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E x p e r i m e n t a l  s e t u p  a n d  n u m e r i c a l  t o o l s  f o r  t h e  

d e v e l o p m e n t  o f  a  p h o t o t h e r m a l  t h e r a p y  f o r  t h e  

t r e a t m e n t  o f  g l i o b l a s t o m a s



Backg round
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2 0 1 8 2 0 2 0

#  o f  b r a i n c a n c e r  c a s e s 2 9 6 , 8 5 1 3 0 8 , 1 0 2

#  o f  d e a t h 2 4 1 , 0 3 7 2 5 1 , 3 2 9

M o r t a l i t y r a t e 8 1 . 2 % 8 1 . 6 %

B r a i n  c a n c e r ’ s i n c i d e n c e  a n d  m o r t a l i t y r a t e  i n  t h e  w o r l d .

V a l u e s  f r o m G l o b a l  C a n c e r  O b s e r v a t o r y ( G L O B O C A N )  d a t a b a s e s

Tr e a t me n t s o p t i ons  :  s u r g e r y,  c h e m o t he rapy,  r a d i o t he rapy

=  I m p o r t a n t  s t r a i n f o r  t h e  p a t i en t s

+  n u m e r i c a l  t o o l

Brain tumor

N u m b e r o f  b r a i n c a n c e r  c a s e s  i n c r eas i ng w i t h ye a r s +  h i g h  m o r t a l i t y r a t e  

N e e d  f o r  a l t e rn a t i ve  i n n o va t i ve  t h e r ap ie s :  

G R AV I T Y ( Glioblastoma Risk Attrition by VectorIzed ThermotherapY) p r o j e c t :

p h o t o th er ma l t h e r ap y

E xp e r i m e n t a l s e t u p



GRAVITY: G l i o b l a s t o m a  R i s k  A t t r i t i o n  b y  V e c t o r I z e d T h e r m o t h e r a p Y

➔ To develop new therapeutic strategy for 

glioblastomas treatment:

1. By improving drug delivery by targeted
and temporary permeabilization of the
Blood Brain Barrier (BBB) with Focused
UltraSound (FUS).

2. By proposing Photo-Thermal Therapy
(PTT) with drug-loaded inorganic NP
(Au, Si, TiN) as photo-absorbers for induced
hyperthermia in the tumor.

3. By local temperature monitoring with
PhotoAcoustics (PA) and possibly
performing imaging of NPs biodistribution.
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𝑝0 r = Γ r 𝜇𝑎 r 𝛷 r, 𝜇𝑎 r , 𝐷 r

Γ(𝐫) =
𝛽𝜐𝑠

2

𝐶𝑝
= 𝑓 𝑇

Popov et al., Sc. Reports 2019

Objec t i ves :



Se tup  @

Development of a mult imodal system
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CW: ~ 1-5 W.cm-2

Pulsed: ~ 2 mJ.cm-2

1. Injection of µbubbles+Injection of NPs (TiN) +BBB Opening

2. PTT: CW laser (LD 830 nm, 2W) irradiation 10 min;

3. During PTT, PA Temperature Monitoring (Nd:Yag, 1064 nm, 

frequency doubled by a KTP crystal at 532 nm, 330 mJ, 5 ns, 10 Hz)

Metwally, et al., Biomedical Optics Express 12(4), 2021.



P T T  a n d  PA Te m p e r a t u r e m o n i t o r i n g
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Premilinary in vivo study
(subcutaneous)

Temperature
monitoring with PA 

with NPs

B l o o d - B r a i n  B a r r i e r ( B B B )  O p e n i n g

𝑝0 r = Γ r 𝜇𝑎 r 𝛷 r, 𝜇𝑎 r , 𝐷 r

Γ(𝐫) =
𝛽𝜐𝑠

2

𝐶𝑝
= 𝑓 𝑇 =A+BT 

MRI @



Numer i ca l  t oo l  :

Bu i l d ing  o f  a  r ea l i s t i c phan tom o f  a  

mouse ’s head…
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C r e a t i o n o f  t h e  p h a n t o m t h r o ugh c o r eg i s t r a t i o n  

m e t h ods o f  o p e n -s ou r c es  a t l a s es [ 1 , 2 , 3 , 4 ]

B l o o d  v e s s e l s

( M i c r o - C T )

S k u l l

( M i c r o - C T / I R M )

B r a i n

( I R M )

C o r t i c a l  a n d  s a g i t t a l  v i e w o f  t h e  p h a n t o m

S o u r c e  ( 8 0 8 n m )  a n d  s e n s o r c o n f i g u r a t i o n1. Y. Ma et al., Neuroscience135, 1203–1215 (2005)
2. Liu, Yuming et al., Biomedical Optics Express 6, no 12 (1 December 2015): 4859. 
3. E. Chan et al., Neuroscience144, 604–615 (2007).
4. A. Dorr et al., NeuroImage35, 1409–1423 (2007).

Object ive  :  es t imat ion  of  impor tant  parameters of  a  successfu l l therapy

P o s s i b i l i t y t o  

m i m i c

e xp e r i m en t a l

s e t up ’s

c o n f i gu ra t i on



… wh ich  a l l ow  f o r  mu l t i - phys i ca l  s imu la t i ons

M u l t i - p hys i c a l p a r a m e t e r s f o r  s i m u l a t i on s

O p t i c a l  +  a c o u s t i c +  t h e r m a l  p a r a m e t e r s t a k e n

f r o m m u l t i p l e  s o u r c e s  i n  l i t e r a t u r e

Te m p e r a t u r e  d e p e n d e n t  p a r a m e t e r s  w e r e  t a k e n  

i n t o  a c c o u n t  

Γ 𝑇 =
𝛽 𝑇 𝑣𝑠

2 𝑇

𝐶𝑝

F l o w  c h a r t  o f  s i m u l a t i o n s

M o n t e  C a r l o  ( m c x y z . c [ 1 ] )  f o r  l i g h t  

p r o p a g a t i o n  s i m u l a t i o n s  /  k - w a v e

t o o l b o x [ 2 ]  f o r  h e a t s i m u l a t i o n s  a n d  

a c o u s t i c w a v e s p r o p a g a t i o n
S p e e d  o f  s o u n d i n  t i s s u e s  o f  t h e  

p h a n t o m
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T h e r m a l  e x p a n s i o n  c o e f f i c i e n t  f o r  

b l o o d ( r e d )  a n d  w a t e r  ( b l a c k )  

[ 1 ]  :  S .  L .  J a c q u e s ,  P h o t o a c o u s t i c s 2 ,  1 3 7 – 1 4 2  ( 2 0 1 4 )

[ 2 ]  :  B .  E .  T r e e b y e t  a l . ,  J .  B i o m e d .  O p t . 1 5 ,  0 2 1 3 1 4  ( 2 0 1 0 )



No tumor No NP

NPx5
𝜇𝑎𝑇𝑢𝑚𝑜𝑟 ×2 𝜇𝑎𝑇𝑢𝑚𝑜𝑟 ×5
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H e a t d e p o s i t i o n r a t e s  

c a l c u l a t e d f r o m l i g h t  

p r o p a g a t i o n  

s i m u l a t i o n s  w i t h N P s

e f f e c t

Te m p e r a t u r e e v o l u t i o n a t  

t h e  s u r f a c e  o f  t h e  

t u m o r c a l c u l a t e d f r o m

h e a t d i f f u s i o n  

s i m u l a t i o n s

A l l o w s

c a l c u l a t i o n

o f

1 .  M o d e l l i n g t e m p e r a t u r e e v o l u t i o n

Examp le  o f  s imu la t i ons ’  r esu l t s



2 .  Quan t i f y

t he rma l  damages
T h e r m a l  d o s e s  c a l c u l a t e d ( C E M 4 3  u n i t s ) :

i f  r e a c h t h e r m a l  t h r e s h o l d =  t i s s u e  b u r n t

B u r n t t u m o r B u r n t h e a l t h y t i s s u e s

T i s s u e s  n o t  a f f e c t e d

time

N
P

s
co

n
ten

t
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3 .  Pho toacous t i c t empera tu re mon i t o r i ng  
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P r e s s u r e  r i s e i n  t h e  p h a n t o m a t  t h e  b e g i n n i n g o f  

t h e r a p y :  
A s s o c i a t e d  p h o t o a c o u s t i c s i g n a l s o b t a i n e d :  

Th e r ap y b e g i ns = >   T    = >  PA s i gna ls va r i a t ions

No tumor No NP

𝜇𝑎𝑇𝑢𝑚𝑜𝑟 ×2 𝜇𝑎𝑇𝑢𝑚𝑜𝑟 ×5

Δ𝑝

𝑝0
= 𝛼Δ𝑇 N o t  a c c u ra t e

w i t h o u t N P !



Conc lus ions

- An  o r ig ina l  mu l t ipurpose in teg ra ted  se tup  has  been  deve loped fo r  

PTT o f  the  g l i ob las toma in  sma l l  an ima ls :  BBB Open ing+PTT+PA

tempera tu re  mon i to r i ng .

- A use fu l  numer i ca l  too l  to  he lp  gu ide  pho to the rma l  the rap ies  i n  

the  cho ices  o f  the  key paramete rs .

- Fu tu re  improvements  o f  the  numer i ca l  mode l  :
– C h a n g e  o f  o p t i c a l  p r o p e r t i e s  a s  P T T  p r o g r e s s e s  ( n e c r o s i s … )

– R e g r o w t h  o f  t h e  t u m o r c o n s i d e r e d  ( i n  t h e  c a s e  o f  m u l t i p l e  P T T  i l l u m i n a t i o n s  

p e r i o d s )

– N P s ’  e f f e c t  o n  t h e  s c a t t e r i n g  p r o p e r t i e s  o f  t h e  t u m o r a d d r e s s e d

– …  
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𝜇𝑎1

𝜇𝑎2

Regrowth!

“Dirks, Peter, Philosophical transactions of the Royal Society of London. Series B, Biological sciences (2008).”

⇒ Antoine Capart et al., “Multiphysical Numerical Study of Photothermal Therapy of Glioblastoma with Photoacoustic 
Temperature Monitoring in a Mouse Head,” Biomedical Optics Express 13, no. 3 (March 1, 2022): 1202

⇒ Khaled Metwally et al., “Development of a Multi-Functional Preclinical Device for the Treatment of Glioblastoma,” 
Biomedical Optics Express 12, no. 4 (April 1, 2021): 2264


