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Top 20 drugs

80% non-responders

Medicine Today Is Imprecise

Wasted

1/3 health spending

$1 Trillion / year
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Cancer: Immunotherapy

Keytruda: immunotherapy blockbuster ($25B, 2023)

FDA approved for many cancer indications

But only work for minority of patients

Wanted: Complex biomarker for better stratification
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Continuous 

Learning 

Health System

Data Producer

Provider, EHR Vendor

Insight Consumer

Pharma, Payor, Regulator
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Real-World Evidence (RWE)

Real-world data (RWD) are the data relating to

patient health status and/or the delivery of health

care routinely collected from a variety of sources.

Real-world evidence (RWE) is the clinical evidence

regarding the usage and potential benefits or risks

of a medical product derived from analysis of RWD

Population-scale free lunch
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Multimodal Patient Journey
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Multimodal Patient Journey

Growing array of info-rich modalities ……
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Multimodal Patient Journey

https://www.adventisthealthcare.com/living-well/the-blind-men-and-the-elephant/

8



Hoifung Poon, Microsoft Health Futures 9

Precision Health Is a Multimodal Generative Problem

f =

Disease

Progression

Treatment

Response
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Precision Health Is a Multimodal Generative Problem

f =

Longitudinal

Disease

Progression

Treatment

Response
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Precision Health Is a Multimodal Generative Problem
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Multimodal Patient Embedding

Patient Embedding
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Multimodal Patient Embedding

Real-World Data

(RWD)
Biomedical 

Foundation Model

patient embedding = digital twin

Pretraining

GenAI disruption:

High-fidelity patient embedding
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Real-World Data

(RWD)

Real-World Evidence

(RWE)

Biomedical 

Foundation Model

patient embedding = digital twin

patient-like-me

population-scale

Reasoning

Pretraining

Population-Scale RWE → ”Emergent Capabilities”

Multimodal Patient Embedding

What works? What doesn’t work?

Improve patient care Accelerate discovery
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The Curse of Multimodal Complexities

Structured data: discrete, ordinal, numerical, …

Clinical notes: unstructured, noisy, …

Radiology: 2D X-ray → 3D CT, MRI, …

Digital pathology: Gigapixel images (120K X 120K)

Genomics: 30-gene panel → 600-gene panel → WGS

Spatial transcriptomics: 500 genes → 4000 genes → WES

…… 
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The Curse of Multimodal Complexities

Structured data: discrete, ordinal, numerical, …
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Case Study: Immunotherapy

Given Keytruda cohort, find exceptional responder

Need to model tumor microenvironment

https://en.wikipedia.org/wiki/Tumor-infiltrating_lymphocytes
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Digital Pathology: Transformer blows up…
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3cm x 3cm, 40x → 120K x 120K pixels

16 x 16 patch: 56 million tokens

Compute: Billions of times 

more than web images
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Dilated attention
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GigaPath: First Whole-Slide Digital Pathology Foundation Model

170K whole slides (1.3B image tiles)

https://aka.ms/gigapath
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GigaPath: Monthly Downloads > 90K
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GigaPath: Monthly Downloads > 90K
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Unimodal: Encoder / Decoder

Encoder Decoder

Encoder Decoder

…… ……

Frontier Model (e.g., GPT-4)

Modality-Specific 

Self-Supervision
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The Curse of Multimodal Complexities

…… Combinatorial

Explosion
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…… Multimodal 

Babel Tower
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Text = Interlingua

……
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Cross-Modal: Adapters

Encoder Adapter

Frontier Model

Naturally co-occurring 

modality-text pairs
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Image 

Encoder

Text Decoder

Instruction

E.g.:

“Describe this image.”

“Where is the lesion located?”

“Is it extended into the chest wall?”

Adapter

<Answer Text>

Instruction-following data

LLaVA-Med: General Recipe

GPT-4 → Multimodal Synthetic Data

Li*, Wong*, Zhang*, et al. LLaVA-Med: Training a 

Large Language-and-Vision Assistant in One Day. 

NeurIPS 2023, Spotlight.
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BiomedJourney: In Silico Imaging

Image 

Encoder

Text Encoder

E.g.:

“Increasing right pleural effusion 

and prominence of cardiac 

silhouette”

Adapter

Instruction-following data

GPT-4 → Multimodal Synthetic Data

Progression

Image

Decoder

Gu*, Yang*, et al. BiomedJourney: Counterfactual 

Biomedical Image Generation by Instruction-Learning 

from Multimodal Patient Journeys, arxiv 2310.10765.
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Towards Generative Diagnostics
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BiomedParse: Image Parsing

Image 

Encoder

Text Encoder

E.g.:

“Are there any immune cells?”

“Lung nodule in this chest CT”

“Find me all organs”

Adapter

Instruction-following data

GPT-4 → Multimodal Synthetic Data

Text Prompt

Mask

Decoder

Zhao*, Yu*, et al. BiomedParse: a biomedical 

foundation model for image parsing of everything 

everywhere all at once, arxiv 2405.12971.
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Image Parsing: Segmentation, Detection, Recognition

32

https://microsoft.github.io

/BiomedParse/
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Foundation Model: Nine Modalities
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Universal Embedding

34

Patient Intervention

Optimize clinical care

Accelerate biomed discovery
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Information Access Can Be Life or Death

Marty Tenenbaum

Late-stage melanoma (late 1990s)

Initial prognosis: 6 months

Saved by Phase III trial of Canvaxin

35

US: Less than 3% cancer patients enroll in trials

40% cancer trial failures due to insufficient patients   

New drug costs $2-10 billion and takes 10+ years
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?

Just-in-time

clinical trial matching

US alone, 2M new cancer 

patients every year 

400K clinical trials at ct.gov

Thousands of active cancer trials
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Dr. Rom Leidner

Pilot: 3 test sites, 30 clinicians, 

5,000 patients/year

Next: 51 hospitals, 950 clinics, 500 

oncologists, 50,000 patients/year

Wong et al. “Scaling Clinical Trial Matching 

Using Large Language Model: A Case 

Study in Oncology”, MLHC, 2023.
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Real-World Evidence: In Silico Clinical Trial Simulation

Clinical 

Trial 

Matching

Real-World

Patient Data

Virtual

Case Arm

Virtual

Control Arm

? Treatment

Population-scale free lunch for 

hypothesis generation and testing
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TrialScope: In Silico Clinical Trial Simulation
Gonzalez et al. “TrialScope: A Unifying 

Causal Framework for Scaling Real-World 

Evidence Generation with Biomedical 

Language Models”, arxiv 2311.01301.
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Team

Cliff WongTristan Naumann Naoto Usuyama Sheng Zhang Zelalem GeroHoifung Poon Jass Bagga
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Real-World Data

(RWD)

Real-World Evidence

(RWE)

Biomedical 

Foundation Model

patient embedding = digital twin

patient-like-me

population-scale

Reasoning

Pretraining

Population-Scale RWE → ”Emergent Capabilities”

Multimodal Patient Embedding

What works? What doesn’t work?

Improve patient care Accelerate discovery

Multimodal Complexities:

Modular Approach
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