INTRODUCTION

AML and MDS reman heterogeneous with high relapse rates
driven by therapy-resistant clones residing in protective bone
Mamow niches.

Current nsk stratiication relies on morphology. flow cytomalry,
and genomic data assessed independently.

These approaches often fail to capture the spatial architecture
of the microenwvironment that fosters resistance.

Integration of spatial biclogy with computational pathology
may énable detechion of ultra-early relapse signalures.

OBJECTIVE

To evaluate a mulimodal Al model combining digital pathology and
spatal ranscnptomics for early prediction of molecular relapse in
AML and MDS by identifying high-risk spatial resistance niches,

Study Design
Retrospective cohort study

Population
450 bone marrow trephina samples from AML and MDS
pabants i mophological compdte remisson (CR)

Dgta

Endpoint
Maodecular relapse (NGS-bhasad MED =>0.1%) within
& months of CR

Data Modalities

Stroam A: Whole-Slide Imaging (WSI)
Htream B: Spatial Transcriptomics {10k Ganomics Yisium)

Model Architecture

= Stream Ac CHN [ReaMNol- 101) = 1,024 momphedageal features
« Stream B: S5pol-Dased gpent axpréssion

« Cross-aflention Transformmes for multimodal fusion

Validation
F oo -Told cross-walidaton

Statistical Analysis

ROC anabysss, Sureival analysis (COX regression).
Performance metncs (Sensitivity, Specificity, NPV
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RESULTS

1. Model Performance (Predicting Molecular Relapse within 6 Montin] )
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4. Al-Detected Spatial Resistance Niches

Al identified high-risk spatial signatures a meadian of
41 days (ranpge, 19-85 days) befare clinical or

morphological relapse,
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High-risk nichg definition:
Cluslers of CO24+ blasts within
SOpm of CXCL12-axpressing alromal cells

8. Patient Characteristics (N = 450)
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Diagnostic Performance
(Multimodal Modael)

AUC (95% CI) | 0.89 (0,84 - 0,93)

Sensitivity 85.0%

Specificity 92.0%

i Mogative Predictve Value

95.0%

75.0r%
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5. Subgroup Performance (AUC)
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3. Cox Regression
(Relapse Risk)

2. Kaplan-Meier: Relapse-Free Survival
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Hazxard Ratio (95% CI)
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6. Relapse Incidence by Risk Group
(6 Months Post-CR)

7. Represeantative Case
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p < 0.001

62.5% High

Al-Low Risk
(n=330)

Al-High Risk
(n=120)
Al flagged high-risk miche 35 days before molecular relapse
(NGS-MRD >0.1%)

CONCLUSION
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10. Comparizson of Lead Time to Relapse Detection

Median Load Time Range (Days)

Method Dasa]

Mttenodal Al (This Study) | 41
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-E:Hq 3 The mulbmodal Al framework iMegrating digital pathology
and spatial ranscriptomacs predicts molecular relapse in AML

and MDS with supenor accuracy.
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(Retroapecive shudy) Al identifies hagh-risk spatial resistance niches a median of

41 days batore clinical or morphological relapae,

75.0%

This approach prowvades a chimically actionable lead hme of
over 40 days, enabling preemplbive therapeulic intensenon
in high-risk patents.

Mullimadal Al represents a transformative ool for precision
ralapse monitonng and péersonalized managamant in
myeloid malignancies
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