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IAEA-CRP E23005 project ( patient received Lutathera® treatment )

Introduction
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Standard Protocol: Registration
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Standard Protocol: Contouring/Segmentation and Propagation of VOIs
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Organ Approaches

• PL Rigid Propagation

• PL Rigid Propagation 

(Different Registration Box)

• OD3D Elastic Propagation

Lesion Approaches

• PL Tracking Lesions (Volume Threshold)

• PL Tracking Lesions (40% Threshold)

• PL Rigid Propagation (40% Threshold)

• OD3D Elastic Propagation (40% Threshold)

Approaches/Methods  
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Relative Differences (%) on the volume lesions during the Propagation of VOIs

Max ≈ 20%

Min ≈ -30%

Volume (cm3)
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Difference between Rigid Propagations and Tracking methods  
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Relative Differences (%) for Absorbed Dose Values  

Approach Max Relative Diff (%)

PL Tracking Lesions (40% Thld) 13 %
OD3D Elastic Propagation (40% Thld) 36 %
PL Rigid Propagation (40% Thld) 52 %

• Lesion approaches sorted into Relative Difference (%) computed from Absorbed Dose

Approach Max Relative Diff (%)

PL Rigid Propagation  (Different Registration Box) 2  %
OD3D Elastic Propagation 20 %

• Organ approaches sorted into  Relative Difference (%) computed from Absorbed Dose
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≈ 11%

Analysis of the relative difference between Activity Concentration and 
Absorbed Dose Rate (DVK Convolution with density correction)   

Activity 

Concentration 
(MBq/cm3)

Absorbed Dose Rate
(µGy/s) 
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Comparison of absorbed 
dose calculation algorithms
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ADR relative difference using local energy deposition (LED) algorithm  

4%

1%

LED without 

Density Correction 

LED with

Density Correction 
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Calibration Function of Hounsfield units 

4%

2 fitting segments
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Schneider Article

4 fitting segments
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Comparison of Calibration Functions
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ADR relative difference for LED using Schneider Calibrator Function 

26%
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Monte Carlo Comparisons



19

DPK calculations, 177Lu scheme

Voxel size = 4.42 mm
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DPK divided contributions 

Electrons ( 82 % ) Gamma ( 18 %)

Local Energy Deposition

Convolution and Monte Carlo
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Monte Carlo Comparisons
➢ Share VOIs segmentations
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Segmentations Share improvement between OD3D and PLANET® Dose 

VOIs Total activity (MBq)
Activity Concentration 

(MBq/cm3)

Healthy Liver 331.64 0.25

Spleen 62.01 0.48

Kidney 188.51 0.50

Anterior Lesion 224.91 0.93

Bone Marrow 8.19 0.05

Share VOIs

Self 
irradiation

Cross 
irradiation

✓ Same volume

✓ One time point

✓ No Registration

✓ No Propagation of VOIs

✓ No Time integration
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Comparison of Average ADR results for DVK Convolution and Monte Carlo  

VOIs
Activity 

Concentration 

(MBq/cm3)

Relative Difference %

DVK Convolution

Monte Carlo
PLANET® 

Dose OpenDose3D

Soft Tissue 0.25 – 0.93 -2% -1%

Bone Marrow 0.05 -10% -11%

VOIs
Volume 

[cm3]

Average absorbed

dose rate (mGy/h)

Monte Carlo

Spleen 128.06 41.6

Bone Marrow 155.48 5.3

VOIs
Activity 

Concentration 

(MBq/cm3)

Relative Difference %

Monte Carlo LED  DVK Convolution   

Soft Tissue 0.25 – 0.93 -5% -2%

Bone Marrow 0.05 -25% -11%
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Conclusions

• Using Schneider calibration function the observed differences were reduced. The

difference for LED with media density correction decreased from 4% to 1%.

• In the final comparison of convolution vs. direct Monte Carlo simulations, a good

agreement was obtained for soft tissues (around 2% of difference at maximum).

• In bone marrow (one of the most complex case: mainly cross-irradiation contribution and

higher impact of densities) a larger difference was expected and noted (about 11%).

➔ Evaluation of increasing the kernel size and optimization/other way to deal with

density management (tradeoff between accuracy/computation time for clinical use).

• This work validates the absorbed dose computation approaches implemented in the 2

software in the context of 177Lu-based radiopharmaceutical therapies.

• It will be further extended to other isotopes (e.g. 131I), and the accuracy of other steps of

the CDW will also be evaluated.
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