
Proton Beam Therapy: 
QA & Delivery Verification 

Richard A. Amos 
Operational Lead for Proton Beam Therapy Physics 

 
Department of Radiotherapy Physics 

University College London Hospitals NHS Foundation Trust 
London, UK 

NPL Proton Physics Research & Implementation Group 
Proton Therapy Physics Workshop 
March 12th, 2014 



Spelling disclaimer: 

“England and America are two 
countries separated by a common 

language” 

- George Bernard Shaw 
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Physics! 



Passive scattering nozzle Active scanning nozzle 



Beam delivery system: Passive scattering 



Passive scattering at UT MDACC 
 

•8 nominal energies x 3 uncollimated field sizes = 24 “options” 
•15 SOBP widths per option (2 to 16 cm in 1 cm increments) 
•3 rooms 



Beam delivery system: Active scanning 

• 94 Energies: 72.5 - 221.8 MeV 
• Range: 4.0 – 30.6 cm 
• Adjustability: 0.1 cm 
• Max field size: 30x30 cm2 

• Beam size: 5 - 14 mm  (air) 
• Energy absorber (range shifter) 



• Relative Output Factors for different energies and different snouts from the 
calibration condition 

• SOBP factors, i.e. changes in output as SOBP width changes 

• Range Shifter factors, i.e. changes in the output as the range is decreased 
using range shifters 

• Off-axis factors (both along and perpendicular to path of beam) 

• Inverse Square factors 

MU = Dose / (ROF.SOBPF.RSF.SOBPOCF.OCR.FSF.ISF)   

Patient specific QA – passive scattering 



D1 
D2 D3 

Identical fluence 

D1 / D2 = “patient scatter factor” (PSF) D2 / D3 = “compensator scatter factor” (CSF) 



D1 
D3 

Identical fluence 

D1 / D3 = “compensator & patient scatter factor” (CPSF) 

Point used at the center of the SOBP 
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Patient Specific Measurements 

• “5 cm/10 cm” water filled 

phantom 

 

• Farmer type chamber 

 

• Solid water plates to obtain 

desired depths. 

 

• Brass apertures and no 

compensator 
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F2 225 MeV SOBP 9 cm
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225 MeV 9 cm SOBP
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F2 small snout, 225 MeV, 9 cm and 10 cm SOBP: 

MU determination using a linear model, with spot check measurements (two per week). 



Patient specific QA – spot scanning 

Patient specific QA process has two parts: 

 

• End-to-end treatment plan data integrity test: 

– Each field in the patient plan delivered using the planned gantry angle with the 
Oncology Information System (OIS) in the QA mode and the scanning-beam 
accelerator control system (ACS) in the treatment mode. 

– 2D dose distribution in plane perpendicular to beam axis measured using ion 
chamber array. 

– Measurements compared with TPS calculations to verify transfer of data from TPS to 
OIS and to ACS. 

– Verification of scanning magnets function at each gantry angle. 

 

• Dose comparisons including 2D planar dose distribution and depth dose profile 
comparisons: 

– 2D plane comparisons to verify TPS calculation of dose top water for the spot 
positions, energies, and Mus. 

– Depth dose profile comparisons verify TPS calculation of buildup region, proximal 
portion of Bragg peak, peak dose region, and distal range. 

 

 



Patient specific QA – spot scanning 

• Confirmation of dose in “Fish Bowl” phantom or in 
Plastic Water (PW) with a IC / MatriXX in treatment 
mode and through MOSAIQ - beam check 
Parameters are loaded to RV system 
 

• Central Axis depth dose in a rectangular water 
phantom using a Markus chamber / MatriXX PW 
 

•  2-D dose verification at multiple depths (3 from 
SFO / > 5 for MFO) for each field in a PW phantom 
with MatriXX 
 

 



C 
Phantom for depth  
dose measurements 

Phantom for 2D 
measurements with film MatriXX 
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MFO - Field    Depth Dose 





IMPT patient treatment field QA difficulties 

• Instances of unacceptable differences between 
planned and delivered dose  

• Usually for highly modulated, high dose gradient, 
small volume dose distributions 

• Measurement difficulties: chamber size, phantom 
thickness uncertainties 

• TPS model limitations 

• Solution: Different planning approach (e.g. SFO, 
combination of passive and IMRT) 



Spot positioning constancy check for each 
fraction of treatment 

• Log files are available 

• Compared with planned position 

• Differences are analyzed  

• Deviations larger than the 
tolerance for interlock will trigger 
additional evaluation through 
planning and measurement 

• Automatic analysis and dose 
calculation process will alert us 
problem situation 

-50 -40 -30 -20 -10 0 10 20 30 40 50
-50

-40

-30

-20

-10

0

10

20

30

40

50

X-axis (mm)

Y
-a

xi
s 

(m
m

)

 

 

Planned Position

Mean Recorded Spot Position over 38 Fractions

Daily Recorded Spot Position

9.6 9.8 10 10.2 10.4 10.6 10.8
-1

-0.5

0

0.5

X-axis (mm)

Y
-a

xi
s 

(m
m

)

 

 

Planned Position

Mean Recorded Spot Position over 38 Fractions

Daily Recorded Spot Position

From Heng Li, Ph.D., MDACC 







Amos, et al. Variation in dose distribution with tumor shrinkage for proton therapy of lung cancer 
Poster presentation at PTCOG 46, Zibo, Shandong, China, 2007 

In vivo range verification 



Proceedings: 2013 IEEE Nuclear Science Symposium & Medical Imaging Conference, Seoul, Korea. 







Thank you 


