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Can we predict the Future?
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Can we predict the Future?

“Heavier-than-air flying machines are impossible.”

Lord Kelvin, British mathematician and physicist, president of the
British Royal Society, 1895.

- 1903: Wright brothers first flight
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Can we predict the Future?

“Thereis notthe slightestindication that nuclear energy
will ever be obtainable. It would mean thatthe atom
would have to be shattered at will.”

Albert Einstein, 1932

1954: The world's §
first nuclear power ™

plant Obninsk, USS
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Can we predict the Future?

The Novel
Coronavirus

Russian Flu
Spanish Flu
Asian Flu
Hong Kong Flu
HIV/AIDS
Swine Flu
SARS

Ebola

MERS

COVID-19

1889-1890
1918-1919
1957-1958
1968-1970
1981-present
2009-2010
2002-2003
2014-2016
2015-Present

2019-Present

Believed to be H2ZN2 (avian origin)
H1N1 virus / Pigs

HZN2 virus

H3N2 virus

Virus / Chimpanzees

H1N1 virus / Pigs

Coronavirus / Bats, Civets
Ebolavirus /| Wild animals
Coronavirus / Bats, camels

Coronavirus — Unknown (possibly
pangolins)

1M
40-50M
1.1M
1M
25-35M
200,000
770
11,000

850

1.4 M




7
1. 1 d - /L
ntroduction e s I Q
" Medical Center at
Tel HaShomer
SINCE 1948 —

L_eonardo Da Vinci (1452 —1519)

5 ‘
v/ "I';_{ b d 7 i
,;, ’ b o

Ul i Jeonardo da vinci

|




2

1. Introduction i

TTTTTT

SSSSSS
tttttt
hhhhh

EEEEEEEEE

A New World Necessitates A new Strateqy

The environment demands you react

!0 I at| | @  quicklyto ongoing changes that are

unpredictable and out of your control

Uncertain ,Trsenvironmentrequires you

CO m |eX The environment is dynamic,
A p with many interdependencies

Ambi JUOUS ™ itie ofyour expertise
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Health systems are facing ongoing major challenges:

Major Challenges in Healthcare

Variation in
Clinical Practice
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The 4th Industrial Revolution

""The Fourth Industrial Revolution will affect the very essence

of our human experience.""— Klaus Schwab

omC [i5
Bf T i
200000000 f“(&lla
2nd 3rd

1st 4th
Mechanisation, Mass Computer & Cyber Pnysical
Steam and production, Automation Systems,
Water Power Assembly lines, networks, Al

electricity
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« Al - Artificial Intelligence
The theory and development of computer systems able to perform
tasks, normally requiring human intelligence, such as decision-making.

 Digital health
Use of information & communication technologies to address health
problems.
Technologies include telemedicine, web-based analysis, email, mobile
phones and applications, text messages, wearable devices, and clinic
based or remote monitoring sensors.

In the new world,

it is not the big fish
<+ which eats the

small fish, it’s the

fast fish which
eats the slow fish

Klaus Schwab
Founder and Executive Chairman
World Economic Forum
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* Linear to exponential growth in technology.

« The Technological Singularity
The hypothesis that the invention of Al will trigger escaped technological

growth, resulting in profound changes to human civilization.

o The accelerating pace of change...
Ageuttursl [0 | dattad
Revotation B Revonution

TECHNOLOGY e

2072

| BIONIC HUMANS,
SUPER INTELLIGENCE
AND IMMORTALITY

© ... and exponential growth

12033
AGE REVERSAL
|
|
2015
FIRST 3D 2026
PRINTED ORGAN MAN ON
1,900 YEARS TRANSPLANT MARS
— 2014
65 MILLION YEARS CeLL priones fphone7
e WITH MORE
FACEBOOK  pROCESSING POWER TEQHRDLODY
h CONNECTED THAN THE COMPUTERS f,fﬂ{ggg
| THE WORLD
11927 11675 THAT PUT MAN ON THE MOON ¢\
! 'TELEVISION  |FIRST PC 2013 hine
200,000 BC 185 1473 e su::c:ss:ul. BRAIN-COMPUTER
A CONTROLLED
SEMULLION Be “MODERN DAY" HUMANS 3,500 BC BC LIGHTBULB CELLPHONE  goniciea INTERFACE (NEURAL LACE)
DINOSAURS LIVED WHEEL INVENTED 1750 s i i
ELECTRICITY MAN ON asmoer

THE MOON e e T o
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Bio- Convergence

Technological
development

Software and engineering

Artificial Digitization
Intelligence of biological
& Big Data data

Computing

Data

Bio-Convergence

Genetic
therapy

Materials
science

Biological
drugs

Chemical
drugs

Technological
development

Biotechnology

The 20th century The 21st 2020 The 21st The 20th century
century century

Drug
discovery

Diagnostics and
biological
sensors

Nanorobo

Optogenetics

drug delivery

Regenerative
medicine - tissue
printing

tics for

B

Bioelectronics

Regenerative
medicine - cyborg
tissue

Engineered "living”
materials
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A simple guide to CRISPR, one of the
biggest science stories of the decade

It could revolutionize everything from medicine to agriculture. Better read up now.
By Brad Plumer, Eliza Barclay, Julia Belluz, and Umair Irfan | Updated Dec 27, 2018, 2:45pm EST

Graphics: Javier Zarracina
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https://youtu.be/2ppl7E4E-O8
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MRN 151785133

® Jan 12, 201¢
Jaclyn Gummer
4015005460438

Case flow:

« Scanned 01/17/2018 2:24 PM
« Auto-routed to Aidoc server
01/17/2018 2:25 PM
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ORIGINAL ARTICLE

The End of Radiology? Three Threats to the Future
Practice of Radiology

Katie Chockley, BA, Ezekiel Emanuel, MD, PhD

Abstract

Radiology faces at least three major, potentially fatal, threats.

First, as care moves out of the hospital, there will be a decrease in demand for imaging. More care in patients’ homes and in other
nonhospital settings means fewer medical tests, including imaging.

Second, payment reform and, in particular, bundled payments and capitation mean that imaging will become a cost rather than a
profit center. These shifts in provider payment will decrease the demand for imaging and disrupt the practice of radiology.
Potentially, the ultimate threat to radiology is machine learning.

Machine learning will become a powerful force in radiology in the next 5 to 10 years and could end radiology as a thriving

specialty.

J Am Coll Radiol 2016;13:1415-1420. Copyright 2016 American College of Radiology
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Chimeric Antigen Receptors CAR-T Cell Therapy
1.

CARs, are receptor proteins engineered
to give T cells new ability to target a specific protein.

e
I

CD28/41BB

CD3¢

The receptors are chimeric because they combine both antigen-binding

and T-cell activating functions into a single receptor.

CAR-T immunotherapy modify T cells to better recognize and Kill

cancer cells.

Remove blood from b
patient to get T cells | g

CART cells bind to cancer
cells and kill them

sdlek
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W cancer cell E
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Infuse CAR T cells

CAR T-cell Therapy

IMake CART cells in the lab
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Proc. Natl. Acad. Sci. USA
Vol. 86, pp. 10024-10028, December 1989
- y Immunology

Expression of immunoglobulin-T-cell receptor chimeric molecules
as functional receptors with antibody-type specificity

(chimeric genes/antibody variable region)

GiDEON GRross, Tova WAKS, AND ZELIG ESHHAR*

1 9 89 - C O n C e pt Department of Chemical Immunology, The Weizmann Institute of Science, Rehovot 76100, Isracl

2003: CD19 as a target blOOd DUOLSEUT
doi:10.1182/blood-2010-04-281931

Eradication of B-lineage cells and regression of lymphoma in a patient
treated with autologous T cells genetically engineered to recognize
CcD19

James N. Kochenderfer, Wyndham H. Wilson, John E. Janik, Mark E. Dudley, Maryalice
Stetler-Stevenson, Steven A. Feldman, Irina Maric, Mark Raffeld, Debbie-Ann N. Nathan, Brock J.
Lanier, Richard A. Morgan and Steven A. Rosenberg

2010: First patient: NHL

2011: First patient: CLL

2012: First patients: ALL
CAR-T cells trials (summer 2017)

2016: First patients at Sheba =

2017: FDA approval: ALL & NHL W

2018: EMA approval: ALL & NHL
2018: 1000 pts world; 60 Sheba; 30 England

2019: Israeli Healthcare Basket?

©EMBO
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Health for all?
Can countries provide optimum healthcare to the entire population?

Ex: Increase use and cost of drugs in developed countries

CancerDrugs Hit Market at Ever-Higher Prices

THE STAGGERING COSTS OF The median monthly cost for new cancer drugs in the U.S. has soared
DIABETES since the 1970s despite an increasing number of available brands.

Py, ot
¢ 'Q‘ :‘}’li" '.. i é

costs
America
More than :m:vllmn:wlthts' ' 8,000
ok $327 $7,000
Americans sl BILLION
have diabetes diabetes per year 6,000
$4,716
4,000
t’ Es.
.Jo’ ':‘ '.':%"3. ”f? —_ $1 770
." ' $1,097 $1199
s 430
_ si20  $ B

84 MlLLlON 1975-'79 '80-'84 '85-'89 ‘90-'94 '95-'99 ‘00-'04 ‘05-'09 40-'14

Diagnosed $10,059
diabetes $10,000 g

Number of

new drugs 5 3 6 14 30 18 21 34
introduced
American Note: Costs are monthly Medicare prices for each drug the year it was introduced,
Learn how to fight this costly disease Diabetes adjusted for inflation; drugs approved through early December 2014 are included.
at dlabetes.org/congress .Association. Source: Peter Bach and Geoffrey Schnorr at Memorial Sloan Kettering Cancer Center
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Health for all?

Only the developed, industrialized countries have established health
care systems (40 of the world’s 200).

Most of the nations are too poor and disorganized to provide any kind
of medical care to their entire population.

Only the rich and powerful get medical care; the poor stay sick or die.

Hedlth N Health forialll
for All - \ @ 4

it

The Campaign for
Universal Health Coverage in Africa
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Health Expenditure as a share of GDP, 2018:

Israel spends 7.5% of its GDP on health
USA 16.9%; Germany 11.2%; OECD average 8.8%.

Figure 7.3. Health expenditure as a share of GDP, 2018 (or nearest year)
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Health Expenditure per Capita per Year, 2018:

Israel spends 2780 USD.
USA-10586 USD; Germany-5986 USD; OECD-3994 USD.

Figure 7.1. Health expenditure per capita, 2018 (or nearest year)
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Israel Health Expenditure as a share of GDP (1990-2012):

Israel’s spending on health has remained constant for the last 20 years

Percent of GDP on healthcare expenditure 1990-2012

r N
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2015 »vnma n"e "TINm
hSA 100 2017-1992
16
90 =
N 0 ,./
H 7 ——nonR 5 70 /
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12 > % M
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» ol M"
[
i /’—_-//-—-__ I_U15 30 al
P OECD 20
8 / 10
ISRAEL o = - [ S A Y
6 3§88 88 R EREEBRERRRERRER
0K o' ¢
. A
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1990 1995 2000 2005 2010 2012

Israel Health Expenditure-
Sourgg: Strategic Planning and Economics, Israeli Ministry of Health Billions of IS (1992-2017):
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Figure 1.1. Interpretation of quadrant charts: Health expenditure and health outcome variables

Lower expenditure
Higher life expectancy

3. Economic burden

Higher life expectancy —

Economic Efficiency

Higher expenditure
Higher life expectancy

Lower expenditure
Higher avoidable mortality

Higher avoidable mortality —

The Chaim Sheba
Medical Center at
Tel HaShomer

ISRAEL'S CITY OF HEALTH
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Higher expenditure
Higher avoidable mortality

Lower expenditure
Lower life expectancy

Higher health expenditure —

Higher expenditure
Lower life expectancy

Lower expenditure
Lower avoidable mortality

Higher health expenditure —

Higher expenditure
Lower avoidable mortality
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Figure 1.7. Life expectancy and health expenditure
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Figure 1.8. Avoidable mortality (preventable and

treatable) and health expenditure
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General Hospitalization Beds- Israel and OECD:

Figure 9.6. Hospital beds, 2000 and 2017 (or nearest year)
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Number of beds in relation to population size (Israel)
Beds per 1,000 Persons

Hospital General

Beds 22,000 | 2.2 +7,000 5.6 BIS per year
21,000 —

20,000 — 1.9
19,000 I 1.9 +4, 000 3.2 BIS per year

4>
18,000 —
17,000 — \
16,000 — 1.6 +1, 000 0.8 BIS per year

15,000 —
14,000

8.5 10 Population
(Millions)
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Growth in World Population:

7,000 Million
(c.2012)

World Population Growth
10,000 BCE to Present

2,000 Million
1,000 Million

100 Million

40 Million

10 Million
4 Million

1 Million

-10000 -9000 -8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000 [ 1000 2000
© 2009 Bryan K. Long
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Healthcare Indices — Life expectancy at birth:

Israel is ranked 10%" in the OECD (82.6y) Vs (80.7-OECD).
Men 39 (80.1y); Women 9t (84.1y)

Figure 3.1. Life expectancy at birth, 1970 and 2017 (or nearest year)

1970 ® 2017
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Source: OECD Health Statistics 2019.
Statlink sw=m hitps:;//doi.org/10.1787/888934014821
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Life Expectancy-Globally

Life expectancy globally and by world regions since 1770

80

mericas

70

60

50

40

30

20
10

0
1770 1800 1850 1900 1950 2015

Severe Discrepancy between Africa and the western world in time of
change, and recent maximal life expectancy.
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Trends in life expectancy:

BLUE ZONE LIFE LESSONS

K MOVE NATURALLY RIGHT TR
LONGEVITY HOTSPOTS Je RIGHTOUTIOOK ¥ EATWISED
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Life Expectancy & Aging -Israel

Life expectancy at birth by sex Total Population by broad age group
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Population Growth Rate (Fertility)

Total fertility

Population Growth Rate (%), Selected Countries
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o
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Trends In life expectancy:

Figure 3.2. Slowdown in life expectancy gains, 2012-17 and 2002-07

© 200207 ® 201217
(Gains in months over the 5-year period
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1. Three-year average.
Source: OECD Health Statistics 2019.

Statd ink G=me hitps://doi.org/10.1787/888934014840
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FIGURE 2. The 10 leading causes of death as a percentage of all deaths — United
States, 1900 and 1997
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Causes of Mortality

FIGURE 1. Crude death rate® for infectious diseases — United States, 1900-19967
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Figure 3.7. Main causes of mortality across OECD countries, 2017 (or nearest year)
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HISTORIC AND PROJECTED GROWTH IN THE US POPULATION
AND ALL INVASIVE CANCERS BY 1980 TO 2030
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@ 6. Hospitals and community 7( @%)

Preface

* Most world healthcare systems are organized of 2 major care
locations:

— Community-based care
— Hospital-based care

« Up to 50 years ago the hospital-care was regarded as the
significant and important one for population health and
attracted most resources

« Community-based care has emerged recently as the leading
cause for the improvement of care delivery and outcome



@ 6. Hospitals and community

Why Community Medicine?

Highly accessible
Preferred by patients

Personal acquaintance
Case management capacity
Choice of specialists

Shorter waiting time for procedures
and surgeries

Lowers hospital burden
Better cost-effectiveness ratio

HOSPITAL
COMMUNITY

Can deal with >90% of clinical issues
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555555555

Hospitals

« Deliver the best and up-to-date care
(The most academic & professional physicians, cutting-edge
technology, multidisciplinary approach).

However

* Highly expensive

« Overloaded

» Unsafe

* Do not have and will never have the capacity to serve all health
needs of the population:

— Human resources oy

——
e

— —

— Financial resources
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Community and hospital services in
Modern Healthcare Systems:

Community services: Hospital Services:
* Primary care  Emergency care
« Ambulatory Specialty care | |+ Intensive Care
« Ambulatory surgery « 24/7 Observation and
» Home hospitalization treatment
» Diagnosis  Sophisticated/expensive
. o\ diagnosis
* Primary rehabilitation . .
 Sophisticated/expensive/risky
ambulatory procedures
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Trends in Healthcare

Care at the hospital is
expensive

Care at the hospital is unsafe

Care at the hospital is not
patient centered

Hospitals will get smaller with
fewer “real” beds and more
“virtual” beds

Care will be pushed out of
hospitals to the home

Digital

Health

Hospitals will provide mostly:
* Intensive care
* Complex surgery
* Specialized services

/ \

Redesign of hospitals

* Optimizing clinical processes
and patient flow
* Enhancing patient and
provider experience
* Emphasis on predict and
prevent disease with
precision cure and rehab

Hospital

based
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Organization models of the health care system
which combine hospitals and community:

Dominant hospital Hub hospital

C O

Hospital t

i Other |
i health | v

! services | O

Comprehensive hospital Separatist hospital

Q Hospital O Hospital @

S o
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Primary Care

e 4 Community Health Funds
e Primary care & specialists

A Barrier

Hospitals

e Government

e HFs

e Other public
e Private




@ 6. Hospitals and community s

eeeeeeeeeee

Optimal Care flow through hospital community interfaces

Ambulatory

Hospital Ambulatory

Primary JSpecialist i

value 1 + Value 2

Acute/

. |specialist

— Retfpab. — +specialist

Maintenance

Primary
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@ 7. Sociological and cultural aspects

* The new generation of physicians.

* Privacy in the era of Facebook and

the social networks.

* Responding to public demands —
from needs to desires.

Doctor’s strike




7. Sociological and cultural aspects 7( *!"D

From professional autonomy to T
regulated practice.
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G- ™e NEW ENGLAND
¢{~5 JOURNAL of MEDICINE

The effect of media on the public &
the professionals.

Cardiopulmonary Resuscitation on Television — Miracles and
Misinformation

‘OR AUTHORS ~

thebmj Research~  Education~ News&Views~  Campaigns Archive  For authors

F ro m i n fo r m at i O n to u n d e rStan d i n g = Go;gling for a diagnosis—use of Google as a diagnorstic aid: internet based study
""Googling for a diagnosis*.
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@ 8. Spirit and summary

What has not changed?

. Being understanding, empathic, human.

« The risk of egotism and vanity.

The Chaim Sheba

Medical Center at
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RAEL'S CITY OF HEALY
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8. Spirit and summary 71 %\9)

The End

"It is not the strongest
of the species that
survives, nor the most
intelligent that survives.
It is the one that is the
most adaptable to

change."

Charles Darwin
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Thank You!!

Prof. Eldad Katorza MD, MSc, MBA
Director of Gertner Institute for Epidemiology & Health policy Research
Director of Arrow Project for Young Investigators
Sheba Medical Center, Tel-Hashomer, Israel
Sackler School of Medicine, Tel Aviv University
Eldad.katorza@sheba.health.gov.il
052-6668484
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