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Introduction and Motivation
for lon Imaging in Medical Physics

Why should we do ion imaging?

A Recap: Physical rational and clinical workflow of ion beam therapy

A Potential advantages, limitations and challenges
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Particletherapy facilities worldwide
Numberof proton therapyfacilitiesin operatiorn 92

Numberof carbontherapyfacilitiesin operation 12
(Japan, China and Europe)

b Lighagingis anichein medicalimaging

[bHeavy' ion iImagingis a nichein ion imaging

* heavyrefersto Z > 1


http://ptcog.ch/
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Recap Physicakationale

Chargedparticle loss BetheBlochequation

o IR é[i(cé“m ) . 0 7—]
1 p T (O W q

electrondensity

@ ion charge
(® meanionizationpotential
(VY (1 relativeion velocity
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Recap Physicakationale

Rewrite Bethe-Blochequation (asafunction of positionr in the object/ patient):

AO y .
o~ o) o) [doion)
— h - relative electrondensityw.r.t. water
s )
C( "(DﬂFiO(ﬂ) 8 _[‘| ( = ) f 'o] stoppingterm (water)
L where6 11 & ®” ; Y
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Recap Physicakationale
Dividingby stoppingpower of water ly w S { $tapgingPewer (RSP)
o . YOWFO ..
Y (OFO) AO N "Of0 Aw

AssumeRSHs independentof ion energy *
[hseparationof energy andpositiondependentvariables
[bintegration alongion trajectory 3

SO0 Q0
WOL UV v, (.OFD)

YY(3(9)®B o

* true within 0.7%for tissueequivalentmaterialsin therapeuticenergyrange
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Recap Clinicalwor

Lecture Medicalphysics

aspectf ion beamtherapy
In clinicalpractice

Kflow In lon beamtherapy

et Radiotherapy workflow (simplified)

MAXIMILIANS-
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The Chain of Radiotherapy

C maging X-ray CT

Tumour Localization

<

Treatment Planning

Plan Verification

e.g. Xray

Patient Positioning

reatment

Verification

Nonwater materialis
scaledwith stopping
power relativeto

water (RSP)
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Recap Clinicalworkflow in ion beamtherapy

X-ray CTprovides
photon attenuation
Semiempirical
conversioncurveto
convertfrom HUto
w |EEESEsEansansaERany| WEPL/RSP
a , CT-number [HU] .
Lecture Medicalphysics ‘ Rangeuncerten;unty
aspectof ion beamtherapy =l i Rietzel et al, Radiat Oncol 2008 ) F O -
in clinicalpractice | e vemsso: o e
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Introduction

Potential advantagesof ion imaging

Reduced R3khcertainties himprovedion therapytreatment planning
Reducedghysica) imagingdose

Noimageartifactsfrom high-Zmaterials
(intomography

Imaging irtreatment position
['bno positioninguncertainty

Morsbachet al., Radiology(2013
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Limitations and technologicalchallengesof ion imaging

Expensivacceleratorgequired(+ limitedavailability)  High cost
Longimagingtime (imageacquisition+ imagereconstructior)

Qualitypredominantlydependson accuracyof WEPLmeasurementnd path estimation
[bintrinsicallylimited by statisticalphysicalinteractionprocesses
M Sy SpxeAMdf acceleratorasadditionaluncertainty

Maximumavailableion energytypicallycorresponddo only 30 cmwater
[binsufficientto fully penetratehip regionof typicaladult

Imagingrequireslower beamcurrentthan treatment
[btypicallyintensity below sensitivitythresholdof beammonitoringsystems
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Comparison of different ion species for
lon Imaging

A Physical and radiobiological differences
A Which ion species is suited best for imaging?
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lon rangein water/tissue

Reminder Fortransmissionmaging ionsmustentirely penetrate imagedobject

[bhigherenergiesrequiredthanfor treatment T ;
: : 30F — 1,4
ForsamerangeRin water/tissue | b
=25 |
E L
() C ) . : 2l
O 01 520
= I
15|
%J) I
Example: R =33 cm in water S10f
o o I
p/He a 220 MeV/ u 5t ]
12c & 430 MeV/ u S. Meyer, PhD Thesis (2019), LMU |
% 10 200 300 400 500

Specific kinetic energy [MeV/u]
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PhysicaDose(for samenumberof primaryparticleg

FromBetheBlochequation 107
AO ) A |

Al T
Forthe sameion range

O( 0) UVO(0Q ¢ 1©1N)

Stopping power [keV pm'1]
s 3

o .S. Meyer, PhD Thesis (2019), LMU
107 1072 1gY 12 104

{ I YS RIgsdparticigswith increasingz, Spaciic kitie: enengy (Mevii

—_—
o
|
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Rangestraggling

Stochasticmature of energydepositionin traversedmaterial
[benergylossstraggling
[bintrinsicaccuracylimitation in ion imaging
. . e | L 0O .
Mbrangestragglingwidth ,  —="@0 d w) A —=

Experimentameasurements.

_ O & _(( )) GEGI—( )

* Tessonnier et al. PMB 62(10), 2017
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Lateralscattering

Largenumberof elasticCoulombinteractionswith targetnuclei
HMultiple CoulombScattering MCS) R
[blimiting spatialresolutionof ion imaging

—
L

=
©
A

[hscatteringangle (FermEygegheory):
a.  Loaen)  edl @M o Ag

o
fe]
A

e f
fop}
P i M. S

Forsamerange

» ) p®, ('OQ o, ( 0)

=
ol

Full width at half maximum [cm]
o
\J

©
~

Depth in water [cm]
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Nuclearreactions

Chargedoarticlesmayinteractwith target nucleivianuclearforce

bPrimaryparticlefluencereduction

100

[HbProtons:only targetfragmentation |

remainapproximatelyat rest < o
MHeaviefionsé | § /= X0 Y § of e

projectilefragmentsmostlyforwardemitted, 8 | e

nearlysamevelocitylh f | iddgep NIgtj € N i

- I e S. Meyer, PhD Thesis (2019), LMU-

* 1O Ziragment < Zhrojectile o T s 0 15 a0

Depth in water [cm]
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Summaryphysicaldifferences O Normalized dose
@ Physical dose | | : g
O @ U0 T3t WO = 7 08 ¢
) Range straggling  7vT glo 0.6 ‘,3
” p& ” 0-8)- ” (exp) g 15 ..U_)
iml 0.4 2
O Scattering - mmo 520 g
— pB—  oH— " 8
@ Fragmentation 30, 5 % 3 20 °
6 ﬂ U OQ U O) Depth in water [cm]

How is all this reflected in the final RSP image?
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Howisthis reflectedin the final RSEmage?
Howdoesit affect treatment planning? © | particle therapy

PARTICLE THERAPY | RESEARCH UPDATE

lon-beam CT improves particle therapy planning

16 Aug 2018 Tami Freeman

thSiCSWO”d Q Magazine Latest¥ | People ¥ | Impa

[ RN CONE FRE

Monte Carlostudy of ideal ICTdetector system

A Singleparticletracking

A Physicalmagingdosefor full tomography ~ 1.9mGy
A 400protons/ 100 Heions/ 20 Cionsper rasterpoint
A Assessmenfor clinicalcase®f craniallocations

Relative range difference compared to the reference [%)]
[
-2 -1 0 1 2

Simulated proton-CT, helium-CT and carbon-CT images. (Courtesy: Sebastian Meyer)

Meyer et al. (2019)
fDosimetricaccur acy and radiobiological implications of ion computed to



=\ Different lon Species D
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Reference Proton CT Helium CT Carbon CT

Courtesy of Sebastian Meyer
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Different lon Species

Relative

stopping
power

Average RSP relativerror e= 3 |RSP[* — RSPICT|/ S |RSP]/|
J J

1.2

Reference Proton CT Hellum CT Carbon CT

Samamagingdose: 1.26% 1.00% 1.30%
Sameparticlenumber. 6.6% 1.7% 1.3%

(20 particlesper rasterpoint)

Courtesy of Sebastian Meyer
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Rangeaccuracy
For single field uniform dose proton therapy plan

X-ray CT Proton-CT Helium-CT Carbon-CT
Water-equivalent

range difference
[mm]

Anaplastic
astrocytoma
case (Pat1)

Modality Average Standarddeviation

XCT -0.84 mm 0.32 mm i.s
pCT +0.07 mm 0.18 mm i :5
heCT 10.08 mm 0.14 mm
cCT 10.29 mm 0.18 mm 58 .
Meyer et al. (2019)
fDosimetricaccur acy and radiobiological implications of i1 on computed t
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Radiobiology

Reminder lon beamshaveanincreasedelative biologicaleffectivenessRBE)
comparedio X-rays

But: IniICTpatientreceivesdosefrom low-LETplateauregionof the Braggcurve

Proton CT Helium CT Carbon CT

Relative biological effectiveness (RBE)

Meyer, S. (2019)
PhD Thesis LMU

Imaging.in Medical Physicdon Imaging. (2020 /-22 24
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Radiobiologyl'y w ev8luationfor celldeathand DSBnduction

Proton-CT Helium-CT Carbon-CT
Patient  RBEpyy  RBEgye  RBEpss RBEgqyv: ~ RBEjyy  RBEpss RBEqy:  RBEmg  RBEpss

Reference radiation: ®°Co

Pat1 1.138 1.055 1.034 1.192 1.089 1.064 1.381 1.240 1.205
Pat2 1.126 1.051 1.032 1.188 1.090 1.065 1.386 1.243 1.208
Pat3 1.126 1.052 1.032 1.182 1.087 1.063 1.379 1.240 1.205
Reference radiation: 130 kVp

Patl 0.850 0.823 0.816 0.888 0.849 0.840 1.026 0.966 0.951
Pat2 0.843 0.821 0.815 0.886 0.850 0.841 1.029 0.969 0.954
Pat3 0.843 0.821 0.815 0.882 0.848 0.839 1.024 0.966 0.952

=% RBEgrelative to xray CT spectra below 1!

Meyer et al. (2019)
fDosimetricaccur acy and radiobiological implications of ion computed ton
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Summary andConclusion

LowestRSRerror for heCT(for samephysicaldose)
for softtissueand bone pCTand cCTyieldhighestRSRaccuracyrespectively

Better rangeaccuracyand dosimetricoutcomefor all ICTcomparedto standardxCT
['btheoreticalgainfor treatment planningin proton therapy

Potentiallyreduced radiobiological effectsompared toX-ray spectrafor treatment
planning (more studies needed)
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Image Reconstruction
for lon Computed Tomography

A Differences to pCT image reconstruction




LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MUNCHEN

[bSeepreviouslecture Proton CT

Differencedn path estimationaccuracydueto reducedlateral scattering

Lateral Displacement [cim]

0.05 T T T 1
—Monte Carlo
R S . —Most Likely Path (MLP) ] 0.9
' - — Cubic Spline Path (CSP) 0.8
—Straight Line Path (SLP) =
-0.05F g 0.7
o
2
-0.1F '% 0.6
o 0.5
A
0.15} =
= 0.4
[a¥
-0.2F @ 0.3
=
- R 0.2
_0-25 - - -~ -
e 0.1
-0.3 1 L I 0 - 1 i N Al
0 5 10 15 20 0 5 10 15 20
Depth in Water [cim] Depth in Water [cm]

Courtesy of Sebastian Meye
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(Prototype) Setups for lon Imaging
In Medical Physics

A Different ion imaging approaches

A Selection of historical and current setups
(restricted to Aheavyo 1T on I maging
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Different potential observabledor ion imagingin medicalphysics

energylossionimaging
measureresidual energyiangeof ionsafter traversingobject
[Hcanbe relatedto the WEPL and RSP

energystragglingion imaging
varianceof the energydistribution after the object

bdependson ion energy ancelectrondensityof material Not covered

attenuation ion imaging/ transmissionion imaging In this lecture
initial ion fluencereducesdueto inelasticnuclearinteractions

scatteringion imaging
total meansquareangulardeflectionof exitingions
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Two detector conceptsfor ion imaging

4 . . . N . )
Singleparticle tracking Integration-mode detectors
A Detectionof individualions (beforeand) afterthe A Detectionof accumulatedsignalfrom finite
Imagedobjectl'hTracker numberof particlesafter the imagedobject

[Hpixelated detector + broad beamor

A Measurementof the residual energyiange unpixelateddetector + active beamscanning

[HCalorimeter Rangelelescopeor Hybrid Systen

A Complexdetectorsystems A Simplified andtosteffectivedetectors(easier

A Typicallybetter spatialresolution operation, reducedtechnologicabevelopment$
(path estimationpossible) A Inferior spatialresolution

A Typicalljlowerimagingdose A Higherimagingdose

NS L /
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Firstapproachesan the 1970s

Heavy-Particle Radiography Benton et al, Science (1973

Abstract. Energetic heavy particles from an accelerator may be used to produce
radiographs with high contrast and high depth resolution. Small differences in
the stopping power of objects can be detected and permanently recorded by
using stacks of plastic track detectors. This method should aid in the diagnosis
of soft-tissue abnormalities, including some tumors, and make possible quantitative
reconstruction of the internal density structure of objects.

Fig. 2. Four-layer CN ra-
diographic sequence, pro-
duced by O particles, of
a 14-day-old fertilized
chicken egg. The x-ray on
the right (optimum condi-
tions) was taken with:
focus, 21 cm to Cronex
film; potential, 35 kv; cur-
rent, 50 ma; exposure
time, 24 seconds; and in-
herent filtration, 0.8.

180 ¢ Radiographysingplastictrack detectors
at Lawrence Berkeley Laboratory, California, US;
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Firstapproachean the 1970s —

CONCRETE
SHIELDING

|
TEEE Thansactions on Nuclear Science, Vcl,NS-22, No,3, June 1975 )i {

AXTAL SCANNING WITH 900 MeV ALPHA PARTICLES

™ LEAD BLOCK

SCINTILLATOR PADDLES -Ir' | COLLIMATOR

K. M, Crowe, T, F. Budinger, J. L. Cahoon, V. P, Elischer, R, H, Huesman, and L. L. Kanstein
Lawrence Berkeley Laboratory
Berkeley, California 94720

Surmary beam line, for wire chambers, range counter s

the patient positioning cquipment. A rotatin

HEigh energy (fast) alpha particles can be used for with adjustable X, Y, and Z axes is used for

nondestructive radiography of the human body because imaging. An angle encoder with the necessary

small electron density changes are reflected in mea- face electronics reads out the angular positi
surable alpha particle energy changes. Using high patient to the computer for each event.

AOTATING CHAIR

resolution radiation detectors and computer techniques - .
I 1 als
for transaxial reconstruction, it is possible to pre- n anticipation of clinical trials, extensl

sent information that is not available from conven- physics radiation dosemetry measurements were COI I lpUtedTOI I Iography

. . 12
tional radiographs with doses one-tenth that required Therr:i:;z;t)m i:s:pzidgﬁ Z;biec:taiiilg .;::
for photon scanning procedures incorporated in the em b per ihelder pha p cLe. Fig., 1 Schematic of the Alpha Radiography

dose is also negligible. The relative bioleg ’ .
EMI or similar scanners. § ™

L effectiveness is near 1.0 for plateau alpha p Facility.
) . ) Various phantoms were run in order to determine range
Conventional x-ray imaging does w(tl in the evalua- . I ) ‘
) ) and snatial resolution. Fo al reconstruction
tion of large differences in density, such as bone, o . 15
) ‘ - ) studies one phantom consisted m and 12 mm round
YT e ] 4 Al Pl 1 TS -

a ¢ Medectionequipmentconsistsof three multi-wire proportionalchambersand arangecountertelescope presently
consistingof 13 scintillationcountersb a
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cCTsystembasedon integrating detector (Chiba, Japan)
[m_Tﬂw 400 MeV/ul?C beamspreadout by scatterer

Heavy ion CT system based on measurement

Shinji Abe " ;
Tetsuo Inada”, Tetsuya Tomida", Tatsuya Fujisaki ”, Yasuyuki Futami i
Tatsuaki, i i i

Y Ibaraki

64 projections eachfor 5 valuesof range
shifter thickness

Densityresolution < 0.07 relativeéo water
Spatialresolution <2 mm

Acquisition time: 90 min

of residual range distribution

, Katsuyuki Nishimura ", Hitoshi Sato”, Hiroshi Muraishi”,

3)

.3) .4) . .

Hinery Rarge Fluorescent Screen

Shifter

Rotational

ToTo o PoPo I Ix

¥ Shizuok{ 12y
Byvions by (dueto manualcontrol)
Dose: 3 Gy
Imagestoo noisyfor clinicalapplications
L, o0 v (insufficientdynamicrangeof rangeshifter +
CCDnhoisg

Computer Controller Computer
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cCT:

Japanese Journal of Applied Physics 55, 036401 (2016)

systembasedon integrating detector (Chiba, Japan)

REGULAR PAPER

http://doi.org/10.7567/JJAP.55.036401

Tohoru Takeda', Yusuke Koba®, and Shigekazu Fukuda®

2|baraki Prefectural University of Health Sciences, Ami)

School of Allied Health Sciences, Kitasato University, Sagamlhara 252-0373, Japan

Experimental study of heavy-ion computed tomography using a scintillation screen
and an electron-multiplying charged coupled device camera for human head imaging

Hiroshi Muraishi', Hidetake Hara', Shinji Abe?, Mamoru Yokose', Takara Watanabe',

®

CrossMark

(d)

3National Institute of Radiological Sciences, Chiba 263

*E-mail: muraishi@ahs kitasato-u.ac.jp

(a)

Parallel-plate

(HIMAC) at the National Institute of Radiological S
equivalent thickness (WET) of approximately 18 cm
system worth applying to the heavy-ion treatment pl

(single ring)

.=y
Xy

430
MeViu

9m

‘ lonization

Received September 7, 2015; accepted December 13, Chamber
We have developed a heavy-ion computed tomograf Scatte "‘.
device (EMCCD) camera that can measure a large o C.IlllLl'Cl' \
to investigate the possibility of applying this system t '. ".
image. Experiments were carried out on a rotation ph \\’obblcr \ 1)

Range Shifter

(Dynamic) (Smllc)l ."'
f / I

Sm

Collimator /

Cubical Container
(filled with water)

/  Rotation Phantom

/| Scintillation Screen

/
.

-

2m

EMCCD ./

camera

1.43
Ip cm’?!
7 3.5mm =
ll . : u, Ip cm!
yanr! ==
M X __1.0mm
3.0mm .- \’
¥ fo.”
n
L&'/'/ / A
v Tom_——
“— 1.5 /7/
¥ mm b“’
~ -
\\\. N o B b
2. Smm Y= Ipcm’
3
R Ipcm
2.0mm
25 lpem
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cCTsystembasedon singleparticle tracking (Chiba, Japan)

Position-Sensitive
Detectors

Gate Detectors

PSD 2

12C 200MeV u| ||

! Anti-Coincidence Detector

\i/Energy Detector

Figure 1. The experimental setup of the detector system (top view).

Shinodaet al, PMB (2006)

A PSDScintillatingfibre arrays

A Energydetector: Plasticscintillator
(upto 16 cm residual’Crange

A Dataacquisitionis triggeredby
conincidencesignalbetweenthe two gate
scintillators

A Anti-Coincidencédetector.
discriminatefragmentiles
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cCTsystembasedon singleparticle tracking (Chiba, Japan)

A Spatialresolution
1 mm

Figure 7. Reconstructed images of the bone-and-meat sample. (a) An image obtained with the A R S %g re e m e n“Ni t h i n
Figure 5. Bone-and-meat sample. We took the bone of this sample from a pig’s knee and the meat HICT. (b) An image obtained with the x-ray CT.
of this sample from a pig’s shoulder.

1.6%for bone, fat and
musclecomparedto

X-ray CTcalibration

(b)

i 6. i 3
N Figure 8. Reconstructed images of the pettitoes sample. (a) An image obtained with the HICT.

Sh | nOd aet al , P M B (2006) (b) An image obtained with the x-ray CT.
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IRAD ICTsystembasedon Multi-Layer lonisation Chamber (HIT, Germany)

IOP PUBLISHING

PHYSICS IN MEDICINE AND BIOLOGY

Phys. Med. Biol. 58 (2013) 413-427

doi:10.1088/0031-9155/58/3/413

Experimental characterization of a prototype detector
system for carbon ion radiography and tomography

I Rinaldil'2’3, S Bronsz’3, J Gordon4, R Par
and K Parodi’?

! German Cancer Research Center, Im Neuenheimer Feld
2 University Hospital Heidelberg, Im Neuenheimer Feld 4
3 Heidelberg Ion Therapy Center, Im Neuenheimer Feld 4
4 Pyramid Technical Consultants, Inc., 1050 Waltham Stre
USA

5 GSI Helmholtz Center for Heavy Ion Research, Planckst

o
&}

IC stack

L ICk PM :
] 1

gMA al%so

¥
<4~ digitalized signal detected by the IC

i

1
| 1 | ! !
1 1 .‘ : :
! ! ’ i i
; : i |
| |
! 1
i £aqg-out elecironics

WE

A Integrationmodesystem

A ParallelPlatelonization
Chambersnterleavedwith
3 mm PMMAplates

A activescanningof ion beam

A Protons, Helium, Carbon
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Therapy

control

Nt
( Accelerator )
control _‘i ;

system

S

within the nozzle

Scanning
magnets

system Beam application and
monitoring system

Phantom on motor
controlled
rotating station

%,
.,
.
.,

Isocenter

g | . 4 - r—— :. *
: a G
3&——-—-«--—-'—'/..‘ ]1‘ e
0 mc)r:mmm 50 0 | ] v ¥ ‘, sie 571 : ‘ ICS Stack u‘. //
PPIC ) H ‘ ’ )
snal 61 PPICs | i ‘
interleaved Yamy A=
i ) 2 erson
with 3 mm & e
PMMA
absorbers

Read-out

Meyer (2019), PhD Thesis

electronics
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cCTbasedon energymodulation and flat paneldetector (HIT, Germany)

Flat-Panel

10P PUBLISHING PHYSICS IN MEDICINE AND BIOLOGY

Phys. Med. Biol. 57 (2012) 7957-7971 doi:10.1088/0031-9155/57/23/7957

Quantitative carbon ion beam radiography and
tomography with a flat-panel detector

2

Julia Telsemeyer -2, Oliver Jiikel'*>* and Maria Martisikova "

Figure 1. Schematic drawing of the applied method. The detector is placed directly behind the
imaging object and irradiated with ions of several energies.

A Lanexscintillatoron commercial-Si flatpaneldetector (0.8 x 0.8 mrapixel)
A measureenergylossof ionsinsideactivelayer(not residual energy)
A Imagecontrastby variationof ion energy
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cC’

basedon energymodulation anc

Y [pixel]

Measured WEPL
0.8 0.9

Calculated WEPL
1 £ 1.2 0.8 0.9 1 1:1 1.2
s N

e
o
(=]

y [pixel]

150

200
50 100 150 200 50
X [pixel]
(a)

100 150
X [pixel]
(b)

200

Figure 10. (a) Reconstructed WEPL image of the phantom. (b) Expected WEPL image calculated
from the known material and geometry.

flat panel detector (HIT, Germany)

A WEPIdeterminationwithin 1%
accuracy

A Very high dose (8 G§gr tomography
b . Ngeakidsideobject

A Deliverytime severalhours
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Heion trackingimagingsystembasedon pixel detectors(HIT, Germany)

Martisikova et al. Radiation Oncology (2018)13:109 . .
https:/doi.org/10.1186/s13014-018-1046-6 Rad|at|0n Oncologv
250 »" 8 = 1.5
sensor chip (e.g. silicon) ¢ @
R E S E A R c H op o high resistivity n-type silicon 200 . &

..............

Helium ion beam imaging for image AN SR
quided ion radiotherapy UONT o

M. Martigikova'>*", T. Gehrke'?>, S. Berke®”, G. Aricd'>*® and O. Jakel***

ToT value (MeV)

y-a
°
°
=]
e

electronics chip ’

- 0
50 100 150 200 250

read-oul cell

x-axis (pixel)

Fig. 2 Left side: Visualization of a single Timepix detector structure by the Medipix Collaboration (www.cern.ch/medipix). Right side: Typical signal as

recorded by the Timepix detector during helium ion beam imaging. The detector was operated in the energy mode. Larger clusters correspond to
helium ions, the smaller ones are due to lighter secondary particles
(.

A 5 hybridpixeldetectorso Tamepixx for helium ion trackinganddEmeasurement

A Noisereductionby suppressingecondaryprotonsin postprocessing
A Imageareaonly1.4 x 1.4 crh
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A Spatialresolution1.15Ip/mm
A WETdifferencesof 1.2%resolvable

Amato et al, Med. Phys. 2020
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lon Imaging
for Pre-Clinical Studies

A Imaging for small animals
A Ongoing research and developments at LMU
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Motivation for smallanimalion beamtherapy research

Pre-clinicalsmallanimalradiotherapystudiesare crucialcomponentof
radiobiologicabnd translationatancemrresearch

Dedicated Xay-basedplatformsfor precisionirradiation, includingimageqguidance
commerciallyavailable

Platforms for imageguided,
precision small animal research
with protons?

’ KLINIKUM BB
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Coursy of Kirsten Lauber
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Snall animal protonirradiator for Research inViolecular

Imagequided radiatiorOncology

Realizeand demonstraterototype system for

A precision, imageguided smaHlanimal
proton irradiation

A integration in experimental beamlines
of clinical facilities

['HbProton radiography & mography for
position verification and treatment planning

Proton beam

(from clinical
facility) -

SIRM/®

WP-2c: PET

WP1: Energy degradation
and magnetic lens

Focused, energy
degraded beam WP2-a:
lon radiography /

tomography

m

WP2-b:

s R

WP-3: Adaptive treatment workflows

\ & system integration / testing /

lonoacoustics /
Ultrasound

_,
Motorized rotation 74
and translation stages

Parodiet al, ActaOncol2019
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Peculiaritiesof pre-clinical (ion) imaging

Higherspatialresolutionrequired
APreclinicalXray CBCTaround100¢ 200 pm
AFinerfor X-ray pCTsystems

Higher dosaequired(determinedby finer spatialresolution
APreclinicalX-ray CBCTaround300 mGy
AEvenhigherfor X-ray pCTsystems

Lowerion energyrequired (for X-rays Xray energiedbetween35 and 90 keV)
Alncreasedscatteringin detectorelements

Verhaegenet al (2018),Radiotherapyand Oncology
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Currentdevelopmentsat LMU

Twosolutionsfor conventional& synchrocyclotorbasedfacilities

o Singleparticle tracking system
A Low dose ( < inGyper radiography)

A Accountsfor Coulombscattering
A Complexdetectors

~

A not suitablefor synchrocyclotrorfacilities

2. Commercial pixetletectors
A Higher dose ( > hGyper radiography)

A Doesnot accountfor Coulombscattering
A Relativelysimple detectorsand operation
A (i) Integratingor (ii) singleparticle detection
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Singleparticle tracking system

Proton trajectoriesusingtrackerinformation o
M RS (S dlatial yeSotution orE traching Sy
lower proton energy for imaging

M ft 26SNJ YFGSNRAIFE 0dzR

WEPL informatiorfrom range telescope =ik e, i O
I_b R S u S NSMD)B@CL‘B‘Q\E':y \ 'n:agte(: (:)l:jc;ct with vertical Mylar absorber

determined by range telescope granularity lonization Courtesyof JonathanBortfeldt

M UGN RS2FTFT NBazZ2fdziA2ykO2YLX SEAUE

Meyer et al PMB 2020
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Singleparticle trackingsystem I'h a ldaseddetectoroptimization
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Numberof channelsan rangetelescope(complexityy  absorberthickness

e UV AR Dose: 935 mGy
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Meyer (2019), PhD Thesis; Meyer et al, PMB 2020
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Commerciabpixel detector basedsystem

Suitablefor synchrocyclotronbasedproton therapyfacilities
AHighinstantaneoudlux (few-ps shortpulses 1 kHz pulse rate, ~ 46 107 p/pulse)

Canbe purchasedff-the-shelf
Relativelysimple detectorsandoperation
No path estimationpossiblelh A Yy Tirfaldk ity

Twooptionscurrentlytestedandevaluated
i.  Integratingdetectorwith variationof proton6 S I Y Sy SideEre) Lo2MY) L Y | Jpary 3
ii. QuasisingleparticledetectionusingTimepixdetectoro Mgidesind L 2y L Y| Fargf3 { S
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Commerciabixel detector basedsystem(i)

SingleJarge-area(12 x 7 cr) CMOSensor
(50 umpixelsizg

energyvariationgeneratescontrastand WETesolution
A Similarto previouslypresentedsetup (Telsemeyeet. al, 2012)

Detectionof integratedsignallhrangemixing
Someenergylayersstopinmouselh KA 3K R2 &

L J ¥

-

\_

Energymodulation : ik .

Example
A 12 energysteps(25¢ 60 MeV)
A 7 mGyper Radiography

RSP Referenz

[ww] 13M

|

Protonenradiographie

[ww] 13M

K.Schnurleet al, DGMRconference2019
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Commerciabixel detector basedsystem(ii)
Timepixhybrid pixeldetector(1.4 x 1.4 crj)
Quasisimultaneousdetectionof O(100)protons
Detectorsignalby manyindividualprotonsgives

WETcontrast

Single Energy‘_P\

Detect energy
deposition of
individual particles

Example

A 70 MeVprotons

A Spatialresolution 0.3 mm

A Dose peradiography 5mGy

o 12 o 0 o
WET in mm
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Currentdevelopmentsat LMU

Twosolutionsfor conventional& synchrocycloto

o Singleparticle tracki
A Low d

A Acco
A Comp
A not sui

oulombscattering
ativelysimple detectorsand operation
A (i) Integratingor (ii) singleparticle detection

=
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K.Parodj Heavy ion radiography and tomographysicaviedica (2014)

ParodiK., ThiekeC. (2020)maging Instrumentation andechniques$or Precision
RadiotherapyIn: Fleck I.TitovM., GrupenC.,Buvatl. (ed9 Handboolof Particle
Detection and Imaging. Springer, Cham

Johnson RP. Review of medical radiography and tomography with proton bRams.
Prog Phys2018;81(1):016701. doi:10.1088/136633/aa8b1d

C Boppet al2013Phys. Med. Biob8 7261
X YR NBFSNByOSa 3IAQBSY Ay aftARSaz L} d
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Pleasdfill the form for consentingto online examination(to be downloadedfrom the lecture website) and send via
emailto Mrs Andrea Leinthaler Andrea.Leinthaler@physik.uanuenchen.d¢and myself(Katia.Parodi@Imu.dé
PleaseR 2 yfo#hét to put the date of the examinationin the form!

Day Time Student

August 6 14:15 - 15:30 Patrick Schuster

August 6 15:45-17:00 Maximilian Wittich

August 10 | 14:15-15:30 Yookyung Ha

August 10 | 15:45-17:00 Sruthiranjani Ravikularaman
August 11 | 08:30 —09:45 Theresa Kammerbauer
August 11 | 10:00-11:15 Jingyao Yang

August 11 | 11:30-12:45 Esra Gezmis

Zoomdetailswill be sharedafter you sendthe emailwith the signedconsentform
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[ could really
9o Cor a hotdog
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Thankyou very muchfor your attention!

Questions?




