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IART
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IART is a novel targeted

radionuclide therapy used in

patients with early breast cancer. It

is a radionuclide approach that uses

-biotin to release a boost of

radiation in the tumor bed.

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

into the tumor bed;

2. After 16-24 h, -DOTA-biotin is intravenously injected and accumulates in the

region with a high and stable uptake.

Intraoperative Avidination for Radionuclide Therapy



Thesis Main Objectives
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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.



Thesis Main Objectives
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• The absorbed dose profile will be computed in generalized geometries

such as spheres or cylinders.



Thesis Main Objectives
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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 𝛽−

emitters with more intense gamma

emissions → Ag-111.



Spherical geometry simulations
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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).

a. b.



Spherical geometry simulations
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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 is

tracked and binned into 520

virtual shells of width 0.05

mm.

Y-90 decay:

• 𝛽: e− (R_max = 11 mm, ഥR = 2.5 mm in water)

• 𝜈𝑒
−

• 𝛾 from bremstrahlung

𝑟𝑠𝑜𝑢𝑟𝑐𝑒 = 6.205 𝑚𝑚
𝑟𝑆𝐷 = 26 𝑚𝑚



Spherical geometry simulations
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The total energy deposit per bin is

converted to Joules and divided by the

mass of the ideal water shell:

𝐷′ =
∑𝐸𝑑𝑒𝑝

𝑀 ∗ 𝑁𝑒𝑣𝑒𝑛𝑡𝑠

Dose rate per unit of integrated activity 

(Gy/GBq/s)

Y-90 decay:

• 𝛽: e−

• 𝜈𝑒
−

• 𝛾 from bremstrahlung
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Spherical geometry simulations

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

Using many spherical shell volumes as sensitive detectors is equivalent to

binning a single sensitive sphere, provided we impose a step limit.

Spherical

source

Spherical

shell

source
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Spherical geometry simulations

Absorbed dose profile of Y-90 in water.

Spherical source
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Dalle differenze relative percentuali si vede:

- Differenze alte al centro della sfera per via di ‘gusci’ molto piccoli e quindi poca statistica

- Dentro la sfera differenza costante intorno a 2 %

- Picco a 7% in corrispondenza della superficie della sfera

- Crescita fino a 15% fuori dalla sfera ma perché è dove la dose sta andando a zero e quindi abbiamo

valori molto piccoli a denominatore

Spherical geometry simulations

Absorbed dose profile of Y-90 in water and relative percentage difference

between GATE and Geant4.

Spherical source Δ% =
𝐷 𝐺𝑒𝑎𝑛𝑡4 − 𝐷 𝐺𝐴𝑇𝐸

𝐷(𝐺𝐴𝑇𝐸)
× 100
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Spherical geometry simulations

Spherical shell source

Absorbed dose profile of Y-90 in water.



Cylindrical geometry simulations
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Geant4 visualization of the
cylindrical (a.) and cylindrical shell

(b.) homogeneous water sources of
Y-90 (cyan) and of the sensitive
detector (purple) for the measure of

the absorbed dose radial profile.

a.

b.



Cylindrical geometry simulations
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Geant4 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.

c.

d.
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Cylindrical geometry simulations

Absorbed dose profile of Y-90 in water.

Cylindrical

source 

–

radial

profile

What geometry did meldola use?

We see no difference with

or without the use of the

step limiter because the

geometry of the sensitive

detector is fine enough for

the surface to stop the

particle.
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Cylindrical geometry simulations

Absorbed dose profile of Y-90 in water.

Cylindrical

source 

–

radial

profile

What geometry did meldola use?

We see no difference with

or without the use of the

step limiter because the

geometry of the sensitive

detector is fine enough for

the surface to stop the

particle.
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Cylindrical geometry simulations

Absorbed dose profile of Y-90 in water.

Cylindrical

source 

–

axial profile
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Cylindrical geometry simulations

Absorbed dose profile of Y-90 in water.

Cylindrical

shell 

source 

–

radial

profile
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Cylindrical geometry simulations

Absorbed dose profile of Y-90 in water.

108 events 

(∼4h)
Cylindrical

shell 

source 

–

axial profile



Next steps
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• Compare the obtained profiles with the ones obtained by the

IRST with GATE.

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