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Depuis 40 ans: I'accelérateur
lineaire (linac)




Size of the question:
Federal cancer registry

Accordmg o Dutch ;

registry, about 48 309
case were expected
in 1998 and about

Actual numbers
Reglstered in 1998

Countryw year % irradiated new
cancer patients

Belgium 2003 53

Australia 1995 39

Canada 1987 54

The Netherlands 2000

United Kingdom {1979 53

Sweden 1992

United States 1990




Quel est I'effet biologique des radiations

lonisantes?

De nombreux
arguments
iIndiguent que
I'effet principal
est au niveau de
’ADN, au sein
des
chromosomes

Mort
différée

Mort immédiate




Différentes “sortes” de radiations
lonisantes sont utilisées.

Low LET tracks

High-LET track




The important
mechanism for
biological
systems:

Simple and
double strand
breaks at the

DNA level

Microdosimetry

The absorbed dose
alone, as a mean value,

will not be able to
predict the

radienIelegical iespense

The mechanism has to be studied at the appropriate
scale: the knowledge of the ionisation density along the
track and the concentration of energy deposited by the
charged particles traversing matter is essential for the
determination of the irreparable damage to the cell.




Microdosimetric spectra for
external radiotherapy beams

Measurement of
microdosimetric
spectra for different
external radiation
beams:

e Neutrons,

e Protons,
 Photons (°°Co)

Comparison with
radiobiological data
(RBE)
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Lineal energy, y (keV.um 1)

0.1

Figure 4. Range of dose distributions in y measured for

the different types of radiation used for the unfolding

calculations of r(y): (=) “Co; (--) 85 MeV protons;

(—) p(65) + Be neutrons®; (...) d[14] + Be neutrons®,

left scale compared with the weighting function r(y)
(—) (thick solid line, right scale).




Qu ’est-ce que la radiotherapie de
conformation?

« Contourage » des
structures pour
lesquelles un controle
de la dose est
necessaire

vessie |




Reconstruction 3D

vessie

rectum




Calcul de la dose absorbée (en gray)

X,
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Radiotherapie conventionnelle oultechnigue
3D de conformation :
la dese a la tumeur croit de 25 %




Protection du rectum

% (Vo)

75

Dose level




La radiotherapie tridimensionnelle ...
conformationnelle

VL TOmMSE]




The 90’s : generalisation of
3D conformal radiotherapy

Virtual patient.
Reconstruction from
an 80 slices CT with

5 mm spacing ﬂ_

A

tumour e—e




Dose distribution : Isodoses




Formes et volumes
complexes

+ Moelle epiniere

¥

Parotide

Tronc céerébral




IMRT mode step&shoot (style
ELEKTA)
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Dose totale
resultante

VIS omisEel Veriers, @Ociolre 2004




LLa radiotherapie tridimensionnelle ...
conformationnelle par modulation d’intensité-
COMMENT ?

Parotides \

Moelle +
Tronc cér.

M Jlemse]




Solution IMRT




IMRT en téte et cou : traitement reel




Segments successifs protegeant
Le rectum




Segments successifs protegeant
Le rectum




Segments successifs protegeant
Le rectum




Cancer de |la prostate (Namur)

e

La face
postérieure de
|a prostate est
concave,
enroulee
autour de la
face antérieure
du rectum.







Helical
Fan Beam

Viaiomsel L6 fievier 2005




Principe (video cli

Tomotherapy unit Spiral scan

St defining
secondary
collimator

Temporally modulated
multi-leaf collimator

'f. CT image
CTXray Q-
SOUICE I' detectors
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Image reconstruction Accelerator control
Treatment planning Temporally modulated
Treatment verification multi-leaf collimator

Computer Computer
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Dose-Yolume Histogram - Cumulative Mode Relative

-
=
i
N
T
E
£
[=]

Relative Wolume

Dose (Gy)




Imagerie en temps reel




Vimliemse]




Vimliemse]




Nouvelles frontieres?




Fusion RMN-CT-scanner




Mellleure visualisation ?, meilleure
selection des structures cibles ? Fusion
PET-CT: nouvelle imagerie
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What Is Particle Therapy (1)

Refative Dose

135 Me
protons

18 MY
phatons

0 5 10
Depth of tissue (cm)

Sowrce: G Kraft ! Prog. Part. Mucl. Phys. 45 (2000) 5473-5044




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam




Range modulation of a clinical proton beam







Range of electrons, protons and a-particles




Local Dose (Gy)

Photons

e microscopic dose is evenly distributed over The image shows cell nuclei ofter
the cell nuclei for photons. X-irrodiation. Repair related prateins (yellow
color) show up all over the cell nucleus in an

immune fluorescent image. Cell repair is
narmally achieved after half an hour.

Local Dose (Gy)

lons, 3.1 MeViu
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celfoefl len)

Synchrotron
(Particles up to 60%
of light speed)

Scanning |
Magnets |
<

Wire
Chambers

lanization
Chambers

Depth 5 em:
Proton 80 MeVfu
Carbon 145 MeViu

Depth 25 cm:
Proton 195 MeViu
Carbon 375 MeViu

10y

lon Source Online Monitoring
Carbon

Monitor

Target Volume
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Organ dose

40 Gy Bone marrow <1Gy
39 Gy Intestinal 26 Gy

Spine <1Gy

Carbon
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reatment with carbon 1ons i Chika




Main indication:
pediatric oncology

I N S

Embryonal | 52 54 63
tumours

Lt

[ 3 1o
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20 |35 |31 4 s v putors

Potential recruitment in Belgium around
100 case/year according to current
practice
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Treatment plan:

arget volul Accelerator Fractionated iradiation
Lrgan al nsk control

Hrestnbed dose

1) Particle range

- 2) Position of the imadiated volume
3) Density modifications withén the 1argat volume
4) Quantfication of local dose deviations




Intestinal crypt
regeneration
in mice
10 fractions

10 fractions

Neutrons
Carbon ions




From static R

to dynamic R




Radiothérapie adaptative




Radiotherapie adaptative

M. TOmSE]




Radiotherapie adaptative

M. TOmSE]







VI. Control of the quality system




N =230
X =1003%

Inivivo dosimetry :
S0 =25% |

effect of uncertainty on
patient thickness

Frequency
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Fig. 4. Results of entrance dose measurements. The histo-
gram shows the frequency distribution of Dy .n/Dgcn
(N = 230) with a mean value (X') of 100.3%, and one relative
standard deviation of 2.5%. The three subgroups (black,
white and grey) correspond to different inaccuracies in
contours: black values arc used for patient diameter under-
estimations (=1cm): N =75; white values for correct
contours: N = 132; grey values for patient diameter over-
estimations (=1 cm): N = 33.




Impact clinigue d ‘une Imprécision de
dosimeétrie EORTC

(R & O, 48 (S1): 728, 1998)

65 accelerateurs
ont ete
survellles:

22 SOUS dosent
41 sur dosent

Baisse du =ifeiis relfeljfs
controlerocal MOUENES




JAN-WILLEM H. LEER
ALAN MCKENZIE
PIERRE SCALLIET

DAVID . THWAITES

PRACTICAL GUIDELINES FOR THE
IMPLEMENTATION OF A QUALITY
SYSTEM IN RADIOTHERAPY

A ProJECT OF THE ESTRO QUALITY ASSURANCE COMMITTEE
SPONSORED BY

“EUROPE AGAINST CANCER”



Vers une radiotherapie de confermation
fonctionnelle?




La physique médicale







