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MOST READ THIS MONTH

Imagerie

Dose eql-xatifms for tube_current Increasing dependence on industry-funded research
.modulatlor.l in CT scanning and the creates higher risk of biased reporting in medical
interpretation of the associated CTDI, physics

Oblique reconstructions in tomosynthesis. Vision 20/20: Single photon counting xX-ray detectors in
I. Linear systems theory medical imaging

The more important heavy charged particle
radiotherapy of the future is more likely to be with
heavy ions rather than protons

Oblique reconstructions in tomosynthesis.
Il. Super-resolution

MOST CITED THIS MONTH

Dosimetry of interstitial brachwtherapy sources:
Recommendations of the AAPM Radiation Therapy
Committee Task Group No. 43 Dosim etry

Dimensionality and noise in energy
selective x-ray imaging

BEAM: A Monte Carlo code to simulate radiotherapy
treatment units

Evaluating IMRT and VMAT dose
accuracy: Practical examples of failure to
detect systematic errors when applying a A technique for the quantitative evaluation of dose

commonly used metric and action levels distributions

Evaluation de la dose




Most read Most cited Latest articles Featured articles Review articles

In the last 30 days
@rop erties of biological tissue > “putres”
/2. CT : Modelling Iterative reconstruction \

3. MRI analysis for brain tumor studies . -,
Imagerie

4. MRI Tracer kinetic modelling

K 5. X-rayphase-contrast imaging /

- N

Brachytherapy : Monte Carlo calculated doses for permanent
implant in lung

“Dosimétrie”

7. Out-of-field dose in photon craniospinal irradiation

8. Dosimetry: when ®“Co is the reference quality for charged-particle
K and photon beams

Comme o
“Evaluation” 9. Automatic 3D ultrasound calibration in IGRT Outils
en Med Phys... “automatiques”

10. Automated segmentation of pulmonary structuresin CT Y,




La Physique Médicale demain:
Perspectives en Radiothérapie Externe

Menu du jour :

1) Physique et technologie :
vers la radiothérapie Adaptative

2) Besoin d’ouverture en R&D :
vers la Biologie

3) Divers, discussion et conclusions



Physique et technologie : Les systemes proposés actuellement en RT externe

www.cyberknife.com

Tomothérapie Vero ViewRay (MRI+3Co-60 w/MLC



La multiplicité d’incidences // Le r6le de I'Energie
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J-C.Rosenwald
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L’évolution technologique
en hadronthérapie

- O N /

Cryogénie Accélerateur a paroi dielectrique Accelération Laser



* pions
* fast
& slow neutrons

(Zast)

22 MeV X RAYS
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* protons

DOSE DISTRIBUTION
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250 kV X RAYS

——~c—— HIGH LET ADVANTAGE ? - bsebons oo

SN .
Ilght and heavy I0NS Linear Energy Transfer

(Future ?) Raju & Koehler, 1980
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5y-local control probability (%)

Au top de la sygmoide de contréle local ??
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Dosimetric comparisons:
systems available at Institut Curie

Brachy

PHOTONS HADRONS
3 4 5 6 7 8 10
Conform IMRT R Tomo Prot2 Prot4 Prot5 e
Arc Patch

LinacVarian 2100CSE

Tomotherapy HD

IBA protontherapy system
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Dose to femoral head [Gy] : Ratios vs Brachytherapy

Point dose to femoral head

[Gy] D Ratio
Brachy 1.5 1
RapidArc 10 7
Tomo 15 10
Prot4 17 11
Prots 17 11
ProtPatch 20 13
IMRT 30 20
Prot2 35 23
Conformal 0 33

For 1.5 Gy (max) given by Brachy to the femoral heads,
all the others techniques deliver 10 to 50 Gy, so a ratio of 7 to 30 times higher



L’évolution des outils logistiques :

Imagerie multimodalité : En cours d’introduction:
“Fast

Knowledge based
Planning”

Correlation d’images, Outils de contourage




(The Tree of Imaging in Radiation Therapy
Creteil, EPU G.Marinello Lapacho (Tecoma curialis)
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7. Dose delivered per image
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Physique médicale demain: Perspectives en Radiothérapie

Dirk Verellen. Brussels. Belgium

- Poor quality RT will produce poor quality clinical outcome

- We need to “see” the tumor, the micro-environment
and to “see our scalpel”

- We need to redesign the QA process,
and to perform a process oriented risk analysis.

< Oncologisch
! Centrum




Physique médicale demain: Perspectives en Radiothérapie

Dirk Verellen. Brussels. Belgium

(2/2)

- Our priority is NOT the development of new beams and new fancy machines

- We need accurate reports of the actual delivered dose at each fraction ...,

- We need good data mining tools from different hospitals

- Then we might start to understand the radiobiology of the tumor and healthy tissues, ...

L7 Centrum

u— A R —— [~ Oncologisch




ldeas for Medical Physics in the future
Tony Lomax, Switzerland

 Automated, risk minimised and time efficient QA

Daily Adapted Treatments (real-time)
In-vivo dose/range verifications/reconstructions

* Biological assessment based on accurate
treatment dose distributions/reconstructions

* From Macro to micro : cellular level



Adaptive : the workflow

Planning Imaging

Treatment Planning

’M | | G. Olivera D.Galmarini
- AR | USA

Electronic Prescription



The workflow

Treatment Planning

Planning Imaging

Electronic Prescription

2D —3D In room Imaging



The workflow

Treatment Planning

Planning Imaging

Electronic Prescription

In room Imaging Image Registration Treatment Delivery
and patient setup



The workflow

Treatment Planning

Planning Imaging

Electronic Prescription

In room Imaging Image Registration Treatment Delivery
and patient setup

Treatment Assessment



The workflow

Planning Imaging
Treatment Planning

Electronic Prescription

[
[
In room Imaging Image Registration I Treatment Delivery
and patient setup I
v
Adapt Treatment
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Treatment Assessment



Claas Wessels,
PhD student, I.Curie

Incertitudes

en nlles techniques:
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Positron Emission Tomography from patient activation with the beam

Before collision After collision
Projectile Projectile
o fragment
Atomic nuclei 4;. Neutrons
of tissue Target fragment
B e O p emitting nucleus

180° 105

_

Coincidence (At <12 ns)
yes
Valid event

-wm -

Prompt Gamma

160 MeV -

0's-

g
a2
£
£
n
2
F.Roellinghoff. ° o § @a
PhD, IBA. y & 3
5" [} -
\ ,| © = 3
R
) Detector axis [cm)]




One idea/vision on physics
in radiation therapy tomorrow?

Thomas Bortfeld, Boston, USA

1. We have almost plateaued out in the dose conformation problem (100 years)

2. Optimization of dose delivery over time (hypo-fractionation,...), biological

targeting,@odalities (chemo-RT),....

3. Cost-effectiveness in healthcare (cheaper treatments)

= research in Medical@




M.D.Anderson, Houston, USA

LUNG

Proton dose escalation still spares more normal tissues
Proton 87.5 GY vs photon 60 GY in stage I
Proton 74 GY vs photon 60 Gy in stage 111

(Chang et al: Int J Rad Onc Bio Phys 65:1087-96, 2006)
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Pre-treatment Mid-treatment
Week 2

PET Guided . During RT,
Radiotherapy

Philippe Lambin,
Maastro, Belgium

Responder

Pre-treatment Mid-treatment

Population based Individualized Sub tumour/
organ based

Non-responder

Van Elmpt et al

Drug Uptake

Biological Target Volume? . . .
- - 89Zirconium — Cetuximab

PTV «PET « MRIMRS
GTV « F-miso « choline/citrate
Hy‘pox% Tumor.burdem
e v« Cold spot »:
j\ Less Drug Uptake
Ling et al

(GTVipu)

Aerts et al



R&D Early cell response to split-dose irradiation

“W-Effect”
Ponette et al. (2000) Int J Radiat Biol 76: 1233-43 - Fernet et al. Int J Radiat Biol 76: 1621-29
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Yolanda Prezado, France : effet dans |'espace

»

'!N ovel RT techniques based on “’different” dose delivery
methods

Conventional RT

Y@y 4000 Gy B* -2




X-rays minibeam radiation therapy

Minibeam Radiation Therapy (MBRT)

Extremely high resistance (> 100 Gy in one fraction) of
healthy rat brain & increase of lifespan of glioma bearing
rats

Prezado et al., J. Synchr. Radiat. 2012

Proof of concept: promising dose distributions (Prezado et al., Med. Phys. 2013)

Biological experiments warranted

Perspectives: technical implementation at CPO (Orsay), development of dosimetry tools &

PRI radiobiological studies




Review Article

Transl Cancer Res 2013;2(4):269-279

Radiosensitization by gold nanoparticles: effective at megavoltage
energies and potential role of oxidative stress

Karl T. Butterworth, Stephen J. McMahon, Laura E. Taggart, Kevin M. Prise

Centre for Cancer Research and Cell Biology, Queen’s University Belfast, Belfast, Northern Ireland, UK
Corresponding to: Karl 'T. Butterworth, Ph.D. Centre for Cancer Research & Cell Biology, 97 Lisburn Road, Belfast, BT9 7BL, Northern Ireland,

UK. Email: k.butterworth@qub.ac.uk.
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Figure 1 Comparison of the photon mass energy absorption
coefficients for gold and soft tissue. The ratio of the mass energy

absorption coefficients is shown as a function of photon energy.
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4aDlc€ 1 Summary ol experimental parameters 1or ivestigations demonstrating the radiosensiuzing properuces or \xINI's 772 vitro

. Author Size (nm) Concentration Surface coating Cell model Source energy Observed SE~
Gold nanoparticles Berwo BTl GO 1o Y Thio BU-145 760 RV =
0.24 uM MDA231MB <1.67
Butterworth et al AGO-1522 <1.97
Astro <1.04
Translat Cancer Res, 2013 L1a2 <t
T98G <1.91
MCF-7 <1.41
PC-3 <1.07
Chang et al. (31) 13 11 pM Citrate B16F10 6 MV e 1
Chien et al. (32) 20 <2 mM Citrate CT-26 6 MV 1.19
Chithrani et al. (33) 14 1 pM Citrate Hela 220 kVp 1.17-1.6
74 6 MV e
50 662 keV
Coulter et al. (34) 1.9 12 pM Thiol DU-145 160 kVp <1.8
MDA-231MB
In vitro S
Geng et al. (35) 14 5 uM Glu* SK-OV-3 90 kVp 1.3
6 MV 1.2
Jain et al. (36) 1.9 12 uM Thiol DU-145 160 kVp <1.41
MDA-231MB 6 MV <1.29
L132 15 MV 1.16
6 MeV e <1.12
16 MeV e 1.35
Kong et al. (37) 10.8 15 nM Glu* MCF-7 200 kVp 1.3
AET" MCF-10A 662 keV 1.6
1.2 MV
Lui et al. (38) 6.1 >1 mM PEG" CT-26 6 keV 2
EMT-6 160 kVp 1.1
6 MV 1
Rahman et al. (39) 1.9 <1 mM Thiol BAEC 80 kV 20
150 kV 1.4
6 MV e 2.9
. 12 MV e 3.7
| n vivo Roa et al. (40) 10.8 15 nM Glu* DU-145 662 keV >1.5
Zhang et al. (41) 30 15 nM Glu* DU-145 200 kVp >1.3

*thioglucose; "cysteamine; ‘polyethyleneglycol; “Sensitizer enhancement defined as the level of radiosensitization observed when

Table 2 Summary of experimental parameters for investigations demonstrating the radiosensitizing properties of i vivo

Author Size (nm) Surface coating Dose (g/kg”’) Tumour conc (mg/g"’) Cellmodel Source energy Outcome

Chang et al. (31) 13 Citrate 0-0.036 74 B16F10 6MevVe MS
Hainfeld et al. (42) 1.9 Thiol 0-2.7 7 EMT-6 250 kVp 1 year OS
Hainfeld et al. (43) 1.9 Thiol 0-2.7 7 SCCVII 68 keV (O]

157 keV
Hainfeld et al. (44) 11 Thiol 0-4 1.5 Tu-2449 100 kVp 1 year OS
Hebert et al. (45) 5 DTDTPA-Gd 0-0.675 0.1 MCF7-L1 150 kVp MS




Erika PORCEL

Institut des Sciences Moléculaires d’Orsay ; S UNIVERSITE

Soutenance de these
Direction : S. LACOMBE

PARIS
SUD

Utilisation des Nanoparticules pour
améliorer les performances de la
Hadronthérapie
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Multidisciplinarité : besoin d’un langage commun

« Hadrontherapy » for a physicist?

Accelerators Beam transport and deliver
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« Hadrontherapy » for the physician
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« La physique médicale demain: perspectives en radiothérapie »

| 1950 |

Vue de la Biologie
Marie Dutreix

[ Une dosimetrie
Multi-échelle

2D

3D

\_ 4D

| 2013 |

?
Plusie

Lh

nanoparticules a effet amplificateur des rayons

Les techniques et les instruments ont progressé plus

vite que notre connaissance des effets que ces rayons
induisent sur le vivant

Radiothérapie conformationelle
Radiation avec modulation d’intensité

(IMRT) et arc thérapie volumétrique (VMAT) |

— TISSU SAIN &TISSU TUMORAL , QUELLE DOSE?

urschallenges liés aux nouveaux faisceaux DOS
es/micro- et mini-faisceaux é\fe/é”:l,
es|ultrahauts débits de dose (irradiations pulsées) Ve
’hadronthérapie “m\)\ée’?
es|plasmas.... et © Oog¢

.. . . 00 &
urs challenges liés aux combinaisons

pies ciblées (inhibiteurs de I'angiogénese, de la réparation, du cycle...)

L'intégration de la Physique et de la Biologie: une révolution a venir!



EXPERIMENTAL RADIOTHERAPY FACILITY D

institutCurie

Ensemble, prenons le cancer de vitesse.

Radiations sources:

= Name : KINETRCN
= Source: Linear Accelerator
= Energy: 4,5 MeV electrons
= Dose rate: from 4 Gy/min fo 4 X 10° Gy's
(mean dose rate)
= Applications:
- Pulsed Radiolysis
- Cells imadiations
- Mice iradiations (tofal body, localized)

= Name: IBL 837
» Source: Cesium 137
= Energy: 662 keV photons
= Dose rate: 1 Gyh to 10 Gy/min
= Applications:
- Cells imadiations
- Mice iradiations (total body)

= Name: Xrad320Dx
= Source: 320 kV X-rays generator
= Mean energy: from 30 keV to 160 keV
= Dose rate: from 0.05 Gy/min fo 4 Gy/min
= Applications:
- Cells irradiations
- Mice irradiations (fofal body, localized)

Access to proton beams of Protontherapy
Center of Orsay (as part of France Hadron) |
= Source: Cyclotron (IBA)
» Energy: 76-201 MeV
» Raw or Spread Out Bragg Peak
» Dose rate: 0.1 to 20 Gy/min
= Applications:
- Cells imadiations
- Mice imadiations (total body, localized)

Coming Soon (available in 2014): irradiator/CT
= Source: 225 kV X-rays generator
» Mean Energy: 20-100 keV
» Dose rate: 0.05 to 1 Gy/min
= Applications:
- Small fields iradiations (diamefer: 1 mm)
- Image guided radictherapy

N

Frederic Pouzoulet

Sophie Heinrich



La Physique Médicale demain:
Perspectives en Radiothérapie Externe

Conclusions

1) Physique et technologie :
vers la radiothérapie Adaptative
avec optimisation du flux

2) Besoin d’ouverture en R&D
par ex vers la Biologie

Image IGRT —
Physics PGRT Clinical CGRT
Biology BGRT :
Economical ECRT Social SGRT




Proton and Carbon-lon Therapy Facilities Around the World

Area resized according to the nation’s population (2010)

From Bill Chu, PTCOG 50, USA Merci !



