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Whole-body	hyperthermia	during	chemotherapy	

Local	hyperthermia	
using	short-wave	radiofrequency	radia;ons	
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Nanopar;cles	(NP)	
are	injected	into	the	
pa;ent	bloodstream	
or	directly	into	the	
tumor.	
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Convolu;on	with	a	Gaussian	

Blood	
perfusion	
term	

The	analy;cal	simula;on	is	implemented	in	GATE	using	the	
Insight	Segmenta;on	and	Registra;on	Toolkit	plaXorm.			
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Voxelised	
images	
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•  MONTE-CARLO	simula6on:	During	light	illumina;on,	
op;cal	photons	are	absorbed	by	the	nanopar;cle	
infused	tumor.		

•  ANALYTICAL	simula6on:	The	diffusion	of	the	deposited	
photon	energy	is	implemented	through	an	analy;cal	
simula;on	in	which	we	solve	the	heat	diffusion	
equa;on.		

The	tumor	;ssue	is	defined	
with	an	absorp;on	length	
that	is	a	func;on	of	the	
density	of	nanopar;cles	and	
the	nanopar;cle	absorp;on	
cross-sec;on	area	:	
	
	
	
	

Ex:	Cabs	=	3.8x10-14	m2		at	820	nm	
(gold	nanoshell)	

photon	ex6nc6on	and	heat	diffusion	

This	process	is	dynamic.	
Heat	diffusion	occurs	during	light	irradia;on.	

HYBRID	SIMULATION	



Phantom	material	proper;es	(Materials.xml):		
§  Nanopar;cle	(NP)	infused	;ssue	absorp;on	coefficient	depends	on	the	

concentra;on	of	NP	and	the	NP	absorp;on	cross-sec;on	area.	
	
	
	
§  Tissue	op;cal	absorp;on	coefficient		
§  Tissue	Rayleigh	and/or	Mie	diffusion	coefficient	
§  Fluorescence	proper;es	for	diagnosis	

Thermal	Actor	GATE	command	lines	(macro)	:	

Cabs	=	3.8x10-14	m2		at	820	nm	
(gold	nanoshell)	

Output	:		
3D	voxelised	
image	
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Experimental	set-up	
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Measured	temperature	rise	ploeed	as	a	func;on	of	depth	from	skin.	

Canine	transmissible	venereal	tumor	cells	were	inoculated	in	5	mice	and	grown	to	a	tumor	
of	 1cm	diameter.	 	Gold-silica	 nanoshells	were	 injected	 into	 the	 tumor.	 Tumor	 sites	were	
exposed	to	NIR	light.	Temperature	profiles	were	monitored	by	MRI.	

Nanoshell	
treatment	

Control	
treatment	
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o  Tumor	absorp;on	coefficient	:	N	x	Cabs	=	1.7	cm-1	
o  Thermal	diffusivity	(mouse	skin	and	tumor)	:	0.17	mm²/s	
o  Tissue	(adipose)	scaeering	coefficient	:	2	mm-1	

o  Tissue	(adipose)	absorp;on	coefficient	:	0.05	mm-1	

o  Blood	perfusion	rate	:	0.004	and	0.0004	s-1	
o  Diffusion	;me	:	1,	3	and	6	minutes	
o  Source	:	1.51	eV,	2.5mm	op;cal	fiber	radius,	aperture	0.48		

Adipose	
;ssue	

Tumor	infused	with	
N	nanopar;cles/m3	

NIR	photons	
820	nm	
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MOBY	digital	mouse	
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Fluorescence	imaging	
GATE	Op6cal	system	

   

11	Vesna	Cuplov	GATE	Workshop	IEEE-MIC	Strasbourg	2016	

Hyperthermia	using	
nanopar6cles	
GATE	Thermal	Actor			

Theranos6c	
probes	
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