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Frbituty Raraaly & Vs Bagiyany

Intraoperative Avidination for Radionuclide Therapy

1. AVIDIN MOLECULE 2. %0Y-DOTA-BIOTIN 3. AVIDIN / °°Y-DOTA-BIOTIN
. (Target) MOLECULE COMPLEX FORMATION
IJART is a novel targeted (Radiovector) Bound *00TA biotn

radiovector

. . . "é" Tetrameiic avidin "é‘
radionuclide therapy wused in

patients with early breast cancer. It
is a radionuclide approach that uses

Y-biotin to release a boost of
radiation in the tumor bed.

Biotin moiety ~ 0»_\ — /—40,

0. N N} 1o)

DOTA chelator o (N Y\N] 3
=

N-glycosylation site Localized radiation emission

1. After tumor removal surgery, the surgeon injects a certain volume of avidin directly
into the tumor bed;

2. After 16-24 h, 20Y -DOTA-biotin is intravenously injected and accumulates in the
region with a high and stable uptake.
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Frbitaty Baraasly & |y Barigay

This study is concieved in collaboration with the Medical Physics Unit of the
Istituto Romagnolo per lo Studio dei Tumori (IRST) »Dino Amadori» in
Meldola (FC).

The aim is to compute the absorbed dose in the tissue with the MC method
using the Geant4 software.

ISTITUT@®
ROMAGN@®LO
PER [ @ STUDIO

DEI TUM®R)
(5\‘ GEANT4 DIN® AMADORI
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 The absorbed dose profile will be computed in generalized geometries
such as spheres or cylinders.
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« PET and CT images of patients will be
used to generate voxelized phantoms
to be used in the Geant4 simulations to
obtain 3D dose maps of clinical
relevance.

 The same simulation framework will be
used for a comparison with other g~
emitters with more intense gamma
emissions - Ag-111.

B: 3: CT WB 3.0 B30f
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Geant4 visualization of the spherical (a.) and
spherical shell (b.) homogeneous water sources of
Y-90 (cyan) and of the sensitive detector (purple).
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Source: 107 events (~20 min)
of Y-90 decay -> Rejection
Sampling in the homogeneous
water source volume.
Sensitive Detector: instead of
building physical shells (high
cost), a single SD volume is
used > for each particle’s
step, energy deposit s
tracked and binned into 520
virtual shells of width 0.05
mm.

Spherical geometry simulations [

Tsource = 6.205 mm
Tsp = 26 mm

Y-90 decay:
(R_max = 11 mm,R = 2.5 mm in water)

Ve
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The total energy deposit per bin is
converted to Joules and divided by the
mass of the ideal water shell:

ZEdep
M * N,pents Y-90 decay:

!

Dose rate per unit of integrated activity
(Gy/GBg/s)

D' =
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Absorbed dose profile of Y-90 in water for different step limits.

Absorbed dose, Y-90 in water. Sphere r = 0.6205 cm

Spherical
source

(Gy/GBg/s)
=) =)
S

o
=

008[—
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0.04

0.02

——— Mo step limiter
—— Step: 1.0 mm

Step: 0.06 mm @¢—
—— Step: 0.025 mm

G N i L L L L

Positions (mm)

Spherical
shell
source

(Gy/GBg/s)

Absorbed dose, Y-80 in water. Sph. shell r=0.78 - 0.6205 cm

= —_— Nn.step limiter
007 ——— Step: 1.0 mm

- H : : Step: 0.06 mm @¢—
0086 :_ ........................ ........ —— Step: 0.025 mm
005 s ———8—————
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0_02:,_ ...............................................................................................................................................
0_01:_ .................................................................................................................................. —

il I i 1
° 25

Positions (mm)

Using many spherical shell volumes as sensitive detectors is equivalent to
binning a single sensitive sphere, provided we impose a step limit.

10



IS®L-HH-M  Spherical geometry simulations

Absorbed dose profile of Y-90 in water.

Spherical source

(Gy/GBa/s)

014—
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0.02

Absorbed dose radial profile, Y-30 in water. Sphere r = 0.6205 cm.

—— GATE (IRST)

—— Geantd, No step limit .
—— Geantd, Step: 0.05 mm
----- Source surface
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INFN

Frbituty Raraaly & Vs Bagiyany
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Absorbed dose profile of Y-90 in water and relative percentage difference

bet
Sph

§ B —— GATE (IRST)
%, 014 —— Geantd, No step limit .
a C —— Geantd, Step: 0.05 mm
0_125__ ST N A SO S b So:.urce surface
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0.06f
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0.02

ween GATE and Geant4.

erical source

Absorbed dose radial profile, Y-80 in water. Sphere r = 0.6205 cm.

20 25
Positions (mm)

A Dose (%)

A% = D(Geant4) — D(GATE) < 100
0T D(GATE)

Relative Percentage Difference (Step 0.05mm vs No S. Lim.)
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ci s by gy e i iy
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Positions (mm)
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Frbituty Raraaly & Vs Bagiyany

Absorbed dose profile of Y-90 in water.

Absorbed dose radial profile, ¥-90 in water, Sph. shellr=0.78 - 0.62 cm.

0.07 ....................... ................. — Geantd

Spherical shell source
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a.
Geant4  visualization  of  the
cylindrical (a.) and cylindrical shell
(b.) homogeneous water sources of
o Y-90 (cyan) and of the sensitive

detector (purple) for the measure of
the absorbed dose radial profile.
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C.

Geant4d  visualization  of  the
cylindrical (c.) and cylindrical shell
(d.) homogeneous water sources of
Y-90 (cyan) and of the sensitive
detector (purple) for the measure of
the absorbed dose axial profile.
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Tebitaty Marspasly & Traca Mty

Absorbed dose profile of Y-90 in water.

Absorbed dose radial profile, Y-30 in water. Cylinder r =06205 cm, h= 0.B273 cm.,

Cyl Indrlcal § 0.14 :_ . .......................... . ........ I GE:EI"I‘M-. Mo step limit -

source S
e 0.12f

| We see no difference with
oo or without the use of the
step limiter because the
geometry of the sensitive
: : : : | detector is fine enough for
Gﬂﬁ:_ ...... - .......................... ........... the surface to stop the

radial 01k

profile - 5
0.08 __ ......................... .......................... ...........

004f particle.
0.02 :_E, .................. .......................... .....................................
G_ B— I I 2].5

Positions (mm})
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Absorbed dose profile of Y-90 in water.

Absorbed dose radial profile, ¥-90 in water. Cylinder r = 06205 cm, h = 0.8273 cm,

Cylindrical g | e e | We see no difference with
source = %L , .
~ ¢ r e s | or without the use of the
012 :

radial E : step limiter because the
orofile of N R geometry of the sensitive
008 — ------------------------- -------------------------- ----------- detector is fine enough for
WE_ ......................... A S— | the surface to stop the

O I W T e particle.
G.GE :_.E. ................. .......................... .. ...........
£ ' |

20 25
Positions (mm})
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Tebitaty Marspasly & Traca Mty

Absorbed dose profile of Y-90 in water.

Absorbed dose axial profile, Y90 in water. Cylinder r=0.6205 cm, h = 0.8273 cm.

lindrical g 0.14— —— Geantd, No step limit
Cy ca g 014r
source g:-\ - —— Geantd, Step: 0.05 mm
S p12—
— = : Y i ====s Source surface
axial profile 0.1f-
0.08/—
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0-04:_ ................................................................................................................................................
0.02|
L 1 I 1 1 1 1 ]

20 25
Positions (mm)
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Tebitaty Marspasly & Traca Mty

Absorbed dose profile of Y-90 in water.

Absarbed dose radial prafile, Y-90 in waler, Cyl. ghellr =0.78 - 0.62 cm, h =0.8273.

Cylindrical g o12r — Geantd
She” i o ; ==== Spurce surface
G_‘I _, ........................ -..- .......................... e, SR
source
_. GGE _ ..................................................................................................................
radial N |
profile

006
0.04

0.02

L | 1 1 1 | ]

25
Paositions (mm)
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IS@LPHHRM  Cylindrical geometry simulations L

Absorbed dose profile of Y-90 in water.

Absorbed dose aial profile, Y-90 in water, Cyl. shell r=0.78 - 0.62 cm, h=0.8273.

108 events

o & 0.005 . (~4h)
Cylindrical o ceend
She” g _ . : . ---- Source surface
0.008 oM SR S S o
source | : :

axial profile 0.003-

0.002 = 1 E— AU S— SRSSSS— S

G.GG-I; ........................ é,, .............................................................................. e A

25
Positions (mm)
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Frbituty Raraaly & Vs Bagiyany

« Compare the obtained profiles with the ones obtained by the
IRST with GATE.

* Move on to the next main objective of the thesis.

21
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