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BACKGROUND

Hepatocellular carcinoma (HCC) is the most common
primary liver cancer and a leading cause of cancer-

related death. Surveillance relies on multi-modal liver

MRI: DWI, T1 in-phase/opposed-phase, T2-weighted,
and dynamic contrast-enhanced sequences, each
measuring different tissue properties. Current deep
learning approaches either use a single modality or
naively concatenate all sequences, forcing a single
network stem to handle physically distinct sighals

simultaneously.

Hypothesis: Modality-specific encoder heads,
feeding into a shared backbone that learns modality-
invariant spatial patterns, will outperform naive
concatenation for HCC prediction, particularly when
combined with per-modality self-supervised

pretraining.
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DATASET

Retrospective single-centre cohort from Medisch
Spectrum Twente, Enschede.
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TRAINING STRATEGY

Per-modality DINO pretraining: contrastive views are

only constructed within a modality group, never across:

Per-Modality Backbone + End-to-End
DINO Trans. Full system, all
Each encoder head Shared backbone parameters

pretrained on its trained supervised unfrozen

modality, then on P(HCC)
frozen
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ARCHITECTURE

Modality-specific encoder heads are pretrained via DINO then frozen; the shared backbone processes each modality's
features independently using the same weights. Fused embeddings feed a Transformer for longitudinal modelling.
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Shared 3D ConvNeXt Backbone

Same weights - 4 independent forward passes - learns modality-invariant spatial patterns
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RESULTS SINGLE MODALITY

AUROC when training with only one modality vs. all
T2W  Multi

Architecture

four combined:

Naive concat X 0718 0.720 0.705 0.734 DWI only
Naive concat /  0.795 0.690 0.670 0.772 DCEonly
Enc. heads +shared X 0729 0.731 0.714 0.787 T1-IOPonly
Enc. heads +

/ 0808 0753 0738 0.844 T2W only
shared

All four § 0.844 |

AURQC, 5 folds x 3 seeds. Red: degradation. Green:

. . Multi-modal fusion provides a further gain over any
improvement from pretraining.

single modality.

MODALITY
CONTRIBUTION

KEY FINDINGS

n Encoder heads mitigate the pretraining disparity:

AUROC drop when each modality is removed from the all modalities benefit from DINO when pretrained

full pretrained system: per modality group.

_ pwi _ a The shared backbone improves multi-modal
fusion by +0.072 AUROC over naive concatenation,
- DCE indicating that modality-invariant spatial patterns
_T1.10P are learnable.
a Without pretraining, the architectural
- 2w m decomposition alone yields +0.053 AUROC. The

Relative to full system (0.844). DWI and DCE contribute encoder-backbone separation has value

most, in line with their clinical diagnostic value. independent of the pretraining strategy.
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