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Overview of artificial intelligence in biomedicine



A decade of AI

2014 - Deep learning

2016-AlphaGo

2023-Foundation models

Reinforcement learning 
from human feedback

2021-AlphaFold

2025 agentic AI



FDA Approved AI Products

S. Benjamens, et al, The state of artificial intelligence-based FDA-approved medical 

devices and algorithms: an online database,  npj Digital Medicine 3, 118 (2020)

Projected Market Size is around $800 billions in 

2035 for AI biomedicine! 
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AI in Clinical workflow of Radiation therapy 



• Various modalities & data formats

• Noise, small sample size, missing data, bias, …

• Various scales

• Various diseases



Nature Communications 14, 8506, 2023



AI for precision healthcare

X            Y

• Denoising image & superesolution imaging

• Data modality conversion & pattern discovery

• Clinical decision-making & patient stratification

• Therapeutic response



AI for virtual staining

Z. Zhou, Y. Jiang, ………., L. Xing, eBiomedice, 2024.
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Language
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Image, video, 
& audio

• Different imaging 
modalities

Imaging/video

Image analysis & synthesis  
(e.g. denoising, superesolution
imaging, & generative models)

Image reconstruction 





Shen L, Zhao W, Xing L, Nature Biomedical Engineering (in press), 2019

Shen L, Zhao W, Xing L, Nature Biomedical Engineering 3, 880-888,  2019



Real-Time Volumetric Image Guidance From A Single Projection View

Input 2D Projection Output Volume Image + 3D Contours

tumor lung

Liang X, Shen L, Zhao W. ,Xing L, 2021



Dual energy & spectral CT imaging

Using a single energy scanner to obtain DE CT

40 keV 60 keV 80 keV 100 

keV

120 keV

T Lyu, W Zhao, et al, Estimating dual-energy CT imaging from single-

energy CT data with material decomposition convolutional neural 

network, Medical Image Analysis 70, 2021

• Metal artifacts corrections

• Scatter removal

• ……





3D dosimetry with 2d measurement
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AI FOR OMICS DATA PROCESSING 

https://www.scdiscoveries.com/blog/knowledge/spatial

-transcriptomics-5-key-applications/
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…

Cell M



We must better understand the data, the structure and interactions within the data, 

and their interactions with models to truly harness the AI foundation models



https://www.nature.com/articles/s41467-023-36383-6

Biology-informed AI for omics data processing 

https://www.nature.com/articles/s41467-023-36383-6


Biology –informed AI for omics data processing

www.analyXus.com

Islam, M.T. and Xing, L., 2023. Nature Communications, 14, 679.



Applications of omics-to-image conversion

in single-cell biology

Islam, M.T. and Xing, L., 2023. Cartography of Genomic Interactions Enables Deep Analysis of Single-Cell Expression Data. Nature Communications, 14, 

679.



https://www.nature.com/articles/s41467-023-36383-6

https://www.nature.com/articles/s41467-023-36383-6


WWW.ANALYXUS.COM



Stem Cells and Aging, 2021, Pages 89-101

Immune Changes During Aging

https://www.sciencedirect.com/science/book/9780128200711


DATA PREPROCESSING FOR DEEP RADIOMICS



Node centrality can be computed 

from graph

The attention matrix is then encoded as

301 genes
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Ai,j*=(Centrality(i) + Centrality(j))/2

Ai,j

AI for individualized immunotherapy

njp: digital medicine 7, 117, 2023



Spatial transcriptomics

https://www.scdiscoveries.com/blog/knowledge/spatial

-transcriptomics-5-key-applications/



Cell type and spatial domain identification

Yan et al., To be submitted, 2025
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Confidential

Liu S, Pastor-Serrano O, ….., Physics in 

Medicine & Biology 70, 2025

doi: 10.1088/1361-6560/adf02c.



Planning trajectories

1. Initialize plan based on average parameters

2. Ensure PTV homogeneity and conformity

3. Spare OARs while maintaining PTV coverage

Liu S, Pastor-Serrano O, ….., Physics in Medicine & Biology 70, 2025

doi: 10.1088/1361-6560/adf02c.
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Bio-networks

R. Yan, T. Islam, L. Xing, Science Advances 10, 1-12, 2024. 
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Biomedical  AI 

Foundation Models

foundation models for various biomedical applications 

–need biology/physics knowledge integration

SUMMARY 

Prior physics/biology knowledge

4

Multi-modality & Multi-scale FM

AI is changing the landscape of biomedicine
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