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Learning Objectives

* Explore precision medicine
capabilities on the horizon

* Identify challenges of building a

scalable precision medicine program

that delivers at the point of care
* Summarize the convergence of

research and routine clinical care in

precision medicine

i

Drug toxic but
beneficial

; / |
ﬁ;ﬁ Same diagnosis,

Patient group

same prescription

#

Drug toxic but
NOT beneficial

Drug NOT toxic and Drug NOT toxic
NOT beneficial a::? beneﬁci:lll
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Patient Story - Glioblastoma were THE WORLE (;E)NNECTS-,F p—

* 35 yo woman presents with headaches;
found to have a right temporal lobe brain
tumor: Glioblastoma, WHO IV

* Patients with this aggressive tumor (Ted
Kennedy, Bo Biden, John McCain) have a
median survival of 15 months

* Patient underwent standard of care: brain
tumor resection plus 6 weeks radiation &
temozolomide chemo

 Tumor recurs 6 months later




Patient Story - Glioblastoma | e wons cosecrs cortean

* Patient presents for 2" opinion to
Hermelin Brain Tumor Center at Henry
Ford Hospital

* Personalized pathology analysis performed
to identify molecular markers

* Patient enrolled in clinical trial specifically
based on her tumor marker: EGFRviii
mutation

 Patient receives IV immunotherapy for this
specific marker

* Her tumor stabilizes, starts shrinking

» Patient continues to do well after 30
months
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Creating a coordinated, personalized
“All for You” Henry Ford Cancer experience at all o #HIMSS18
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HFCI Organizational Structure

1300 FTEs
$1.2 Billion

Over 7,500
analytic cases
each year

The leading health information and technology conference
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Design Vision

Destination
Cancer
Center

o —
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Disease
Specific
Model of Care

Patient
Centered
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A cancer patient navigates Patients who may benefit HFHS' internationally Molecular tumor boards can
through a seamless from molecular testing are renowned pathology easily review cases & make
experience - via a HFCI identified, ensuring laboratory performs next recommendations based on real-
Care Pathway patients with advanced gen sequencing with a world treatment and outcomes
disease receive molecular turnaround time of 2-3 data across multiple institutions
profiling to determine days in the Oncology Precision
their eligibility for a Network (OPeN) through Syapse

targeted therapy
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i
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1[]]‘
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Researchers collect All treatment information Molecular testing Molecular tumor boards
- outcomes data to see and recommendations are increases access to clinical interact with experts on
@ which targeted therapies sent back to the referring trials, or assists in our 15 disease specific o #HIMSSIS
e Rt work best - for current physician creating targeted cancer tumor boards

CANCER INSTITUTE and future treatments 11 treatment DHIMSS 2018
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* Cost of lab testing
* Scalability within a system
* Germline and Somatic

* Universal adoptability across disease
sites/departments

* Quality Measurements
* Data storage
e Data analytics
* Clinical bioinformatics expertise

© #HiMssis
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Cost per Raw Megabase of DNA Sequence

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

#HIMSSI8
CANCER INSTITUTE 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 SHIMSS 2018



http://core-genomics.blogspot.com/2015/01/the-not-so-rapid-decreasing-costs-of.html
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Cumulative Number of Human Genomes
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of DNA Sequencing

Growth of DNA Sequencing
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Stephens ZD, Lee SY, Faghri F, Campbell RH, Zhai C, et al. (2015) %E%Data: Astronomical or Genomical?. PLOS Biology 13(7):

€1002195. https://doi.org/10.1371/journal.pbio.1002195
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Germline vs Somatic Mutations

WHERE THE WORLD CONNECTS FOR HEALTH

Somatic Mutations Germline Mutations
*  Occurin nongermline tissues * Presentin egg or sperm
e Cannot be inherited ¢ (Canbe inherited

* (Cause cancer family syndrome

All cells affected in
offspring

example, breast)

© #HiMssis
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Consistent practice across an institution - onl

Disease Site Name: Lung
Physician Lead: Rybkin

Staging Routine Tests Reimbursement
Yes = SOC (w/ or w/o prior auth)
No = Not SOC and not approved by
per AJCC |Test name (i.e. EGFR, Her 2 mutation, etc.)MTB
HAP = Yes if the DTB or MTB deems
the test appropriate

Tier

1 =Test requested by
treating physician

2 =Test is requested by DTB
3 =Testis requested by MTB

Available Treatment(s)

On Label FDA approved drug(s)

Off Label FDA approved drug(s)

I -llla no routine tests HAP 2 none none
Erlotinib
EGFR (pm/del, including T790) [PCR/NGS- Yes 1 Afatinib
D] * Gefitinib
Necitumumab
EGFR (T790M); ctDNA [PCR/NGS-D] * Yes 1 Osimertinib
KRAS (pm) [PCR/INGC-D] * 1 none none
NRAS (pm) [PCR/INGS-D] * 1 none none
Vemurafenib
BRAF (pm) [PCRINGS-D] *# 1 Dabrafenib
Trametinib
Crizotinib
MET (pm/del/ins) [PCR/INGS-D] *# 1 none Cabozantinib
Capmatinib
Crizotinib
b, IV MET (ampl/rearrang) [FISH/NGS-R] $ HAP 1 none Cabozantinib
Capmatinib
. . Afatinib
ERBB2 (pm/del/ins) [PCRINGS-D] * # HAP 1 Lapatinib
Crizotinib
. Ceritinib
ALK (rearrang) [FISH */NGS-R $] HAP 1 Alectinib
Brigatinib
ROSI1 (rearrang) [FISH */NGS-R $]
RET1 (rearrang) [FISH */NGS-R $]
PD-L1 immunocytochemistry $ HAP 1
MSI [ICC */ NGS ] e 2 Nivolumab Pembrolizumab @ H#HIMSSI1S8S
Avelumab
" - n OHIMSS 2018
Experimental Clinical Trial NGS Panel  */$ HAP 3 none none
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TTTAATAGCCCCGTTAAGCCTTAGGGGGCCCCTATGATACTTTTTRETRACCTTTACTAGGAGGACATTCACTTACOTACATANTTCACTACEAGGACATTCCCTTGTAGCCCCGTTAAGCCTTAGGGGGCC
TTTAATAGCCCCGTTAA GGGGGCCCCTATGCTA TGGCCTTTACTAGGAGGACCCTTGGCTAGCT AGGAGGACATTCCCTTGTAGCCCCG

AGCCCCGTTAAGCCTTAGGGER TTTACTAGG CTAGCTAATTGGCTAGGAGGACATTC
TTTAATAGCCCCGTTAA GGTGGCCTTTACTAGGAGGA ~ GGCTAGCTAATTGGCTAGGAGS, rrccetTaTAGCCCC
GCCTTA CATTCC CCTTGGCTAGCTAATT GTTAAG
-- VCCTAggggﬁ%TTTTTGGT oA AGCCCCGTTAAGCCTTAGG
GCgTGTTCACTAGG GCTAATTGGCTAGGAGG  GTGGEEHSRCTAGGAGGACATTCC
GGGGGCCCCTATG( AGGA! ACATTC CTTGGCT
CTTTTT

—

thousands to millions of reads are generated.

Reference

These groups are used to create contiguous sequences containing

=
At A both forward (blue) and reverse (purple) reads. Contiguous sequences are then aligned against the reference genome
. and variant alleles (differ from the reference allele) are identified. o # H|M SSI 8

HENRY FORD
CANCER INSTITUTE 18 OHIMSS 2018
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> "
< 'f
Transcriptomics Environment
Microbiome
Proteomics 5 Exogenous substances
Lifestyle
> Metabolomics < Social interactions
Clinical outcomes
EEs
= Copyright © 2017 Mayo Foundation for Medical Education and Research_Terms and Conditions o #HIMSS18
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Data Storage Challenge

Digital information storage (in petabytes)

28 PB

The digital storage that would
be needed to hold seven billion

genomes at four megabytes each

100 PB 4.

The amount of digital
information Facebook stores in
the form of photos and videos

85,000 PB
The storage that would be required
if all 850 million Facebook
users had 100 gigabytes of
recorded genomic data

o
HEALTHSYSTEM

HENRY FORD
CANCER INSTITUTE

20

Source: Illumina, Facebook, IDC
https://www.technologyreview.com/s/427720 /bases-to-bytes/

721,181 PB

The world's total installed
digital storage capacity in 2010

© #HiMssis

OHIMSS 2018
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Data Phase  Astronomy Twitter YouTube Genomics
Acquisition 25 zetta-hytes/year 0.5-15 billion 500-900 million hours/year 1 zetta-bases/year
tweets/year
Storage 1 EBlyear 1-17 PBlyear 1-2 EBfyear 2-40 EB/year
Analysis  Insitu data reduction Topicand Limited requirements Heterogeneous data and analysis
sentiment mining
Real-time processing Metadata analysis Variant calling, ~2 trillion central
processing unit (CPU) hours
Massive volumes All-pairs genome alignments, ~10,000
trillion CPU hours
Distribution  Dedicated lings from antennae ~ Small units of Major component of modem user's ~ Many small (10 MB/s) and fewer massive
to server (600 TBYs) distribution bandwidth (10 MBJs) (10 TB/s) data movement
doi:10.1371/journal pbio. 10021954001
Stephens ZD, et al. (2015) Big Data: Astronomical or Genomical? o #HIMSSI8
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002195 21 OHIMSS 2018
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The interpretation of this data is a bottleneck WHERE THE WORLD CONNECTS FOR LEALTH

(1) Data production a__

=

Milhions of raw sequence
reads are produced for a
= patent tumor

o
ccach®
AVIACGT T,

"
ceacnst "n.‘“““ Ta

Sequences are
aligned to the
reference genome and
tumor-specific events
predcted

{(2) Processing and
event detection

Data are reviewed and

(3) Filtering. review, valitation expenments

and validation = performed to identify high
2 quality events
- R ®e®

Pogse TSRS G
{4) Annotation and functional g = Events are annatated and scored in an
ST -~ effort to predict events of functional
prediction ,-. % significance

-

A genome analyst attempts 1o interpret,
prioniize, and summarize functionally

significant events in the context of
published Merature, clinical trials, and a
muittude of knowladge bases

(5) Interpretation and
report generation

= 2 i a4 ) Pathologists and oncologists evaluate the
@ (6) Clinical application - B significance of potentially clinically
H S
eXirnSieren : actionable events and incorporate their o # H|M5518
HENRY FORD research into patient care
CANCER INSTITUTE l OHIMSS 2018

Good BM, Genome Biology 2014; 15:438
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Using Big Data to
Predict the Future:
Convergence of Al
and
Precision Medicine

TheFutureOf.org and The Jacobs Institute

Large Population Genomic
and Epigenomic Sequencing

) 1.627.7 M

: . .v : . @ Large Medical Records Databases
b
Large Population
g Lifestyle, Diet and
B Nutrition Tracking

(@) individual Genome
" and Epigenome

. J(o) Portable Medical Imaging Devices

& Q Medical Imaging Databases

Vs :/,(‘/\j(
{ D Always-On Wearable:
7= Motion, Sleep &
and Heart Rate &
Tracking \y

? o
\ .> New Generation of More

— \J )
(( ° \’ Implantable Biosensors Accurate Medical Records
=

(‘\ Lifestyle

/ A i
~— Questionnaires

} Remote Patient Monitoring

( ®) Medical Imaging @) Al Medical Literature
O S N~/ Database
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Using Big Data to

Predict the Future: P remvor

Converagence of Al n. 1. A survivor of
Y f a predisposition

. . and . . (or increased risk) for
Precision Medicine a, disease such
as cancer
S TheFutureOf.org and The Jacobs Institute o #HIMSS18
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« Artificial Intelligence + Precision Medicine + Machine Learning
means we may become “previvors”—identifying which of 10,000
known human diseases are in our future long before symptoms

« Soon, predictions will become more accurate and occur earlier—

P ° increasing the time we have to effect change and seek help

remvor « ONCE WE BECOME A PREVIVOR OF A PARTICULAR DISEASE,
n. 1. A survivor of WHAT CAN WE DO ABOUT IT? BAND TOGETHER INTO PREVIVOR
a predisposition COMMUNITIES—AND PUSH FOR CURES
(or increased risk) for  Impact already seen in BRCA1 and BRCA2 mutation previvors and
a disease such among healthy individuals carrying HIV = groups coalesced into large
SR OARSeE consumer-activist organizations advocating for novel treatments and
compelling regulatory agencies to speed adoption of promising drugs
and interventions

« Unfortunately, ability to forecast disease outpaces breakthroughs for
effective interventions. Facilitated by social media, connected groups of
previvors will band together to share peer-to-peer information—some
junk science, but some valuable and potential curative innovationsiassis

HENRY FORD

CANCER INSTITUTE TheFutureOf.org angverlg Jacobs Institute27 OHIMSS 2018



Previvor

n. 1. A survivor of
a predisposition
(or increased risk) for
a disease such

as cancer

CONDITION

Breast cancer

Parkinson’s
disease

Alzheimer’s
disease

Celiac disease

Type 2 diabetes

TheFutureOf.org and The Jacobs Institute Cardiovascular

disease

CURRENT DIAGNOSIS
AND TREATMENT

BRCA1 and BRCA2 mutation.
Breast removal.

Disease diagnosed at onset of
symptoms. Family history
increases likelihood.

No specific test exists to
diagnose Alzheimer’s. Family
history increases likelihood. Low
efficacy drug treatments.

A blood test and intestinal biopsy
can provide a diagnosis. Dietary
changes.

Prediabetes blood testing can
give type 2 previvors a decade to
make behavior changes.

Diagnosis is attained through
blood tests, X-rays and
electrocardiograms—often after a
dramatic heart event.

KEY PREVIVORS
FUTURE MOMENTS

Al algorithms will allow women
to know with more certainty
when or if breast removal is
necessary.

Our interactions with touch
screens will pick up early signs
of the condition.

Al algorithms analyzing
polygenic risks and brain
imaging will predict the disease
in early adulthood.

Sensors in toothbrushes and
toilets will monitor and predict
all gut-related conditions.

Lifestyle, diet and blood
monitoring through sensors and
the internet of things will
provide new data for doctors
and patients.

Implanted vascular flow bots
and heart rhythm monitors warn
of coming danger.

POSSIBLE
PREVIVORS
PREVENTATIVE
TREATMENTS

Gene therapy using CRISPR
will remove health threats
encoded in BRCA genes and
keep them from being passed
to future generations.

Early deep-brain stimulation—
either through wearable or
implantable devices—will be
employed at earliest signs of
the condition.

Optogenetic stimulation of
interneurons through
implantable devices may
decrease amyloid-beta
production before symptoms
appear.

A sensor and drug delivery
device placed into the digestive
tract meters out pneumococcal
vaccine for ongoing treatment.

Personalized diet designed for
individual genome. Constant
blood and metabolism
monitoring.

Patients check into hospitals
before life-threatening
cardiovascular events.




How do we achieve this? WHERE THE WORLD CONNECTS FOR|

n. 1. A survivor of
a predisposition
(or increased risk) for
a disease such
as cancer

©) #HiMss18
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Setting the Foundation - Data interoperability HUTISS

WHERE THE WORLD CONNECTS FOR HEALTH

Epic SunQuest, Co-Path, mTuitive,
{Becon & OPTIME) Lab & Pathology Orders Carteenia

SR 1. Lab Results
1. Lab
2. Radiation Lab & Pathology PDF Results 2. Pathology Resu_lts
3. Chemotherapy 3. Pathology Staging
Lab Results Pathology Staging 4 Molecular Diagnostics

rathology PDF
Clinical Staging

Surge| .
v . Molecular Genomics

EDW Marker summary

(Agilant/Cartegenia)
Orders

Results (Lab, Pathology, Radiology)
Clinical Staging

Pathological Staging
Chemotherapy

Radiation details and staging info
Surgical information

Financial Information from EPSi
Pulmonary Screening information

sansouselq
Je|naajo

~(ejusBoyies)

Clinical Data

1. Notes

2. Radiation details

. ng-and
EPSi Financial Details

Costing and Financial

information NAACCR
FORDS

L NP Y AW e

RedCap

. Pulmonary
(Pulmonary Screening) Screening Data

h

ACR Registry ) #HIMSS18

©HIMSS 2018
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Key capabilities needed for precision medicine WHERE THE worlc N

Figure 2. When it comes to supporting precision medicine with technology, respondents feel data warehouses
are essential.

Which technologies does your organization consider essential in the development of a precision medicine program?
Select all that apply.

Laboratory information management solutions 42.6%

Analytics/data-mining platform 38.0%
(for both structured and non-structured data)

Specimen collection management solution 27.8%

Qutside storage/computing capabilities (the cloud) 25.9%

Precision medicine enabled EMR
(clinical & genomic data integration, molecular 231%
support at POC, internal/external lab

Molecular diagnostic/sequencing
analysis solution

22.2%

Precision-medicine platform 20.4%

Clinical trial research management platform 20.4% 27.8%

Bio bank for clinical specimens 19.4% 25.0% 15.7% 39.8%

@ B Current Essential M Essential within 2 years B Not Essential M Unsure
HEALTH'SYSTEM

~ #HIMSSI8
HENRY FORD d

CANCER INSTITUTE HIMSS 2017 Precision Medicine survey of Healthcare organizatibns OHIMSS 2018
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* Pseudonymization: Informational Separation of Powers

* The larger the data set the more likely to identify the patient
* nonspeaking pseudonym: replace patients’ identifying data (eg, name, date of birth) with an

identifier that conveys no meaning by itself

* Record Linkage

* motivation to delegate pseudonymization

* Intellectual property protection

identical PID different Ciphers different Pseudonyms

Patient = |PID12345 1/x8jCoClwxibOv+... PSN25642! =

Teonsissy ey n_grshasen]]
-G-m012345-5%!—19WNY3/WML0...Lrpsmmslg-»
-G'PlD12345U190jAy++3+KiSH2...UPSN98765‘B-P

Physician Scientist

Encryption Pseudonymization

© #HiMssis

OHIMSS 2018

HENRY FORD .
CANCER INSTITUTE  guic Medical infarmatics and Decision Making 2015 15:2 | https:/doi.org/10.1186/512911-014-0123-5 .



Will Blockchain help us?

WHERE THE WORLD CONNECTS FOR HEALTH

MOVING PATIENT DATA IS
MESSY. BUT BLOCKCHAIN IS
HERE TO HELP

https://Www.wired.com/2017/02/movin@ﬁatient—data—messy—blockchain—help/
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madel respomse rate observed response rate

5%
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Convergence of Research
and Routine Clinical Care:
Precision Medicine 2025?

© #HiMssis
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Preconditioning
with chemotherapy

0

) )

presented by MHC @;l

TCR gene- infusion
enginecred with IL-2
Chl | T C4.2K‘-S :
antigen receptor

Tumor cell =

expressed on —
the cell surface Preconditioning
with chemotherapy

Gl © #Himssie

HENRY FORD

CANCER INSTITUTE National Cancer Institute 37 Siiiise s
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Circulating tumor DNA (ctDNA)

Circulating tumor
DNA (ctDNA)

Primary tumor

Circulating
tumor cells
(CTCs)

© #HiMssis

HENRY FORD
: Copyright © 2017 American Society for Investigative Patholog);iﬁl the Association for Molecular Pathology ©OHIMSS 2018
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Cancer Vaccine Treatments:

Antigen Vaccines

1. Cancer cells are removed from a patient’s tumour.

2. Specific markers on the cancer cells (antigens)
are isolated and mixed with a “danger signal”
called an adjuvant to create the vaccine,

3. Vaccine is given to the patient. These cancer

markers teach the immune system (T cells)

to recognize cancer cells and to attack and

destroy them.

© #Himss18

©HIMSS 2018
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Cancer Vaccine Treatments:

iy .
° e . . Dendritic cell vaccines
. - ‘ 1. Dendritic cells, a type of immune cell that
._.’ : plays an important role in starting an immune
response, are isolated from a patient’s blood.
. ' 4. The vaccine is created from the dendritic
5 cells and is injected back into the body.
\ ® » 5. The vaccine triggers another type of immune cell

(T cells) to destroy cancer cells.

2. They are mixed with a cancer marker (antigen)
in a dish, in the lab

3. Dendritic cells take in the antigen and post
them like flags on their surface.

© #HIMSS18

) ) » ) . 40 ©HIMSS 2018
http://www.cancer.ca/en/research-horizons/e/c/9/immunotherapy-promising-new-field-treatment/?region=on
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Clinical Trial Opportunities in the Region
16 Henry Ford Hospital

/ University Of Michigan

2 Spectrum Health

11 cleveland Clinic
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Surgery- 80% GBM
EBRT+Temodar
Temodar started
MRI progression
CCNU

MRI progression
ABTC surgical trial
Surgery 2

Study drug day 9
MRI progression
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Select Reference Institution

Henry Ford Hospital

72% of patients with this molecular profile and diagnosis
treated at Henry Ford are treated with Surgery using

+ intra-operative imaging 65%

« tractography 42%
52% of those are followed with clinical trial
32% are treated with Bevacizumab
28% non-surgical patients are treated with next line
cytotoxic chemotherapy
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Generating Real World Evidence

vS. RCTs

Table 1. Strengths and Weaknesses of RWE and RCT's

Characteristic

RWE

L

X. Expme-Sag
= ¥. TERT pramoier
= Z. DPaA, Methrylation

Bray

Genomic Prafile

RCTs

Marker assessment in glioma using a
comprehensively annotated brain tumor bank

= 1

Copy Mumber Yarianis
Sequence Wariants
Epigenetic Patterns

! Therapy Decisions.

Whait is different molecularfy abour
“exceptional Sarvivors ™ — those
wilte survive for aver 5 vears wirtle
an TDFHwi diagnosis?

Standard of evidence

Complementary to RCT

Gold standard

Cost

Less costly

Costly to develop and conduct

Patient population

Promotes evaluation of patient populations not typically
studied in clinical trials; helps verify evidence in real-
world patient population

Patient population is well defined within the constraints of
specific eligibility criteria; results reflect outcomes in

limited population

Patient data derived from atypical sources, such as
insurance claims and disease databases

Requires substantial number of patients to identify

differences between treatments

Sample size

Enormous sample size possible (big data)

Limited sample size; prior knowledge required for sample-

size calculation

Efficacy

More chances for data bias and residual confounding
because true randomization and blinding not possible

Minimizes the risk for data bias and confounding because

randomization and blinding possible

Toxicity

Helps uncover important toxicity signals that require long

follow-up

Only acute and common toxicities are revealed

Bishal Gyawali, Sandeep

Approval of new
therapies

Not suitable for approving interventions but helpful to
validate RCT findings

Considered the gold standard necessary for new drug

approval

Parsad, Bruce A. Feinberg,
and Chadi Nabhan

Role in precision
oncology

Can reveal some important target-drug combinations for
later testing in an RCT

Helpful to definitively test the target-drug combinations

identified through RWE

JCO Precision Oncology 2017:1, 1-
5

#HIMSSI8

Can encourage drug-repurposing efforts in precision
oncology®

OHIMSS 2018
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Oncology Precision Network

Pioneering data sharing network created to accelerate cancer
precision medicine development.
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Data Landscape WHERE THE WORLD CONNECTS FOR HEALTH

Oncology Precision Medicine HIMSS

= = NIH:GDC = = == = cBioPortal = =

@ 1-sPY 1 Trial Data Shared in NIH: GDC

{ - Allofus -
AACR GENIE - . \
I . NIH: ! COSMIC Public Domain | MMRF | Cohort Program
cGal MMRF CoMM;
| NIH: MMG! OfBM Watson — Broad™ | i __nuis 7
| TARGET NIH: TCGA @ o
o - o - —-— e o == - :
GA4GH dbGaP
BRCA GEO FoundationCore*
Exchange Project DataSphere

Broad: TumorPortal
A . AmbryShare® coc#** @ .
Point-in-time Data Affymetrix Human GeneAtlas

Million Veteran
Program

Apollo Network**

O

i CancerlinQ
100,000 Genome ~ NCI MATCH** MSKCC: 'MPAG'_Senﬂne/ FD.
Project
4 Harmony** O . I-SPY 2 Trials
Icahn Resilience Project .
g Human Longevity MyCode Geisinger
Dana-Farber: Knowledgebase
Profile O Strata
ASH Myeloma GRAIL CCGA
O h d Foundation — Flatiron
Lung-MAP seatam () Data Shared among .TRACERX Trial  Prostate Cancer elinico-genomic
Trial Partners Only Catch Trial database
Bubble size = estimated size of current dataset . Available datasets, size known () Data initiative announced. Recruiting planned = | Portals that are currently active/utilized in the public domain
Note: Representative selection of landscape, not all inclusive Available datasets, size unknown . - -
Note: Dataset selection focused on oncology specific and . O Independent initistives a5 part of larger dataset

oncology-inclusive datasets

Opportunity exists to generate publicly available longitudinal data to drive understanding of genetic mutations and find Precision Medicine cures

*Datasets have potential to include longitudinal data in the future 1. FoundationCore’s pediatric cancer data has been made public
**pyblic/private information not available L"a‘smg‘:s"&"om

[~ . . . - .
1 ***Serves as a portal also, has potential to include longitudinal data in the future Kraft Precision Medicine
HEALTH'SYSTEM Accelerator

HENRY FORD v ”i "MSSIB

CANCER INSTITUTE 49

©HIMSS 2018
http://www.hbs.edu/healthcare/Documents/KPMA/Precision%20Medicine%20Data%20Landscape_011617_Web.pdf
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Drivers for Pre CiSion MediCine WHERE THE WORLD CONNECTS FOR HEALTH

Patient risk assessment 43.5% 46% 15.7%
Drug therapy monitoring 37.0% 35.2% 20.4%
Financial efficiency 33.3% 41.7% 22.2%
Disease prevention 33.3% 39.8% 20.4%
Early disease diagnosis 30.6% 47.2% 18.5%
Local competition 20.4% 21.3% 29.6%

Clinical drug trials 19.4% 29.6% 34.3% 18.5%

Business partnership 14.8% 361% 22.2% 27.8%

B Current Driver B Driver within 2 years B This is not a driver for us Bl Unsure

o
HEALTHSYSTEM

e Source- HIMSS 2017 Precision Medicine survey of Healthcare o #HIMSSI8
CANCER INSTITUTE Organizations 50 OHIMSS 2018
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GENES ~ MOLECULES

GENES  Pprotein

| Basket Trial

: "~ Testoneormore drugsona single -’
& Ne Environment 4 « contributing factor in a population with
q>_) [8) ; —— different clinical expression of the same
i3 g . disease
T T
S 7 __\| iy
O DATA mining
A s
. UmbrellaTrial | T
MOLECULES 2
GENES 5
Test onedrugon different mutations in § Hicto
RNA GENES P ~— lntegrated OMICS a population with the same disease [} QCRor
2 _
! -
~ Protein NG E
MOLECULES
3 ,// N-of-one Trial J
N -
Test drug A—B—C
(by switching) in the same patient Clinical
decision-making
© #HiMssis

Carmine Savoia et al. Clin. Sci. 2017;131:2671-2685 51 OHIMSS 2018
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What have we learned from genomic profiling?

WHERE THE WORLD CONNECTS FOR HEALTH

« We are 99.9% identical at DNA level
« But... every one of us is unique.

* If we print DNA sequence ... that is 3 billion bases in a haploid
genome of your entire genetic code

— would occupy some 262,000 pages, or 175 large books!
— only about 500 pages would be unique to us

© #HiMssis

OHIMSS 2018
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