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Motivation

Aim: major step towards translating 

nitrogen-12 imaging to the clinic

RIVER: Real – time in vivo 

verification of proton therapy  What is the precision of nitrogen-12 imaging for in-vivo verification

in clinical head-and-neck cancer proton therapy?

 What reduction in the probability of complications can be achieved,

given the demonstrated precision of nitrogen-12 imaging?

 Dendooven et al, 2019, Corrigendum: Short-lived positron emitters in beam – on imaging

during proton therapy, Phys Med Biol, 64.

 Buitenhuis et al., 2017, Beam-on imaging of short-lived positron emitters during proton

therapy, Phys Med Biol, 62(12).

 Dendooven et al, 2015, Short-lived positron emitters in beam – on PET imaging during

proton therapy, Phys Med Biol, 60(23).

 Ozoemelam et al, 2020, Feasibility of quasi-prompt PET-based range verification in proton

therapy, Phys Med Biol, 65(24).

 Ozoemelam et al, 2020, Real-Time PET Imaging for Range Verification of Helium

Radiotherapy, Front. Phys, 8.

 Ozoemelam et al, 2019, The production of positron emitters with millisecond half-life

during helium beam radiotherapy, Phys Med Biol, 64(23).
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Proton Therapy @ Groningen
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Two particle accelerators-Groningen 

Proton therapy center

 The first Dutch proton therapy center in the Netherlands. 

 Started operations in early 2018.

AGOR cyclotron

 Beginning of 1996.

 The central facility of PARTREC.

 Spot scanning and scattered beam.

 Large capacity for experiments.

 Protons up to 190 MeV.

 Lighter ions (helium- neon) up to 90 MeV/u.

https://umcgresearch.org/nl/w/partrec



PET imaging in proton therapy

Proton therapy is very sensitive to uncertainties introduced during treatment planning and dose delivery.

PET imaging of proton-induced positron emitter distributions is the practical approach for in vivo,

in situ verification of proton therapy

 The long-living isotopes can build up in the irradiated area, but will also spread around. This will 

create blurring for PET imaging.

 The radioactive intensity of an isotope is inversely proportional to its half-life. Therefore, the long-

living isotopes have insufficient intensities to provide the required counting statistics which is needed

for real-time feedback.
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What is the idea?
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Very short-living isotopes

 An in-vivo PET verification using very short-living isotopes is being developed.

 A very short-living isotope will decay at the immediate location of the Bragg peak.

 At PARTREC, research is conducted into developing in-vivo verification based on very short-

living isotopes.

 At PARTREC, N-12 is being considered as a very short-living isotope (11ms) to be used in in-

vivo verification.

7



Experimental setup 

 The experimental setup for imaging beam–

induced positron activity at the AGOR cyclotron 

facility.

 PET scanner, available in–house, is 1/6 th of a 

Siemens Biograph mCT scanner

 The beam bombards the target installed in –

between two modules of a Simens mCT PET 

scanner.
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Geometry Construction
52×52 array of LSO scintillator

13×13 array of LSO scintillator,

4 mm

4mm

20 mm
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Geant4

Application 

for

Tomographic

Emission



PET sensitivity-Validation
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Distance from center-to-center: 21cm, Ge68 - source



Image reconstruction

112D images: cross sections of LoRs with plane parallel to the scanner panels that contains the source in the middle. 

Simulation:
Experimental:



Geometry Construction

Experimental setup
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Simulation setup



Gamma point source and N12 - positron source (with head phantom)

Gamma source Positron source

13



RayStation
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Ongoing works

Reconstruction 2D PET image

Head phantom in the RayStation treatment 

planning system.

Matlab image 

reconstruction

Measured PET

Simulated PET

Comparison
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Gate simulation



Conclusion

The RIVER project will make a major step towards translating  N-12

real–time in – vivo verification for proton therapy to the clinic.

The accuracy will have been determined under simulation and clinically

realistic situation.

This method will allow optimal radiotherapy treatment plan design and 

increase the number of patients benefiting from proton therapy.

 It will reduce the complications and thus improve the quality of life of 

patients that already now receive proton therapy.
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Thank you for your attention
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