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The Project

“The OpenDose project aims at providing an open database of robust 
reference S-values, generated from different Monte Carlo software 

through an international collaboration.”
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Why?
• For decades, OLINDA1 data (S-values) were used. 
• OLINDA1 and OLINDA2 data no longer available on Radar  

(part of HERMES workstation, ~5000$ for OLINDA standalone). 
• ICRP 103 recommends using dosimetric data computed from voxel-

based ICRP 110 models. 
• SAFs (Specific Absorbed Fractions computed and presented in ICRP 

133) 
• No free ICRP S-Values available to date.
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The Project
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Challenges:
• 2 ICRP reference adult models, 5 more to come (paediatrics). 
• 140 organ/tissues (19600 source-target combinations). 
• MIRD book ~300 & ICRP 107: ~800 isotopes. 

Proposal:
• Collaborative work (everyone is welcome). 
• Share computation resources between teams. 
• Cross-check results between softwares « verified data ». 
• Create a free database for the community. 
• Data available with associated uncertainties. 
• Website to easily access data.
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Framework
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ICRP110 AF model Mono-energetic (electrons, photons) 
absorbed dose + uncertainty maps

for each source organ for each source -> target

Mono-energetic (electrons, photons) 
SAFs + uncertainty

MIRD isotope spectra

Web 
Database

S-values 
+ uncertainties
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First Case Study
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The female ICRP 110 phantom

299 x 137 x 348 voxels 
voxel size: 1.775 x 1.775 x 4.84 mm 
140 organs (19600 source-target pairs) 
53 ≠ media
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MIRD isotopes
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[‘0.00500' '0.00550' '0.00600' '0.00650' '0.00700' '0.00750' '0.00800' '0.00850' 
 '0.00900' '0.01000' '0.01100' '0.01200' '0.01300' '0.01400' '0.01500' '0.01600' '0.01800' 
 '0.02000' '0.02200' '0.02400' '0.02600' '0.02800' '0.03000' '0.03200' '0.03600' '0.04000' 
 '0.04500' '0.05000' '0.05500' '0.06000' '0.06500' '0.07000' '0.07500' '0.08000' '0.08500' 
 '0.09000' '0.10000' '0.11000' '0.12000' '0.13000' '0.14000' '0.15000' '0.16000' '0.18000' 
 '0.20000' '0.22000' '0.24000' '0.26000' '0.28000' '0.30000' '0.32000' '0.36000' '0.40000' 
 '0.45000' '0.50000' '0.55000' '0.60000' '0.65000' '0.70000' '0.75000' '0.80000' '0.85000' 
 '0.90000' '1.00000' '1.10000' '1.20000' '1.30000' '1.40000' '1.50000' '1.60000' '1.80000' 
 '2.00000' '2.20000' '2.40000' '2.60000' '2.80000' '3.00000' '3.20000' '3.60000' '4.00000' 
 '4.50000' '5.00000' '5.50000' '6.00000' '6.50000' '7.00000' '7.50000' '8.00000' '8.50000' 
 '9.00000' '10.0000'] 

91 energies with a log scale 
corresponding to MIRD beta 
emitter energy sampling
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Simulations
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In 1 minute you have GATE ready to run!

GATE 7.2:  
docker run -it manureva/ubuntu-gate:16.04-7.2 

GATE 8.0:  
docker run -it manureva/ubuntu-gate:16.04-8.0

https://hub.docker.com/r/manureva/ubuntu-gate/

How 
240 cpu cores. 
GATE 7.2 in Docker containers.

https://hub.docker.com/r/manureva/ubuntu-gate/
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Simulations
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How 
240 cpu cores. 
GATE 7.2 in Docker containers. 

How many 
140 source organs x 91 energies x 2 particle types = 25480 simulations (for one model) 

How much 
1 simulation = 3 images of 55 MB 
25480 x 55MB = 1.4 TB 

Performance 
1 simulation with 108 primaries ~ 1 day/core 
25480 / 240 cores = 106 days 

Status 
~9000 / 25480 simulations completed 
Label 1-10, 70-105 (include liver, lungs, kidneys, colon, bladder, stomach, heart)
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The Database
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“PostgreSQL is a powerful, open source object-relational database system. […] It has native 
programming interfaces for C/C++, Java, .Net, Perl, Python, Ruby, Tcl, ODBC, among others, 

and exceptional documentation.”
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The Database
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“PostgreSQL is a powerful, open source object-relational database system. […] It has native 
programming interfaces for C/C++, Java, .Net, Perl, Python, Ruby, Tcl, ODBC, among others, 

and exceptional documentation.”
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Comparison with ICRP SAFs
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Specific absorbed fractions for mono-energetic electrons for source region 
liver and target region stomach wall.
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Comparison with ICRP SAFs
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Specific absorbed fractions for mono-energetic photons for source region liver 
and target region stomach wall.
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The OpenDose Collaboration
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• 5 Monte Carlo simulation softwares: 
 
Geant4/GATE  -  Fluka  -  Penelope  -  MCNP/MCNPX  -  EGSnrc/EGS++

• 12 research teams (17 institutes): 
(1) Centre de Recherches en Cancérologie de Toulouse, Toulouse, FRANCE 
(2) Silesian University of Technology, Gliwice, POLAND 
(3) Istituto Europeo di Oncologia, Milano, ITALY 
(4) MEDSCAN Nuclear Medicine and PET/CT Centre, Concepción, CHILE 
(5) Belgian Nuclear Research Centre, Mol, BELGIUM 
(6) National Physical Laboratory, Teddington, UNITED KINGDOM 
(7) Institut de Radioprotection et de Sûreté Nucléaire, Fontenay-aux- Roses, FRANCE 
(8) Institut Pluridisciplinaire Hubert Curien, Strasbourg, FRANCE 
(9) Oxford Institute for Radiation Oncology, Oxford, UNITED KINGDOM 
(10) Institut de Cancérologie de l'Ouest, St Herblain, FRANCE 
(11) University of Bologna, Bologna, ITALY 
(12) Centro Nazionale di Adroterapia Oncologica, Pavia, ITALY 
(13) University of Wollongong, Wollongong, AUSTRALIA 
(14) Saint George Hospital, Sydney, AUSTRALIA 
(15) Azienda Ospedaliera Universitaria Policlinico Umberto I, Roma, ITALY 
(16) Clínica Las Condes, Santiago de Chile, CHILE 
(17) Centro de Isótopos (CENTIS), La Habana, CUBA.

… soon results from other teams
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Communication
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Meeting in Paris May 31st, 2017

Abstract sent to:
• 30th Annual Congress of the European Association of Nuclear Medicine (EANM2017) 

21 - 25 October 2017,  Vienna, Austria

• International conference on Monte Carlo techniques for medical applications (MCMA2017). 
15 - 18 October 2017,  Napoli, Italy.


