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Smartwatch Vision (‘80s)
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Your Phone Is More Powerful Than The Computer In The
Spaceship NASA Launched This Week
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« These 12 Thing WAl Happen Whan You Maks « Sparta : The Strategy Game Phenomenon of 2015

« Mirache Blood Sugur Level Redusing Foods Yo.., « The Most Exciting MMORPG You've Ever Plays...

The Orion spaceship, whi
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his week as a first step

on & mission to ke astronauts to

Mars, has a less powerful

computer than your smartphone

It's widely known that today’s
smartpbones have more
computing power than all of

NASA did when it started sending

astronauts to the moon
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2 Billion Transistors in Your iPhone 6
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Role in Memory |
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7 What Happens Online in 60 Secnnds’

Managing Content Shock in 2016
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The Downside: Homo-Distractus

It keeps me from looking at my phone every 30 seconds...
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Back to Health...

Actual Causes of Death in the United States, 2000

Challenge Today

Imprecision medicine =
Population health &
average patient




Personalized medicine: Time for one-person trials

nature
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Top 10 Drugs Our Patients
Do Not Respond To (US)
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Wasted Efforts (US-based Numbers, by E. Topol)

Small Number of Drugs
Drive Big Medicare Bill
All costs incurred for top 10 drugs
in billlons
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the right patient —
the right treatment (e.g., medicing)
the right dose '
the right route

the right time

the right information
the right documentation
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Squaring The Curve

A

Health,

Quality of
life

Disability-free survival
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DEADLINE FOR $10 MILLION
QUALCOMM TRICORDER
XPRIZE EXTENDED TO EARLY
2017

LEAEN MORT
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Ultimate Tricorder (Elysium Movie)

Precision medicine

[Personalized, Preventative, Proactive, Participatory]

Average Is over: patient;
POC is where the patient is

Toolbox is expanded beyond
a stethoscope
and a pill

Approach to health IS hOIISth
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Towards Star Trek Tricorder
» POC Diagnostics / Portable Medical Devices @

« Wearables a

L[>

« Information Systems & Artificial Intelligence (AI)

+ 3-Dimensional (3D) Printing ﬂ

+ Crowdsourcing E

+ Star Trek State Of Mind
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point of-care diagnostics
portable medical devices
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Contributors To Premature Death

GENETIC TESTING
NHGRI FACT SHEETS
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Timeline of Commercial High-Throughput Sequencing Platforms (speed/day)
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78 HiSeq 3000

Humira
NexiSeq 500
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Decreasing Cost

Log Scale

Cost of computing 100,000

$3 billlon (Moore's Law)
10,000

Cost of Sequencing

Human Genomes Sequenced
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NIH Studies Explore Promise of Sequencing

Babies' Genomes
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“We Gained Hope.” The Story

of Lilly Grossman’s Genome

Onwe -~ The Twinch

The Scripps team is now trying to better understand the ADCY5 variant that Lilly
has, and to see if they can identify a treatment that directly addresses the

problems caused by this faulty gene. Meanwhile, Steve and Gay are talking to
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Where is Your Tricorder?

Noninvasive in vivo monitoring of tissue-specific global gene
expression in humans
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Know how you'll respond to drugs
before taking them

point of care diagnostics
portable medical devices
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Story of Joshua Osborne Infection

Actzanable Dhagsosis of Nearoleplospiresss by Nexs-Creneration
Sequencing

H=5Ni

Joshua Osborn, 14, lay in a coma at American Family Children’s Hospital

Comt nemoer A
in Madison, Wis. For weeks his | and a

| battery of tests had failed to reveal the cause

o |

After only 96 minutes, the results appeared on o computer monitor

Tonhua's cerebrosginal fuld contained DNA from u potentinlly lethal

v NEW ENGLAND type of d As dangeroms as Leptospim can be,

TOURNAL o MEDICING i I readily treated with pendeiliin

Where is Your Tricorder?

Health care: Bring microbial sequencing to hospitals ~

Sharon Pescack

Analyning saciertal and vird DNA can felp 000800 10 pice offective Gregs Guicky. says
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point of care diagnostics
portable medical devices

Diecsver Ganntic Factecs That
Vinrve e Yol f BN sea v Mk

Tl

Realizing the promise of cancer predisposition
genes

Marnesy Ratrran
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Discovery and saturation analysis of cancer genes
across 21 tumour types
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Where is Your Tricorder?

The Cancer Genome Atlas Pan-Cancer analysis
project
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Consumers: Genetics & Cancer 0

New Genetic Tests for Breast Cancer Hold Promise .
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point of care diagnostics
portable medical devices
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First Tricorder: Stethoscope (1816)
LR !
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Zargis Medical
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Where is Your Tricorder? All Around.
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AnICU Monitor That Fits On Your
Wrist
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‘Sticker’ Based Diagnostic (RDS)

Salzure reporing echnakogias for apilepsy reatment. A raview
of cinial information neeacs and supporting technologies
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Oxygen Saturation (Sp0,)
Temperature

Physical Activity

|

Wearable, Wireless,
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Where is Your Tricorder? In Your Pocket.

Colon Check Via a Pill (PillCam)

¢~ A new option.
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Intra-body: Vital Signs or Gases via A Pill

ECG
Resp. Rate
Acoustics

®'PLOS | one

Multiplexed volumetric bar-chart chip for point-of-
care diagnostics
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SEREANTI ART

Comprehensive serological profiling of human
populations using a synthetic human virome
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STD/HIV, syphilis
(Columbia)

Cholesterol (Cornell) BP, blood glucose, lipids

incl. bleeding (Qloudlab)

Vit. D, fertility,

influenza
Blood, allergens in food, inflammation,
urine analysis testosterone
mercury in water ) (Cue)
(holomic/cellmic)
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Liquid Biopsy: Heart Attack

Characterization of Craulating Endothelial Cells
In Acute Myocardial Infarction

n of Circulating Tumor DNA in Early- and
ge Human Malignancies

Abstract
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Where is Your Tricorder? Coming Soon To Your Lab.
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[ Carvical cancer

Consumers: Cancer
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Cancer screening

remains stuck
in a 1960s view
of the disease.
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wearables
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Vandrigo

WEARABLE TECH MARKET

433 $290 » ACCELEROMET

AREAS OF MARKET FOCUS DEVICES BY LOCATION
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THE IDEAL WEARADLE DEVICE
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WEARADLE CONTROLLADLE INHANCING .
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Marketplaces (Amazon)
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Steps (kcal)
Activities
Sleep

HR, Temp, GSR

Phone notifications
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Medication Reminder (WebMD, PillPack)

Medication Reminder (Google)

Google patents a wearable that tells you to take your
medications when you eat

37
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Fully integrated wearable sensor arrays for

multiplexed in situ perspiration analysis .
¥ Sweat Analysis
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Sleep Quality (BASIS PEAK)

Sleep Quality (BASIS PEAK)

Good night

47BPM

140BPM
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Sleep Quality (BASIS PEAK)
Good Night

Vivid Dream

Sleep Quality (BASIS PEAK)

Good Night

47BPM

Vivid Dreams

140BPM

Stressful (Job Talk the Next Day)

No Dinner — Nighttime Hypoglycemia

3/23/2016
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Smart Textiles (Myontec, Hexoskin, Athos)

O Fnetnstr

Excess Fluid in CVD (Edema.dk)
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Excess Fluid in Heart Failure (toSense)

Heart Rate
Resp Rate

Thoracic Fluid
S CRYIUINE
Cardiac Output
Physical Activity
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Tattoo-Based Noninvasive Glucose Monitoring: A Proof-of-Concept
Study

Amay | Nasdodhar,” Wenehai Ji," Ceren Yandima,” Xuan Wang, Julisn Ramiror, sl Joseph Wang*

Diaputitwent of Nusologtaowag Utiversty of Coliiomls, S8 Dicp, La Jolla, Californi 90001, Urid
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Tattoos incl. ECG, EMG,

Temperature
ECG Sansais Wireless

Sensors & Power Coil

Wireless communication
oscillator

\ Wireless

antenna
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Posture (Lumo Lift)
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NeuroTrail
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Food Scanner (TellSpec, MyScio)
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Blow (on) Your Phone

Tracking Lung Health With a Cell
Phone

(vl ingmed
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Technolog e
Review
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Medication: Which is Which? (MedSnap)

Medication Reminder: Smart PillBox (GlowCap)
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Medication Adherence: Pill & Sensor & ‘Sticker’ (Proteus)
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Cancer Therapies Use a Little Help From
Microbsal Friends

HUMAN
MICROBIOME
PROJECT

1

Science

Where is Your Tricorder? In the Patient’s Pocket.

Wearable

Wireless

Waterproof
Multipurpose
Unobtrusive
Fashionable

Long battery lifetime

Further: Non-contact, Ingestible, Bio-degradable, Injectable

You can’t list your iPhone as your primary-care physician
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Opiion | Momedicl | Diagnostes

Big Data Is Transforming Medicine

New self-monitoring devices will help collect our vi
stats into powerful databases, allowing us to preve
predict health problems as well as treatment suceg

failure
£ |w] Y] |=)

By Sesan Hagsler
Prsted 28 Mep 2075 | 1500 GUT

FORTUN

What's the next big thing in big
data? Bigger data.

The g mond s ssplodng with dats that has yo!
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up b the poes®ibline
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Medicine by numbers

st Diaaterg i & SIGEIIESClt tryleg S avolsl Tuatases In ot s of g Duse s

Without the right analytical
methods, more data just gives a
more precise estimate of the wrong
thing

'l'he E et
Economist

Analytics Predict Which Patients Will
Suffer Post-Surgical Infections

W DeepMind Health

CLINKCIAN-LED TECHNOLOGY
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Smarter Care (Google, Dell, IBM)

IBM's Watson is better at diagnosing cancer than human
doctors

00000

Watan

claimed that, in tests, Watson's successful diagnosis rate for lung
cancer is 90 percent, compared to 50 percent for human doctors.

Computers Can Predict
Schizophrenia Based on
How a Person Talks

3/23/2016
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Smarter Care (Google, Dell, IBM)

Towards Personalizad Medicine: Laveraging Patient Similarity and Drug
Similarity Analytics

Froceadings — AMRA Joint Summils A M | A

on Transkional Scence

PR A LA T AN

When Google got
flu wrong

Al: From Good to Bad (2009-2013 by Google)

FEVER PEAKS

= ,H,ZZW;JMru
P (de) || P (dy)| ¢
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My ‘check gallbladder’ light came on

3D printing

55



Limbs/Casts
Prosthetic Parts
Medical Equipment
Tailor-made Sensors
Medical Models
Bones

Trachea

Heart Valve

Ear Cartilage
Synthetic Skins
Tissues with Blood Vessels

Newgs| —
I A v .

h
{

-
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3D Printing In-vivo (biopen by Cegene Therapeutics)

HUG: # I8

Hopitaux Umvmltnlm de Genéve
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Hoépitaux Universitaires de Genéve

Where is Your Tricorder? Inside 3D Printed Drugs.
Why it matters that the FDA just approved the
first 3D-printed drug

A & W3 Dieetsiun IS Fnateg s

e ==

For the Mo tiree ever, the FDA bas sgpromad o 30 geinned poescrpeon pill

tear ene. This G0 prebared b, which sill skl by Ageeeia

Thel@lashingtonPost ks
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Where is Your Tricorder? Inside 3D Printed Drugs.

LOS ANGELES .
11: S?M'M PT ‘h‘\\

"E‘h ¥

N L
~ B

m—— V' ’ING DEVEL
V/Z% FDA APPROVES 3-D PRINTED PJLi

Where is Your Tricorder? Inside 3D Printed Fish Delivering Drugs.
1O Promad Artfical Microfinh

Tiny, 3D-Printed Fish to Swim in Blood Stream, Deliver
Drugs

3/23/2016
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3d Printed Tissue to Test Drugs (Liver, Kidney by Organovo)
Now Printing: Micro-Livers

A La jJolla blotech boosts drug testing with human organs made on
demand
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“Multiple drugs have shown toxicity in
e Doved, 30 printing iy mabing o teg solmh, prodw 2

late-stage trials. This is an opportunity

Lonies Bt Wi o

SanDi
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to understand how a drug will work in

humans.”
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Printing Full Organs (Kidney, Liver)
O Wake Forest”

Schaol of Medicine

Human on a Chip (Wyss Institute, Harvard)

KIDNEY RESEARCH s Human-on-a-Chip
0 CLINICAL PRACTICE
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Laurie Becklund dies at 66; former L.A. Times
reporter, author

As I lay dying

flos Angeles Times
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Patients Connect

My Health

ey ety

B LN

Current Treatmums

vi Smart Patients

ANALYSIS

T

atientslikeme*

Accelerated clinical discovery using self-reported
patient data collected online and a patient-matching

a !gortthm effect of lithium on disease progression. Although observational
studies using unblinded data are not a substitute for double-
blind randomized control trials, this study reached the same
conclusion as subsequent randomized trials, suggesting that
data reported by patients over the internet may be useful for

Paul Wicks, Themothy E Vaughen, Michac! P Masagli & Jasmes Heywood

Patierts with sancas chassu gy saperrrent with desgs
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(ALS) who eaperinended win lithium carbosate teatment vabetardia) mfrty
To rechuce potartal Blas owing 1o lack of ndomisaton, we whons! & way §
desrioped an 2igormin %5 mach 140 tayied gatierts 3
multple condals (447 Sota) buoed on e progresson of ther
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stugies uning unbiinged dats are nat & sabistituse for double
Bhng randorvited corol triaks, Dhs study resched the sanme
COoNg lesion as sabaequent ndenmined ialy, sugposting that
dats sepotted by patierts oves The intaroet may Be wsetul for
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of deags aiready is e

ating the effectiveness
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© 2011 Nature America, Ine. All rights reserved.
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Medical Investigation for Patients by Crowds

Select a case

The big medical data miss: challenges in
establishing an open medical resource

Abstact

Sutject terme: <

XK Was @ Tode bt who ed In Februwy

We ate aaah 0 efheet

One-pernan chmcal triaky

oW oo 98 Phese

L p—— T
IR TR GENETICS won st s e

; 3
Confirm or correct i h ‘

Jmud of
fAedical nter o
Phesauncn

SR e
>

—

-‘

your diag

“We are each, In
effect, one-person
clinical trials”

‘‘a massive, open, online
medicine resource ...
would help to quickly
identify the genetic cause
of the disorder”

Projects & Initiatives

Parzesd Gerzowe st
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Apps to Track Exercise, Skeep Help Patients Participate in
Clinical Trials

3D printing
Crowdsourcing

Star Trek state of mind
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the right patient -
the right treatment (e.g., medicing
the right dose "
the right route

the right time

the right information
the right documentation

Squaring The Curve

A

Health,

Quality of
life

Disability-free survival

3/23/2016
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The Challenge (One of Many)

el " Suow s iCh kete S} --w»
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 hews

Anonymizing patient records for

genomics

New method for concealing identity could open up moce date

for science,

Dad says
you're
spying us
online

3/23/2016
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Tin foll beanie tap,
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mind-seading
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Mash, wig, sunglasses,
and faee beiedd
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Medical gloves to
obscure lingerponts and
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Body lnguage
disguiver choxk
(dha “Shugoe”)

UM srene
DOOTIEY, 10 prevent
DINA leakage
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The Challenge (One of Many) > We Are Working On It!
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Precision medicine

[Personalized, Preventative, Proactive, Participatory]

Average is over: patient;
POC is where the patient is

Toolbox is expanded beyond
a stethoscope
and a pill

Approach to health is holistic




Connect with Me to Design Your Next Tricorder!

Prof. Katarzyna Wac 12 & QoL Team & Funding Agencies Supporting The Research

1 Human-Centric Computing, University of Copenhagen, Denmark
2 Quality of Life Technologies lab, University of Geneva, Switzerland

EMAIL: katarzyna.wac@unige.ch & wac@di.ku.dk
WEB: www.qol.unige.ch

TWITTER: @katewac
LINKEDIN and SLIDESHARE: /KatarzynaWac

Buropean NIVERSITE

& Nelwork of

Living Labs = E GENEVE

You have been pretty sedentary for 60 minutes...
Time to stretch your legs?

Stand Up!
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