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Overview: From Redundancy Alignment to Synergistic Omni-modal Pretraining
Background: Existing slide-level multimodal self-supervised learning often emphasizes shared redundancy and contrastive alignment. 
This may under-utilize complementary evidence from pathology, transcriptomics, and reports, and can cause modality collapse.
Contribution: We propose 𝚽-Omni, an omni-modal self-supervised framework for slide representation learning. It introduces a 
Synergistic Information Bottleneck (SIB) and the ΦID objective grounded in PID to expand synergy while compressing redundancy.
Results: Pretrained on TCGA-BRCA (𝑛=1,031) and TCGA-NSCLC (𝑛=919), 𝚽-Omni achieves superior few-shot performance across five 
external cohorts and eight downstream tasks, which outperforms supervised MIL and SSL baselines.
Current & future work: Our study shows that synergy-driven multimodal pretraining can produce transferable WSI encoders for robust 
unimodal few-shot adaption, which can be extended to broader cohorts, richer modalities, and clinically deployable pathology FMs.
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𝚽-Omni framework

Name: 
Age: 63
Sex: Female
Location:

Path No.: 
Date O.: 02/26
Date R.: 02/26
Physician:

Specimen:

Diagnosis:

Gross Desc ription:

Lung, right upper lobe nodule

Negative for Carcin oma

Received fresh labeled “station 
7 lymph nod es” is a 2.0x1.5x0.4
cm aggregate of lymp hatic tissue

Omni-modal Evidence 
≠ Simple Redundancy

Motivation:
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Quantitative Results

Interpretability Analysis
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Pathology WSI
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RNA-Seq Report

Morphology,
spatial pattern

Clinical findings,
semantic context

Molecular alterations,
pathway activities

Joint combination reveals
Synergistic information

Pathology, transcriptomics, and reports provide 
complementary biological and clinical signals 

beyond simple alignment
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