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Particle Therapy - Rationale

no complications

complications

tumour control,
no complications

according to Hermann Holthusen, 1933



Particle Therapy: SOBP

beam direction [__>

Opposing photon beams
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http://www.umcutrecht.nl/getmedia/2ea49ddf-0390-4f1b-8c2a-
b90b9166944c/mriProtonl.jpg.aspx



Particle Treatment Delivery Systems

Passive
Scattering
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http://www.dattoli.com/wp-content/uploads/2014/05/protons_diagram.jpg



Passive scattering: Range modulation

https://www.helmholtz-
berlin.de/media/media/angebote/pt/strahlentherapie/infos/modulatorrad_freig
estellt.jpg



ive Beam Shaping

Pass

Urie et al, PMB 1984

//www.oncolink.org/treatment/al

186&id=438
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Passive Beam Shaping

(a) Fixed Modulation

T SOBP has a fixed
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» Only measured depth doses needed
* No detailled biological modelling needed
(slide: Prof. O Jakel)



Active scanning techniques

Iso-Energieschichten

/\\

Raster-Scanner

vertikale horizontale
Ablenkung Ablenkung

}

kleinste Energie gréfite Energie

(Dept of Radiation Oncology, Heidelberg)
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Intensity-controlled raster-
scanning
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(Dept of Radiation Oncology, Heidelberg)



Intensity-controlled raster-
scanning

(Dept of Radiation Oncology, Heidelberg)



Particle Therapy: fixed beam vs gantry

* beam application
— passive beam appli

— active beam ap
* spot scanning

e raster scannin
e IMPT

e fixed beam line
— horizontal
— oblique




passive scatter

Meningioma
60 Gy

Neurinoma
54 Gy

Adenoma
50 Gy

spot scanning

passive scatter passive scatter

Cozzi et al, Strahlenther Onkol



Particle Therapy: fixed beam vs gantry

* scanning techniques vs passive beam
application:
— higher plan co

— even in presen

Cozzi et al, Strahlenther Onkol



Particle Therapy: fixed beam vs gantry

Gantry at 65° and 300° horizontal beam line

Jakel et al, PMB 2000



Particle Therapy: fixed beam vs gantry

* raster-scanning
technique

nho IMPT

mproved conformality

Improved sparing of
critical structures

17 -

S BT B R fixed Oblique JEINER
lower cost alternative?

Jakel et al, PMB 2000



Particle Therapy: fixed beam vs gantry
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protons, fixed beam protons, gatry

Kosaki et al, Radiat Oncol 2012



Particle Therapy: fixed beam vs gantry

IMPT, 2 horizontal beams IMPT, 3 beams, gantry

Cao et al, Cancers 2015



Particle Therapy: fixed beam vs gantry

SFUD

-SFUD(clinical) - = VMAT
PTV
t
Rectum |

2000 4000 6000 8000
Dose (cGy)

. Rectum

IMPT-BAO

~—IMPT-BAO -- VMAT

PTV|
|
|

2000 4000 6000 8000
Dose (cGy)

Cao et al, Cancers 2015



Particle Therapy: fixed beam vs gantry
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Suzuki et al, Med Phys 2011



Particle Therapy: fixed beam vs gantry
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Suzuki et al, Med Phys 2011



Particle Therapy: fixed beam vs gantry

* N=4332 cases
* feasibility of gantry-le

passive head&neck 44%
scattering

torso 99% 100%
scanning 100%

Yan et al, JROBP 2015



Particle Therapy: fixed beam vs gantry

3D photons IMRT photons protons

Miralbell et al, JROBP 2002



Particle Therapy: fixed beam vs gantry

# 3640967
STUDY 3640067
9/20/2010
11:09:30 AM |

118 %

-3 qow= 4500 dye
4 E
SIS Pk Loo= 48.5!165

Glob = 50.76 Gyk

e =

Dr. Nikoghosyan/
- Dept Radiation Oncology Heidelberg



Particle Therapy: fixed beam vs gantry

" 50001
| 1)1 Y

SODE
© 95.00 %

Uhl et al, Cancer J 2014
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horizontal

Chiba
Kashiwa
Tsukuba
Boston
Bloomington
Houston
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Particle Therapy: fixed beam vs gantry

dosimetric advantages of scanning techniques

theoretical advanta f gantry

arrangements

ducible with
jority of cases

gantry-less treat
— positioning strate

(cave: robustness, positioning accuracy)
— fixed oblique beam

in the absence of clinical data...



fixed beam vs gantry

Particle Therapy




el
S~
oo
o
(]
—
(]
R
(]
e
S~
Uy
P
(]
-
e
2
(]
=
[}
()
B
O
V)

1
T
©

=
L
7=
O
(%)
ﬁ-l
=3
N ¢

o

'-"?.zm

{1
" http:/fww
mittela




