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e Manuel Bardies supervises a PhD project sponsored by DOSIsoft
e José Fragoso (PhD student) is sponsored by DOSIsoft
e Development of OpenDose3D was made within the MEDIRAD project
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Clinical dosimetry workflow (CDW)
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Registration &
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Bardiés and Gear (2021) Scientific Developments in Imaging and Dosimetry for Molecular Radiotherapy.
Clinical Oncology 33(2) 117-124

e Absorbed dose calculation is ONE part of the clinical dosimetry workflow
e All steps should be treated/addressed with the same care!
® Global uncertainty resulting from the whole CDW?



Academic Commercial

Available ? v
Free v -
Maintained - v
Documented +/- +/-
CE-marked/FDA approved - v

e How to benchmark?



IDAC (model-based dosimetry)

Olinda V1, V2 (model-based dosimetry)

PlanetDose, Stratos, QDOSE

Hermes, GE DTK

MIM, Hermes ?

Mora Ramirez et al. 2020 Medical Physics, Volume: 47, Issue: 9, Pages: 4602-4615
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Some choices were made to make the comparison possible

Every manufacturer could object!

No common reference, metrics...
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Fig. 1. Diagram of the proposed workflows in MRT and SRT TPSs. Workflow personalization is a

Della Gala et al. Physica Medica 92 (2021) 52-61



Table 6
Zero to first time

SurePlan-MRT, if
activity at inject]
radionuclide. In t|
administered act

Intermediary val

fraction of Ajgm)

TAC integration,

decay of the radi

TPS

QDose
PlanetDose
HERMES
Organ
HERMES
Voxel
SurePlan-
MRT

Table 9

Absorbed dose calculation methods implemented by the TPSs. DVK= Dose-voxel
kernel; MC= Monte Carlo. *in Q-Suite, DVK is implemented only for post-
treatment dosimetry, not for pre-treatment dose simulation.

TPS Voxel 5- Local Convolution DVK in Semi-
value deposition homogenous media MC
QDﬂEE v W S H
PlanetDose, v v v ::
PlanetDose-SRT

HERMES Voxel x x x v
SurePlan-Liver x v " ]
SurePlan-MRT W x " x
Simplicity :-: v x x
Q-Suite 4 i %
RapidSphere X v :




® Specific workflows (adapted to pathologies/isotopes/...)
® Import/export features ...should include import/export DICOM RT-Struct and RT-Dose.
® Internal “sanity” checks should be performed automatically

® A modular approach ... in order to allow step-by-step processing (providing checkpoints) or the
possibility to perform a dosimetry study in different sessions

® The calibration process should be well described, or even better, a “calibration module” should be
available

® Storing of intermediary results (segmentation, registration...) and a history of the processes
performed should be available to allow traceability and a retrospective processing of dosimetric
studies

®The output format should be standardized ... at least well documented
® Uncertainty analysis should be implemented within the workflow.

Mora Ramirez et al. 2020 Medical Physics, Volume: 47, Issue: 9, Pages: 4602-4615



Comparing software?

Codes may address only some parts of the CDW. @ \W

N.eed for: 5&“

Defining the metrics to benchmark clln }u
Defining standards (DICOM

re trace |l-
Defining check- Y |n| o)lmetr
A mx

Desu?mng v to test the R\ X
Des “ ?) test > 5 ing specific dosimetry steps

Software for berﬂ /CL,J |5S|on|ng of codes?

https://therapy.snmmi.org/SNMMI-THERAPY/Dosimetry Challenge.aspx
www.dositest.org

www.opendose.org
*https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8075532/



https://therapy.snmmi.org/SNMMI-THERAPY/Dosimetry_Challenge.aspx
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EX'St'ng C|InIC€|| dOS|metry SOftwa re & 9 4 Manage Extensions (5) &8 Install Extensions @ Restore Extensions

* Academic Slicer Extensions
e Commercial Categories
OCAIRO

Both have advantages/drawbacks . Al D > B “ é e _=

» Applications (1)
= Astronomy (1) a y
GelDosimetry

OpenDose3D: SlicerRT  FilmDosimetry
* Open-source software # SRl Con Finter (Perkia...  Coab Piver (lanita... | Al OparRGA MEt| Coabs Pinie rents

= Auto3dgm (1)

° Freely available = Chest Imaging Platform (2) () () £ 470) 1
e
= DICOM (1) m

Based on 3D Slicer: » Developer Tools (5)
» Diffusion (3)

* Use cool features of 3D Slicer - BistEssit

* Develop missing features

OpenDose3D: Available as 3D Slicer plugin
o Designed for image based (patient specific) dosimetry
e Using different absorbed dose calculation algorithms



3D Slicer image computing httos://www.slicer.org/

platform
8 Documentation ) Developers = Analysis (registration / segmentation)
e R

m Visualization (volume rendering)

3D slicer is a free, open source and multi-platform software package widely used for medical,
biomedical, and related imaging research.

= Afree, open source software
= Available in multiple operating systems:
Linux, Mac OSX and Windows.
m Extensible, with powerful plug-in capabilities
for adding algorithms and applications.
There are no restrictions on use, but 3D Slicer is not
approved for clinical use and is intended for

research. Permissions and compliance with
applicable rules are the responsibility of the user.



https://www.slicer.org/
http://en.wikipedia.org/wiki/Open_source
https://www.slicer.org/wiki/Documentation/Nightly/Developers
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File Edit View Help
o [ mE | Modules: ®

(D sDSlicer

Subject hierarchy

Node

B oHR

W 2.65HR
B 4.35HR

v Show transforms
+ Subject hierarchy item information

Filtar

~ Data Probe

Red

L None

E JB:ACSC SPECT
8.0HR

B JO:CTCT CT 0.6HR (469,

Transform hierarchy

Show MRML ID's
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(L 146.2, A 254.1, I 808.5)
Axial Sp: 3.8

Data
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3D Slicer 4.11.20210226 ® @

All nodes

Features of 3D Slicer:
O DICOM RT (I/0)

O Display

O Segmentation

O Registration




Q 3D Slicer 4.11.20200930
File Edit View  Hsln,

N | :Modules: @ General Registration (Elastix) ~ |w (-‘ -’

‘,ﬁ 3pSlicer

} Help & Acknowledgement

~ Reload & Test
Reload Reload and Test

» Parameter set

~ Inputs
Fixed volume:  J4:CTCT CT 96HR
Moving volume: J4:DERS SPECT 96HR

Preset: generic (all)

+ Masking

= Outputs

Output volume: None
Output fransform: None
~ Advanced

Force grid output transform:

Show detailed log during registration:
Keep temporary files:

Registration presets:

Custom Elastix toolbox location:

Restart Slicer

Show temp folder
Show database folder

Selec 1 output volume and/or output

Use of the Elastix module in Slicer for time point registration

e Rigid and Elastic registrations

® The registrations are stored as Transformation fields, without
modifying the original images

e Implicit inverse transformation while querying images for
statistics

e Several objects (images, segmentations, even other transform
fields) may share the same transformation

e Visualization tools for assessing the registration.

e Possibility to implement extra linear transformations (semi-
automatic) before the elastic step to improve results



Q 3D Slicer 4.1
Flle Edit View P

o mh R Modules: @, =/ Segment Editor

"'ﬁ 3pSlicar

» Help & Acknowledgement

~ Reload & Test
Reload Reload and Test Restart Slicer
egmentation: Segmentation

Master volume: J4:ACSC SPECT 96HR

4 Add Remove i% Show3D |~ & Segmentations...

Name
Whole Body
Left Lung

Il Right Lung

Left Kidney
Il Right Kidney
Effects
. L’ ‘_4 Ll
None Paint Draw Erase Leveltracing Grow from seeds Fill between slices
= B % B v #
Threshold  Margin  Hollow Smoothing  Scissors  Islands Logical operators
- @ &
Draw tube Engrave FastMarching Floodfiling Local Threshold

Mask volume

mo . ey
Split volume  Surface cut  Watershed

Use of Slicer full toolset for Segmentation

Various options to define structures

Each tool contains full customizations

One segmentation per time point if necessary
Some Al tools are available for segmentation

Logical operators

Paint Apply logical operalors of combine segments...

Paint with a round brush... Operation: | Subtract - v Bypass masking
Sublract segment:
Diameter: Whole Body
Left Lung
Il Right Lung

Bol
+ Sphere brush Edit In 3D views v Calor: = =

| |
4 Undo @ R Spoen
Left Kidney
Il Right Kidney

~ Masking
Bladder

Editable area: Everywhere

Editable intensity range: 4y Undo

- Maskl

Modify other segments: Allow overlap i
Editable area: Everywhoro
Editabio intensity range:

Modify other segments: Allow overlap



Data workflows defined in the Medirad project

Modular design (each step has data input and data output that is preserved on saving)
Possibility to import/export intermediary results at every stage

Integration of the calibration module

Different time-dependent variable integration

Different absorbed dose calculation algorithms

[1] http://www.medirad-project.eu/



Data processing workflow?
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Alternate Clinical Dosimetry Workflow?

® Already implemented in some codes
e \Various implications...
® Previous CDW also possible



TAC fitting

) Extrapnlatinn

A(t ) Interpolation =




DeasRate (v

F # B ® w4 p = B 5 3 4 3 8 3 3 3§ B

Time integration

T:CHRT DaseRate MormeCara summary

= PRLOT MonfeCoric DR_Whoia Body
= PPLOT MonfeCario DR_Lungs

» FALOT MonteCario DR_Liver

= FPRLOT MonfeCoro DR_Bones

» PPLOT MonteCaro DR_Ax

= PRLOT MonfeCars DR_LKidney

= PPLOT MonteCars DR_RiSdney

= PRLOT MonteCario DR _Splean

= PPLOT MonteCiars DR_Tufrou |

— PPLET MonfeCorio DR_Whale Body_fi
— PPLOT Mantel-arns DR_Lungs_ o

| — PRLET MantaCark DR_Lver_fi
— PA.OT MonteConc DR_Bonay_

— PPLOT MenteCarks DR_Al_f

® Time integration:
O ADRintegration
O Activity integration

e Several fit function implemented
O  Mono-Bi-Tri-X-Exponential

O Auto selection of best fit using bayesian stats

e Handling of extrapolations:

o 0 to first time-point

O Last time-point to infinity



Geometry and
radiation
characteristics

Non-penetrating
radiation?

LED

Homogeneous
medium?

Convolution

M Bardies & A Gil Vergara, Absorbed dose calculation, in
Monte Carlo Dosimetry for Radiopharmaceutical Therapy
IAEA Tech Series, in Press



Dose Point Kernels in Water
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Local Energy Deposition (LED) w/o Density correction
O Use of ICRP 107 radionuclide emission database (electrons/beta only)

Convolution (VSV)

0 Use of GATE 8.2 (all emissions - ion source) to generate DPK in spherical

shells with effective radius correction*

0 Home-made python script to generate VDK by Monte Carlo integration in

selected voxel sizes and material.

0 Interpolation of precalculated VDK to real voxel size of NM images

0 Possibility to implement density correction

Monte Carlo (MC)

0 Generation of GATE macros for simulations (all emissions - ion source)
0 Automatic loading of GATE results (with correct path)

Comparison vs data from Papadimitroulas,

Med. Phys. 39(8), 2012

*Janicki, Med. Phys. 31(4), 2004
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Specific developments:

- Data workflow
- Saved /O

- Time integration
- ADR
- TAC

- Dosimetry algorithms:
- Local Energy Deposition

(LED)

- Convolution (VDK)
- Monte Carlo (GATE)



Comparison between OD3D algorithms for a sample clinical case

Absorbed doses (Gy)
Algorithm Liver Liver Lesion Healthy | Healthy Liver
Perfused Liver Perfused

LED 28.90 137.70 153.60 7.22 78.60

Homogeneous 30.24 143.20 159.70 7.73 82.11
Convolution

Heterogeneous| 29.31 138.70 153.90 7.64 82.24
Convolution

Monte Carlo 29.03 136.91 152.31 7.60 79.98

Tested on 5 HCC patients treated by Trans-Arterial Radio-Embolization (Physica Medica 64:245-251, 2019).
Same segmentation applied for all methods. Differences in calculated absorbed doses between algorithms are small,
therefore the fastest method (LED) is recommended for this application



Patient from IAEA CRP Project E2.30.05 on “Dosimetry in
Radiopharmaceutical therapy for personalized patient
treatment”. Comparison with Dosisoft PlanetDose®

40.00

30.00

20.00

ADR {mGy/h)

10.00

0.00

IAEA cyle3 Liver

0.0

200 40.0 60.0 80.0

time ()

@ Monte Carlo
31.2e"-9.22E-03x

@® Homogeneous Convolution
30.9e-9.24E-03x
Local Deposition
29.3e*-9.2E-03x

Software LL RL LK RK Spleen Liver RB
OpenDose 3D | 2.64 2.34 36.2 38.1 41.8 29.9 3.51
PDOSE 2.52 2.45 35.2 36.9 40.8 28.8 3.28
Relative diff -45% 4.7% -28% -3.1% -24% -3.7% -6.6%

Absorbed dose rates after 1h using LED WITHOUT density correction

(OpenDose 3D is taken as reference) (mGy/h)

Software LL RL LK RK Spleen  Liver RB
OpenDose 3D 7.77 8.66 35.9 37.6 40.8 29.2 3.64
PDOSE 5.08 5.00 355 36.9 40.6 28.2 3.42
Relative diff -34.6% -423% -11% -19% -05% -3.4% -6.0%

Absorbed dose rates after 1h using LED WITH density correction
(OpenDose 3D is taken as reference) (mGy/h).

Equivalent results obtained with MiM Sureplan®




Validation for 131] (MEDIRAD)

ADR (mGy/h)

Medirad UKW 002 48HR comparison
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Comparison of + ADR
methods in a Thyroid
cancer patient  with
thyroidectomy and post-
therapy with 131,

Influence of the high
gamma contribution.

MEDIRAD?>:



~ Manage Extensions (5) & Install Exiensions # Restore Extensions

Slicer Extensions

Categories

@ OCAIRD OCAIRD OCAIRO
. A -\_1-:_&-'-\_
« Applications (1
= Astronomy (1
. Auto3dam (1) SlICEI‘RT FilmDosimetry Geanslmetry LA
« Cardiac (2) SlicerRT OpenDose3D FilmDosimetryAnalysis GeIDommetryﬁnulysm Check for Updates
Csaba Pinler (ParkLab Alex Vergara Gil (INSE Csaba Pinter (PerkLab Csaba Pinter (ParklLa :
« Chest Imaging Platform (2) : 3 ; v Install U;{-dates Automatically
c . 4 (] [ ] | ‘I.;;:..

« Converters (1) UNINSTALL

UNINSTALL

INSTALL INSTALL

e Integrated into the Slicer official modules under the category of Radiotherapy
e Easy update inside the extension manager



Fully open source, source available at https://gitlab.com/opendose/opendose3d

q C @ | & qgitlab.com

w» GitLab Projects ~+  Groups ~ Maore «~

\ A
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B Repository This project implements a Slicer3D module aiming for molecular radiotherapy dosimetry
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Alex Vergara Gil authored 6 days ag

Security & Compliance

©
B README = % Apache License 20 B CI/CD configuration = (@ Add CHANGELOG @ Add CONTRIBUTING
& Operations

Auto DevOps enabled Add Kubernete
& Pach
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https://gitlab.com/opendose/opendose3d

Search or [ump to.
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Full Test suite created for this
software covering 100% of the code, it
contains data samples from a real
patient [1].

Use of gitlab. Tests are automatically
executed in every merge.

The tests check that the desired
behaviour doesn’t change after every
modification.

[1] The sample patient data images used were shared as part of JAEA Coordinated Research Project (CRP) on “Dosimetry in

Radiopharmaceutical therapy for personalized patient treatment”(E2.30.05).



OpenDose3D allows users to perform personalised internal dosimetry
It is NOT and WILL NOT be FDA approved/CE-marked
Designed to allow traceability of the clinical dosimetry workflow (CDW)
Next steps:
o Integrating calibration, more time-integration capability (NukFit?),
o Reconstruction? Needed?
Need to design (digital) test objects
o For absorbed dose calculation (easy)
o For all steps of the CDW (not so easy...)

For further questions please refer to the gitlab page

(https://gitlab.com/opendose/opendose3D) or contact jose.fragoso@inserm.fr



https://gitlab.com/opendose/opendose3D
mailto:jose.fragoso@inserm.fr

OMP Soecial Interest Group on Radionuclide dosimetry
%anp https://www.efomp.org/index.php?r=pages&id=sigs
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