB, Pilepich MV, Spector GJ, Perez CA. Radiation therapy 
in the treatment of chemodectomas. Laryngoscope. 1987;97(11):
1331–5.  

     84.    Naswa N, Kumar A, Sharma P, Bal C, Malhotra A, Kumar 
R. Imaging carotid body chemodectomas with (6)(8)Ga-DOTA- 
NOC PET-CT. Br J Radiol. 2012;85(1016):1140–5.  

     85.    Liscak R, Vladyka V, Wowra B, Kemeny A, Forster D, Burzaco 
JA, et al. Gamma Knife radiosurgery of the glomus jugulare 
tumour—early multicentre experience. Acta Neurochir (Wien). 
1999;141(11):1141–6.  

    86.    Foote RL, Coffey RJ, Gorman DA, Earle JD, Schomberg PJ, Kline 
RW, et al. Stereotactic radiosurgery for glomus jugulare tumors: a 
preliminary report. Int J Radiat Oncol Biol Phys. 1997;38(3):491–5.  

    87.    Saringer W, Khayal H, Ertl A, Schoeggl A, Kitz K. Effi ciency of 
gamma knife radiosurgery in the treatment of glomus jugulare 
tumors. Min Invasive Neurosurg. 2001;44(3):141–6.  

     88.   Woods CI, Strasnick B, Jackson CG. Surgery for glomus tumors: 
the Otology Group experience. Laryngoscope. 1993; 103(11 Pt 2 
Suppl 60):65–70.  

      89.    Pauw BK, Makek MS, Fisch U, Valavanis A. Preoperative embo-
lization of paragangliomas (glomus tumors) of the head and neck: 
histopathologic and clinical features. Skull Base Surg. 1993;3(1):
37–44.  

    90.    Chretien PB, Engelman K, Hoye RC, Geelhoed GW. Surgical 
management of intravascular glomus jugulare tumor. Am J Surg. 
1971;122(6):740–3.  

    91.    Jordan JA, Roland PS, McManus C, Weiner RL, Giller CA. 
Stereotactic radiosurgery for glomus jugulare tumors. Laryngo-
scope. 2000;110(1):35–8.  

    92.    Maarouf M, Voges J, Landwehr P, Bramer R, Treuer H, Kocher M, 
et al. Stereotactic linear accelerater-based radiosurgery for the 
treatment of patients with glomus jugulare tumors. Cancer. 
2003;97(4):1093–8.  

    93.    Lim M, Gibbs IC, Adler Jr JR, Martin DP, Chang SD. The effi cacy 
of linear accelerator stereotactic radiosurgery in treating glomus 
jugulare tumors. Technol Cancer Res Treat. 2003;2(3):261–5.  

     94.    Springate SC, Weichselbaum RR. Radiation or surgery for chemo-
dectoma of the temporal bone: a review of local control and com-
plications. Head Neck. 1990;12(4):303–7.  

    95.    Hurmuz P, Cengiz M, Ozyigit G, Yazici G, Akyol F, Yildiz F, et al. 
Robotic stereotactic radiosurgery in patients with unresectable 
glomus jugulare tumors. Technol Cancer Res Treat. 2013;12(4):
275–84.  

     96.    Foote RL, Pollock BE, Gorman DA, Schomberg PJ, Stafford SL, 
Link MJ, et al. Glomus jugulare tumor: tumor control and compli-
cations after stereotactic radiosurgery. Head Neck. 2002;24(4):
332–8. discussion 8-9.  

    97.    Ivan ME, Sughrue ME, Clark AJ, Kane AJ, Aranda D, Barani IJ, 
et al. A meta-analysis of tumor control rates and treatment-related 
morbidity for patients with glomus jugulare tumors. J Neurosurg. 
2011;114(5):1299–305.  

    98.    Hamilton RJ, Kuchnir FT, Sweeney P, Rubin SJ, Dujovny M, 
Pelizzari CA, et al. Comparison of static conformal fi eld with mul-
tiple noncoplanar arc techniques for stereotactic radiosurgery or 
stereotactic radiotherapy. Int J Radiat Oncol Biol Phys. 1995;33(5):
1221–8.  

    99.    Shiu AS, Kooy HM, Ewton JR, Tung SS, Wong J, Antes K, et al. 
Comparison of miniature multileaf collimation (MMLC) with cir-
cular collimation for stereotactic treatment. Int J Radiat Oncol 
Biol Phys. 1997;37(3):679–88.  

    100.    Kubo HD, Pappas CT, Wilder RB. A comparison of arc-based and 
static mini-multileaf collimator-based radiosurgery treatment 
plans. Radiother Oncol. 1997;45(1):89–93.  

    101.    Kramer BA, Wazer DE, Engler MJ, Tsai JS, Ling MN. Dosimetric 
comparison of stereotactic radiosurgery to intensity modulated 
radiotherapy. Radiat Oncol Investig. 1998;6(1):18–25.  

    102.    Cardinale RM, Benedict SH, Wu Q, Zwicker RD, Gaballa HE, 
Mohan R. A comparison of three stereotactic radiotherapy tech-
niques; ARCS vs. noncoplanar fi xed fi elds vs. intensity modula-
tion. Int J Radiat Oncol Biol Phys. 1998;42(2):431–6.  

    103.    Benedict SH, Cardinale RM, Wu Q, Zwicker RD, Broaddus WC, 
Mohan R. Intensity-modulated stereotactic radiosurgery using 
dynamic micro-multileaf collimation. Int J Radiat Oncol Biol 
Phys. 2001;50(3):751–8.  

38 Skull Base Tumors



498

    104.    Leavitt DD, Watson G, Tobler M, Williams G, Gaffney DK, 
Shrieve DC. Intensity-modulated radiosurgery/radiotherapy using 
a micromultileaf collimator. Med Dosim. 2001;26(2):143–50.  

    105.    Ernst-Stecken A, Lambrecht U, Ganslandt O, Mueller R, 
Fahlbusch R, Sauer R, et al. Radiosurgery of small skull-base 
lesions. No advantage for intensity-modulated stereotactic radio-
surgery versus conformal arc technique. Strahlenther Onkol. 
2005;181(5):336–44.  

    106.    Krishnan S, Foote RL, Brown PD, Pollock BE, Link MJ, Garces 
YI. Radiosurgery for cranial base chordomas and chondrosarco-
mas. Neurosurgery. 2005;56(4):777–84; discussion 84.  

    107.    Chang SD, Martin DP, Lee E, Adler Jr JR. Stereotactic radiosur-
gery and hypofractionated stereotactic radiotherapy for residual or 
recurrent cranial base and cervical chordomas. Neurosurg Focus. 
2001;10(3):E5.  

    108.    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 Radiat Oncol Biol Phys. 2012;83(2):
542–51.  

    109.    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(4):758–64.  

    110.    Hasegawa T, Ishii D, Kida Y, Yoshimoto M, Koike J, Iizuka 
H. Gamma Knife surgery for skull base chordomas and chondro-
sarcomas. J Neurosurg. 2007;107(4):752–7.  

    111.    Eustacchio S, Trummer M, Unger F, Schrottner O, Sutter B, Pendl 
G. The role of Gamma Knife radiosurgery in the management of 
glomus jugular tumours. Acta Neurochir Suppl. 2002;84:91–7.  

    112.    Gottfried ON, Liu JK, Couldwell WT. Comparison of radiosur-
gery and conventional surgery for the treatment of glomus jugu-
lare tumors. Neurosurg Focus. 2004;17(2):E4.  

    113.    Pollock BE. Stereotactic radiosurgery in patients with glomus 
jugulare tumors. Neurosurg Focus. 2004;17(2):E10.    

R.A.J. Sweeney and M. Guckenberger


	38: Skull Base Tumors
	Introduction
	 Dose Limitations at the Skull Base
	 Re-irradiation at the Skull Base
	 Clinical Entities
	 Angiofibroma
	Disease Pathophysiology
	 Treatment Options

	 Esthesioneuroblastoma
	Disease Pathophysiology
	 Rationale for Treatment and Alternatives
	 Radiosurgery for Esthesioneuroblastoma

	 Craniopharyngioma
	Disease Pathophysiology
	 Rationale for Treatment and Alternatives
	 Treatment Planning and Results for Radiosurgery

	 Chordomas, Chondromas, and Chondrosarcomas
	Disease Pathophysiology
	 Rationale for Treatment and Alternatives
	 Radiosurgery for Chordomas and Chondrosarcomas

	 Glomus Jugulare Tumors/Chemodectoma/Paraganglioma
	Disease Pathophysiology
	 Rationale for Treatment and Alternatives
	 Patient Selection for Radiosurgery and Treatment Planning Details
	 Review of the Literature

	 Conclusion
	References


