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Nuclear Medicine
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Diagnostics: γ and β+ Therapies: β- and α



Nuclear Medicine tomographic detection systems
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 SPECT (Single Photon Emission 
Computed Tomography)  PET (Positron Emission Tomography) 
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Internal Dosimetry in Nuclear Medicine

 Quantification of the Absorbed Dose to internally irradiated organs and tissues
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Fundamental role in assessing:
 Damage to pathologic tissues
 Risk for healthy tissues 
 Deduce dose-effect correlations →
 → Optimize activity administration

D =
𝑑𝑑E𝑎𝑎𝑎𝑎𝑎𝑎
𝑑𝑑m

Gy =
J

kg
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Internal Dosimetry in Nuclear Medicine
 Modeling anatomy: specific organs, tissues or the whole human body
 Modeling the radionuclide distribution
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 Model-based dosimetry  Single-organ dosimetry

Three main approaches:

 Imaging-based dosimetry

 Reference dosimetry, 
mainly used for diagnostics 
and radioprotection

MIRD5 
mathematical 

model

ICRP110 voxelized 
adult human 

model

 Lesions or anatomical regions 
absent in standardized 
anthropomorphic models 

 Patient-specific dosimetry, 
mainly used for therapy
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Model-based organ-level dosimetry

 MIRD (Medical Internal Radiation Dose 
committee) organ-level dosimetry 
formalism
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D(rT) = �
rS

�ArS�
i

ΔiSAFi(rT ← rS)

Δi = average energy emitted per decay due to
i-th radiation type

�ArS = �
0

∞
A rS, t dt

TIA (Time-Integrated Activity) in the source
organ rS

SAFi rT ← rS =
ϕi rT ← rS

M(rT)
SAF (Specific Absorbed Fraction)
= fraction (ϕi) of the energy Ei emitted in the
source organ rS and absorbed in the target organ
rT per unit mass M(rT) of the target
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SAFs and antropomorphic models
 SAFs can be calculated via Monte Carlo (MC) simulations on 

anthropomorphic computational models
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 SAFs databases available for adult human computational 
models (e.g., ICRP 110), calculated with different MC codes

 Lack of SAFs on paediatric data 
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Aims

7

 Implementing MC simulations for dosimetry on paediatric 
computational models

 Estimating SAFs for electrons and photons for couples of 
organs of interest
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UF/NCI voxelized paediatric models
 University of Florida / National Cancer 

Institute family of hybrid computational 
models

 Among them, male and female series of 
voxelized peadiatric, adolescent and adult 
models, ages: newborn (0 yrs), 1, 5, 10, 
15, 35 yrs

8
Female Male
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GATE/GEANT4 MC simulations setup
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Geometry settings
 .mhd + .raw files for each model as voxelized volumes
 Material and density associated to each organ according to Lee 

et al. 2010

Source settings
 16 organs acting as homogeneous source: brain, kidneys (3 

separate regions), liver, lungs (2 different organs), pancreas, 
salivary glands (3 regions each, 6 total), spleen, thyroid

 Photons and electrons, 91 energy values each: from 5 keV to 10 
MeV

 Physics: emstandard_opt4, range cut for secondaries: 0.1 mm

Scoring settings
 Average energy deposited in all the organs 
 1e7 primary events for each combination of: model, particle, 

energy, source organ

𝑆𝑆𝑆𝑆𝑆𝑆 𝑟𝑟𝑆𝑆 → 𝑟𝑟𝑇𝑇 𝑘𝑘𝑔𝑔−1 =
𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑

(𝑟𝑟𝑆𝑆→𝑟𝑟𝑇𝑇)

𝐸𝐸𝑑𝑑𝑎𝑎𝑟𝑟𝑝𝑝 � 𝑛𝑛𝑑𝑑𝑒𝑒𝑝𝑝𝑎𝑎 � 𝑚𝑚𝑟𝑟𝑇𝑇
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Simulation runs: CINECA HPC Marconi-100
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 Simulations were run on the Marconi-100 
supercomputer of CINECA (Consorzio
Interuniversitario del Nord-Est per il Calcolo
Automatico)

 Within the CINECA ISCRA Class B “Project Medical 
physIcs and RAdiation in Crystals simuLation with 
gEant4” (IsB24_MIRACLE, October 25, 2021 – 
January 25, 2023, PI: Alexei Sytov)

 Using Marconi-100 enabled parallelization into 62 
runs per node, thus strongly reducing the overall 
simulation time

CLUSTER HPC MARCONI-100:
Nodes: 980
Processors: 2 16-cores IBM POWER9 
AC922 at 2.6(3.1) GHz
Cores: 32 cores/node, 128 logical
cores/nodes, 125440 cores in total
Accelerators: 4 x NVIDIA Volta V100
GPUs/node
RAM: 256 GB/node
Internal Network: Mellanox IB EDR
DragonFly++
Disk Space: 8 PB of local scratch
Peak Performance: 29 PFlop/s
105-106 times faster than a personal 
computer
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SAF analysis for this study
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Focus on:

 Energies from 0.01 MeV to 0.5 MeV.

 Paediatric models: 0, 1, 5, 10, 15 yrs

 2 Source organs: Liver, Thyroid

 6 Target organs: Liver, Thyroid, Brain, Spleen, Pancreas, Left Lung
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SAF results: photons, source: liver
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 Running 1e7 events guaranteed the selection of photon SAFs with statistical uncertainties below 5% for most 
of the organ pairs examined. SAFs with uncertainty > 10% were excluded. 

00F

 Photon SAFs tend to decrease with energy except for Brain (increase)
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SAF results: photons, source: liver
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 Running 1e7 events guaranteed the selection of photon SAFs with statistical uncertainties below 5% for most 
of the organ pairs examined. SAFs with uncertainty > 10% were excluded. 

00F 00M

 No significant differences between F and M results for newborn and child models, slight differ. increase for adolescent (for adult models higher differences, e.g. ICRP 110)
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SAF results: photons, source: liver
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 Photon SAFs decrease as model age 
increases  larger organ volumes and 
organ – organ distances
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SAF results: photons, source: thyroid
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00F

 Changing the source changes relative SAF importance in the other organs
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SAF results: photons, source: thyroid
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00F 15F

 Decreasing photon SAF trend with increasing age also in this case
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SAF results: electrons, source: liver
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 Running 1e7 events guaranteed electron auto-SAFs (i.e., source = target) with statistical uncertainties well 
below 1%, but, as expected, uncertainties on average > 10 % for most of other target organs  focus on 
auto-SAFs only

 Decreasing electron auto-SAF trend with increasing energy and increasing age  increasing organ sizes and surfaces  e- release more 
energy outside
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SAF results: electrons, source: thyroid
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 Decreasing electron auto-SAF trend with increasing age more pronounced  thyroid smaller size and different shape w.r.t. liver

Daniele Pistone - Internal dosimetry for paediatric patients: a GATE Monte Carlo study on UF/NCI phantoms



Conclusion and perspectives

Summary
 First GATE/GEANT4 SAF data on UF/NCI paediatric models
 Current status of analysis: SAFs for photons and electrons, 10 paediatric 

phantoms, 2 source organs, 6 target organs, 

Near future
 Extend the analysis to more source and target organs
 Compare SAF results with the only other existing data on UF/NCI paediatric 

phantoms (done with MCNPX)

Long term 
 Create a database for paediatric SAFs
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Thank you for your attention!
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