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Advances in Imaging in Proton Radiotherapy

1. Motivation

2. Rationale for in-vivo imaging in proton radiotherapy (RT)

3. The multi-slat concept for prompt-gamma imaging (PGI) in proton RT

4. In-beam time-of-flight PET for proton RT

2



1. Motivation: Proton therapy physical advantage over photons

(Leeman et al, Lancet Oncol 2017)
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IGFAE workshop on technologies and applied research at the future Galician proton-therapy facility, May 9-10, 2023

1. Motivation: Proton therapy physical advantage over photons

(Proton Therapy Today 2019)
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1. Motivation: Proton therapy physical advantage over photons

The protons stop!
The depth at which this 
occurs depends on their 
initial energy.

X-rays do not stop!
They continue to pass 
through the surrounding 
tissue.
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IGFAE workshop on technologies and applied research at the future Galician proton-therapy facility, May 9-10, 2023

1. Motivation: Proton therapy physical advantage over photons
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1. Motivation: Proton therapy clinical benefits
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1. Motivation: A proton therapy facility in Portugal?

Gantries
These electromechanical structures 
allow the proton beam to bend and 
rotate 360° around the patient.

Ciclotron

Research room

Treatment rooms
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1. Motivation: A proton therapy facility in Portugal?

Incidence of different types of cancer in Portugal

Estimated number of patients recommended for proton therapy:
15% of patients recommended for radiotherapy (50% of the total): around 4200/year
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1. Motivation: A proton therapy facility in Portugal?
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2. Rationale for in-vivo imaging in proton RT
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Very high conformality provides high-precision and highly 
accurate RT, but need for RT imaging also increases

Morphologic changes / patient positioning
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2. Rationale for in-vivo imaging in proton RT

Beam verification approaches:

Positron Emission Tomography (PET)
•Interaction of the beam with the body generates positron 
emitters, such as 15O, 11C, 13N
•PET scanners can be used to verify beam range by comparing 
the reconstructed image with the simulated activity distribution

Prompt Gamma (PG) imaging
•Beam also generates prompt gammas with the energy sufficient 
to escape the body without interactions
•Measured distribution of the emission positions can be 
compared with the simulation to verify the beam range
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Provides real-time images of selected 

region without rotation of beam source.

Image with prompt gammas “stops” 

at beam range

3. The multi-slat concept for PGI in proton RT

(Cambraia Lopes et al, Physica Medica 2018)
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3.1 Filling of nasal cavity
3. The multi-slat concept for PGI in proton RT
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3.1 Filling of nasal cavity

(Cambraia Lopes PhD 2017)

3. The multi-slat concept for PGI in proton RT
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3.2 Change of brain density due to fractionated RT

(Cambraia Lopes PhD 2017)

3. The multi-slat concept for PGI in proton RT



3.2 Change of brain density due to fractionated RT

(Cambraia Lopes PhD 2017)

3. The multi-slat concept for PGI in proton RT
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3.2 Change of brain density due to fractionated RT

(Cambraia Lopes PhD 2017)

3. The multi-slat concept for PGI in proton RT
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3.2 Change of brain density due to fractionated RT

(Cambraia Lopes PhD 2017)

3. The multi-slat concept for PGI in proton RT
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3. The multi-slat concept for PGI in proton RT

Small-scale multi-slat O-PGI prototype
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3. The multi-slat concept for PGI in proton RT

Radiation coming from the phantom
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4. In-beam time-of-flight PET for proton RT

Coincidence time resolution of 200 ps FWHM 

(corresponds to Gaussian with 3 cm FWHM)

Consortium between PETsys Electronics (Lisbon), 

LIP (Lisbon & Coimbra), ICNAS-UC, IST, Un. Texas 

at Austin, USA, MDACC (Houston), USA
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4. In-beam time-of-flight PET for proton RT
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4. In-beam time-of-flight PET for proton RT
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4. In-beam time-of-flight PET for proton RT
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Thank you for your attention
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