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Cost
Complexity
Computing
Culture

Creative Destruction
(Comfort and Complacency)



Balancing Infinite Demand versus Finite Resources

From Volume-Based (Do More-Bill More)
Fee-for-Service to Value-Based Care

From Reactive, Episodic Interventions in Advanced Disease
to Proactive ldentification of Disease Risk and Earlier Detection

Improving Clinical Outcomes at Lower Cost
and Optimizing Wellness
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wellness with longevity and " multiple co-morbidities and low
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Diabetes + Obesity

DIABESITY

: cardio-vascular/ :
cancer neurodegeneration " mental illness
metabolic disease







Health Affairs (2017) 17, 166-176
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$3.4 trillion dollar economy
17.8% of GDP
one in seven US workers employed in health sector
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smart cards

diagnostics counseling

_ disease
package insert management
genetic protocols,
profiling patient
= information

c\—-

Molecular medicine and information-based targeted healthcare.
G. Poste (1998) Nature Biotechnol. 16, p 19-21




precision medicine routine healthcare

delivery and SOC

research :
slow incremental
and )
L adoption of
early clinical )
technological
adopters

advances

$10-25 billion $3.2 trillion

(estimated) (18% GDP)




: : Causal Relationships Between
(Epi)Genomics Molecular Signaling Network Disruptions and Disease
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Patient-Specific Signatures of Disease
or Predisposition to Disease

! g |
Big (Messy) Data
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Master P rotocgls to StUdY Multiple Evidence for Health Decision Making —
Therapies, Multiple Diseases, or Both Beyond Randomized, Controlled Trials

nd u
| ) 4

From RCT to Adaptive, Basket, Umbrella Trials and
New Approaches to RWE Observational Trials and Registries

e NEW ENGLAND JOURNAL of MEDICINI Fhe NEW ENGLAND JOURNAL of MEDICINE

(2017) 376, 2160 (2017) 376, 1350
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An FDA Viewpoint on Unique Considerations

Health Policy Trials for Medical-Device Clinical Trials




failure of clinical trials

- unrealized opportunity cost
cost of failed trials included in pricing of
successful Rx

- fuels political criticism about drug prices

lack of predictive tools to differentiate
responder (R) and non-responder (NR) patients

- growing payer pressure for value-based
reimbursement for guaranteed therapeutic
outcomes

- waste/risk from futile therapy in NR cohorts



Navigating the Coverage Experience and
Financial Challenges for Cancer Patients:

Affordable Care Act Brings Improvements,
But Challenges Remain

$100000

$10000 +

By JoAnn Volk and Sandy Ahn
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CENTER ON HEALTH
INSURANCE REFORMS

Source: Peter B. Bach, MD, Memonal Sloan Kettering Cancer Center




® /1 FDA-approved Rx for solid tumors 2002 to 20122
— median PFS (2.1 months) and OS (2.3 months)
® 47 Rx 2014-16°
— only 19% met ASCO modest OS benefit criterion
® ESMO analysis of 226 randomized trials®
— only 31% met meaningful benefit criteria

Fojo et al. (2014) JAMA Otolaryngol. Head Neck Surg. 140, 1225
umar et al. (2016) JAMA Oncology 2, 1238

a
b K
C C. Del Paggio et al. (2017) Ann. Oncol. 28, 157

T.
H.
J.



® unit Rx cost (> $100K) before
cost of clinical care

® escalating cost of combination
Rx regimens (> $200K)

rancht

ihside the ,
5

® extravagant cost of cell-based

brutally . therapies ($500K - $1.5 million)

ls:‘!:gce}!i,ve, ® 40-80% NR in most solid

expensive, | tumors

lifesaving .
trials of ® TML, MSI, MMR as potential
‘R’ predictors

immunotlllerapy.

By Adice Park




Who will crack the cancer code?
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® 2017 price $46.54/mg
® nitial FDA approval 2mg/kg every 3 weeks
— $121,000/yr.

® subsequent FDA approval 200mg dose every 3
weeks

® 10mg/kg dose used in multiple publications
— $586,000/yr.



® 2017 price $46.54/mg
® initial FDA approval 2mg/kg every 3 weeks
— $121,000/yr.

® subsequent FDA approval 200mg dose every 3
weeks1l0mg/kg dose used in multiple
publications

— $586,000/yr.

Pending I/O combinations: Aargh!!




Biotechnology
Industry
Organization




® the single most important opportunity for the Rx
iIndustry in confronting political attacks about
pricing?

® high cost immunotherapy as the inflection point?

® proactive industry engagement or imposition by
payers?



limited
improvement
in
PFS/OS
(non-1/O Rx)

high Rx
non-responders
plus
Rx-resistance

multi-omics
and
rational
Rx selection

cost-based
VEersus
value-based
reimbursement
policies

reimbursement
for
one-size-fits-all
Rx regimens

reimbursement
policies as
disincentive
for investment
in MDx




% Policies

# % Policies Covering Some % Policies
Payer . Tests Covering All J Covering None
Policies But Not all
Included Included Tests of Included Tests
Included Tests

1 7 48 43 29 29

2 15 116 13 27 60

3 4 40 25 50 25

il 15 54 13 13 73

5 14 55 29 36 36
Total 55 313 22 27 51

Adapted from: K.A. Phillips et al (2017) Nature Biotechnol. 35, 616



® Impose progressive Rx price reduction over five
year post-launch period until R-NR assay introduced

— annual reduction based on projected cost of
documented futile Rx in NR patients

® payers guarantee premium pricing and formulary
placement for positive outcomes in R patients

® accelerated regulatory review for Rx submitted with
companion Dx (CoDx) versus Rx without CoDx



Complexity



The Over-Simplified Perspective That

While Exome-and Whole Genome-Sequencing
Will Reveal the Etiology of Disease Pathogenesis




precisionFDAf
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Junk No More: Pervasive Transcription Cell-specific Molecular
T : ) pr Interaction Networks

Perturbed Networks
and Disiease

] N
(epi)genome organizational
and regulatory complexity




Longitudinal Quantitative Data: A Major Knowledge Gap in Patient Histories

Behavior Environment




® consistent ID of alterations in a modest number
of genes/pathways and/or their regulation in
disease

— “core genes”, “drivers”
— role in disease predisposition/onset

® variants in multiple ‘peripheral’ genes with
non-zero effects affect penetrance of
core/driver gene sets



® dynamic shifts in composition/modularity of
molecular networks/subnetworks engages
different collections of peripheral (modulating)
genes

® resulting spectrum of overlapping disease
phenotypes based on different core-peripheral
gene combinations



Huttenlocher, D. (2017) TechCrunch(web) August 2
https://techcrunch.com/2017/08/01/what-you-should-know-about-ai/



* subclinical e overt

* “health” disease clinical
« homeostasis « graded disease
threshold » diverse

@ phenomes

X X X (d)
(health) (subclinical (rational therapy)
disease)



new :lnmly'tical tools for proactive monitoring of

Systems state space(s) and timely intervention(s) to
channel emergent benavior to most desireda trajectories
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Are We Approaching the End of Identification
of New Rx Targets Associated with
the Coding Genome?

Will Future MDx and Rx Discovery Be More
Productive By ldentification of Novel Targets in
Non-Coding Regulatory Elements (Regulome)?




Nature (2017) 547, 55

Recurrent and functional regulatory
mutations in breast cancer

Coonomnbe analyals of Ty Das bodd e U bdemtifcatbon of Bundreds of cancer geoses om Hhe hasks of the presence of
rosstiat boows b preotedie- contimg regtions. By combrast, mesc b boss b e n alsons Cancer - Camsiog mitatbons e non-coding
reghonn. Here we perform deep sequenc sy in 160 prinsary breast cancers and develop campatational methods (o ideoify
significantly mutated promsaters. Cloar sigrals are fotmd o the prosoters of theee genes. FOXAL a known driver of
hor oo -receptaor positive hreast cancer, barbosirs a sntational hotspot bn it promoter leading to overes pression
thromgh inoreaved £2% bhinding RMRP and NEATL vwo nom- onddbng KNA geoes, carry mmtations that affect protesn binding
10 Uhwle prormeturs and abior exprossion v Our study st that grromoter regghomy harbsour ppeurment muutstioans in
concer with famctional conseguences snd that the matations ocour al siovilar freguencios a i coding reglons Fower
analyses indicato that mere such regloms resain 1 be diweovered thiough deep sequencing of sdeguaately slred colwn iy
aof pathenin

Genome Research (2017) 27, 1050

High-confidence coding and noncoding
transcriptome maps

Bo-Hyun You," Sang-Ho Yoon,' and Jin-Wu Nam'-?

| Department of Life Scence, College of Natural Scences, Mo

The advent of high-throughput RNA seguencing [RNA-2eq) has led 10 the diwcovery of snprecedencedly immente tran-
wriptomens encoded ryotc penomes. However, (he tramcriptome maps Jry ol ) pletr pantty beCauns they
wery mostly recomersctnd Daned on RNA<4eg reads that ek their oreniations [kaown 2 unstranded reads ) »
boendary information. Methods to eapand the wability of smatranded RNA-wg data by predetermining the orlentation
of the reads and precisely deserminiag the boundaries of assen oanuripo coudd dgnifianidy beneflt the quality of the
wwlting ramcrigiome maps. Herw, we present 3 high-performing ramcriptome ssembly pipeline, Qlled CAFE, thar
ignfiantly improves origingl amemblies, respectively » 1 with stranded and/ o maranded RNA<eq data,
by orlenting wstraaded rexds wing the macimams Bhelihood athon o Dy InGegy aing

thon start shies and cledvage and polyadenylation sies, Apply Pracale ranmriptomi
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o 10 predics the Srectiom of about 220 billion un

1ome maps, comparable 10 the masaally curseed

ol novel IncBENAS, Our ploeline shouk! not caly help 5 ik comprebemsive, precse tramoriptome mags from comp

gracmet but 2ho 10 capand the wiverse of noncoding grnomet

J. Hematol. Oncol. (2017) 10, 107

An imprinted non-coding genomic cluster
at 1432 defines clinically relevant
molecular subtypes in osteosarcoma across
multiple independent datasets

Nature Genetics (2017) 49, 825

Recurrent noncoding regulatory mutations in pancreatic
ductal adenocarcinoma

Michael E Feigin'*4 Tyler Garvin™*?, Peter Balley*, Nicols Waddell®®, David K Chang* ™", David R Kelley'
Shimin Shual Steven Gallinger' 1%, John D McPherson' 1, Seun M Grimmond ', Ekta Khurana'

Lincoln D Stein'''*, Andrew V Blankin**“"C Michael C Schatz' "' & David A Tuveson'




Chromosomal Neighborhoods:
Understanding
the 3-D and 4-D Genome

ChromEMT Mapping of Chromatin
Ultrastructure and DNA Packing

From: International School of Advanced From: H. D. Ou et al. (2017)
Studies (SISSA) [October 26, 2016] Science eaaag.0025



® fifty years of reductionist biology

® vital legacy but now ill-suited to address the
daunting complexity of biological network dynamics
In physiology and pathology

® big biology (analogy with big physics)
— multi-disciplinary, multi-institutional, multi-sector

— Increased investment and dependency on
methods from industry sectors hitherto
uninvolved in healthcare



Convergence

Convergence of Advances in Biomedicine,
Materials Science, Engineering, Telecommunications,
Advanced Computing and Data Science

Blurring the Boundaries of Biomedicine




Need for Continuity of Care Record: From Womb to Tomb

Behavior Environment




® daily decisions by individuals have greater effects
on their health than decisions controlled by the
healthcare system

® building HIT systems to better monitor
health status and treatment adherence
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® influence of microbial metabolites
nutrition
obesity
brain function/mood
drug metabolism
autoimmunity; immune system responsiveness



http://qz.com/370729/astronaut-scott-kelly-will-return-from-a-year-in-space-both-older-and-younger-than-his-twin-brother/

@erojectsaseine WE'VE MAPPED THE WORLD.
NOW LET'S MAP HUMAN HEALTH.

—
A

!erily " Duke University

School of Medicine




N. D. Price et al. (2017) Nature Biotechnology 35, 747

WEN

daily

physical and

sleep cost
activities

scalability

3 month
blood, data
saliva, urine interpretation

and stool . N
analysis clinical utility

643
metabolites

262 proteins




BIOMEDICINE Science (2017) 357, 345
‘Scientific wellness’ study divides researchers

Famed biologist’s spinoff company sells personalized health monitoring and coaching

By Ryan Cross

hair hoath inioatars o chang

lArivale

ports in the FuSt issue of Na- li ( Medi

tur

¢ Biotec y ti lozens pel Hill, considered
of the participants tu ut t | thriling put, he
have undiscovered he

including prediabetes and low this as a sery
vitamin D, which the coaching start gettin

helped them address I'he problem

Hood says the findings justify that

commercializing the monitor- all how ti

in a service costing thou- De¢
year. But some
colleagues AT The
takes health monitoring
or depths, depending
w vou look at it)” says Eric
Topol, director of the Scripp
[ranslational Science Institute in Entrepreneur Clayton Lewis (left) and biologis { (right) offer a

San Diego, California e ch ealth monitoring through their company, Arivale




Smartphones, Wearables, Devices
and Digital Services

M4: Making Medicine More Mobile
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Nature (2017) 547, 13

Giant health studies try to

o Pokémon Go: 4
tap wearable electronics




cognitive
stimulation

. sermors el measure iscelon such
as Diood pressure and atow
COmMUNICAton with medcel staff

in home support and reduced
readmissions

reduced office visits
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® better real time patient-specific data and
decision-support tools

® new patterns (touch points) of patient engagement
with the health system

— extend reach and continuity in care
— ability to monitor larger number of patients

® cach individual becomes their own control



® who sets the standards?

® who integrates and interprets the data?
® who pays?

® who consents?

® who owns the data?



® |ack of developer access to high quality healthcare
data to validate App platforms

@® accuracy, reliability, security and privacy

® FDA focus on Apps that transform phone/tablet
Into a regulated medical device

® renewed FTC interest on Apps making
unsubstantiated claims






early adopters routine healthcare
delivery

molecular
classification RWE
of disease and
and learning
elucidation of healthcare
disease systems

mechanisms

subpopulation

and individual
phenotypes

populations




Individual Data Population Databanks

integration and
analysis of large
scale, diverse
data

matching individual profiles to

“best matched” cohorts for clinical decisions




who knows why people do what they do?
— the fact is that they do!

these activities can now be traced and
measured with unprecedented precision

with sufficient data, the numbers reveal
Increasingly predictable behavior and
Individual risk patterns

new ethical and legal issues
— consent, privacy, surveillance, security



® every encounter (clinical and non-clinical)
IS a data point

® every individual is a data node
® every individual is a research asset

® every individual is their own control



“l don’t think of Humana

S0 much as an insurance company

as an IT company who is helping us with
the data that we need in order to deal
with our population health tools.”

Dr. Roy Beveridge, M.D.
CMO, Humana
Cited in Fierce Healthcare 9 May 2017




Now Comes the Hard Part!

Driving Precision Medicine and Large Scale
Data Analytics into Routine Clinical Practice




The Problem With Real World Data is the Real World
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HELL IS THE PLACE WHERE NOTHING CONNECTS oSk E1OT
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® slow transition from paper to electronic systems

® fragmented, disconnected, incomplete and
Inaccurate data

® incompatible data formats as barrier to data
Integration and sharing

® EMR integration of new data classes (multi-omics)

® |legislative barriers to data transfer based on well
Intentioned privacy protections (HIPAA)

® organizational, economic and cultural barriers to
open data sharing






“So, as you can see, health care is so complicated you may never get well.”

The New Yorker 3.13.17




® exponential technology acceleration
® technology convergence: the exponential of the exponentials
® scale: major implications for investment, organization and culture




'S4 ‘M4’

matrix networks

multi-disciplinary
multi-investigator
multi-institutional

® silos

® single discipline
® single investigator
® single institution




consortia-|

2 b Bey® Lt 8 U Besaw i Camrien Sewr

Science Translational Medicine
(2014, 6, 242cm6)

ENVIRONMENTS

Consortium Sandbox:
Building and Sharing Resources

Mark D. Lim

Some common challenges of biomedical product translation—scientific, regulatory,
adoption, and reimbursement —can best be sddressed by the broad sharing of resources
or tooks. But, such ads remain undeveloped because the undertaking requires expertise
from multiple research sectors as well as validation across organizatons. Biomedical re
source development an benefit from directed consortia—a partnership framework that
provides neutral and temporary collaborative emveronments for severad, oftentimes com
peting, organizations and leverages the aggregated inteflect and resources of stakeheld
€11 50 23 10 create versatile solutions. By analyzing 369 biomedical research consortia, we
trached consortia growth around the world and gained msight into how this partnershep
model advances biemedical research. Our analyses suggest that research-y-consortium
provides benefit to biomedical stence, but the model needs further cptimization before
it can be fully integrated into the biomedical research pipeline




A Pending Transition in Research Methods and
Clinical Care Decisions?

data
Ining

-

hypothesis-

_ driven
hypothesis- data

driven mining




ebiomedical communities largely untrained in
guantitative data methods and analytics,
statistics, computing and data science

epredominance of descriptive, unstandardized,
gualitative data generated in fragmented expertise
silos

eskepticism about premature, unrealized claims of
the transformative impact of “-Omics” platforms

epersonal and institutional reluctance for data
sharing



Complex Complex
Networked Data Computational Data
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pathology radiology dermatology ophthalmology
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® |arge scale training sets and classification parameters
® standardized, reproducible and scalable
® 260 million images/day for $1000 GPU



“I don’t think any physician today
should be practicing without artificial intelligence
assisting in their practice.

It’s just impossible (otherwise) to pick up on patterns,
to pick up on trends, to really monitor care.”

Bernard J. Tyson
CEO, Kaiser Permanente
Cited in Forbes: The Future of Work
1 March 2017
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® security of patient data

- BE \ficrosoft

® improve efficiency of clinical trials
® user validation, proof of work, smart contracts
® supply chain tracking and anti-counterfeiting




limits to experiences and

perceptions

limits to objective decision-

making

- escalating (paralyzing?)
complexity

- shorter time-to-act

limits to individual expertise

limits to sensory and

cognitive capacities



Complex Autonomous Systems and Automated
Computational Decision Support Systems

Technology and Innovation Enablers
for Superiority in 2030

“l Can’t Let You Do That Dave”



® ceding decision authority to computerized support
systems

® culturally alien to professionals in their claimed
expertise domain but they accept in all other
aspects of their lives

® who will have the responsibility for validation and
oversight of algorithms used in decision tree
analytics for big data?

- regulatory agencies and professional societies?
- humans?

- machines?



® need to better characterize the evolution of decision
algorithms

— keeping humans in the loop

® deconvolution of how and why machine learning
algorithms reach flawed conclusions

® concern over Al-directed manipulation of financial
and social networks, advertising and personal data

— Implant bias and distrust
— crime

— broad national security issues related to data
Integrity and national cyber-vulnerabilities



Creative Destruction




® comfort and complacency erode
capabilities and competitiveness

® failure to see/adapt to disruptive forces
and threats to the status quo

® technology as the most potent catalyst
for industrial transformation and market

disruption




emergence at
margin of an
existing domain

big Pharma amnesia
and evolution of
biotechnology

in 1980°s

emergence by
convergence of previously
separate domains

* multi-omics and

precision medicine

* big data, machine

learning and Al







R, b x4
Denial Negativity Resistance



slow translation of research for patient benefit
unstainable cost of care

fragmented, uncoordinated duplication,
waste and administrative bloat

poor use of available information

slow adoption of advanced IT systems relative
to other sectors

public dissatisfaction and political turmoil over
care access and affordability



convergent
technologies

BIG DATA

computing
and _
automatio ® population
biomedical databases
research ® individuals
and 1 EHRs

. ) ien
clinical data science

. e Al
medicine MDX,
sensors, \_/

robotics

mapping the
complexity of
geno-phenotypic

analytics for
improved decisions
and clinical

relationships
and outcomes

individual risks (value)

the expanded
care space

social
media

patient
engagement

life
style
metrics

longitudinal
monitoring of

individual health
status




Slides available @ http://casi.asu.edu/
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