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Outline

I	–	Advances	in	Nuclear	Medicine	
1.  RPC-based	TOF-PET	
2.  Development	of	New	Gamma	Cameras	

II	–	Advances	in	Imaging	in	Proton	Radiotherapy	
1.  MoJvaJon	
2.  RaJonale	for	in-vivo	imaging	in	proton	radiotherapy	(RT)	
3.  The	mulJ-slat	concept	for	prompt-gamma	imaging	in	proton	RT	
4.  In-beam	Jme-of-flight	PET	for	proton	RT	
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I - 1. RPC-based TOF-PET
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Parallel-holes collimator (hexagones 0.5 mm “diameter) 

Collimators prototypes 

Made of tungsten using Selective laser melting  
 
 

n  Specification by João Marcos 
 

n  Designed by Eng. Rui Alves (LIP mechanical 
workshop) 
 

n  Manufactured by M&I Materials 
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Collimators prototypes 

Pinhole collimator (1 mm hole, 0.5 mm channel edge height) 

Made of Tungsten alloy (95.5% W, 4.5% Co) 
 
 

n  Specification by João Marcos 
 

n  Designed by DURIT (Albergaria-a-Velha) 
 

n  Manufactured by DURIT 



Phantom imaging  

Brain slice phantom Pinhole collimator Parallel-hole collimator 

Crossed capillary tubes phantom 

99mTc source solution 20° 30° 



II - 1. Mo$va$on: Proton therapy physical advantage over photons
(Leeman	et	al,	Lancet	Oncol	2017)	



II - 1. Mo$va$on: Proton therapy physical advantage over IMRT

(Proton	Therapy	Today	2019)	



II - 1. Mo$va$on: Proton therapy clinical benefits
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II - 2. Ra$onale for in-vivo imaging in proton RT



Provides	real-Jme	images	of	selected	
region	without	rotaJon	of	beam	source.	 Image	with	prompt	gammas	“stops”	at	beam	range	

	(Cambraia	Lopes	PhD	2017)	

II - 3. The mul$-slat concept for prompt-gamma imaging in proton RT



3.1 Filling of nasal cavity

	(Cambraia	Lopes	PhD	2017)	
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3.2 Change of brain density due to frac$onated RT
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3.3  Prostate: pa$ent misposi$oning

	(Cambraia	Lopes	PhD	2017)	
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II - 4. In-beam $me-of-flight PET for proton RT

A	full	simulaJon	with	an	arbitrary	single	beamlet	

StarJng	posiJon:	(0,	-155,	0)	
DirecJon:	Y	(gantry	angle	of	180	degrees)	
Energy:	131	MeV	
Beamlet	spread	size:	8.42	mm	sigma	
Beamlet	duraJon:	4	ms			



II - 4. In-beam $me-of-flight PET for proton RT
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