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overview

▪ Chordoma & Chondrosarcoma
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(-> see lecture on Tuesday given by Giulia Riva)

▪ Meningioma

▪ Schwannoma▪ Craniopharyngioma

▪ Pituitary adenoma ▪ Esthesio neuroblastoma

▪ Juvenile angiofibroma



Oncological Dilemma
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eradication of

all tumor cells

achieving local control

improving survival

protection of
surrounding healthy tissue

organ preserving

reducing late sequelae

REPAIRDAMAGE



Depth dose profile: photons vs protons

02/07/2023 4

SOBP
Spread Out

Bragg Peak

depth in water (cm)

b
io

lo
gi

ca
le

ff
ec

ti
ve

d
o

se
 (

%
)

tumor

no dose distal

to the tumor

lower dose in the

entrance channel



rationale of particle therapy for skull base tumors
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potential 
sequelae

Quality of life ↓ Hypopituitarisms

Secondary malignancies

neurocognitive function ↓

Visual impairment / loss of hearing



background: meningioma

▪ most frequent primary intracranial tumor in adults

▪ incidence ~ 2/100.000, female > male (3:1)

▪ risk factors: inter alia st.p. radiotherapy,

NF2 (75% life time risk)

▪ median age ~ 65 y
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benign (80-85%)

low mitotic rate with less
than 4 per 10 HPF

absence of brain invasion
nine subtypes

atypical (15-18%)

mitotic rate 4-19/ HPF
OR brain invasion

OR three of five histologies: 
spontaneous necrosis, sheeting, 

prominent nucleoli, high cellularity and 
small cells

malignant (1-3%)

mitotic rate >20/HPF
OR specific histologies: 
papillary or rhabdoid

10y OS: 14-34%
10y PFS:        0%

10y OS: 50-79%
10y PFS: 23-78%

10y OS: 80-90%
10y PFS: 75-90%



proton beam therapy for meningioma WHO I

highly conformal RT yields better sparing of critical organs at risk (and potentially less side effects)
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Slater et al., Int. J. Rad Oncol Biol. Phys. (2012) Weber et al., Front Oncol (2020)



proton beam therapy for meningioma WHO I

highly conformal RT yields better sparing of critical organs at risk (and potentially less side effects)
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Slater et al., Int. J. Rad Oncol Biol. Phys. (2012) Weber et al., Front Oncol (2020)



local control is dose dependent (in meningioma ≥ grade II) 

Dose escalation > 60 GyRBE yields better local control
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Efficacy and toxicity of particle radiotherapy in 
WHO grade II and III meningioma: a systematic review
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prognosis for malignant meningioma remains poor
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(physical) rationale for ions other than protons
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Protons
175 MeV

Helium ions
175 MeV/u 

Carbon ions
330 MeV/u 

Beam



(biological) rationale for ions other than protons
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RBE is often determined

at 10% cell survival

10 Gy with photons

2.85 Gy with high LET

RBE0.1 = 10 Gy / 2.85 Gy

RBE0.1 = 3.5
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ionisation tracks

low
LET

high
LET

damage (in nucleus)

modified from Kraft et al., 2003

Increase of direct radiation damage
and RBE for high-LET radiation

protons / 
photons

Carbon 
ions

DNA



malignant meningioma: prospective (particle therapy) trials
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future topic: new ion types

02/07/2023 17

B
io

lo
g
ic

a
l 

E
ff
e
c
ti
v
e
n
e
s
s

Accuracy: Dose conformality

X-rays
10MV.

P
konv.

P
IMRT

X-rays
IMRT

n
konv.

Pions

Co-60

C-12

Ne

Si

Ar

O

He



clinical rationale for helium ions
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1st treatment with scanned helium beams
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Recurrent solitary fibrous tumor of the dura

2015:                    60 GyRBE carbon ions 

summer 2021:    60GyRBE helium ions – 30 fractions / Re-irradiation



1st treatment with scanned helium beams
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GTV pre RT   

0,8 ml

GTV post RT

0,3 ml

GTV post RT

0,2 ml

complete 

remission

Baseline  MRI six weeks post RT six months post RT one year post RT



Thank you!


