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Artificial Intelligence and Machine Learning

• Artificial Intelligence: aspects of human intelligence modeled 
by computers

• Machine Learning: implementing aspects of AI through 
processing data

– Supervised or unsupervised learning

• Deep Learning: one type of ML, modeling brain architecture 
with layers of individual classifiers, adding non-linearity
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bit.ly/tmfFDA19



Over 100 now approved just counting radiology!

http://bit.ly/acr_ai





Why is AI back in biomedicine?

• Great hardware from video gamers

• Software libraries with novel machine learning methods

• More big data sets to train with
– Molecular data, genomics on more people, more cases

– Electronic health records

• Hard unsolved questions need answers
– Patient predictions

– Efficient drug discovery

– Population modeling





The United States is spending $billions on electronic 
health records, and too few are using any of this data



University of California

• 10 campuses and 3 national labs

• ~200,000 employees, ~250,000 students/yr

UC Health

• 20 health professional schools (6 med schools)

• Train half the medical students and residents in 
California

• ~$2 billion NIH funding

• $13+ billion clinical operating revenue

• 5000 faculty physicians, 12000 nurses

• UCSF and UCLA are in US News top 10

• 5 NCI Comprehensive Cancer Centers, 5 NIH CTSA

• IRB reliance, centralized contracting



UC Health Data Analytics Platform

Combining healthcare data from across the 
six University of California medical schools and systems 

Data Warehouse



• Combined EHR data from UCSF, UCLA, UC Irvine, UC Davis, 
UC San Diego, and UC Riverside

• Central database built using OMOP (not Epic) as a data backend
– First Epic installation was January 2012

– Structured data from 2012 to the present day

– 7.0 million patients with “modern” data

– 220M encounters, 560M procedures, 798M med orders, 
722M diagnosis codes, 2.1B lab tests and vital signs

– “From Tylenol to CAR-T cells…”

– California OSHPD data, pathology and radiology text elements, death index

– Claims data from our self-funded plans now included

– Continually harmonizing elements

• Quality and performance dashboards

The University of California has an 
incredible view of the medical system



3.1 million hemoglobin A1c measurements



All University of California academic medical centers provide 
health data to patients through FHIR (and Apple Health)

bit.ly/ucappleh



UC Health Patients (since January 2012)



Many operational teams within UC Health now using and 
benefitting from the UC Health Data Warehouse, saving $millions

Central tools to 
improve quality 
of care

Decreasing specific 
unnecessary 
inpatient drug use

Managing costs 
in our self-
funded health 
plans

Centralized 
population health 
management



One dashboard for primary care and specialists covers all 
46+ thousand UC Health patients with type 2 diabetes



Source: American Diabetes Association Standards of Medical Care in Diabetes (2016)



26,822 Type 2 Diabetes 

Patients at UCSF since EHR 

Adoption in 2012

Tom Peterson
bit.ly/uc_dc_5
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bit.ly/2NKc6dz

bit.ly/2NKda13



Tom Peterson



Can we predict who will do well with metformin?

Tom Peterson



Precision Medicine In Practice

Tom Peterson



Beau Norgeot
bit.ly/jamaRA

Predicting the future state of a patient with 
Rheumatoid Arthritis



How will research access work?

• Researchers should first write and optimize OMOP SQL queries 
locally, on their own campuses

• When ready to scale (and authorized), we spin up a virtual machine 
for the researcher, populated with common tools
– Electronically sign a UC Health data use agreement

– R, Tableau, Jupyter Notebooks, Julia, SQL, Windows or Linux available

• Upload your scripts and run, but cannot download data

• Safe, respectful, regulated research use of clinical data

Fully identified
“Legally 

deidentified”Limited data sets



Safe, Respectful access to Deidentified Data now available through 
Azure Databricks, single sign on



• 500 registered attendees, 90 posters

• All UC Campuses represented, and 

two of our national labs

• Sessions rated highly across the board

• Leadership session outcome:

➢ Planning for a Multi-campus 

Research Unit

➢ Annual meeting



Enabling UC researchers and patients to go beyond… machine 
learning in a safe, respectful, fair, equitable way in medicine

go.nature.com/2Gfa84U4



Beau Norgeot
bit.ly/DLHCare

A New Deep Learning Healthcare System



Must be aware of biases in training data and methods



Beau Norgeot
go.nature.com/36Y8bGW

We need more transparency in 
developed and published models



Beau Norgeot
go.nature.com/36Y8bGW
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