Scientific context

Cancer leading cause of death worldwide (10
million deaths in 2020), radiotherapy is one of the

cancer treatment.
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Segmentation and uncertainty WP2

Automatic segmentation (LS2N, Nantes)
> Anatomical regions:
e prostate + OARs (rectum, bladder) and
e brain + OARs (medulla, brainstem, pituitary gland,
lens, eyes, retina, chiasm, optic nerve).
Data: MR (T1 and T2, LavaFLEX) and CT
Challenges: dataset size, unnormalized
incomplete annotations, misalignment
Internshipl : Amel Bakouche (2023) :
Baseline segmentation with a U-NET under mono

Example segmentation predictions for
the brain (left) and prostate (right)

and

> Intership3 : Dalal Chamssedine (2024):
Segmentation as label transfer: registration

‘Y VV

and multi-modal scenarios for 6 OARs of the
brain.
e First encouraging DICE/Haussdorff
results on each modality.
Scores still dependent on the organ size.

CT-Scan: reference imaging for dose planning in
radiotherapy (RT)
epooOr contrast in soft tissues and ionizing imaging
eimprecise delineation of the tumor and the organs

distance

at risk (OARs) ° X _ :
olimiting the quality of the daily patient treatment »> Intership2 : Armena Kojasevich (2024):
positioning e Automatic preprocessing for the prostate data.

Baseline 3D segmentation with Unet

MRI: better soft tissue contrast comparedto CT @
State of the Art of implicit segmentation.

ebut MRI do not provide electronic density ®
information necessary for dose caIcuIatlon

Image registration (LS2N and LTSI)
Novel Deformable MR/CT Registration approach

that incorporates an unsupervised DL based

generation step of an intermediary image (sCT)

> reduce multimodal registration (MR/CT) into
monomodal registration (sCT/CT)

MRI + delineations.

CT + delineations

MRI-CT synthesis WP4

> Proposed method, generate the sCT from the

“ L “ l . content of the MRI by applying the CT style:

@ oPL loss: ConvNext (pre-trained on ImageNet)

CT-scan MRI
Limitation of DLM-based MR-to-CT synthesis
> variety of image acquisition systems
(manufacturers, calibration, acquisition

Registered CT + deformed
delineations

Lﬁm

parameters, magnetic field, etc.)
etraining data specific to CT/MRI device

[Hémon24]

recent low cost and high performance classification
network.

eArchitecture: cGAN (Resnet-6 blocks+PatchGAN)
eDimensions: 3D patch

e Training method: Unregistered pairs

Preprocessed MRI

Goals

> Generation of synthetic CT (sCT) from MRI,
based on DLM

> Development of a generic approach, a non-
specific center/device, taking into account the
variety of image acquisition systems

> Accurate dose calculation from MRI (with sCT)

> Develop supervised and unsupervised learning
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Workflow of the study

Reestimation of the 5 CREPs (unregistered pairs)

parameters
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‘ [Thummerer24]  [Texier24]
The Medical Image Computing
M and Computer Assisted syn'hRAD2023 |
Intervention Sociefy Synthasizing tompyted Tomography for rediatharapy
MICCAI
Work Packages P

8th position 4th position

....V.

Siemens Skyra, T2 space, 3T

10th position  8th position

Applying recent pairwise registration method
based on implicit neural representations

MIND Multi-modal extension proposed
Upcoming work:

10m postdoc (2025) Mathilde Monvoisin

1 master students 2025: open

Extend registration to a population.

Joint implicit registration and segmentation
approach.

Multimodal registration WP3 @@Multicentric generation WP4

Pelvic database

Dataset D3:
19 patients

Dataset D4
40 patients

Dataset D2:
60 patients

Dataset D1:
39 patients

DT

N————

Siemens Skyra, Discovery MR750W,
T2 space, 1.57 T2 space,

Viewray, MRI-Linac, T2 space,
TRUFI sequence, 0.35T

« Public database,
«  Good registration,
«  Low quality MRI
« 3different centers

« Rigid registration, « Rigid registration,

o Low field MRI « Artefacts on MRI

* Planning and daily MRI « Injected bladders on CT
o Small FOV

« Reference,
o Perfect registration,
+ Good quality images

Datasets

[Texier23]

Case A
Monocenter
Seen data

Case B

Seen data
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