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• Various data formats

• Noise, small sample size, missing data, bias, …
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Give me a firm place to stand and a 
lever and I can move the Earth    
                                           -  Archimedes

Give me sufficient CLEAN data, I can solve all inference problems

-  Archimedes



Training and validation loss and accuracy of BERT and our new BERT   - Amazon Factory report dataset 
(Nat. Biotech. Under review, 2025)



Language
• Different 

languages
• Specialties

Table
• omics
• Multi-omics
• Sensory data
• Clinical trials

Graph
• Bio-network
• Social network
• Pathology data
• Functional maps
• Spatial 

transcriptomicsImage & video
• Different 

modalities

Data are presented in 
diverse formats

R. Yan, T. Islam, L. Xing, Science 
Advances 10, 2024. 
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IMAGE REPRESENTATION OF OMICS DATA







Expression vector of a Keratinocyte cell and it’s genomap

Vector

Genomap

Data source: Nature 562, 367–372 (2018).



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

AI for omics data processing

www.analyXus.com

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


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(1), p.679.





Unveiling Tissue Heterogeneity through Genomic Interaction-Encoded Image 
Representation of RNA Sequencing Data



OMICSMAP-BASED DEEP RADIOMICS





Visualization of bulk RNA sequencing of mouse lungs post radiation treatment. We convert 17 mouse 
lungs bulk RNA sequencing samples into genoMaps. Mouse lungs are treated with 0 Gy (control), 65 Gy or 
75 Gy. RNA sequencing are performed either two or six weeks after the radiation. 

Radiation Lung fibrosis 



Tabular data

Yan R,  Islam, M.T., and Xing, L., 2024. Interpretable discovery of patterns in tabular data via spatially semantic topographic 
maps, Nature Biomedical Engineering 8, 1-12, 2024.



Spatial transcriptomics
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•Definition: 
Foundation models are large-scale machine learning models trained on vast amounts 
of data.  They are designed to be adaptable to a wide range of tasks.

Characteristics:

- Large scale: large number of parameters & datasets
- Generalization: capable of performing various 
                        task-specific training
- Adaptability: can be fine-tuned for specific applications 
- Self-supervised

LLMs 



Training and validation loss and accuracy of BERT and our new BERT   - Amazon Factory report dataset 
(Nat. Biotech. Under review, 2025)



Foundation 
models

Question 
answering

translation

Sentiment 
classification

Parsing

• Fine-tuning

• prompting

• In-context learning

Information 
extraction

Image 
captioning

Transcribing 
speech

Following 
instructions

Video 
generation



Confidential

Liu S, Pastor-Serrano O, ….., arXiv preprint 
arXiv:2406.15609, 2024



28

 Based on GPT4-Vision

 Evaluation module:

• DVH Expert – compares metrics with protocol/intent

• Image expert – evaluates dose distribution and presence 
of hot/cold spots

• Aggregation module – improvement suggestions

 Planner module: suggest new parameters based on

• Stored information from previous iterations

• The current plan

• 3 reference approved plans from the same disease site

GPT-RadPlan



Foundation
Models

Sentiment 
analysis

Image 
processing

Information 
extraction

Instruction 
following

Parsing

Transcribing 
speech

Biomarkers 
discovery

AI & FOUNDATION MODELS FOR FUTURE 
HEALTHCARE






Imaging 
Modeling Treatment planning

Image-guided patient
setup & delivery

Follow up

Stanford University

Image 
reconstruction 

Different 
modalities

Artifacts 
removal Sparse data …....

High 
dimensional 

imaging
Real-time

Dynamic 
contrast 
imaging

Functional 
imaging …..

Sparsification 
compression

Sparse 
representation

Sparse 
learning

Image 
compression ….....

OAR 
segmentation supervised unsupervised Network 

structure …....

Tumor 
detection & 

segmentation
Detection Muli-

modalities …..

Image 
registration

Intra-
modality

Cross-
dimension

Inter-
modalitie ….....

Supervised 
planning …....

Unsupervised …..
Reimforcement 

learning ….

Monoscopic 
imaging …....

Stereoscopic 
imaging …..

Cone beam 
CT ….....

Therapeutic 
response …....

Survival …..

Toxity ….....

FM/AI in Clinical workflow of Radiation 
therapy 
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Summary

1

2

3

Deep omics data analysis

Multi-modality FMs

Data pre-processing for deep learning

Next-generation AI

Improving safety, 
quality, efficiency, and 

cost-effectiveness
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