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Introduction

Positron emission tomography (PET) is an invaluable tool in medicine.
- Used in oncology for cancer staging, diagnosis, and monitoring.

Clinicians analyse PET to identify healthy vs abnormal uptake patterns.

Manual annotation of disease is laborious and can suffer from inter- and
Intraobserver variability necessitating automated methods. *= 1981 2025
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Introduction

Automatic lesion segmentation methods aim to learn disease features.

Disentanglement of images is proving beneficial in many settings.
- Separate underlying sources of variation into semantic latent vectors.
- Better understand the structure of data, enhance model interpretability.
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PET-Disentangler

PET lesion segmentation leveraging a 3D disentanglement framework to
disentangle healthy and disease features.
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Method overview: PET-Disentangler
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e Modified 3D UNet architecture.
e 3D PET input.
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Method overview: PET-Disentangler
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Method overview: PET-Disentangler
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e Modified 3D UNet architecture.
e 3D PET input.
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Method overview: PET-Disentangler
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e Modified 3D UNet architecture. Lseg = LComboLoss(Ma MGT) — LDice T LCE
e 3D PET input.

<« >
4 o
O h & o,
) 20281 intermational Symposium on Biomedical Imaging
o April 14-17, 2025 | Houston, TX, USA



Method overview: PET-Disentangler

|

Z4 Seg.
Decoder

M
Mask prediction

X Encoder - \
e Mask prediction used with healthy
) Image features for image reconstruction.
Z
SKib connections n Decoder e Re-entangle healthy and disease
P ‘ features via SPADE blocks.
Mask prediction to
SPADE

e Modified 3D UNet architecture.
e 3D PET input.

° R
<« >
<) o
O h & o,
o 20281 intermational Symposium on Biomedical Imaging
o April 14-17, 2025 | Houston, TX, USA



Image decoder and reconstruction
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Image decoder and reconstruction

|

Seg. M
Decoder Mask prediction
Encoder -
i Image
Skip connections Decoder
Mask prediction to

SPADE :
Full reconstruction

when using M

° R
<« >
<) o
O h & o,
o 20281 intermational Symposium on Biomedical Imaging
o April 14-17, 2025 | Houston, TX, USA

11



Image decoder and reconstruction
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should look the same when X is healthy
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Image decoder and reconstruction
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Critic network for healthy distribution matching
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Critic network for healthy distribution matching

Encoder -

X* = Input with positive findings Z
(i.e., with lesions) —

X = Input with negative findings
(i.e., without lesions)
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Critic network for healthy distribution matching
Leritie = (= (Cz) = C()) + Agp (V2 Clam)l 2 = 1) e
zm = azy + (1 — oz)z;;

_ 2
Lpseudo—healthy > _C(Zh)
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X* = Input with positive findings Z
(i.e., with cancerous lesions) — ——  Critic — ¢

X = Input with negative findings
(i.e., without cancerous lesions)
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Overall objective function

The critic is optimized separately from the rest of the network components.
The critic loss is used to optimize the critic.

The overall objective function to optimize the encoder, segmentation decoder, and image decoder is:
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Experiments

Objective Segmentation Reconstruction Disentanglement
SegOnly Learn disease features v % x
SegRecon Learn disease and image features V4 V4 x
SegReconHealthy Learn disease and healthy features / 8
PET-Disentangler Learn disease and healthy features V4 v v
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Experiments
TCIA Wholebody FDG-PET/CT dataset?

- 513 scans without lesions, 501 scans with lesions.

Leverage TotalSegmentator?® to obtain aligned subvolumes for the
dataset centered around bladder.
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Results

Table 1. Lesion segmentation Dice on lower torso

Method Healthy (71) Disease (31) Overall (102)

SegOnly 0.0007 & 0.0026  0.1864 4 0.2474  0.0572 £ 0.1598
SegRecon 0.0013 4 0.0048 0.1847 £ 0.2474 0.0570 4 0.1593
SegReconHealthy | 0.0008 4+ 0.0012  0.1791 4 0.2403  0.0550 £ 0.1547
PET-Disentangler | 0.7174 + 0.4200 0.5153 + 0.2843 0.6560 + 0.3937
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Ground truth SegOnly PET-Disentangler | Pseudo-healthy = Reconstruction
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Ground truth SegOnly PET-Disentangler | Pseudo-healthy = Reconstruction
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Conclusions

PET-Disentangler, a lesion segmentation model that
disentangles 3D PET into healthy and disease features.

PET-Disentangler greatly reduces false positives of healthy
uptake compared to non-disentanglement methods.

Future work: investigate using an additional modality (i.e., CT,
MRI) with corresponding PET.
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