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RIB for hadron therapy

Range verification with RIB of positron emitters and PET
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lon beam therapy : Benefits

Volumetric Modulated Arc Therapy Intensity-modulated radiotherapy
X-ray VMAT X-ray IMRT Proton beam Carbon beam
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¢ High tumour dose, hormal tissue sparing
o Effective for radio-resistant tumours
o Effective against hypoxic tumour cells




lon beam therapy : Challenges

Range uncertainties
Highly conformal P> Low tolerance for treatment planning error

* Inherent uncertainties in the conversion from X-ray CT data to particle range
 Anatomical changes

e Quality of the CT
 Dalily errors: patient setup and alignment,...

Planning CT CT after 5 weeks With 1 cm margin No margin

Typical uncertainties assumed in robust treatment planning for 12C ion therapy
Setup uncertainty of 3 mm =2% of range

Tony Lomax, Oxford 2008
Durante & Flanz, Semin. Oncol. 2019




Range uncertainties: Way forward

Tumour tracking & Treatment verification

Tumour tracking
4DCT
Beam tracking

Radiotherapy with positron emitters e 4
Range verification with RIB of positron emitters and PET B-A R-B#

\
 Off-line PET dosimetry
e In-beam PET dosimetry E;oc;n::‘::ra‘::gggl::s:lons of Radioactive ion Beams

 Prompt radiation measurement Pl: Prof Marco Durante, Co-PI: Prof. Katia Parodi

Riboldi et al., Lancet Oncol. 2012
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BARB experiments with RIB

Positron emitting beams
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SIS-18 ; Symmetric branch of FRS - S4 Biomedical Application
3 Atomic and nuclear interactions * Transport RIB from FRS to HTM
+ In-beam PET imaging * Visualise RIB using PET and hybrid y-PET detector
V2 » Depth dose measurements in water » Validate therapeutic potential of RIB in animals
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Boscolo, Daria, et al. Front. Oncol. 11 (2021)




Quasi-real-time range Monitoring

Which is the best positron emitting therapy beam

Required qualities
Range verification
* Achieved with the lowest possible dose
* As early as possible

Availability of therapeutic-quality beam

* Intensity

e Purity
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PET imaging at FRS

Quasi-real-time range Monitoring

2D PET image of 140
After 4 implantation cycles
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Purushothaman, Sivaji, et al., Sci Rep 13, 18788 (2023)
Kostyleva, Daria, et al. Phys. Med. Biol 1 (2023) ;




Evaluation of the positron activity

Peak position and its uncertainty
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Gaussian-Exponential function

- 1D-Positron activity profile after 4 cycles
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Evaluation of the positron activity

Cumulative positron activity profiles 1D activity profiles during irradiation
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Purushothaman, Sivaji, et al., Sci Rep 13, 18788 (2023
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Evolution of positron activity peak

Implantation cycyle (Oxygen run)
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Purushothaman, Sivaiji, et al., Sci Rep 13, 18788 (2023
Kostyleva, Daria, et al. Phys. Med. Biol 1 (2023).)




Quasi-real-time range monitoring

Impact of half lives, beam time structure and intensity

Beam intensity
-> Production cross section

Half life

160 > Be | 11C : 1220.84 s

+ 150 : 43 mb What is 150 « 199 o4

. . : 24 s
140 : 1.2 mb the Best e

candidate for 140:70.606's

12C = Be . : 10C - 19.31 s

. 11C:46.7 mb Quasi-real-time - 19

+ 10C: 4.3 mb Range monitoring

Beam pulse time structure




Quasi-real-time range monitoring

Impact of half lives, beam time structure and intensity

The amount of positron emitters

Beam ON = Beam left at the end of the pulse
OFF !

Purushothaman, Sivaji, et al., Sci Rep 13, 18788 (2023)




Quasi-real-time range monitoring

Impact of half lives, beam time structure and intensity

Coincidence event yield during the beam pause
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Purushothaman, Sivaji, et al., Sci Rep 13, 18788 (2023)




Decay yield [A.U.]

Quasi-real-time range monitoring

Comparison of therapy relevant positron emitters of oxygen and carbon

Time structure from experiment (n=1)
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Purushothaman, Sivaji, et al., Sci Rep 13, 18788 (2023)




Decay yield [A.U.]

Quasi-real-time range monitoring

Comparison of therapy relevant positron emitters of oxygen and carbon

Time structure from experiment (n=1)
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Decay yield [A.U.]
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Purushothaman, Sivaiji, et al., Sci Rep 13, 18788 (2023)




Quasi-real-time range monitoring

Comparison of therapy relevant positron emitters of oxygen and carbon

Decay yield [A.U.]
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Purushothaman, Sivaji, et al., Sci Rep 13, 18788 (2023)
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BARB Biomedical experiments
RIB transport from FRS to Medical cave (HTM)

Challenging!

Reduced aperture from F8

200 mm — 120 mm

Successful transport of
150 and 11C to HTM

Measured conversion efficiency
~ 3 X104150 ions/160 ion in SIS 18




S M

FAIR

Super-FRS EC

BARB Biomedical experiments

RIBs for therapy: Can we shrink the margin with the RIBs?

Ripple Range SIRMIO

Degrader Collimator

Filter Modulator PET

SIRMIO PET

Inner radius: 72 mm
Number of detectors: 56
Number of rings: 6
coverage: 44%

LUDWIG-

MAXIMILIANS-  |RRSANE N
UNIVERSITAT .
MUNCHEN

['_'_'_-_'_'_'_'_'_'_'_'_'_'_'_'_'_'_-_'_'_'_-_'_'_'_'_'_'_'_'_'_'_'_-_'_'_'_-_'_'_'_'_'_'_'_'_'_'_Ll

Compensator

Beam




BARB Biomedical experiments

RIBs for therapy: Can we shrink the margin with the RIBs?

Ripple Range SIRMIO
Filter Modulator

Degrader Collimator

PET Pre-irradiation assessment

Monte Carlo simulation CT

Daria Boscolo
Marco Durante




BARB Biomedical experiments

Online PET imaging of the radioactive 11C while treating a tumour sparing the spinal cord

Ripple Range SIRMIO

Filter Modulator

Degrader Collimator PET
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Daria Boscolo
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Conclusions and Outlook

e Therapeutic-quality 11C and 150 can be efficiently produced via the in-flight method, ensuring
high intensities and purities.

e 150 stands out as the prime candidate for quasi-real-time range monitoring, offering significant
advantages from an imaging standpoint.

e Successful fransportation of Radioactive lon Beams (RIBs) from the Fragment Separator (FRS) to
the GSI medical cave (HTM) has been accomplished.

e Demonsirated success in small animal irradiation and imaging using 11C, indicating promising
applications in preclinical research.

e Implementation of online imaging techniques for radioactive 11C during tumour treatment,
effectively sparing critical structures like the spinal cord, has been achieved.



Acknowledgements

BARB Collaboration

Super-FRS Experiment Collaboration

e Vassua Anagnostatou

%% umce
Super-FRS EC AL e IS

MINCHEN



THANK YOU



