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We could conclude on the importance of ...

1. Applying efforts to imaging systems (pre-per-post
treatment).

2. Optimize dosimetry and models.

3. Increasing role of low doses, fast evaluations and
automatic tools.

4. Keeping lessons from the past to the future : from cobalt
through linacs, with particles getting a new place...

... but this yet looks as a rather limited “vision”
and you are not coming to Madrid to conclude on this in 5 minutes !



Physics in medicine (ex in radiation therapy):
through the history ...

Patient centered
Multicentric

and ...
Multidisciplinary
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Future Perspective in (Medical) Physics for Particle Therapy : Interactions
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Future Perspective in (Medical) Physics for Particle Therapy : Interactions
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Tools

Conclusions

Key Words
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Physics and technology: delivery systems in external radiation therapy with photons

www.cyberknife.com

Tomotherapy

Linacs : = Juan Carlos



Multiplicity of incidences// changing the role of the energy
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Technical evolution
in hadron therapy

specific _

ﬁ _ tools

=8 1958 Towards compact, clinical
(and cheaper?) systems

2772

Linac TULIP 30 MV/m Dielectric wall accelerators Laser based accelerators



Some alternatlves to make it compact and cheaper

Cyclotrons &=
S sl

Compact synchrotron (Protom)
+ Hitachi, Mitsubishi, Toshiba,...
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Number of treatment rooms in the world :
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Radiation Therapy Department Institut Curie
3 sites

9 linacs, 2 Tomotherapies, 1 Rx150KkV,

1 proton cyclotron (1 Gantry & 2 fixed rooms)
Brachytherapy 1125, PDR, HDR

5000 patients/year in RT
(550 pats/year with protons = 11 %) = ~10.000 fractions /year A
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PATS PER YEAR (2005-2014)
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Proton and Carbon-lon Therapy Facilities Around the World
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Future Perspective in (Medical) Physics for Particle Therapy : Interactions

Domain of Contents, Concepts and .

. . ’ P Conclusions Key Words
interaction Tools

# Compactness & Technology drives cost reduction and
larger accessibility. It must be evaluated
1. System New concepts g T ! - Cost &
in relationship with effectiveness, Social

Technology socioeconomic and ethical ocla

# Heavier ions

considerations.




Future Perspective in (Medical) Physics for Particle Therapy : Interactions

Domain of
interaction

Contents, Concepts and
Tools

Conclusions

Key Words

2. Dosimetric issues
and ancillary tools

# Entrance/Neutrons/
Penumbra/ Uncertainties

# IGRT, IMPT....




Advantages and limits with particle beams in therapy
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Intensity Modulated Proton Therapy

IERSHIE PAUL SCHERRER INSTITUT

(IMPT)

-

An example IMPT plan

Note, each individual field is highly in-homogenous (in dose)
across the target volume (c.f. SFUD plans)

J

IMPT: Past, present and future

Tony Lomax, IMPT symposium, 13t June
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Less neutrons with PBS

Neutron Dose (mSv/Gy)
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Outside Field
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Beam

Fred Stickelbaut, Yves Jongen et al, IBA, 2015



Advantages and limits with particle beams in therapy




Effect of lateral penumbra on passive and scanning systems

Germinoma Craniopharyngioma

Double scattering PBS without aperture Double scattering PBS without aperture

)

institutCurie
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Advantages and limits with particle beams in therapy
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Dotted \mpfo"e Houns h Dua\ E“? g.wl 51115 m proton therapy treatment planning as currently
typically (a\go"\ "~ T | mm), the MD Anderson Proton Therapy Center in Houston, the Loma
Linda Ui _..y medical Center and the Roberts Proton Therapy Center at the University of Pennsylvania (3.5%
+ 3 mm) and the University of Florida Proton Therapy Institute (2.5% + 1.5 mm). Note that these centers may
apply bigger margins in specific treatment scenarios.

Dashed line: estimated uncertainty without the use of Monte Carlo dose calculation. Solid line: estimated
uncertainty for complex geometries without the use of Monte Carlo dose calculation. Dashed-dotted line:

estimated uncertainty with the use of Monte Carlo dose calculation.

H.Paganetti, PMB 57 (2012) R99-R117 & personal comm



Limits in Beam models : towards Monte Carlo

...and additional functions

Lexan

. Paganetti, Bernardz, et al

Galc LET - RBE/,
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Image guided radiation therapy

CBCTingantry // CT inroom + all others like in
CBCT in the treatment Position IGRT with photons !

VOLUMETRIC IMAGING - NEW =" VELOPMENTS

Med-Photon ProNova
Niek Schreuder, 2014



Integrating 1.5T MRI functionality with a radiotherapy accelerator Lagendijk et al, Utrech
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Multidimensional Detectors : Commissioning and Quality Assurance
(Data from PTW and IBA d05|metry)

Representalion BPASOBP

==
i 'mmm
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2D Arrays (chambers, semicond,...)
in solid or water phantoms

1D/2D multilayer lon Chambers



Verification of range, activation or stopping powers

Positron Emission Tomography
. from patient activation with the beam Proton Radiography of Biological Samples at LANL
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Matthias Prall', P.M. Lang', C. La Tessa', F.E. Merril2, L. Shestov', D. Varentsov', M. Durante'
'GSI Helmholtz Centre for Heavy lon Research, Germany
2Los Alamos National Laboratory, New Mexico, USA
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F.Roellinghoff et al, IBA & G. Pausch‘,TDresden




Beam Delivery : 3D Pencil Beam Scanning

4D by Rietzel, Beam by Kamada



Motion mitigation — Gating and Re-scanniriFEl. AUL SCHERRER INSTITUT

Gating and re-scanning combined
Gating window

Re-scanning magnitude

Ye Zhang, PhD ok &
\thesis, PSI, 2013 o

V "

J

Organ motion and PBS Tony Lomax, 16t March 2016




Motion mitigation - Tracking and re-trackinﬁpsl. AUL SCHERRER INSTITUT

Re-scanning and re-tracking compared

4D — no mitigation 4D — 6x re-

Static plan

4D — tracking

ol

Zhang et al 2014, PMB, 59:7793-7817 N e )
Organ motion and PBS Tony Lomax, 16t March 2016




adaptive workflow

In-off room /

iso or off iso Image Registration
Imaging and patient setup

Treatment
Assessment

Fast on line QA/
Range verification

Real Time
On line ™ ‘

[ |\ Av\ Q
Patient QA When needed Adapt Treatment

(G. Olivera, A.Mazal)



Claas Wessels,
PhD student, I.Curie

Uncertainties
In new techniques:
Rotational and protons
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10 |20130906. Green |Green
11 (20130909. |Green |(Green |Green
12 |20130910. |Green |Green |Green
13 |20130911.|Green |Green |Green
14 |20130912 |Green |Green |Green
15 |20130913. Green |[Green
16 |20130916_|Green |Green |Green
17 (20130917 Green [Green
18 20130918 |Green |Green |Green
19 20130919 |Green |Green |[Green
20 |20130920. |Green Green
21 (20130923. |Green Red Intern
22 |20130924. [Green |Red Green
23 (20130925 |Green |[Green |Green
24 (20130926 Green |Green
25 (20130927 |Green |[Green |Green
26 (20130930. |Green |Green

27 (20131001. |Green |[Green |Green
28 (20131002. Green

29 (20131003. Green |[Green
30 [20131004. |Green [Green |Green
31 |20131007. Green [Green
32 |20131008. Green |Green
33 |20131009. Green
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# IGRT, IMPT.,...
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factors.
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Classical and rare locations :
371 EYE treatments with radiation therapy, Institut Curie, 2015

|'125 Plaques &= - Protons ;’/ / ‘

Total =325 (88%) = :
atal Melanomas = 264 (90%)

Hemangiomas Metastasis
g — ]

Total = 46 (12%)

Total Melanomas =

Petit Ant
Grand Ant-Temporal
(lacrimal)

Retinoblastom?

5
Iris Melanoma
8
Conjonctival Ciliary body/“
Melanomas 12 Melanoma
- 10 Choroidal
> 4 Melanoma
246

N



Local control
(photons, protons, carbon...)

Chordomas of the Base of Skull

—_ Small Chordomas Photons
= Chondrosarcomas ® Romero 1993
g T @ Zorlu 2000
S 4 High dose C-ions orlu .
2 g0 ® SRT — Heidelb. 200(
§ 1 Protons
g 60— ¥ MGH 1999
= 1 lolerance B PSI2010
o 01 B LLUMC 1999
T | C-lons
s T > ) O GSI
m i
3 A 50 ,
1 T 1 | i
20 40 60 80 100

Schulz-Ertner, IJROBP 2007 and
Dose [ Gy (RBE)]



PROSTATE : Dosimetric comparisons for all cases:
systems available at Institut Curie

PHOTONS HADRONS
1 2 3 4 5 6 7 8 10
Brachy (| conform || IMRT FE[IE Tomo || Prot2 || Protd || Prot5 Prot (o
Arc Patch

Transperineal Interstitial

Permanent implant

[-125 seeds

LinacVarian

Tomotherapy HD

IBA protontherapy




Patient Distribution Enrolled in Carbon Therapy at NIRS

(Treatment: June 1994~ March 2014)

Breast Kidney Miscellaneous Prostate Sarcomas
4(0.04%) 3(0.03%) 1793(20.1%) 2009(22.5%) 1109(12.4%)
CP:843 CP:1677 CP:845

—\/_

=N

Head/Neck
Scanning11(0.1%) 928(10.4%)
'\ CP:603
Lacrimal L
28(0.3%) ung
875(9.8%)
CP:5
'> Total CP:286
Esophagus78( 8 931
0.9%) Liver
I|n|caI ractlce Al
Skull Base P CP:283
88(1.0%) 9,396
CP:59 P/0O Rectum
447(5.0%)
CP:376
Lymph106(1 2%)
CP:99
Eye GYN Pancreas
CNS106(1.2%) 147(1.6%) 239(2.7%) 439(4.9%)

CP:105 CP:19 CP:196




Johannes (Hans) A. Langendijk UMC Groningen

Model-based selection
Decision support system

ANTCP-profile

ANTCP
criteria
fulfilled




Pre-treatment Mid-treatment
. et X Week2 e
PET Guided N PR
Radiotherapy Ao |

Philippe Lambin,
Maastro, Belgium

Responder

Pre-treatment

Population based

Individualized Sub tumour/

organ based

09

Non-responder

Van Elmpt et al

Biological Target Volume?

PTV

GTV S

*PET
*IUDR

Tumor jowth

Ling et al

Drug Uptake
89Zirconium — Cetuximab

PET MRl/MRS

‘ « Cold spot »:
segic _wume | | ess Drug Uptake

% @P (GTV py)

From Dosimetry to Biometry... ?

Aerts et al
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Proton MiniBeam Radiation Therapy (pMBRT) XY

Theoretical concept : Experimental beam :
Y. Prezado et al., Med. Phys. 2013 CPO Mai-Juin 2014

Spatial distribution

III|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|III||I|II|IIII|I|II|IIII|IIII|
2 3 4 5 6 7 8

PBS : without collimators,
High peak-valley ratio, no neutrons
Possibility to modulate intensity...

(France Hadron)




Painting target volumes injected with nanoparticles ?

Phase | : NBTXR3 + 50 Gy Rx
CT scan - 24h post IT injection- Day 2

Myxoid liposarcoma
Tumor volume: 1814.4 cc
NBTXR3 volume: 45 mL (2.5%)

Sandrine j \\ efficient
\ 6+ N .
LACOMBE g i C with C¢*
é? 0.1-§ f\\\ » N el ;
= 33% f‘ + PIPEG NPs
> \ ]
E \% Hela
=
N
001 + PtPEG NPs
PORCEL : — T T T T T T T T 1

( UNIVERSITE Dose (Gy)
ASCO, 2014 P PARIS

joti Porcel et al, N dicine:
http://www.nanobiotix.com/news/release/ orce: et ai, Nanomedicine

Nanotechnology, Biology and Medicine 2014

Jong-Ki Kim et al // in vivo protons
2012 Phys. Med. Biol. 57 8309




“FLASH —Effect” Ultrahigh dose-rate FLASH irradiation
Sci Trans|l Med 16 July 2014
17-Gy CONV 17-Gy FLASH
Same T control / 4.5 MeV ol 4.5 MeV el.
C " Less fibrosis . Vincent
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“W-Effect”: Early i o split-dose irradiation

Ponette et al. (2000) Int J Ry ¥ Y©
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microstrips, nano, flash,...
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Photons : “classical” Protons: lons:

“State of the art  “biological

in conformation” Avant-garde”
T N —

e e

e —
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S = pagritte Picasso :
- [’oui ' La table
Jan Brueghel: L’ouie Femme @ la fenétre )
devant la fenétre

Between photons and ions, the perspective of physics is in agreement with
[a “proton therapeutic window” (5%?, 10%?, 50 %?)]that will evolve
and still needs to be optimized
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Perspectivas futuras en Fisica (Meédica)
para la Terapia con Particulas :

“Relaciones”

Primer Workshop Espanol
de Relaciones Humanas

en Protonterapia

GRACIAS!
PREGUNTAS ? institut



