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An opportunity for a New Biology with
unprecedented impact ENVIRONMENT  Fo0p
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Technological advances enable
biologists to collect data
unprecedented in quantity and
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Promise and excitement of the human genome project




A success story for genetics:
targeted therapies in oncology

e NEW ENGLAND
JOURNAL of MEDICINE EGFR

(NSCLC)

Activating Mutations in the Epidermal Growth Factor
Receptor Underlying Responsiveness of Non—-Small-Cell
Lung Cancer to Gefitinib

The NEW ENGLAN D
JOURNAL o MEDICINE ALK

- (NSCLC)

Anaplastic Lymphoma Kinase Inhibition in Non—-Small-Cell
Lung Cancer

ORIGINAL ARTICLE

joved Survival with Vemurafenib
in Melanoma with BRAF V600E Mutation

Braf
(Melanoma)
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A success story for genetics:
targeted therapies in oncology

Somatic mutations
Routine sampling of patient cells

Unification of patient care and clinical
discovery/research
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Genomics

Molecular imaging

Histology

Chemical/
RNAi screens
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in NSCL in ALK+ NSCLC pts 1 results
(ASCO 2009) APPROVAL

Phase 1 trial begins
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However, our ability
to generalize this
paradigm for chronic
diseases remains
limited !



stratification of cardiovascular disease?

Accuracy predicting 10 year risk of CVD

Using Risk Factors*

10yr CVD 0.787

Risk Factors

Sex

“ Cholesterol E Smoking
q Age & . Blood
family history pressure




GWAS and the ‘genetic revolution’

Published Genome-Wide Associations through 07/2012
Published GWA at p<5X10-2 for 18 trait categories

I

@ Digestive system disorder

@ Cardiovascular disorder

(O Metabalic disorder

() Immune system disorder

() Neurological disorder

@ Liver enzyme measurement

(@ Lipid or lipoprotein measurement
C) Inflammatory marker measurement
(0) Hematological measurement

© Body measurement

@ Cardiovascular measurement

@ Other measurement

(O) Chemical compound

(D Biological process

@ cancer

@ Other disease

@ Other trait

() Trait mapping in progress

NHGRI GWA Catalog
Nt Nationat 1 www.genome.gov/GWAStudies
ﬂm&ﬁ,‘:';:;::mm www.ebi.ac.uk/fgpt/gwas/ EMBL-EBI!
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stratification of cardiovascular disease?

Accuracy predicting 10 year risk of CVD

Using Risk Factors* + Genetic Risk Score

10 yr CVD 0.787 0.788

Risk Factors

Sex “ Cholesterol E Smoking
. Age & . Blood -
family history pressure |




Converging revolutions:

Genetic

Digital

Integrative Science




Measurements used in medicine have
largely not changed

Heart rate, blood pressure
Height, weight
Electrocardiogram (ECG)

Blood glucose, hemoglobin A,C

Blood lipids

CATCH 13



CATCH

Center for Assessment Technology and Continuous Health



A renewed focus on phenotypes

The human phenotype must be measured

... with the same precision that we expect of genetic data
... in real-time to provide a perpetual read out

... in the context of multiple perturbations (such as drugs and
environment)

... and must ultimately create actionable new knowledge for
healthcare performance
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disease have traditional risk factors
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Type 2 diabetes: increasing physiologic and
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genetic understanding

GWAS Catalog
Filtered on "type 2 diabetes"
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80 chromosomal loci

susceptibility

| Explains ~ 6% of variance in disease
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But what do we follow
clinically?

BLACK BOX
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Unlocking what makes patients more different than the same -
Data Analytics and Phenotyping

1,000 MS Patients:

grouped by grouped by
what they have disease stage
in common
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Gréuping MS patients by what makes them different:
stratified by frequency of relapses, duration of disease, and severity of flares
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Episodic and Symptomatic
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Episodic and Symptomatic
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Novel phenotypes, U
analyzed in the context of perturbations

) Q.

DRUGS  eEo==2 Y. | ENVIRONMENT
A -2
:. e\ V/
DIET ¥ﬁ ACTIVITY
b PRTILN
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Novel phenotypes,
analyzed in the context of perturbations

DRUGS  eB2==2 Q) ENVIRONMENT
\\;} y \§ » 4 4
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The integration of data from different
scales and different sources, analyzed
with a broadening array of techniques.

Repurposed Data collected High
data to yield via nhew Dimensional
hew ideas UE S Data Sets
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Novel phenotypes, CATCH
analyzed in the context of perturbations
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Physiologic insights from a therapeutic m
device: Continuous Glucose Monitoring




CGM data clusters participants

(determined by Principal Component Analysis)

Component 2

-10

Component 1



Clusters persist across diabetes status,
glucose control, medication
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Novel phenotypes,
analyzed in the context of perturbations
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CElRG

Behavioral Measurements

As we begin to assess health holistically
we need to turn again to non-traditional technology

Minimally Invasive

Minimally Intrusive



Phenotypes at home: L3
# Passive and active behavioral analytics

a5
15 M¥H
Runny nose:
10 it . .
= Late night/early morning o
Sl [| communication N
: )
SX s
—= Social contacts for
1.5 H peer incentives:
. _ BEHAVIOR
1.0 H Fever, influenza:
™. WLAN ‘entropy’
0.0 =]
SX

Sandy Pentland (MIT Media Lab)



CATCH

Phenotypes at population scale

Wearable Sensors, Electronic Medical Records,
biospecimens and integrated analysis for
discovery

... TO “REAL-WORLD"” INDIVIDUALS

FROM RESEARCH POPULATIONS ...

CATCH 32



EMRs to integrate research with clinical
care and patient cells

i2b2 analysis software (phenotype extraction)

Partners EMR (~4M patients)

A I
. Matched,
Via! de-identified biospecimens
patient from clinical labs

(Crimson)

cohort
. T
(De-identified)

Cost-effective measurement of genetic variation and phenotypes of large populations
“Real world” patients
Maintain patient privacy



Advanced phenotyping using data from routine

clinical care

EMR

Clinical notes

Natural
language
processing

Y

v

Codified/Structured Data

ICD-8 Lab Medication
events results orders
NLP NLP
disease lab mech:\FtJ'ons
concepts results icall

F Y

F 9

Y

o Logistic
o regression

Narrative Data

Carroll et al., JAMIA 2012;19:e162



Towards predictive models for outcomes

time (years)

physician notes I LW E R e

type 2 diabetes dx I R LR L TN R T Predictive models
: Decision support
coronary artery disease dx  f it 11 pHT L AT REE AT Targeted interventions
| | 11
|
I Clinical outcomes
hemoglobin A1IC | | LTI L | Adverse drug effects
o ) | 11 111 | | | |
lipid profile | S U 1 I S | Genotype-phenotype at
| 0 T 1 T | scale
diabetes medications ! ! ! _
Human hypothesis
testing
statins [ | o o
11 1

Cohort identification

Genetics/epigenetics 5 T/ 71\
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Stratifying natural
history of autism via
EMR

Ear
infections

s Conduct disorders

w Hyperkinetic syndrome of childhood

e ental retardation

m— |nfantile cerebral palsy

mes Ofitis media and Eustachian tube disorders

= = Functional digestive disorders, not elsewhere classified
= Curvature of spine
= Bulbus cordis anomalies and anomalies of cardiac septal closure
= Convulsions

0.6

0.5M

= |\ental retardation

= Hemiplegia and hemiparesis

| nfantile cerebral palsy

s Epilepsy and recurrent seizures

s Diseases of esophagus

= = = Functional digestive disorders, not elsewhere classified
= = mDjsorders of muscle, igament, and fascia

= = = Convulsions

Comorbidity Prevalence

0.3H

= [pisodic mood disorders

= Bipolar

= [epression

e Anxiety, dissociative and somatoform disorders
s Adjustment reaction v
= = = Conduct disorders *
= = = Hyperkinetic syndrome of childhood
= = = Mental retardation Ad -
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Hyperkingtic

Age, y
Kohane and colleagues Pediatrics (2014)
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We have the genetic and digital revolutions
helping to guide health.

What about the power of social media?
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Moving from social media and tweets .... to Health!

Ral Castillo -
3 diet 15 mo oke. Am tempted o gek crnp,

Thits £nsnag J £bantir
@%r, hbaie, and maybe Fbs and Blood igeds donde. BP today
was 110770

Cassandra
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GefEyieve O OppEna
X I'M Done for my medical check-up . My blood presure is
110/70.. 1 tak I"..;|h bBlaad me... trx GOD,, FOR gusding vy
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Brittany Eirwin-Magqueda
B inthe last 15 months [ have gone from resting blood
pressure of 120-125/80-85 to 100-110/60-70! <3 Zumba <3

kristopher latimer

| Fiay e baen 2k snce Sunday blood préssurs 190/100 BEtter
naw thank you Lord

aaron karlo

Just had my bp chedked by my sister. 180/100. 1 haven't
dane any Ngoraus analy in the past hour. Hnd normal beh
di?

widl i|'|[|t’l'-:I idat
I talked oo my dotor about my 3-4 headadhas

my Bp. [t was 170,90

t .‘ was getting daily that Last 3-5 hours at a tme and he took

Veronica Jo
My BP was 17090 i January when [ was really u ..I-.."I
shrdp, Today of was 118/69) Yay for healthl !l O spray i

Bettinag A delRosario

.| a‘l’“‘ Heat i5 killing ma! BP 1604100, lce pack on head stat

-

I'Cl.':ul..- Gartner
My bload "“I-:S.“: ure at the doctors the other day? 180/100. I'm
haalthy and 25 years old. Guarantee that working overraghts
contributes

120/80 BP 72 beats par man. 93% ooty Jen Saturatign. 158 Dr,
¥isit in years




Social Media for Healthcare has already arrived
with patientslikeme’
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Novel phenotypes,
analyzed in the context of perturbations
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The Human Microbiome CATCH

What we know about them:

- Microbes outnumber human cells 10 to 1

- They collectively hold 8 million unique genes
- There are 10,000 species of microbes

- You carry 2 - 6 Ibs of bacteria

Ehe NewTJork Tumes Magazine — .,
The Past Ryan: the man with the plan

‘Economist s

JR— esivn Do theaeigin of specie.

Microbes maketh man




A healthy microbiome in a healthy body

N

Microbiome
complexity
& stability

| | | |
| | | | >

Birth 3yrs Adult Elderly

Genetics and environmental factors
contribute to the development of the
microbiome



Dysbiosis is implicated in diseases

Microbiome

complexity
—p— & stability
Healthy ~ =% .
\ \
\ \
A \ |
fectious diseases, metabolic diseases,
and inflammatory disorders
EARLY ' ADULT LATE DI Sease
/ ONSET ONSET ONSET
| | | |
| | | | >
Birth 3yrs Adult Elderly

Opportunity to use this information to
diagnose, predict, and treat diseases



Relative abundance

0.6
|

0.4

Microbiome interacts with host genome, M
environment, disease phenotypes

Faecalibacterium
— — Disease

° phenotype
Demographics , -==3
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= D=5 Q0
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Clinical
covariates
| | | I
Control Mild Moderate Severe

Disease activit
y Knights, Xavier, Gevers, Huttenhower



chronic diseases with periodic flares

days ] ] ] ] ] | ] l l | l | | | | ]
i 1 | 1 1 I 1 I 1 1 1 1 1 1 1 I 1

Blood samples

Stool samples

Patient symptoms

Behavioral analytics

- - L ‘HT Ir“— || .
LA =R

"EE L M o Giner.io

PR NELEEELEEE “!'MZ\ e

a5 o5 T g5t oo ol e qkﬁ?‘@ﬂa@ﬁi == @:‘q@ﬁ‘“@ld i“cb@;l&f‘? 3

45



Boston Quantified Self

m Members Photes Pages Discussions More m

Quantified Self

Cambridge, MA

Founded Jan 12, 2010

Self-Quantifiers 1,026
Group reviews 24
Past Meetups 19

=

Our calendar i
B0+-0a

We're about:
Businass Networking - Web

Tachnology - Business Strategy and

The Boston Quantified Self Meetup (@QSboston) is inspired by the Bay Area Quantified Self Show & Tell meetings started
in 2008 by Gary Wolf and Kevin Kelly in the Bay Area. It's a regular show and tell for people who are tracking data about
their body and conducting their own personal investigations and research into their bodies, minds, and selves. Anything is|
game -- from personal genetics to ways to digitize and track information, from how to self-diagnose to how to self-
experiment with data and statistics.

Topics include, but are not limited to:

* Self Experimentation

* personal genetics and genome sequencing

* Generating, capturing, and working with biometric

* Lifelogging, lifecaching, lifestreaming

* Chemical Body Load Counts

* Self Experimentation

* Risks/Legal Rights/Duties

* Behavior monitoring, tracking, and modification (including studying habit forming and breaking)
* Location tracking

* Non-invasive Probes

= Digitizing Body Info




Novel

phenotypes and

data types
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A new partnership with patients

CIAVECT
Engaged, participatory

Two-way information and learning exchange
Patient-controlled data

Unify wellness with spirit of inquiry
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Convergence of multiple disciplines
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