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Outline of this presentation 
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Gantry 1 (1996): 

• Exploration and clinical introduction of the spot scanning technology 

 

 

 

 

 

Gantry 2 (2013): 

• Optimizing technology to realize the full potential of proton therapy 

 

 

 

 

Gantry 3 (2016): 

• Research collaboration with industrial partner to 

foster know-how transfer with industry 
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The power of protons in radio therapy 
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Robert R Wilson: 

Radiological Use of Fast Protons 

Radiology, 47:487-491 (1946) 

Proton therapy vs. conventional radio therapy (photons): 

• Better dose conformation to target / tumor 

• Less dose to healthy tissue 

Also important: multiple fields (2-3) and fractionation (30) 
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Proton scattering: Established technique over decades 
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• Treatment of eye tumors 

• More than 5500 patients 

treated since 1984 

• Incoming beam 70 MeV 

• Only 4 fractions (all in one week) 

• Local control tumor control: 99% 

• 2010: Upgrade from OPTIS to OPTIS2 
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OPTIS2 at PSI: Example of a scattering system 

100% Dose 

• “Imitate” conventional therapy with broad beam 

• Patient specific hardware (collimator / compensator) 

• Dose not as conformal as one could do it 

• Established technique for more than 40 years 



Gantry 1 (1996) 
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Gantry 1 (1996): 

• Exploration and clinical introduction of the spot scanning technology 

 

 

 

 

 

Gantry 2 (2013): 

• Optimizing technology to realize the full potential of proton therapy 

 

 

 

 

Gantry 3 (2016): 

• Research collaboration with industrial partner to 

foster know-how transfer with industry 



Experiment showing feasibility of spot scanning 1989 
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Horizontal beam line with 

• Beam scanning in only one direction (wobbler magnet) 

• Rang shifter for energy modulation 
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Experimental set-up to demonstrate technical feasibility of spot scanning with protons (1989) 



Conformal scanning 

Gantry 1: A compact system for spot scanning 
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a Rotation  b Rotation  

• Implementation of spot scanning technique 

• Start patient operation 1996 

• During 12 years the only spot scanning 

gantry worldwide 

• Due to eccentric design still the most 

compact system, r = 2m 

Single pencil beam 

Lateral scanning 

Depth scanning 

Design by Eros Pedroni 
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Patient table ■ 

Sweeper magnet ■ 

Range shifter ■ 



Better dose distributions with IMPT 

IMPT: Intensity Modulated Proton Therapy 

• Each single dose field is not constraint to deliver uniform dose distribution 

• Uniform dose in target by superposing all field 

• Better dose conformation for complex target geometries 

• IMPT is only possible with spot scanning technique! 

• Today more than 1/3 of all patients are treated with IMPT 

4 field IMPT dose plan 

F1 

F2 F4 

F3 

30. June 2015 CHIPP, Page 8 

Tony Lomax 



Moving targets: The challenge for spot scanning 
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• Rescanning: Possible approach to solve problem: 

M. Phillips et al., Effects of respiratory motion on dose uniformity with 

a charged particle scanning method 1992 Phys. Med. Biol. 37 223: 

• “In general, one would expect that the more often the 

volume was scanned, the more likely it would be that 

the motion due to respiration would average to zero.” 

→ More robust dose distributions through rescanning 

→ Rescanning requires fast scanning system with low dead time 

• Many tumours in the trunk (e.g. targets in the lung) are moving due to respiration (moving targets) 

• Motion  destroys homogeneity of the dose: 

Interplay between organ motion and beam motion 
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With motion, amplitude 1 cm  Static 



Potential and limitations of Gantry 1 
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Gantry 1 was - and still is - a pioneering project! 

• Clinical introduced spot scanning technique 

• Shows advantages of spot scanning over scattering 

• Demonstrates feasibility and potential of IMPT 

 

Resources and space for proton therapy were very limited 

at this time 

→ System was realized with some compromises 

 

Limitation Consequence 

Limited access to patient for low-

angle irradiations 

No irradiations 

from below 

Patient table part of scanning 

sequence 

Slow scanning, no 

repainting 

Energy selection by range shifter Sub-optimal spot 

size 

Sensitivity to moving targets Limited indications 
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World wide number of gantries for proton therapy  order by technology: 

• Passive beam scattering technique: 

(Loma Linda, IBA, …) 

• Pencil Beam Scanning: 

(PSI, MD Anderson, Varian, …) 

 

Increasing importance of spot scanning technique 
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D. Meer, S. Psoroulas 

MPLA (2015) 30:17 



Goal of PROScan: 

Expand the medical program at PSI 

 

First step 

Installation of a dedicated 

commercial superconducting 

cyclotron (Accel/Varian) 

• Protons 250 MeV 

• 1 mA beam current 

• First beam in 2004 

 

Second step 

Realization of a new gantry 

(Gantry 2) based on experience 

of the first prototype (Gantry 1) 

• New indications 

• Start clinical operation 2013 

2000: Launch of project PROScan 

COMET 

Gantry 2 
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Gantry 2 (2013) 
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Gantry 1 (1996): 

• Exploration and clinical introduction of the spot scanning technology 

 

 

 

 

 

Gantry 2 (2013): 

• Optimizing technology to realize the full potential of proton therapy 

 

 

 

 

Gantry 3 (2016): 

• Research collaboration with industrial partner to 

foster know-how transfer with industry 



Scanner magnets 
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Main hardware innovations of Gantry  2 

Iso-centric layout with good access to patient 

• Mechanical rotation limited to 210
O

  

• Patient table turns 180
O

 for  other hemisphere 

• No gantry pit (conventional gantry layout) 

 

Fast parallel scanning in 3 dimensions 

• Scanning in 2d (2 sweeper magnets) 

• “Up-stream” scanning (scanning through dipole) 

→ Reduction of gantry radius by ~1 m 

• Parallel beam at iso-center  

• Scan area of 12 by 20 cm 

• Fast energy changes 
Compact optimized nozzle 

• No range shifter, energy 

modulation at accelerator 

• Telescopic motion of the nozzle 

to minimize scattering 

→ Small pencil beam, s ~ 3 mm  

• Remote movable pre-absorber 

for superficial tumors (< 70 MeV) 



CHIPP, 

Fast changes of the beam energy 

Gantry 2 and PROSCAN are optimized for fast energy changes: 

• Cyclotron provides fixed energy 

• Fast mechanical degrader for energy modulation 

• Laminated magnets / dedicated power supplies 

• Intensity compensation concept 

• Need to consider magnetization and hysteresis effects 

 

Realized: 

• ~100 ms dead time for 

range steps of 5 mm 

• Order of magnitude faster 

than other systems 

 

Benefit 

• Faster treatments 

• Potential for volumetric repainting 

(Goal: 1-2 minute for 1 liter and 

1 Gray with 10x rescanning) 

Energy modulation in scintillator block 
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Imaging: exploring the optimal solution 

CT on rail (Sliding CT): 

• Within reach of the patient table 

• In-room patient positioning 

• Time resolved soft tissue imaging (moving targets!) 

Beam’s Eye View (BEV): 

• X-ray through a hole in the 

yoke of the 90°magnet  

• An equivalent of ‘portal 

imaging’ with photons 

• Position verification and QA 

Sweepers 
X rays tube 

Bending 

magnet 

nozzle 

Yoke hole  

Patient 

Imager 

Requirements: 

• Soft tissue imaging 

• Portal Imaging  

• Real-time imaging 

• Treatment position verification 

• Intuitive X-ray projections 



Gantry 2: Important milestones 2006 - 2013 
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2006 - Delivery of mechanical structure 2008 - Beam line with innovative 90
O

 dipole 

2013 - 1st patient treated 2011 – Interior fittings and imaging 



Gantries at PSI in clinical operation 

• Gantry 1 more than 1000 patients since 1996 

• Gantry 2 over 30 patients treated 

• Indications treated so far (Gantry 1 / 2) 

– Skull / Spinal cord / Low pelvis 

– Paediatric patients (under anaesthesia if below 5 years) 

• ~ 20 patients / day (with > 30 fractions) on the gantries 

• OPTIS2 ~ 5 patients / week (4 fractions) 

• 2014: 15% of all gantry patients on Gantry 2 
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Improvements in scanning technology 

Discrete spot scanning 

– Switching off the beam after each spot 

– Dead time per spot ~3 ms. 

Typically field: 10’000 spots 

→ 30 s dead time, scales with number 

of repaintings! 

– Accurate dose delivery 

– Spot scanning is actual operation 

mode of Gantry 2 

Continuous line scanning 

– Paint lines of dose with continuous beam on using 

– Beam intensity modulation 

– Beam motion speed modulation 

– For efficient and effective repainting 

– Operational in experimental mode, in development 

 

Contours scanning 

– For optimizing lateral dose fall-off and efficiency 

– Conceptual exploration 
CHIPP, 30. June 2015 Page 19 



Demonstration to show potential of fast line-scanning 
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Discrete spot scanning 

20412 spots, 28 energy layers 

Beam-on time: 17s 

Dead time: 80s 

Total time: 97s 

→ 5 repaintings: ~7min 

 

Continuous line scanning 

27 lines / energy, 28 energy layers 

Beam-on time: 17s 

Dead time: 3s 

Total time: 20s 

→ 5 repaintings: ~30s 

Cubical target, V = 1l 

Spot grid 4 mm 

Dose: 0.6 Gy (typical 3 field 

fraction dose) 

Standard dose rate (<6 Gy/s) 
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Gantry 3 (2016) 
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Gantry 1 (1996): 

• Exploration and clinical introduction of the spot scanning technology 

 

 

 

 

 

Gantry 2 (2013): 

• Optimizing technology to realize the full potential of proton therapy 

 

 

 

 

Gantry 3 (2016): 

• Research collaboration with industrial partner to 

foster know-how transfer with industry 



2011: Decision to build a third gantry at PSI 

• Canton Zurich invests 20 MCHF to install an 

additional irradiation unit in order to increase 

patient capacity and having access to proton 

therapy at PSI 

 

• Close collaboration with University Hospital 

Zurich (hospital-like environment) 

 

• Focus on patient treatments and clinical 

research 

 

• Technical R&D will be continued 

on Gantry 2 

 

→ Decision to realise Gantry 3 in a 

research collaboration with 

a commercial vendor (Varian) 
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Challenges 

• Integration of commercial system into 

existing installation 

• Technical commissioning in parallel of 

clinical operation (no shut-down) 

• Tight schedule 

 

 

 

 

 

Time line: 

• Delivery mechanics: 

This week! 

• Ready for clinical 

operation: end 2016 

Gantry 3: Integration into PROScan 
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Gantry 2 

COMET 

Gantry 1 

Gantry 3 

OPTIS2 

Current situation at PSI 

Visit of similar installation in 

San Diego, CA 



• Thank you for your attention! 
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