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Health team @ LPC

e

In vivo imaging (IVIS spectrum)
Au@AF647
(Wollongong university
collaboration)

* Biomaterials

* On line dose control in hadrontherapy

e Simulation/Modeling (GATE & Geant4-DNA)
« Radiation biology (NP)/Mitochondrial DNA
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GAT[ PROJECT 1: Internal dosimetry of [99mTc]NTP15-5 radiotracer for
cartilage imaging in preclinical and clinical models (1/2)

Collaboration LPC- Jean Perrin Cancer centre

dual-head SPECT/CT device (Symbia® T2, Siemens) with a Low Energy
High Resolution (LEHR) collimator.

Acquisition 10 29 74 110 193 381

time (min)

RabpiiNe | Rabbitl Rabbit 2 Rabbit2 | Rabbit2 | Rabbit3 | Rabbit3
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%Al/g - Imaging
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0,00% =

DOSE pGY/MBq inj

KIDNEY 33,7+13,8
HEART 76+16
LIVER 21,9+2,9
SPLEEN 13,8+2,8
SPINAL CORD 2,5+0,6
LUNGS 8,0+1,5
KNEE CARTILAGE 5,0+0,7
LUMBAR DISC (av) 43+1,3
THORACIC DISC (av) 11,7 %2,7

seTLE methodology (Smekens et al.)
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A[human] = A[rabbit] -

1,20E+09

%Di/organ(human)
%Di/g(rabbit)

m[rabbit]

Integrated activity in human
Bg.s per 1 MBq injected

1,00E+09

8,00E+08

6,00E+08

4,00E+08

2,00E+08

0,00E+00

Dose (uLGy/MBq

Liver
Kidney R
Kidney L
Spleen
Stomach
Lung R
Lung L

ORGANS

Heart
Brain
Bladder
Spinal cord

) Imaging

3,1+0,5
46116
4,0+1,6 o 5
18204 Wl e
1,0+0,3 Q
1,8+0,4 g Femur top
16404 E FterT\ur bottom
15403 % T|b|af (av)

0,02 +0,004 R G

0,09 £ 0,02 o Humerus (av)
07402 Sternum

0,8+0,3
1,2+0,1
0,8+0,1
06+0,1
0,6+0,1
0,5+0,1
0,6+0,1
0,6+0,1

PROJECT 1: Internal dosimetry of [99mTc]NTP15-5 radiotracer for L/‘
cartilage imaging in preclinical and clinical models (2/2)

To be published in Medical Physics journal
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® PROJECT 2: Clinical transfer of 1311-ICF01012 to treat melanoma (1/2) = ~......%

Care

Collaboration LPC- Jean Perrin Cancer centre

1 patient/month to be treated with 1311-ICF01012; duration of the clinical transfer 6 months

LPC in charge of S values calculation with GATE & Jean Perrin Cancer Centre in charge of imaging acquisitions
2 phases:

Phase 1 diagnostic: 1 full body CT scan + SPECT @ 1, 3, 24, 96, 168 hours post injection

Phase 2 therapeutic: SPECT @ 264 hours post injection

Maximum Dose allowed (Gy)

Doses to calculate: Brain, Liver, Kidneys, Lung, retina, metastasis Liver 26
Escalation of injected activity along the project: 800 MBg/m2 to 4000 MBqg/m2 K:f'"eys 1&2
. ung
S-values in Gy/Mbq.s Retina 40
GATE OLINDA

2.54E-08 2.69E-08 BRAIN .

o T oo Lo GATE and OLINDA provide comparable values except when

1.78E-07 1.85E-07 KIDNEYR organ are very S,DECI:fiC

1.62E-08 2.04E-08 LIVER

1.17E-07 LUNGL

1.12E-07 LUNGR

1.00E-07 1.08E-07 META1 ] .

142606  1.47E-06 META2 % day to provide S-values calculation to Cancer centre

4.04E-06 4.04E-06 META3
3.46E-08 3.62E-08 META4
1.01E-06 1.01E-06 METAS
1.20E-05 1.28E-05 RETINE
8.77E-08 9.23E-08 SPLEEN
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\ Y% PROJECT 2: Clinical transfer of 1311-ICF01012 to treat melanoma (2/2) s
’. uuu‘ Iaboralion.or
Collaboration LPC- Jean Perrin Cancer centre
For therapeutic injected activity of 1240 MBq
3 3 -

Orga Rétine G Rétine D PoumonG | PoumonD Foie Rate Rein G ReinD Métastase 1 | Métastase 2 | Métastase 3 | Métastase 4 | Métastase 5| Cerveau

RetineG | 9.296401 | RétineG | 1.20605 | 0.00e+00 | 147610 | 138610 | 1.89e11 | 621612 | 568612 | 543612 | 588611 | 492812 | 269612 | 133612 | 213612 | 4.34E10

RetineD | 0.00E400 | RétineD | 0.00£+00 | 0.00E400 | 0.00£+00 | 0.00E+00 | 0.00+00 [ 0.00E+00 | 0.00£+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00

PoumonG | 6.576403 | PoumonG | 25911 | 0.00e+00 | 227607 | 161609 | 252610 | 562610 | 290610 | 106610 | 361610 | 707611 | 128610 | 331611 | 211611 | 1.16E11

PoumonD | 3.656403 | PoumonD | 2.14E-11 | 0.00£+00 | 4.326-10 | 232607 | 130609 | 15310 | 196610 | 296610 | 250609 | 166610 | 7.16E-11 | 249611 | 1.43611 [ 2.34E11

Foie 4.48E+04 Foie 1.736-12 | 0008400 | 271611 | 171610 | 2162608 | 225611 | 418611 | 164610 | 415611 | 731611 | 161611 | 6.64E12 | 452612 | 8.45E13

Rate 1.60E+03 Rate 428612 | 0.006+00 | 225609 | 6.766-10 | 253610 | 877608 | 3.16609 | 2.69610 | 6.89E11 | 2.20610 | 192609 | 250610 | 6.89E-11 [ 1.64E12

Rein G 1.11E+03 Rein G 3.856-12 | 0.00E+00 | 1.15609 | 930610 | 47310 | 3.16609 | 158607 | 764610 | 772611 | 645610 | 6.34E09 [ 588610 | 174610 | 1.16E12

Rein D 1.64E+03 Rein D 6.57E-12 | 0.00E+00 | 4.18610 | 1.07E09 | 148609 | 2.64E-10 | 7.59-10 | 1.78607 | 8.08E11 | 8.25609 [ 3.93610 | 2.61E-10 | 4.74E-10 | 7.85E-13

Meta 1 4.06E404 | Métastase1| 5.01611 | 0006400 | 1.44609 | 894£09 | 303610 | 6.83c11 | 7.83611 | 8.13e11 | 200807 | 498611 | 300611 | 124p11 | 159611 | 1.84E11

Thyroide | 0.00E#00 | Métastase2| 4.526-12 | 0.00+00 | 2.8310 | 6.086-10 | 7.21E10 | 2.166-10 | 6.54E10 | 8.24609 | 50311 | 142606 | 393610 | 3.656-10 [ 7.63610 | 5.75E13

Meta 3 1216403 | Métastase3| 3.486-12 | 0.00E+00 | 5.11E-10 [ 3.83610 | 190610 | 190609 | 6.39e09 | 4.03610 | 358611 | 419610 | 404606 | 1.24E09 | 169610 | 5.57E13

Meta 4 1.716405 | Métastasea| 1.356-12 | 0.00E+00 | 1.356-10 | 136610 | 8.62611 | 253610 | 592610 | 268610 | 1.25611 | 370610 | 1.25609 | 3.46E08 | 3.61E10 | 2.03E13

Meta 5 1426403 | Métastase 5| 1.066-12 | 0.00E+00 | 3.06611 | 6.19611 | 559611 | 269611 | 697611 | 199610 | 670612 | 3.22610 | 6.74E11 | 1.46E-10 | 101606 | 1.15E13

Cerveau | 5.056403 | Cerveau 1.56E09 | 0.00E+00 | 3.886-11 | 2.36E11 | 9.39612 | 848612 | 477612 | 277612 | 5.48E11 | 20312 | 1.51E12 | 7.89613 | 2.87E-13 | 2.54E08

et (et » J Lt J Lastas Lastas Lastas Lastas Lastas
D G G 1.395 0.000 1.066 1.015 0.947 0.246 0.371 0.436 5.069 0.106 6.354 7.338 1.865 0.161
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K LR PROJECT 3: Development and optimization of cell survivals using
biophysical models MKM and NanOx for ion beam therapy

Multidisciplinary project

Hadrontherapy Radiation biology Modeling

Collaboration between 3 [aboratories within LabEx PRIMES

Supervisors: Michael Beuve (ip2i), Lydia Maigne (LPC), Etienne Testa (ip2i), Jean Michel
Letang (CREATIS), David Sarrut (CREATIS)
PhD student: Yasmine Ali

& 0%n,

I_r |:L.Jes = -;\‘: =5 ‘ ‘é LABEX
iP2i CR=ATIS Wl PRIMES
Laboratoire de Physique de Clermont lfsts o “b-‘, T g UN'VERS'TE DE LYON
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. | PROJECT 3: Development and optimization of cell survivals using
biophysical models MKM and NanOx for ion beam therapy
The biophysics models requires several types of

Cell survival fraction . . . .
data to lead to the relative biological effectiveness

S = e~ {Ln) Trainee student in
Number of damages in the nucleus computing

= Gpp e ©

Inaniwa T. et al. (2010) . . -
a, 3 : constants of the linear and quadratic components of cell killing

oD
2@{ Physical data
3

z: specific energy deposited in a target

Cell survival fraction

S — S local events * Snon local events N : targets distributed in sensitive volume
LOCAL EVENTS NON LOCAL EVENTS
Chemical dat
Effective lethal function Oxidative stress %{
:yield of OH- th iti I
F(Z)= _N ln(l-f(z)) F(Y)ze(_(ay_l_ﬁyz» Y : yield of OH- the sensitive volume

C. Monini et al. (2017)
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Cam s using biophysical models MKM and NanOx for ion beam
therapy

°Q>
// Biological data

The survival fraction constants « and 8
are extracted from the cell survival Data tables

fraction estimations. Biological, physical and chemical data
are stored under data tables.

A ‘,' Physical data
4‘
The dose mean specific energy Data tabl
distribution, the restrictive specific ata tables
energy are simulated for micrometric and i i
&Y nanometric targets Biological, physical and chemical data. Biological dose
) ) Gate models the 3D bioldgical
o%‘%‘f Chemical data Biophysics Models » dose distribution
The radiochemical species yields are The models use the data tables Physical d
simulated and calculated. data to then estimate the RBE. hALIC s

Gate models the 3D phygical
dose distribution
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| gAT PROJECT 3: Development and optimization of cell survivals using Q(‘/
mer biophysical models MKM and NanOx for ion beam therapy

] I
ENERGY TRANSFERT POINTS THE MESH AND 3D MATRIX THE TARGETS PROBABILITY DISTRIBUTIONS

From LPCHEM or G4ADNA Calculation time saving biased method 1pum micrometric and 10nm nanometric targets Specific energy

Specific Energy Core, protons 10MeV

Specific Energy Core

Entries 2756898
Mean 10.77
Std Dev 4.913

Frequency

3

Dg..IIHHII‘ URRLULBR LI IR R B

RN TUIT B R TTT MRS (T B | AT SRS TT] R R AW 171 M o
- 3 2 -
! 10 10 10 10 1 Specl(lc energy (G)})oz

The LPCHEM and GADNA TED uses the same track Targets are generated in the The probal?i!ity distributions
volume. The track volume voxels containing energy of specific energy are

hysical modules simulate
Py is devided into voxels. transfert points. calculated.

the energy transfer points.
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= ' biophysical models MKM and NanOx for ion beam therapy

Comparative Histogram : Specific Energy - Electron 10 keV (Micro target)

histogram_ztot

4
2 10 E Entries 39150
3 - Mean 0.01625
£ a Std Dev 0.04128
> E
s =
[} -
a
2 10'65
3 =
© —
Qo
2 C
o 10—7 _F
-8 . . ra .
W E I Comparative Histogram : Specific Energy - Proton 10 MeV (Micro target)
- histogram_ztot
ool — LQD Entries 1431278
—— G4-DNA Option 2 % Mean 0.001361
G4-DNA Option 6 | |‘ ’ \g Std Dev 0.01645

-10 -9 8 7 -6 5 -4 -3 -2 -1
10 10 10 10 10 10 10 10 10 1gpecific Er11ergy (Gy1)0

Probability Density (Gy-1)

LQD

G4-DNA Option 0
G4-DNA Option 2
G4-DNA Option 6
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& biophysical models MKM and NanOx for ion beam therapy

ow,

COMPARATIVE OH”0 YIELD INDUCED BY PROTONS OF 50MeV COMPARATIVE H”0 YIELD INDUCED BY PROTONS OF 50MeV
= C ——— LPCHEM >
S 14—
g = ——— G4DNA Default Physics List g b
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g 3 H
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“ Perspectives

* Proceed collaboration with Jean Perrin cancer centre and offer
a routine dosimetry in internal RT with GATE

* Partnerships with industries (improvement of detectors in
molecular breast imaging)

 Implementation of MKM into GATE (by summer 2020)

* Implementation of NanOx model into GATE (by end of next
year), requires the integration of specific databases for specific
and chemical yields with a tuned calculation of biophysical
dose




