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Background (a bit of history...) ®BIOEMTECH

» 2003-2009: BSc in Applied Physics (NTUA)
» 2009-2011: MSc in Medical Physics (UPAT)
» 2011-2015: PhD in Medical Physics (UPAT)
» 2013-Today: Co-founder & Project Director (BIOEMTECH)

Evaluation of Diagnostic, Therapeutic and Dosimetric Protocols in Nuclear Medicine,
with the Development of Computational Models and the Use of Monte Carlo Simulations
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BIOEMTECH activities OBIOEMTECH

BIOEMTECH develops and offers innovative solutions in

pharmaceutical, medical physics and biotechnology research.
We focus on molecular imaging, dosimetry & biomedical engineering:
v" Design and construction of low-cost benchtop imaging devices

v’ Performance of preclinical imaging services in our imaging platform

v Computational solutions using MC simulations & Al techniques
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HPC 15t experience @BIOEMTECH

Intensive Monte Carlo simulations for medical purposes

using anthropomorphic computational models with the GATE toolkit

HPC-Europa2

Pan-European Research Infrastructure on High Performance Computing

v' 2011 — Access in MareNostrum HPC

(1 month visit) »
‘e

Barcelona
@ Supercomputing
Center
Centro Nacional de Supercomputacion Figure 2: NCAT phantom, adapted to

Figure 1: Clinical PET image ::‘I'“‘;Iif‘“"' datawithhemogencoas

v' 2017 — Access in ARIS HPC

(Application for projects involving industry - Pilot Call)

Figure 3: Simulated reconstructed Figure 4: Simulated reconstructed
image from the NCAT phantom in image from the NCAT phantom in
g r HPC (MareNostrum). GateLab.
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References on ARIS HPC ®BIOEMTECH

CANCEL-MC (1st Pilot Call)
MC: CANCEL (4th Production Call)
NuPeDose (5th Production Caﬂ)/

¥ T. Kostou, P. Papadimitroulas, P. Papaconstadopoulos, D. Slobodan, J. Seuntjens, G.C. Kagadis
“Body Size-Specific Dose Estimates for pediatric chest, abdomen/pelvis and head CT scans”

Physica Medica, 65:181-190, 2019, DOI: https://doi.org/10.1016/j.ejmp.2019.08.020

(Journal publication)
% P. Papadimitroulas, W.D. Erwin, V. |liadou, T. Kostou, G. Loudos, G.C. Kagadis
“A personalized, Monte Carlo-based method for internal dosimetric evaluation of radiopharmaceuticals in children”
Medical Physics, 45(8):3939-3949, 2018, DOI: https://doi.org/10.1002/mp.13055
(Journal publication)
> K. Chatzipapas, P. Papadimitroulas, M. Obeidat, K. McConnell, N. Kirby, G. Loudos, M. Papanikolaou, G.C. Kagadis
“Quantification of DNA double-strand breaks using Geant4-DNA"
Medical Physics, 46(1):405-413, 2019, DOI: https://doi.org/10.1002/mp.13290
{Journal publication)

> T. Kostou, P. Papadimitroulas, G.C. Kagadis
“Moving forward to personalized pediatric dosimetry on computed tomography applications”
Physica Medica, 52(Suppl 1), 2018, DOI: https://doi.org/10.1016/j.ejmp.2018.06.372

(Conference Proceedings - Poster)
> T.Kostou, P. Papadimitroulas, D. Mihailidis, G. Loudos, G.C. Kagadis,
“Pediatric chest, abdomen/pelvis and head computed tomography exams for personalized dosimetry using GATE Monte Carlo simulations”
60th Annual Meeting & Exhibition of AAPM, 2018, https://w3.aapm.org/meetings/2018AM/index.php

(Conference Proceedings - Poster)
# T. Kostou, P. Papadimitroulas, D. Mihailidis, |. Kopsinis, G. Loudos, G.C. Kagadis,
“Optimizing pediatric CT dosimetry using Monte Carlo and Machine Learning techniques”
60th Annual Meeting & Exhibition of AAPM, 2018, https://w3.aapm.org/meetings/2018AM/index.php

(Conference Proceedings - Oral)
# K. Chatzipapas, P. Papadimitroulas, N. Papanikolaou, N. Kirby, G.C. Kagadis
“Quantification of DNA Damage After an lonizing Irradiation Session”
Medical Physics, 46(6): E444-E444, 2019,
(Conference Proceedings - Poster)
» K. Xoanmomde, N. Nanadnuntpoliac, . Aotvrtog, N. NMamoavikoAdou, T. Koaykadng
“Mocotikomoinon ¢ BioAoyikric BAaBng oro DNA amé ovti{ouoa aktivoBolia, pue xprion e18ikri¢ SOCIUETPLKIIC TEXVIKIG Kot mpooeyyicewv Monte
Carlo”
240 Aamavemotnpakd ouvédplo aktivoAoyiac, Natpa, 14-16 NoepBpiov 2019

(Conference Proceedings - Poster)
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PediDose — FF4EuroHPC ®BIOEMTECH

A pediatric simulated dosimetry platform for clinical use

New project / experiment
» Call: FF4EuroHPC Call-1
» Consortium: 2 SMEs & 1 HPC expert
BIOEMTECH — IKNOWHOW — GRNET
» Duration: 15 months (just started)

4 EuroHPC

“Targets highest quality experiments involving innovative, agile SMEs and with work plans
built around innovation targets arising from the use of advanced HPC services.”

“The key concept behind FF4EuroHPC is to demonstrate to SMEs how they can strongly
benefit from the use of advanced HPC services and thereby take advantage of these
innovative ICT solutions for business benefit.”
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The problem... @BIOEMTECH

Nuclear Medicine procedures involve radioactivity

No way to measure the absorbed dose in each organ (internal dosimetry)
lonizing radiation can lead to cancer

Estimations based on the images

Pre-calculations with MC simulations based on standard models

Pediatric patients are higher radiosensitive than adults

YV VYV VYV VY

Optimization of pediatric dosimetry based on personalized patient’s characteristics @
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Current solution... ®BIOEMTECH

“Monte Carlo method is a statistical approach to solve deterministic problems and define
a specified system using random number generators”

» MC techniques took their name form the Monte Carlo Casino.

» >40 years MC techniques are applied in Medical Physics.

» MC simulations serve as ground truth for dosimetry.
» Calculations of doses per/organ from a specific adult phantom
(rescaling for pediatrics)
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Our idea... ®BIOEMTECH

> Non IT experts

» Develop a new product — clinical software tool — assist clinicians

» Personalized pediatric dosimetry prediction

» Based on a methodology previously developed
(H2020-MSCA-RISE ERROR project (https://error.upatras.gr/)

All the appropriate tools and technology exist

» MC tools well validated (high accuracy)
» Advanced computational anthropomorphic models
» HPC resources (highly demanding in computational time)
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The goal... @BIOEMTECH

Development of a platform for personalized pediatric dosimetry

Creation of a product: support tool for clinicians

» Develop a platform with a Graphical User Interface (GUI), using computational tools and
MC simulations, for the calculation of the absorbed dose / organ before the acquisition

of NM examinations.

» Exploit Artificial Intelligence: ML/DL techniques
» The clinician will have a good estimation and could reconsidered the applied protocol.

Monte Carlo
Simulations

Diagnosis
&
Therapy

Anthropomorphic
Models

L LTTTTTTrTo.

Pediatric
Dosimetry
Software
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Methodology ®BIOEMTECH

MC simulations

[
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ML techniques

(2) Atlas to CT-Scan registration Atlas Transformation
Develop techniques to predict dose from >
organs with different anatomies. 1, E
Algorithms will be trained on the 4
dosimetry database.

Auto segmentation procedures... . /u.ﬂ/\\\w |
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Project Implementation ®BIOEMTECH

Task-4 Management / Dissemination / Exploitation (BIOEMTECH)

Task-1 (BIOEMTECH)

Design of the simulations
and standardize the
HPC implementation

Task—-3 (iKnowHow) Unique
integration of
the developed

tools

=

Market

Development of an Al model

for dosimetry prediction
HPC expertise in trained on the database
collaboration withdomain
expert on realistic
simulations

.....

Platform for Personalized
Pediatric Dosimetry

Development o
advanced tools and
Task—2 (BIOEMTECH) methodologies for
Creation of the simulated both SMEs.

dosimetry database

{ AdvancedDevelopments :
%, in SMEs — HPC experience

HPC resources
\

Healthcare System
Social

EU — Economy

i SMEs upgrade i

Scientific (researchtools)

Pe-grr [ ] |
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HPC: The need ®BIOEMTECH

> Large number & Intensive simulations:

* There is ~20 pediatric models (2-15 years old)

* Test at least 5 radiopharmaceuticals (most common)

* To have an accurate dosimetry assessment, 4 time points will be used.
Total: ~400 different simulations.

* Rough estimation 320.000 core hours.

* Need of memory RAM (> 50 GB).

* Enough space in the hard drive, that probably slows down the simulation.

» Machine Learning training models:
e 1t attemptin HPC

* Previous experience shows slow procedure
(Training models could take ~1 week in CPU)

* In house speed up — (high end GPU unit)

Activity Map Aﬂfﬁllilﬁlill Map Dose Map
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HPC: Experience so far @BIOEMTECH

1. To access ARIS we use specific IP with SSH key.

2. GATE macro simulation files are split manually,
using in-house scripts. Splitting is done in ARIS.

sys, 0s
math
random

time

3. Indicative procedure (our common practice):
* 1 simulation is split in 120 files  bronte Ak Cornr eSS
o template macro = 4 .(sgs.argv[ 1D
 Utilize 3 full nodes (fat nodes) timeDuration =
e Use 10 GB of ram

i (n_threads):
* Set a time limit of 30 clock hours. . |
g j : (t o tigggg;::{gz) + timeDuration
(template_macro).readlipes()
4. Output file size can reach 100 Gb (specific cases). or Line (4 frnas A

line = 1ine.;ep1ace( - % (i+))
. . )
e Typical dosimetry don’t exceed ~15 Gb. . | ,
line = line.replace( :
line = line.replace( . % i)
1ine = line.replace( : % k)
trg.write(line)

5. Output is merged after transferring all the files to .close()
our PC using in-house scripts (avoid corrupted files).

6. Transfer of files is done using scp & the ssh key.
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Final Software Product ®BIOEMTECH

NM-Dosimetry
Choose the .

Choose the anatomical .
parameters of the patient radiopharmaceutical
Gender 99mTc-MIBI
Age 18F-FDi
Height 59mTc-MDP
Weight etc Viewer

— (3)
Choose the administered

AND (if applicable) activity
Load the DICOM CT file of
the patient [ Eabmit ]
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General thoughts - Discussion @BIOEMTECH

» Years of thoughts for an in-house cluster

» HPC could be considered a daily tool for business
v Developers daily use (like cloud services — Share files etc.) ‘
v Many tasks could benefit from HPC (image processing, simulation,ﬁl

> Industrial access on HPC??? - A’. %
o Funds? National support —resources? = % =
L > WY 4
o Training — internal/external expert? €
» Next steps — enhance quality of results and daily workflow ’/
o Attract interest of SMEs / Start-ups ‘ \ ~
o Training & Dissemination activities (create awareness)

o Industry should identify their needs!
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Thank you !!! EBIOEMTECH

N\ f/
P _A: e
I f(H g I 4[EuroHPC 7?\:%\
hpc.grmet.gr

SHOHC

Hellenic Digital Health Cluster

HELLENIC BI1O CLUSTER

praxi»

@FORTH
European help-forward network A4 E U R O

Cariniission INSTITUTE OF COMPUTER SCIENCE G reece
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