/_\‘
BET (@E’o
solutionss |« @& « |
BioEmissionTechnology '7®HNP~ ,

A simulation platform fopptimising X-ray imaging
of GoldNanoparticles
Rouchota Mariting LoudosGeorgé, Papadimitroulas PanagiotjisKagadis George
lUniversity of Patras, Rion, Patras, Greece
2TechnologicaEducational Institute of Athens, Ag. Spiridonos 28, Egaleo, AtBeesce

3Bioemission Technology Solutions, Alexandras 116, Athens, Greece

This work was supported by the Research Projects for ExcdhefiS@sEMENS

12th European Molecular Imaging Meetin@ologne, Germany; BApril 2017



Motivation & Purpose

Being able to visualize GNPs througRa¢/CT imaging
will provide:

A Acontrast agentwith better properties than iodine
for the visualization of the circulatory system

A The radiolabeling process of the N€seeded to
follow the targeted radiopharmaceutical root
maybe accurate but it might modify their nature
and properties, whereas-pays do not add to
complexity ormaodification

A A big number of animals is needed to test
appropriate concentrationof GNPghat will
provide adequate contrast for each-ray system
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A Acontrast agentwith better properties than iodine
for the visualization of the circulatory system

A The radiolabeling process of the N€seeded to
follow the targeted radiopharmaceutical root
maybe accurate but it might modify their nature
and properties, whereas-pays do not add to
complexity ormaodification

A A big number of animals is needed to test
appropriate concentrationof GNPghat will
provide adequate contrast for each-ray system

This project aims to:

Develop a model to performpay imaging
studies on a simulation level

A Validate the model

Provide a tool to optimize-say imaging
protocols

Provide a tool to allow reduction in the
number of animals needed for an in vixo
ray GNPs imaging study

Confirm results in vivo



TheoreticalCalculations othe attenuation of theNP solutions

NIST

. ational Institute of
A Concentrations PW (%) were used ;‘mamluum

G23SOKSNJ 6A0GK (G KS & PhysicoMeas Laboratory

Identify material by:

A Example for iron oxide calculatiogs

Element

100mg/m| Compound
© Mixture
POAEER D SN AN TME R Enter the formulae and relative weights separated by a space for
o . (.,OQ)T l" (c;:, a o )O Qe € each compound. One compound per line. For example:
6 ¢ 0w (OP. . P)z" (& A )
Voo AT T ot~ Y H20 0.9
[0 0 € evuwo(OD P )] Nacl 0.1
z N\(7 A O)A O Note: Weights not summing to 1 will be normalized.
, . H20 0.909
(> K, , for all energies from NIST (e.g. for 100mg/ Fe304 0.081

1 i

‘ oz O 0 € a6 0 Q8




X-Ray Attenuatiom Theoretical Evaluation

Comparisorr 100mg substance/miLinear Attenuation Coefficientiodine,
Gold, Fe304

1.00E+04

1.00E+03

1.00E+02

1.00E+01

> (1/cm)

1.00E+00

1.00E-01

1.00E-02
1.00E-03 1.00E-02 1.00E-01 1.00E+00
E (I\/IeV)
—e—Cortical Bone —e— Soft Tissue ——E=21.9keV

Au Solution - 100mg/ml lodine Solution - 100mg/mie—Fe304 solution - 100mg/ml



An example from literatureJ.Hainfeldet al 006)

X-ray image of mouse ldgefore injectiong
tumour and increased vascularity

2 min after tail vein injection ajold NPs
(AuroVistl.9nm)

2 min after tail vein injection aédqual weight iodinecontrast agent
(Omnipaque




The platform
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/Simulation of the\

system set up

The CMOS detector of theray system

/ Simulation of the\

NPs solutions

/ Import of the NPS\

bio kinetics in MOBY

/ Run the simulatioh

and export xray images




Simulation of the system set up

A Solutions of different concentrations are placed
into identical holes in a PMMA phantom

A Solutions are also injected intravenously in mice

A Irradiations are performed with antay beam of
35kVp, 0.5 mA for 0.1 sec exposure time

A The solutions and phantom are simulated to
match the experimental conditions

A ectrum and number of primary photons are
exported throughSpekCaltor any xray source

A MOBY computational mouse phantom




Validation of system simulatigriodine solutions

% Validation of the beam spectrum through HVL measurements
% Validation of the whole system set up through imaging commercial iodine solutions

Experiment Simulation



Validation of systersimulation- lodine Attenuation
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Simulation of NPs solutiogdefinition in GATE

% The simulation is based on 2 main points:

A In CT/Xray the direct visualization of NPs is not possibmsity variations are visibléLeBrun 2016
A The geometry andize of the NPs do not affect the imagentrast NohyunLee, 2013)



Simulation of NPs solutiogdefinition in GATE

% Thesimulation is based on 2 main points

A In CT/Xray the direct visualization of NPs is not possible, density variations are vistBrif 2016)
A The geometry and size of the NPs do not affect the image coniastyinLee, 2013

% Definition of a compound/mixture in GATE: . e, R
1. Definition of any nosxisting material (e.g. E@,) ¢ its density, d=5 17987“‘7‘1'3_”:2_
number of elements, state, name and chemical composition ;s,tate:SoI’id ’
2. Name and numbeof all present elements/materials and their +et name=lron; n=3
per weight (PW%) concentratiom the mixture \_ +el: name=0Oxygen; n:4j
3. Name and density of compound/mixture
4 | )
B port ey
0 € €0 (O, 2" (& & Bt 7 1=
[p 6 ¢ &ban (O MP)Izm(7 AOAO +m;;_”§$;¥;e_ﬂfzobi%2
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Validation of NPAttenuation

Simulation Experiment



Validation of NPAttenuation

Fe,0, GVs- Experimental vs Simulated Data

1 10 100 1000
Concentration (mg/ml)

e Experimental e Simulated ——Bone Soft Tissue



Import of GNPs bio distribution in MOBY

>g Au/g tissue or
% of given dosel/tissue

Change tissue properties
accordingly

Modified tissues to
account forthe GNPs

" Liver with 20mg GNPs: A

d=1.2106g/cm3; n=2
+mat: name=Liver; f=0.9917/

e

N +el: name=Gold: f:0.0082§

” Blood with10mg GNPs: R

d=1.1749/cm3; n=2
+mat: name=Blood: f=0.9937

N +el: name=Gold: f:0.006§

4 Spleen with 0.15mg GNP\S.

d=1.077g/cm3;, n=2
+mat: name=Spleen;
f=0.99905

k+e|: name=Gold; f:0.0009j




Export of xray Images




1. Full Accumulation in the liver

in liver IgAU in liver  40mgAu in liver

1.649




1. Full Accumulation in the liver

% Detectability of structures can be measured through the Contrast to Noise Ratio of the structure

Liver Accumulation

"O0i 0 DOMOQQ
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o

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
PW Au cocentration (%)

—e—Liver Accumulation



2. Full Accumulation in the bloodstream

y in blood 40mgAu in blood

CNR (%)

N Wk~ OO

0 0.5 1 1.5 2 2.5 3
PW Au cocentration (%)

—e—Blood Accumulation

% No veins in MOBY mouse phantarblood only visible in the heart
% Typical mouse blood volume taken into account for PW concentration



3. Bio distribution by D. James et al (26D4hrsp.l.

Healthy female albino mice of >6 weeks age
About 15g bodymass
Anesthetizedviaisoflurane

Injectedg A G K

Dose injected: 18gAug of miceweight (0.15mgAu/mouse)
Concentrations for 4hrs post administration

MBEGyatedhaBoBhellsuspended in 0.9%daClia tail vein

Table 6 Biodistribution of PEG-coated 110/10 nm silica/gold nanoshells among mice organs at 4 h to 28 days after intravenous injection at a dose

of 10 pg g~ animal. Adapted from ref. 81
Concentration of Au (pg g_' orgamn)

Time Blood Liver Kidney Spleen Lung Muscle Brain Bone
Control 0.0009 0.0007 00011 00174 0.0021 00230 0.0011 0.0049
4 h 313.7 103.8 32.22 952.2 88.58 3.796 7.187 9.531
1 day 29.17 3118 27.61 1850 12.71 1.060 0.547 5.912
7 days 0.0187 313.4 21.49 2863 6.066 1.916 0.0684 7.319
14 days 0.0290 324.5 19.30 2039 3.738 0.779 0.0310 5.365
21 days 0.0430 252.0 23.53 1738 4.748 1.593 0.1243 8.333
28 days 0.0567 227.2 24.70 1703 3.781 1.023 0.0293 6.875

This journal is

& The Royal Society of Chemistry 2011

Chem. Soc. Rev.,, 2011, 40, 1647-1671 | 1659



3. Bio distribution by D. James et al (26D4hrsp.l.

Heart: 0.0314% PW

Liver: 0.104% PW

Spleen: 0.095% PW

all other organs < 0.01% PW

-

0 0.02 0.04 0.06 0.08 0.1 0.12
PW Au cocentration (%)

CNR (%)
o = N w SN ol (o)) ~ (0]

—e—Liver Spleen —e—Heart




4. Bio distribution by D. James et al (2007 )dayp.L.

Healthy female albino mice of >6 weeks age
About 15g bodymass

Anesthetizedviaisoflurane
Injectedg A U K
Dose injected: 18gAug of miceweight (0.15mgAu/mouse
Concentrations for 7 days post administration

MBPEGyatedaBoBhellsuspended in 0.9%aClia tail vein

Table 6 Biodistribution of PEG-coated 110/10 nm silica/gold nanoshells among mice organs at 4 h to 28 days after intravenous injection at a dose

of 10 pg ¢~ animal. Adapted from ref. 81

Concentration of Au (pg g_' orgamn)

Time Blood Liver Kidney Spleen Lung Muscle Brain Bone
Control 0.0009 0.0007 0.0011 0.0174 0.0021 0.0230 0.0011 0.0049
4h 313.7 103.8 32.22 952.2 BE.58 3.796 T.187 9.531
1 dav 2917 3113 2761 1590 12,71 L060 0547 2912
7 days 0.0187 313.4 21.49 2863 6.066 1.916 0.0684 7.319
14 days 0.0290 3245 1930 2039 3.738 0.779 0.0310 5.365
21 days 0.0430 252.0 23.53 1738 4.74%8 1.5393 0.1243 8.333
28 days 0.0367 227.2 24.70 1703 3.781 1.023 0.0293 6.873

This journal is ©

The Royal Society of Chemistry 2011

Chem. Soc. Rev.,, 2011, 40, 1647-1671 | 1659



4. Bio distribution by D. James et al (2007 )dayp.L.

Liver: 0.03% PW
Spleen: 0.286% PW
all other organs < 0.01% PW

CNR (%)
o = N w SN o1 » ~ (0]

o

0.05 0.1 0.15 0.2 0.25
PW Au cocentration (%)

—e—Liver Spleen

0.3

0.35



5. Bio distribution byl Hainfeldet al (2004)

BalblC mice injected subcutaneously with EMdByngeneic mammary carcinoma cells

Injected with 1.9nm GNP8lanoprobe3¢ concentration of

Dosagel.35gAu/kg &ppr 27mg Au for 20g mou}e in 0.01ml/g mouse

Gold nanoparticles for radiotherapy in mice

N313

Table 1. Biodistribution of gold|5 min post i.v. injection of 1.35 g Au/kg.

Tumour-to-  Tumour periphery-
% injected dose/g | tissueratio  to-tissue ratio
Tumour 4.9 £ 06 1.0 1.8
Tumour periphery 80+32 0.6 1.0
Muscle 1.4+0.1 3.5 6.4
Liver 28101 1.8 3.2
Kidney 1320+ 2.7 0.4 0.1
Blood 18.6 £ 3.7 0.3 0.5




5. Bio distribution byl Hainfeldet al (2004)

Liver: 0.076% PW

Kidney: 3.57% PW

Heart: 0.5% PW

all other organs < 0.01% PW

22”7
CNR (%)
H =

o

0.5 1 1.5 2 2.5 3
PW Au cocentration (%)

—e—Liver —e—Kidney —e—Heart

3.5



