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General context: RadiolmmunoTherapy
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Kassis Al, Rad .Prot. Dos. 143(2-4), 241 (2011)



Radiobiological context
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Problematic
Is-it possible to develop realistic cell models

based on biological data
to have a better estimation of dose distribution?

‘In vitro’ studies . Geometry

* Source Distribution ?

+ [

Monte Carlo simulation CS
N<-

SeIIisoid
5keV 0.085
Goddu etal. (1997) 10keV ~ 0.713 .



Biological
Experiments

microscopy

Incerti S et al., Rad. Prot. Dos., Vol. 133(1), 2 (2009)
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Confocal fluorescence
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Human keratinocyte (HaCaT) line cell (3MeV alpha particles)




Triple cell labelling

Tumoral cell line : A431CEA (vulvar squamous carcinoma )
Cytoplasm (Red)

Secondary antibody fluorescent (Green)

Cance r\‘w\ Binding :

cell the Ant

Primary antibody: cell surface
SPECIFIC of TUMOUR cells

 Labelling in 14 steps: Nucleus (Blue)

* Incubation with antibodies 35A7 : non-internalising antibody
» Cells are washed between each step m225 : internalising antibody
» Uptake

» Permeabilization of cell membrane
. (Transfected with Carcino-Embryonic Antiger61 CEA)

From : http://www.ozh.ch/?pgR=antikoerper



Confocal Imaging

== A pinhole (between
Il sample and detector)

L 4

. Selection of information
\ coming from a SINGLE
" focal plane

-l

=7 b

ADVANTAGES / wildfield

« 7 Lateral resolution

» To see signals from 1 or
several probes

 To built 3D images

12 um

A431CEA cell

Blue (470nm): nucleus
Red (630nm): cytoplasm
Green (530nm): source

N+Cy N+Cy+Int

Non-Internalizing source .
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Biological Image treatment
Experiments Geant4 reconstruction
\:n.

Cell labelling

Confocal fluorescence
microscopy




lmage processing

Geometry

* Noise substraction

» Suppress isolated pixels

Source
* Noise substraction
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« Fill holes for lack of labelling areas Hoom 2 )
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Imagel software
http://rsbweb.nih.gov/ij 9



Image treatment and G4 reconstruction

view

GEANTA4

—)

1 voxel =
0.3%0.3%0.2 um?3

Green : nucleus

3D cell represention (Imagel)
Red : cytoplasm

Incerti S et al., Rad. Prot. Dos., 133(1), 2 (2009)
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Biological Image treatment
! alculations
Experiments Geant4 reconstruction

ﬁ » Source position

Ay

 Monte Carlo Simulation

Example: monoenergetic e- source
E=30keV

Absorbed dose (given z)

Cell Labelling
N >

Confocal fluorescence
microscopy
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Calculations

P Reconstruction of the geometry E—
0l 125,
* One isolated cell: A431CEA

- Location of the source 125 (AAPM Spectrum) — ‘ H”

« Medium: Liquid water (o =1g/cm3)

r !
10°
Energy (keV)

Low energy Physics List
Livermore

Monte Carlo simulation (Geant4 code)

Energy deposition in each voxael

¥

For nucleus and whole cell, comparisons based on :
« Absorbed Fraction

« S Factor

« Spectrum of deposited energy

- Energy/Volume Histogram .



Geometry effect : Conditions

Single isolated A431CEA Cell

- Complex cell geometry - Spherical cell geometry

- Equivalent volumes:
nucleus and cell (error <1%)

*~ 80000 voxels in a cell of
0.3*0.370.2 um?

« Homogeneous source
distribution at the cell surface

« 10 000 000 primary electrons
Cell volume: 1776 um3 Cell radius: 7.49 um

Nucleus volume: 437 um?3 Nucleus radius: 4.70 um
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Geometry effect : Results .

Homogeneous cell surface radioiodine

Geometry Deposited Energy
effect Nucleus  Cell

Complex / sphere

0.88

0.96

% Hits

Real geometry

‘ / Sphere

Absorbed energy (keV)

Absorbed Energy Spectrum
In the nucleus
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Source distribution: Conditions

Single isolated A431CEA Cell

- Heterogeneous « Homogeous
source distribution source distribution

« Same complex geometry
« Same voxel size
 For non-internalising and

internalising antibody configurations




Source distribution : Results

Non internalising primay antibody distribution
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i Uniform distribution
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Source distribution : Results

Non internalising primay antibody distribution

Energy-Volume Histogram
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Source distribution : Results

Non internalising primay antibody distribution labelled

with 125l
Energy

100

10

Non uniform Uniform
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Source distribution : Results

Internalising primary antibody distribution

Source
distribution

Non uniform
/ uniform

Deposit Energy
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Energy-Volume Histogram
in the cell
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Conclusions

e First study:

— Biological data
e Realistic geometry +

* Heterogeous distribution (internalising/non-internalising
antibodies)

— Introduced in Monte Carlo simulation

e Tumoral isolated cell

* These first results: differences

¥

More cells in the cell line



1125 Spectrum

° 'E AAPM |
Perspectives |
e Spectrum il
e Other Auger emitters ' L
— lee 67Ga, 111|n’ 123|’ 99mTc, 201 Ta ... P T Beravkew

e Other cell lines (SKOVS3, ...)

 Time dependant biodistribution of the radionuclide in
the cell
e Correlation with biological effect:

— More cells in the same line to obtain the survival as a
function of absorbed dose in the nucleus

 Microdosimetry data
Sphere r=12um,

Liquid water
125|
4000 electrons

Absorbed Dose (Gy)

Pomplun E. et al., Rad. Res., 111(3), 533 (1987)



Exemples of ‘beautiful’ cells

Thank you to Salome Paillas (IRCM)
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lodine 125

1257
Process E; n;
CK NNX 0.0299 351
Auger NXY 00324 109
CK MMX 012y 144
CELLX 0219 0264
Auger MXY 0461 328
Auger LMM - 2.05 |.25
ICIK 265 0191
Auger LMX 367 0,340
Auger LXY  4.34 0.0211
Auger KL 224 0138
Auger KLX 264 0.05%9
Auger KXY 302 0.00635
ICIL 0.6 AN RRL
ICIMN... 31 0.0284
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Radionuclide: I-125 Half-Life: 60.14 d Decay Mode: EC

Re Rr SICC) S(C—C5) SN N) SIN—Cy) S(NeC5)
(pm}  (um) {Gy/Bgs) {Gy/Bqs} {Gy/Bqs) {Gy/ By s) iGy/Bg s
3 2 1.52E-02 7.03E-05 4.83E-02 2. 79E-03 08 E-04
3 1 1.52E-02 7.93E-13 342E-01 3.91E-03 S64E-04
4 3 6.67E-03 3.50E-03 1.52E-012 1.15E-03 3.68E-04
4 2 H.67E-03 3.50E-03 4.83E-02 1.ME-03 JA1E-4
L] 4 3.54E-03 1.87E-03 A.67E-03 6. 1BE-AM4 2.536-04
5 3 3.54E-03 1.87E-03 1.52E-02 6. 12E-{4 2. ME-4
5 2 1LHME-03 1.87E03 1.83E-02 7T.35E-M 2.25E-04
1] 5 Z12E-03 1.14E-03 3.54E-03 3. 90 -4 1.91E-D4
-] 4 212E-03 1.14E-03 BATE-(3 3.72E-04 1.77E-Dd4
[i] 3 21203 114503 152802 4,124 1.69E-04
7 (] 1.38E-03 7ATEAM 2126403 273044 1.51E-04
7 5 1.38E-03 7A47E-M A 54E-03 2.58E-D4 1.44E-04
7 4 1.38E-03 TA7E-M 6.67E-03 2.73E-04 1.38E-04
7 3 1.38E-03 7ATE-(4 1.52E-02 J.06E-04 1.32E-04
B 7 9.58E-04 5.20E-04 1.38E-03 20084 1.19E-04
B f 9 58E-D4 5.20E-(4 2.12E-03 1.92E-04 1.15E-4
8 5 9.58E-04 5.20E-04 3.54E-03 201 E-4 1.14E-(4
& 4 0.58E-04 5. 20E-04 A.6TE-D3 2I1TEA4 1.14E-04
G B 6. %4 E-(4 3.77EA4 G 5AE-04 1.52E-14 Q.50E-05
G 7 6. 94 E-D4 3.77E-4 1.38E-03 1.46E-(4 O 20E-05
9 3 .94 E-D4 3.77E-AM 2 12E-03 1.54E-4 S 13E-05
9 5 6.94E-04 3.77E-04 3.54EB-03 1.65E-04 9.17E-(15
10 & 5.20E-04 2. 84E-04 6.94E-4 1.18E-04 T T2E-05
10 ] 5.20E-04 2.84E-04 9. 58E-04 1.14E-04 T AZE-08
10 7 5.20E-04 2.84E-04 1.38E-03 1.20E-04 THME-Q5
10 & 5.20E-04 2.84E-04 2.12E-03 1.29E-4 FI8E-05
10 5 5.20E-04 2.84E-04 3.54E-03 1.40E-04 FH0E-05




