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ISOLPHARM Project
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ISOL technique for radioPHARMaceuticals

• A 30-70 MeV proton beam from a 

cyclotron hits a depleted Uranium 

Carbide target, generating 

neutron-rich radionuclides.

Production of radionuclides for 

targeted radiopharmaceuticals. 



Ag-111
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The first chosen radionuclide for internal radiotherapy is Ag-111:

• 𝜷− emitter (360 keV) -> induce cell death and deliver a cytotoxic radiation dose on 

the disease site;

• Medium half-life time (7.45 d);

• Medium tissue penetration (∼1 mm);

• Low level of associated 𝛾 emission (∼6%). 



Objectives of this intenship
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The aim of this internship is to create a dataset of organ-to-

organ S-values of Ag-111 radionuclide: 

we will use specific biodistributions with a whole body 

heterogeneous source based on MOBY’s voxel-based phantoms 

with Geant4 simulations.

The developed dataset can be used to improve the accuracy of 

absorbed dose calculations in small animals dosimetry and 

highlight the impact of the mouse and organs size on S-values 

calculation.



Dosimetric Formalism
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Our study uses the internal dosimetry standard provided by the MIRD (Medical 

Internal Radiation Dose) Committee.

• Absorbed Dose [1Gy=1J/kg]:

• Cumulative Activity [Bq s]: 

• S-values [Gy/Bq s]: 

• Absorbed Dose Rate [Gy/s]:
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The MOBY Phantoms
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• MOBY (Mouse whole BodY) 

phantoms are based on a high-

resolution 3D Magnetic Resonance 

Microscopy (MRM) dataset for the 

organ/body surfaces;

• Voxel-based mouse models (15, 20, 

25 g) -> Attenuation Maps: similar to a 

CT scan.



The MOBY Phantoms
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• Activity Maps of single organs to recreate a PET- or SPECT- like matrix.

• A tumor can be generated as a sphere selecting its position and dimension.



Geant4 Simulation
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• Geant4 is a Montecarlo simulation code in C++ 

developed by CERN to model interactions of radiation 

with matter.

• The Attenuation and Activity maps are imported and 

107  events of an Ag-111 decaying in the source 

organ are generated. The MOBY phantom is made a 

sensitive detector. 

• The output files: 

o dose histograms of a 3d matrix of voxels 

containing the deposited energy;

o TTree of a list of individual dose hits for each 

event and its voxel coordinates.



Geant4 Simulation
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• The dose histograms’ values are converted from MeV/g in Gy and normalized. 

• -> Absorbed Dose Maps 



S-values
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15 g

25 g

• The S-values are calculated as the dose rate per unit of activity [Gy/(Bq*s)].



RelSEM 
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• The information on the total dose deposited in each voxel for each event is used to 

calculate the Relative Standard Error of the Mean (RelSEM).

• -> RelSEM Maps 



S-values’ Uncertainties
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• For each source – target couple, the activity map of the 

target is used as a mask to calculate the relSEM on the S-

value.

• Expectation: the uncertainty of a specific source organ S-

values is bigger for a smaller and more distant target organ. 

• However, the increased stochastic variance of the energy 

deposited in closer organs has to be considered. 

• → Increase the statistics and decrese the number of voxels. 

• → For now, associate the relSEM calculated for a source-

source organs couple to all the S-values with that source. 



Dose Rate Calculation
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• The mean absorbed dose rates 𝐷′ 𝑟𝑇 , 𝑇𝐷  are estimated through the 

     MIRD equation, where we use:

o this study’s S-values dataset; 

o Injected activity per mass data from an Ag-111 biodistribution experiment carried 

out by the ISOLPHARM group in March 2024 at the CAPiR laboratory in Catania. 
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Dose Rate Calculation
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Conclusions and Future Prospectives
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• We developed a comprehensive S-value dataset for Ag-111 in 3 mice (15, 20, 25 g) 

using voxel-based MOBY phantoms and Geant4 simulations.

• The S-values dataset was employed to calculate the mean absorbed dose rates for 

key organs. 

➢ Mouse size and organ dimensions significantly impact S-values.

➢ The developed S-values dataset will improve the accuracy of absorbed dose 

calculations in preclinical studies. 

➢ The observed dependency of uncertainties on distance was likely due to stochastic 

variance inherent in Montecarlo simulations.

• Future work:

o Improve the number of events/simulations to achieve a more physically accurate 

dataset;

o Decrease the number of voxels in the MOBY phantoms to agevolate the 

computing.
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