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STATE LAW: 

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must include a cultural 

diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a physician and surgeon must contain 

curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care component. 

This presentation is dedicated solely to research or other issues that do not contain a direct patient care component. 

Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


• A multi-modal AI foundation system for multi-omics and 
survival outcome prediction

• Clinical applications of pathology AI models for real-time 
cancer evaluation

• Challenges and the road ahead

AI-Empowered Pathology
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Clinical Histopathology Imaging Evaluation Foundation 
(CHIEF) Model

4
Wang X et al. Nature. 2024 Oct;634(8035):970-978.

Number of slides

15 M image patches +
60,530 slides
19 anatomical sites



CHIEF Outperforms Existing Methods in 
Cancer Cell Detection
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CHIEF Identified the Origin of Cancers

6
Wang X et al. Nature. 2024 Oct;634(8035):970-978.



?

ÅIs there hidden information in histopathology images?
Åe.g., genomic variations?

7
Image from: Gregory RL. Phil. Trans. R. Soc. B 2005; 360,1231–1251.
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CHIEF Predicts the Mutation Statuses of 
Clinically Important Genes

Mutations related to targeted therapiesPrevalent mutations

Wang X et al. Nature. 2024 Oct;634(8035):970-978.



CHIEF Predicts Cancer Patients’ Survival Outcomes
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PLCO-Colon (Independent)

a
TCGA-COADREAD (Held-out)

CPTAC-LUSC (Independent)

TCGA-LUSC (Held-out)TCGA-BRCA (Held-out) DFCI-BRCA (Independent)

DFCI-LUAD (Independent)TCGA-LUAD (Held-out)

TCGA-UCEC (Held-out)

CPTAC-UCEC (Independent)

Time (Months)

Time (Months) Time (Months) Time (Months)

PLCO-BRCA (Independent)

Held-out Test Sets (Stage I-II) Independent Test Sets (Stage I-II)b

CPTAC-RCC (Independent)TCGA-RCC (Held-out) BWH-RCC (Independent)

PLCO-LUAD (Independent)

Wang X et al. Nature. 2024 Oct;634(8035):970-978.



CHIEF Discovers Tumor Microenvironment Patterns 
Associated with Survival Outcomes

10
Wang X et al. Nature. 2024 Oct;634(8035):970-978.



How Can AI Assist in Real-World 
Clinical Settings?
Multi-omics prediction for personalized colorectal cancer treatments

11



Example: Multi-Omics Multi-cohort Assessment 
(MOMA) Platform for Molecular and Prognostic 
Prediction

ÅThe Cancer 
Genome Atlas 
(TCGA)

ÅPLCO Cancer 
Screening Trial

ÅNurses’ Health 
Study (NHS)

ÅHealth 
Professional 
Follow-Up Study 
(HPFS)

Whole-slide images

Tissue microarray 

12
Tsai PC et al. Nature Communications. 2023 Apr 13;14(1):2102.



AI Predicts Multi-Omics Profiles from Pathology 
Images

ÅMSI prediction ÅCopy number alteration

13

The Cancer Genome Atlas

NHS and HPFS

Deletion                                                  Amplification

Tsai PC et al. Nature Communications. 2023 Apr 13;14(1):2102.

AUC=0.88

AUC=0.76
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AI Predicts Overall Survival and Disease-Free Survival of 
Colorectal Cancer Patients in Multiple Cohorts

The Cancer Genome Atlas

NHS and HPFS

P=0.02

P<0.005

Tsai PC et al. Nature Communications. 2023 Apr 13;14(1):2102.



OS: Overall survival
DFS: Disease-free survival
MS: Microsatellite instability

ÅConnecting pathology knowledge 
with AI-derived features using the 
weight map 

Tsai PC et al. Nature Communications. 2023 Apr 13;14(1):2102.

Explainable AI Describes Novel Imaging Patterns Using 
Pathology Concepts



Challenges and the road ahead
The Problem of Context
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AI and the Problem of Context

Å“The Frame Problem”: It is challenging to identify a set of axioms to 
properly describe the environment for autonomous agents

17Yu KH et al. NEJM. 2024 May 30;390(20):1895-1904. 
McCarthy J, Hayes PJ. Readings in artificial intelligence. 1969:431-50. Image credit: chucho-jones-fan

Context

A Tiger or a Dog?



Yu KH et al. NEJM. 2024 May 30;390(20):1895-1904. 
McCarthy J, Hayes PJ. Readings in artificial intelligence. 1969:431-50. Image credit: chucho-jones-fan

AI and the Problem of Context

Å“The Frame Problem”: It is challenging to identify a set of axioms to 
properly describe the environment for autonomous agents

Context

A Tiger or a Dog?



AI and the Problem of Context

ÅVarious exceptions in pathology
ÅArtifacts

ÅLaboratory contexts

Å“Clinical correlations”

ÅScanner errors

Å…

ÅPotential solutions
ÅOut-of-distribution detection

ÅMulti-modal learning

ÅHuman in the loop

Yu KH et al. NEJM. 2024 May 30;390(20):1895-1904. 
Yu KH et al. BMJ Quality & Safety. 2019 Mar;28(3):238-241.



• Multi-modal foundation AI systems identify patients’ diagnoses, 
molecular profiles, and prognoses using pathology images

• AI-empowered pathology imaging analyses facilitated accurate 
brain cancer diagnosis during surgery

• Multi-disciplinary research is required to further address the 
technical and implementation challenges

Summary

20

AAA
AAA

AA



What's the future of AI in medicine?

The best way to predict the future is to create it.
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• Multi-modal foundation AI systems identify patients’ diagnoses, 
molecular profiles, and prognoses using pathology images

• AI-empowered pathology imaging analyses facilitated accurate 
brain cancer diagnosis during surgery

• Multi-disciplinary research is required to further address the 
technical and implementation challenges

Summary
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Thank you!
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