
Clinical Application of Imaging: 
An Overview

Richard A. Amos, MSc, CPhys, CSci, FIPEM

Hon. Associate Professor of Proton Therapy
Research Lead for Clinical Proton Therapy Physics

Department of Medical Physics and Biomedical Engineering
University College London

@ProtonAdvanceRT

ENLIGHT Annual Meeting

UCL, London, UK

June 25-27, 2018







Proton CT (pCT) Dual Energy CT (DECT)

• More information – greater accuracy
• Reduction in CT artifacts



Validate DECT determined SPR with tissue substitutes and 
animal tissue samples – Esther Bär

Discussion
• Successfully validated on tissue 
substitutes
• We show an improvement in 
WEPL estimation with DECT 
determined SPR values in both 
samples
• Our results indicate possible 
improvement in range prediction 
by the use of DECT

Bär et al (2017). The potential of dual-energy CT to 
reduce proton beam range uncertainties. Med Phys



Wu R, Amos RA, et al. Effect of CT truncation artifacts on proton dose calculation. 

Med Phys 35, 2697 (2008)

2-3 mm diff in calculated range



Passive Scattering

Pencil Beam Scanning (PBS)



Positional uncertainty and anatomical variation 
over course of treatment



















CBCT and deformable image registration for 
adaptive lung proton therapy - Catarina Veiga

Future work:

• Head and neck

• Experimental 

validation with

prompt gamma



Amos R, et al. Variation in dose distribution with tumor shrinkage for proton therapy of lung 

cancer. Proceedings of PTCOG 46, Zibo, Shandong, China, 2007



MRI

Dose PET

In-vivo verification



Prompt gamma imaging for proton range 
verification during PBT

Andrea Gutierrez
Medical Physics and Biomedical Engineering Department, UCL
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A Compton Camera 
for prompt gamma 

imaging

Geant4 simulations of prompt gamma emission

Iterative image reconstruction algorithms 
for Compton cameras

(Stochastic Origin Ensemble)

Before iterations After 10 iterations After 100 iterations

1D and 2D prompt gamma emission from 150 
MeV proton beam irradiating a plastic phantom



MRI

Dose PET

In-vivo verification



MR image registration for radiotherapy applications

Planning CT Planning MR Mid-treatment MR Follow-up MR
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Improve range uncertainty
• Dual-energy CT (DECT)
• Proton radiography/pCT

In vivo range verification
• Prompt gamma imaging
• In-room PET

Volumetric image-guidance system
• Cone-beam CT (CBCT)

MRI

Imaging biomarkers
• Predict outcomes
• Adapt to response?

Summary

Adaptive therapy





Thank you!


