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Figure 12. Comparison of (a) conventional photon therapy (SBRT), (b) interlaced 
proton grid and (c) proton radiosurgery (SBRT) plans on a liver cancer case. 
 
This aspect was studied later on in the project, when looking at RBE for 
interlaced proton grid therapy (Paper V). While a full report of the impact of 
RBE on conventional and proton grid plans can be found in section 6.1, the 
focus here will be on the comparison between conventional and grid plans 
with a constant RBE of 1.1.  

For this study, the TPS Raystation (RaySearch Laboratories AB, 
Stockholm, Sweden) was used to replan five patients, each presenting tumor 
volumes in a different location (esophagus, lung, liver, prostate and anus). 
The same grid geometries as previously described were used. For 
comparison, conventional IMPT plans were also produced. This resulted in a 
total of five plans for each patient (one IMPT + four grid). To make both the 
IMPT and grid plans clinically relevant, dose objectives to the different 
OARs were set according to suitable sources (Emami, 2013; Marks et al., 
2010; Muirhead et al., 2016). Plan optimization was done on the PTV and 
OARs.  

An example of dose distributions for a conventional IMPT plan using 
two fields (200° & 270°) and a grid plan (2x2 opposing 2-D grids, with grid 
angles 20°, 110°, 200° & 290°) is presented in Figure 13. Of the 20 grid 
plans computed, 18 fulfilled all the clinical goals set for the OARs and the 
PTV. The failure of the 2 remaining grid plans was due to the close 
proximity of the duodenum in the liver case that would not allow the use of 
certain grid geometries. In terms of average doses to the OARs, most of the 
passing grid plans were very comparable to the conventional IMPT plans. 
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Thomas Henry, PhD thesis Stockholm University (2018)

T. Henry, et al. Physica Medica 56, 81 ((2018)
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e. Short description of the preliminary project portfolio, including 
descriptions of 2-3 project proposals that you want to implement within 
the competence centre  

Superconducting cyclotron for PET: This project (5 years) aims at developing 
a superconducting cyclotron for the production of 15O (Oxygen 15) isotopes. 
This specific application requires new technology since the existing cyclotrons 
are large, heavy (>30 tons with shielding) and relatively inefficient for this 
specific purpose. 15O-water PET is considered the non-invasive golden standard 
for measuring blood flow in the brain, heart and other bodily organs, including 
cancers in these organs. 15O-water PET is the only concept of absolute blood 
flow quantification that is fully reproducible across scanners and institutions, 
which allows all users to utilize the same databases and normal values. The 
radiation dose is considered minimal, compared to other radionuclide 
techniques for evaluation of organ blood flow. The interest in using 15O-water 
clinically for routine diagnostic and research applications is increasing world-
wide but dissemination of the technique is hampered by a lack of access to 
small, dedicated cyclotrons for easy production of 15O-gas. The development of 
a small dedicated cyclotron described in this project will allow a hospital with 
access to a PET scanner to implement the best possible diagnostic techniques 
in a clinical setting. 
SuperMed will provide the ecosystem (infrastructure, scientific know-how, 
environment, etc.) for designing and realizing the superconductive 15O 
cyclotron and the extensive research and development associated with the 
project. This will be done in close collaboration with industry. Furthermore, the 
competence centre will include the clinical users to set requirements and ensure 
that project deliverables match with clinical applications. No single actor 
(academia, industry, clinicians) has critical mass to accomplish the project on 
their own. It is the ecosystem created by the competence centre that provide the 
critical mass needed.    
 Superconducting gantry for hadron therapy with potential to integrate in-situ 
imaging (10 years): A crucial part of a hadron treatment installation is the 
gantry, which allows the irradiation of the patient from several directions. The 
patient is placed on an adjustable treatment couch. The basic function of a 
gantry is to bend the beam out sideways in different azimuthal directions and 
then bend it back again such that it can hit the patient from any azimuthal 
direction versus the original beam direction. A realization of such a gantry with 

Figure 4: Present-day gantry      Figure 5: Vision for the future 
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J. B. Farr, et al. Med. Phys. 45, 953 (2018)
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volumes in a different location (esophagus, lung, liver, prostate and anus). 
The same grid geometries as previously described were used. For 
comparison, conventional IMPT plans were also produced. This resulted in a 
total of five plans for each patient (one IMPT + four grid). To make both the 
IMPT and grid plans clinically relevant, dose objectives to the different 
OARs were set according to suitable sources (Emami, 2013; Marks et al., 
2010; Muirhead et al., 2016). Plan optimization was done on the PTV and 
OARs.  

An example of dose distributions for a conventional IMPT plan using 
two fields (200° & 270°) and a grid plan (2x2 opposing 2-D grids, with grid 
angles 20°, 110°, 200° & 290°) is presented in Figure 13. Of the 20 grid 
plans computed, 18 fulfilled all the clinical goals set for the OARs and the 
PTV. The failure of the 2 remaining grid plans was due to the close 
proximity of the duodenum in the liver case that would not allow the use of 
certain grid geometries. In terms of average doses to the OARs, most of the 
passing grid plans were very comparable to the conventional IMPT plans. 
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Figure 12. Comparison of (a) conventional photon therapy (SBRT), (b) interlaced 
proton grid and (c) proton radiosurgery (SBRT) plans on a liver cancer case. 
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An example of dose distributions for a conventional IMPT plan using 
two fields (200° & 270°) and a grid plan (2x2 opposing 2-D grids, with grid 
angles 20°, 110°, 200° & 290°) is presented in Figure 13. Of the 20 grid 
plans computed, 18 fulfilled all the clinical goals set for the OARs and the 
PTV. The failure of the 2 remaining grid plans was due to the close 
proximity of the duodenum in the liver case that would not allow the use of 
certain grid geometries. In terms of average doses to the OARs, most of the 
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Superconducting gantry will 
enable rapid beam movements 

and beam focussing  
essential for reducing the 

patient dose
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e. Short description of the preliminary project portfolio, including 
descriptions of 2-3 project proposals that you want to implement within 
the competence centre  

Superconducting cyclotron for PET: This project (5 years) aims at developing 
a superconducting cyclotron for the production of 15O (Oxygen 15) isotopes. 
This specific application requires new technology since the existing cyclotrons 
are large, heavy (>30 tons with shielding) and relatively inefficient for this 
specific purpose. 15O-water PET is considered the non-invasive golden standard 
for measuring blood flow in the brain, heart and other bodily organs, including 
cancers in these organs. 15O-water PET is the only concept of absolute blood 
flow quantification that is fully reproducible across scanners and institutions, 
which allows all users to utilize the same databases and normal values. The 
radiation dose is considered minimal, compared to other radionuclide 
techniques for evaluation of organ blood flow. The interest in using 15O-water 
clinically for routine diagnostic and research applications is increasing world-
wide but dissemination of the technique is hampered by a lack of access to 
small, dedicated cyclotrons for easy production of 15O-gas. The development of 
a small dedicated cyclotron described in this project will allow a hospital with 
access to a PET scanner to implement the best possible diagnostic techniques 
in a clinical setting. 
SuperMed will provide the ecosystem (infrastructure, scientific know-how, 
environment, etc.) for designing and realizing the superconductive 15O 
cyclotron and the extensive research and development associated with the 
project. This will be done in close collaboration with industry. Furthermore, the 
competence centre will include the clinical users to set requirements and ensure 
that project deliverables match with clinical applications. No single actor 
(academia, industry, clinicians) has critical mass to accomplish the project on 
their own. It is the ecosystem created by the competence centre that provide the 
critical mass needed.    
 Superconducting gantry for hadron therapy with potential to integrate in-situ 
imaging (10 years): A crucial part of a hadron treatment installation is the 
gantry, which allows the irradiation of the patient from several directions. The 
patient is placed on an adjustable treatment couch. The basic function of a 
gantry is to bend the beam out sideways in different azimuthal directions and 
then bend it back again such that it can hit the patient from any azimuthal 
direction versus the original beam direction. A realization of such a gantry with 

Figure 4: Present-day gantry      Figure 5: Vision for the future 

Figure courtesy: CERN

Develop and test 
superconducting components 
to reduce footprint and power 

consumption of cancer therapy 
applications

ASU Compact X-ray Light Source 

9.3 GHz RF frequency
1 kHz rep rate @ 100 pC
First operations Fall 2017

Figure courtesy: ASU

Develop new compact 
superconducting light sources 

for research




