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What Might The Future Look




Life expectancy vs. health expenditure over time (1970-2014) Oﬁ]r[\;\é?gld

Health spending measures the consumption of health care goods and services, including personal health
care (curative care, rehabilitative care, long-term care, ancillary services and medical goods) and collective services
(prevention and public health services as well as health administration), but excluding spending on investments.
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Why we need Innovation
In Healthcare
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Health Expenditure

(adjusted for inflation and PPP-adjusted for price differences between countries)

Data source: Health expenditure from the OECD; Life expectancy from the World Bank  Licensed under CC-BY-SA by the author Max Roser.
The interactive data visualization is available at OurWorldinData.org. There you find the raw data and more visualizations on this topic.
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Introduction

How to think about Innovation

“A car is not merely a faster horse.And email is
not a faster fax. And online project management
is not a blgger whlteboard And Facebook is not




Introduction

Doing new things
in Healthcare

The aim of medicine is to
prevent disease and
prolong life, the ideal of

medicine is to eliminate
the need of a physician.

William James Mayo
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What the Future of Healthcare might look like... | . _

Hospital redesign
Revelflonary changes in iacdiional “gener hogs 5 becaming
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EEICUIEE |

TO THE FUTURE Precision medicine
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By Bertalan Meske. MD. PhD
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Telehealth

Tech + Services across multiple use cases

Telehealth continuum

|
® Virtual urgent care

‘ Telespecialt .I Mobile apps
| P v ® Virtual specialty care

@ Virtual conferencing . Geo-tagged devices
@ Virtual primary care

TOP DQWN

Provider

patient

. elcu ® Remote monitoring . Patient portals

BOTTOM UP

. Online support
management i

® Kiosks

% Telehealth for All Specialties - National  Telehealth Nationally I % Telehealth in Geography
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Telehealth Examples
Urgent, Chronic, Preventive Cardicislums

L

Call 216.444.3223

Whatwetrest  Forbusinesses  Signin MyConsult Online Medical Second ——
Opinion

Access the expertise of our top physician specialists from anywhere in the world EMAIL A QUESTION
Connect face to face using your e
phone, tablet or computer, 24/7.

Just like an in-person visit, the doctor takes your > B Second Opinion Consultations from the

history and symptoms, performs an exam and may Comfort of Home
recommend treatment - including prescriptions and < {
lab work. Ou'r diagnosis, reatment

your personal questions.

GET STARTED

See a doctor now 3

L Livongo
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Telehealth
Virtual Care = TeleHealth (TH) + Autonomous Health
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BOTTOM UP

@ Telespecialty

@ Virtual conferencing

Telehealth continuum

|
® Virtual urgent care

.I Mobile apps
@ Virtual specialty care

. @ Geo-tagged devices
@ Virtual primary care

Provider
-
patient

@ Remote monitoring

® Virtual medication
management

@ Patient portals

? Online suppo

Wy e prrssure hus

COVID‘19 gdx X

Coronavirus Virtual Assistant Bean aeerigieg 13483

Click here if you think you have been exposed
to COVID—wy 2

| am here to help answer your questions
and provide resources to assist with your
concerns on the COVID-19 strain of the
Coronavirus.

How can | help?

Iy

Ask a Question about COVID-19

| Take a COVID-19 Screening Test

| What To Do if You Are Sick

0 @ Type your response






Precision Medicine

Diagnosis and Treatment across a Spectrum

BB % i
R (% 155 RS RS
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proteome
~22,000 genes ~200,000 transcripts = 1,000,000 (?) proteoforms
—_— _—

alternative promoters post-translational
alternative splicing modifications
mRNA editing




Precision Medicine

Genomics for Risk Evaluation and Treatment Choices

Provider

ActX)
ActX)

23andMe Service

<»lancestry

23andMe

: - . : Cancer
Entertainment Genetics Medical Genetics :
Genetics
Ancestry Traits Pharmacogenomics Risk Factors Carrier Status Tumor
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Reviewed
comprehensive
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Precision Medicine

Genomics for Cancer Detection

GRAIL

Early Cancer Detection
and Screening

[

Cologuarg

Stoo| DNA test l Rx only

Shelter-In-Place Impact on Cancer Screenings

Mammograms  Pap Smears Colonoscopies  CT Scans PSA Test

A&

loal World Claims, April 17, 20:

#DetectCancerEarly




Precision Medicine

Proteomics for Biometrics and Risk Detection

@ Somalogic

SAME GENOTYPE. DIFFERENT PHENOTYPE.
PROTEIN ASSAYS COMPLEMENT GENOMICS TO IDENTIFY:

Patient subpopulations

Novel therapeutic targets

New disease applications for approved drugs
Possible safety concerns

Mechanisms of action

Primary Cardiovascular Risk
What is my risk of having a heart attack, stroke or heart failure within the next 4 years?

5 dary Cardi lar Risk
What is my risk of having a new issue with my heart such as a heart attack, stroke or heart failure
within the next 4 years?

Liver Fat
Do | have excess fat in my liver?

Cardiorespiratory Fitness - VO, Max
What is my aerobic fitness level?

Percent Body Fat
What is my bedy fat percentage?

Lean Body Mass
What is my lean body mass?

Alcohol Impact
Is my body showing the effects of my weekly alcohol consumption?

Glucose Tolerance
If | have simple sugars, does my blood glucose spike to unhealthy levels?

Visceral Fat
How much fat is around my organs?

Resting Energy Rate
How many calories does my body burn at rest when | am not doing physical activity?




Precision Medicine
Gene Therapy

A ‘Cure for Heart Disease’? A Single Shot
Succeeds in Monkeys

A novel gene-editing experiment seems to have permanently
reduced LDL and triglyceride levels in monkeys.

What is Gene Therapy?

Gene Therapy iswhen a
‘normal” healthy gene
substitutes in for a - -  -mm- 9
harmful gene in cell by
using a vector.

In a trial done on mice, less plaque developed in the brain
of the mouse that received gene therapy, resulting in less
damage to the part of the brain containing memory.

A gene therapy trial to treat leukemia (a cancer affecting the blood)
26 out of 59 patients "experienced complete remission”

cell has healthy gene cell function
defective gene is introduced

Stem cells
are removed
from the

is restored

om
patient.

Pipeline

Pre-Clinical Target Identification Pre-Clinical Validation IND Enabling Clinical Trials

HIV CURE PROGRAM

LIVER CANCER THERAPY

PHENYLKETONURIA I
e

HETEdity Patients with LCA after  cene mhemapy  oene mierapy

B| d trials with gene therapy, ; 7 #1

Inaeness : Y ;
6 outof 9

experenced better vision




Internet
of Things
(loT)




loT

Sensors in Healthcare

—— THE INTERNET OF THINGS ——
nnected

VI,

: )
Sensors Data Communication
Technology

Within this decade, the number of devices will quintuple,

from 50 billion © 250 billion.

220004



http://enterprise.microsoft.com/en-us/roles/it-leader/infographic-5-technologies-disrupting-your-business/
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Wearables Y i

It looks like
taken a hard fal

| fell, but I'm OK

e

The new tattoo: Drawing electronics on
skin
One day, people could monitor thelr own health conditions by simply picking up

Wearable Electronic Sweat Sensor Detects a pencil and drawing a bloslectronic device on thelr skin. In a new study,

5 University of Missouri engineers demonstrated that the simple combination of

Hea |th Bioma rke rs penclis and paper could be used to create devices that might be used to monitor
personal health.

EE8 ©)ul 28,2020 July 13,2020

Contact: Eric Stann, 573-

Sweat
Sensor

Electrophysiological \
e

Senstir \ %%‘

Ny
Temperature
Sensor

Energy
Harvester


https://www.pnas.org/content/early/2020/07/09/2008422117
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Ingestibles for biomeftrics and imaging

pill with sersor mads
of copper, magnesism
and silicon,

@ Fill lands
In stomach,

[0
dizintagratas,
lesdaving sensar
In stomach,

| @ Fuids in the stomach

| activate the sensor, which
| sends a signal toa patch
| onthe patient's body.

Soerra Promwes Dl Maarir

@ Panch registers
sensar, and sends
slgnal to a mabile
device that the

| pill has been taken.

B sansor
goes through
tha digestive
system,

Juhe Blanchard ¢ Tre Onronicle
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Implantables

Neuralink's brain-machine interface technology sinks electrodes into the brain then uses a chip to
communicate with computers outside your skull.

Dust-sized implantable sensor could enable brain-
controlled prosthetics, continuous organ
monitoring

By Jonah Comstock ‘ August 08, 2016 SHARE % n

Researchers at the University of California Berkeley have
created a tiny sensor, the size of a grain of sand, that can
sit on a nerve, muscle, or organ and monitor the
electrical signals passing through it. The sensor, dubbed
"neuro dust", was designed as a next-generation control
interface for prostheses but could eventually turn out to
have a wide range of healthcare applications.
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MEDICAL LISES EOR DRONES

gearch and Rescyg

Drones

Search, Delivery, Care
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3D Printing

Prosthetics, Devices, Personalized Surgery, Tissue/Organs
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A nanorobot machine
roaming through the
bloodstream, injecting or

Nanobots fighting cancer

taking samples for
identification and
determining the

of different compounds.

concentrations

NANO

ERE S

Magnetic Micro Surgery

Around the world, researchers are developing specialized
nanobots to perform a wide variety of surgeries using external
magnetic fields to direct the bots

&

where tl

Performing Clearing Collecting
Eye Surgeries Blocked Arteries Biopsies

Artery

od flow to the tu



Artificial/
Augmented

Intelligence
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@ Al Improves Entire Radiology Workflow

From acquisition to prognosis

i Treatment
- g Cllrflcal B Acquisition ) ) Prognosis
” ~ trials — g . e image Diagnosis
7 * Adverse events o
Y Reconstruction
» Biomarker Processing
_.H.I_ detection I D Visualization
|- f
- \ = Target ]
Lo identification
Preclinical « Molecular
research generation Patient
\ care g
\ QA
~ &
—
-~

= Dermatology ’ == 1 E
* Radiology = Drug prioritization / , N ] mvmw
= Pathology = Patient intake ] CovID-19 :::f::::

* Patient I : ) o
\ readmission . \ - 7| m~aw
, L 30~60Hy 4
Others 62
’ : Wewam

Diagnostics -~ - | :IIHIM."|\‘|l\<l||””\l|.‘l||r\

_— o - T |-
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Trends in Pharmacological Sciences Wil
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How far will we go?

The Doctor of the Future

The Reinvention Of Medicine: Dr. Algorithm Vo-7 And A e, Fritz Kahn, 1926
!E_’a_gyond ] Wit

4 by Vinod Khosla (@vkhosla)
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The Future of Healthcare >
What to expect... -~

* The “Tricorder”

* Biometrics + Labs + Imaging = Detect faster, better, cheaper
* Ambulatory: Predict and Prevent

* Hospital: Track objects and people
* Robo-Doc

* Replacing Doctors: Automation of routine, repeatable care

* Augmenting Doctors: Finding edge cases, New Treatments...
* Bio-hacking

* Cyborg (man-computer inferface)

* CRISPR for gene editing

* Nanotechnology for diagnosis and treatment

* Regenerative medicine (eg stem cells) for arthritis and other repairs



AMARA’S LAW

We tend to overestimate the effect of a technology in the short run
and underestimate the effect in the long run

Underestimate

—— How humans think about the future
Overestimate

—— How technological productivity develops
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