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Modern Day Healthcare

Proactive Reactive




Precision Health

Risk Assessment Customized Data .
at all stages of life gl  Monitoring s Analytics  Jmmm

Family history Using diagnostic tools: Pattern recognition Doctor visit

Genetic screening Wearables Machine learning Coaching & support

Socioeconomic Factors Smart Home approaches Specific testing
Biomarkers Predictive modeling Precision medicine
Imaging Digital twin Behavior changes
Implantables Actionable response
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S.S. Gambhir et al, Science Translational Medicine, 2018



Breath Analysis Contact Lens

Volatile organic _\ Intraocular
compounds ] pressure
Lung cancer detection Glucose
Implantables Clothing
Cardiac monitors Vital signs
NO ECG
0, Sweat analysis
Breast cancer detection
Wristband Electronic skin
Vital signs Vital signs
Movement UV exposure

Glucose Sweat chemistry

Shoes
Cadence

Impact Force

Balance

Contact time/distribution

S.S. Gambhir et al, Science Translational Medicine, 2018



Smart Home

Bedroom Bathroom
Sleep Mattress Toilet Urine, stool
Medication compliance Pillbox Toothbrush Saliva
Mental health Smartphone Mirror Cardiometabolic

H E Scale Weight
| ||
Q ]
Automobile Kitchen
Vital signs Refrigerator
Stress Dietary habits
Environment Food quality

S.S. Gambhir et al, Science Translational Medicine, 2018



Smart Toilet Technology
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Simple, ultra-sensitive, multiplex system.
Diseases: Renal Ca, Bladder Ca, Colorectal Ca,
Prostate Ca, Diabetes, Infections

S.M. Park et al/ Gambhir Lab (Patent Pending)



Apple Heart Study

In partnership with @ Stanford MEDICINE




Early detection of irregular heart rhythms may prevent more serious health issues

* The goal of the study is to understand the test
characteristics of a smartwatch algorithm for
photoplethysmography-based detection of atrial fibrillation
(AF) and to estimate the diagnostic yield in a large, US-
based population.

* The study launched Nov 29th, 2017 — Jan 315t 2019
* Currently 419,093 participants enrolled

* The study is funded by Apple, and performed in partnership
with Stanford School of Medicine including Stanford Center
for Clinical Research (SCCR) and the Quantitative Science
Unit (QSU)
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Apple Heart Study

Your Statistics
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Background
* 1in4inthe US has AF during their lifetime

Normal heart rhythm Atrial fibrillation (AFib)

* Over 5 million people in the US are affected by AF, A
Sinus node -~ Abnormal
’/’ impulse

increasing one’s risk of stroke (5-fold) and heart failure. impulse

LA
- \
/
{

* An estimated 700,000 of these people don’t even know

they have AF.

* AF has an incremental cost burden of 3.2 billion. \ N P

e This study is the largest screening study of AF ever Ventricular impulses
performed.

* Asimilar Swedish study, Stroke stop study, is screening
25,000 participants for mass arrhythmia. Normal heartoeat Atial fibrillation
https://www.ncbi.nlm.nih.gov/pubmed/25910800

* Inthe US 77% of people have smart phones, 13% have
smart watches, and 40% express interest in purchasing one.
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https://www.ncbi.nlm.nih.gov/pubmed/25910800

Data and Measures

Data Collected Tachograms are not visualized or provided to the .

* Smart watch participant, and analyses are run in the ¢ ‘
* Smart phone background. | B ol ;

* Telehealth study visits Apple Heart Study

* Ambulatory ECG patch

* Participant reported outcome surveys || Yourstatistics .
b ResearCh adjud|cat|on portal d Héiar%thmoatacwmbuuons
* Study safety desk

Days in Study

10
Data Access: i

Apple Inc., Stanford University, Schulman Institutional Review
Board (ethics committee), American Well and it’s clinical
partner, Online Care Group (Study Telehealth Provider),
Biotelemetry (ePatch provider), and its subsidiaries/affiliates,
Data Safety Monitoring Board, Office for Human Research
Protections in the U.S. Department of Health and Human
Services, the FDA (Food and Drug Administration) and other

international regulatory agencies may have access to your
data.

&) Stanford
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Welcome and Thank You




Study Design (part 1)

Download from the App > Onboarding and Enroliment > Normal Tachograms > No notification triggered
End of Study Questionnaire

PPG
Apple Heart Study
<©
Follow-Up Questions
Prease e & tem TnARs 1 erwmer some
TACHOGRAMS SRON O GV sl pons NaeT™
290w 992 9%
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Iregular Tachograms

AN

Study Design (part 2)

TACHOGRAMS

_ v

Multiple Irregular Tachograms trigger an Irregular
Heart Rhythm Notification

Apple Heart Study
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ePatch given if irregular heart
Rhythm is detected

First video visit with Study Doctor

Dr. Appleseed Fa Y

Video Visit

American Well

Eligible for ePatch

I Stanford
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No AFjother arrhythmia on ePatchreport

I

\/

Recommend participant to proceed with
usual care

-
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Study Design (part 3)

Second video visit with Study Doctor

Dr. Appleseed R

Video Visit

Americon well

90-Day Questionnaire and
End of Study Questionnaire

Apple Heart Study

Follow-Up Questions

Pesve 2ne 8 tow AR 10 Snumar SO
TR DO ML yous Newth

Vwt Questarrdee

AFJother arrhythmia on ePatch report

VAV VW AV 7

v

Recommend participant to contact their
healthcare provider
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Precision Health

Proach. Reactive



Precision Medicine # Precision Health



Precision Medicine

7

Right Treatment
Right Person
Right Time

B



The Future of Precision Medicine

Entirely new therapies will become available and they will
be driven by fundamental technological advances
linked to our increasing knowledge of biology



Tumor Treat ngms (TIF} |




Harnessing the Immune System for Therapy
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K. Keu et al/ Gambhir Lab; Sci Trans Med (2017)




Harnessing the Immune System for Therapy

0 0.27 0.57 [SUV]

Pre Cell e Post Cell

K. Keu et al/ Gambhir Lab; Sci Trans Med (2017)




For both precision health and precision medicine to
succeed precision diagnostics will be the key



Molecular Imaging can Lead the Way
in Predicting Response to Therapies



Clinical Trial of 18F-MPG in Lung Cancer
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X. Sun, Z. Cheng, S.S. Gambhir, Science Translational Medicine, 2018



Novel Molecular Imaging Strategy with'3F-MPG PET

NSCLC patients EGFR-TKIs
Other treatment

MMMM

Identification of EGFR

methods@

J

Molecular imaging

mutation status £ 3
'F-Mpe Predictive of EGFR-TKIs .~ °
_‘ @ sensitivity/resistance
¢ Predictive of adverse

PET/CT events

\

Determining EGFR mutation status for improved lung cancer
patient management



Clinical Trial of "®F-MPG in Lung Cancer

cT 18F-FDG 18F-MPG

Pulmonary Soft tissue PET PET/CT PET PET/CT
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IBF-MPG successfully delineated EGFR-
activating mutant tumors, showing visually
appreciable higher contrast than EGFR
wild-type tumors.

EGFR wild-type

X. Sun, Z. Cheng, S.S. Gambhir, Science Translational Medicine, 2018



NSCLC Patients with High 18F-MPG SUVmax
Benefited from EGFR-TKI Treatment

A: PFS according EGFR mutation status B: PFS according 8F-MPG PET/CT SUV

max

EGFR-activating mutation SUV22.23 == SUV<2.23
== EGFR wild-type

100 100

a
(@)

50

Log-rank P<0.00

Progresson-free survival (%)
Progresson-free survival (%)

OO

100 200 30 400 CO 100 200 300 400

Days Days
Patients with EGFR-activating mutations When using a cutoff of 2.23 for 8F-MPG
had longer PFS than those carrying EGFR SUV,_ .., a significant association with PFS was
wild-type observed

. SUV x> 2.23 348 days
X. _Sun, Z. Cheng_, S.S. Garr.lb_hlr, SUV <2.23 183 days
Science Translational Medicine, 2018



In Vitro Diagnostic Strategies are
Rapidly Growing and will Challenge
the role of Imaging in Patient
Management



Remote Sensing / Liquid Biopsies

'/ Blood Sample



Remote Sensing & Liquid Biopsies

e Proteins

* DNA / RNA / microRNA

Blood Sample °* Small molecules
 Circulating tumor cells
 Microvesicles/Exosomes

* Platelets



Techniques for Molecular Classification

-
Biopsied samples Blood samples Traditional Imaging
often fail or have poor Sometimes cannot address does not show the
reproducibility because the issue of expression gene and protein
of insufficient material heterogeneity in primary level changes of
for mutation analysis or metastatic tumors tumors

There is an urgent need to develop techniques for comprehensive tumor EGFR
profiling in real-time, particularly in lung cancer precision medicine trials



Lung Cancer and EGFR Mutation Status

Th NEW ENGEAND JOURNAL of MEDICINE

II REVIEW ARTICLE ]l

DRUG THERAPY
EGFR Antagonists in Cancer Treatment

Fortunato Clardelio, M.D., P D.. and Giampaolo Tortora, M.D.. Ph.D.
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EGFR is  transmembrane receptor beloaging to a family of Sour related proteins
(Fig. 1) Ten diffeeent ligands can selectively bind to each receptor. After  ligand
Binds 10  single-chain EGFR, the receptoe forms a dimer’ that signals within the
cell by activating receptor astophosphorylation theough tyrosine kinase activity.”
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cancer<ell proliferation, blocking apoptosis, activating invasion and metastasis,
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DEVELOPMENT OF EGFR ANTAGONISTS
FOR ANTICANCER THERAPY

The first ant-EGFR drugs were developed in the 19605, Two classes of EGFR an-
tagonlsts Save been successflly tested In phase 3 tria's and aee now in clisical use:
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Estimation of EGFR mutation status is essential for the identification of NSCLC
patients who may benefit from treatment with EGFR-TKIs, and hence for improving
prognosis and EGFR-TKI therapy efficacy



Monitoring Response to Therapy by Analysis of Circulating
Tumor Cells in Lung Cancer Patients
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Radiomics

Radiomics: Extracting more information from medical images
using advanced feature analysis

Philippe Lambin ***!, Emmanuel Rios-Velazquez®¢, Ralph Leijenaar <,
Sara Carvalho®°, Ruud G.P.M. van Stiphout *°, Patrick Granton **,
Catharina M.L. Zegers ¢, Robert Gillies >°, Ronald Boellard ¢,

André Dekker *°, Hugo J.W.L. Aerts *%°

e B8

-




genes

features

metagenes




Radiomics Workflow

Semantic

Annotate with Features
Semantic
Features

Engineered
Features

Radiomics

Conventional ™ Features

Radiomics
Engine

* Histogram

« Texture

@ J‘; + Shape

ES Identify > Segment"

Tumor*

" Classifier | Output

* Margin
sharpnesss

Deep
Learning
Engine

Learned
Features

S. Napel, et al., “Quantitative Imaging of Cancer in the Post-genomic Era:

SHoje ane Radio(geno)mics, Deep Learning and Habitats,” Cancer Research, July 2018.

demographic data




Electronic phenotyping of images for
discovering best treatments
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X benign Image feature
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** * pre-malignant machine learning
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Gallbladder
Lesions
Liver

Veins

Other

Threshold
Gradient Edge

Biopsy

W/L 350/40
Slice 256/512

A Radiomic Biopsy Tool

W/L 350/40
Slice 379/512



Making images minable

* ePAD: Web-based image viewer and annotator
* Machine-accessible annotation of images
* Annotation templates and plugins for quantifying lesion features
R ccomch annowie  ocwacheE  ExisT  xnaT Quantitative image
X B ¥ | % BERB S e ey @RS feat
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Digital Twin &
Detailed digital models of anatomy, physiology, and pathology
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Deriving a Single Patient View
The right diagnosis, at the right time, leading to the right therapy

Genomic profile

Imaging studies
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Additional Points

* It is estimated that the doubling time of medical knowledge in 1950 was
50 years; in 1980, 7 years; and in 2010, 3.5 years. In 2020 it is
projected to be ~60 days

* Technology is well ahead of the biology

e Being focused primarily on radiology images alone will likely set our
field up for long-term failure

* The diagnostic radiologist role could evolve into a “diagnostician” that
integrates multiple sources of data with the help of Al

 We will need to have more strategic interactions with our colleagues in
pathology



Additional Points

* Radiology residents need education in bioinformatics, data management
and cell/molecular biology

* Radiology and pathology training programs need to be combined over time

e Our systems for data integration can become learning healthcare systems
so that we and Al systems learn from each health encounter so that
for future patients we can truly learn from past patients with very
similar characteristics

* The diagnostician role as an integrator of health and medical information
may put us at odds with the role of the medical internist

* Industry-academic collaborations will be key to the future evolution of our
field



Conclusions

“The best way to predict your future is to create it”

Abraham Lincoln



INTERNATIONAL
SOCIETY
FOR STRATEGIC

moooey | 2020 Interim Meeting

For the first time, thought leaders from
academia, traditional diagnostic imaging
companies and Bay Area tech giants will come
together to envision highly disruptive
approaches to healthcare

As the lines are blurring between healthcare
and other industries, this summit will unite
companies hoping to revitalize the field and
devise fresh approaches to medical diagnostics.

* Invitation only - 250 Attendees

» Participating Companies: GE, Siemens,
Philips, Canon, Verily, Apple, Google, Amazon,
Bay Area Startups

* Break out sessions on areas such as Al, home
based and wearable devices, data standards,
healthcare economics

* Tours of New Stanford Hospitals, PHIND, Bay
International Summit Area companies

Disruptive Healthcare
September 24-25, 2020 Hosted by:

: - Stanford Medicine, Department of Radiology

Sta nfo rd U niversl ty, St d nfo rd CA The International Society for Strategic Studies in Radiology (IS3R)
Precision Health and Integrated Diagnostics Center at Stanford (PHIND)
Canary Center at Stanford for Cancer Early Detection
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