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Is precision, precision medicine?




PRECISION MEDICINE




PRECISION MEDICINE

Precision medicine is a personalized approach
In modern medicine. Individual characteristics

such as genetic predisposition, environmental
factors, or lifestyle of patients are accounted

for in the treatment.
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PRECISION MEDICINE

Right treatment for the right
patient at the right time.




The Promise and Future of Precision Medicine

’

Targeted Improved
Diagnosis Treatment Health
Outcome
[ I I
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Critical components required for Precision Medicine

GENOMIC DATA “SMALL DATA”
RESEARCH HEALTH
PROVIDERS

PATIENT DATA

DIVERSE
POPULATIONS
DIGITAL PATIENT DATA
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Towards a truly Interdisciplinary Collaboration

" Genomics / Transcriptomics MOLECULAR Health in general /
: 5 MEDICINE s g
/ Proteomics / Metabolomics MEDICINE Illnesses / Human & Veterinarian
Health Economics / Work Flows & INFORMATION- Bioinformatics / Machine learning
B ECONOMICS 3
Processes / Organization SCIENCES / Data security / Wearables
Ethical considerations Statistics / Epidemiology / Prospective
/ Data protection ETHICS & LAW MATHEMATICS modeling / Data sciences
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TRADITIONAL MEDICINE PRECISION MEDICINE
Same treatment for all




Precision Medicine across the globe



Genomic Medicine Our Initiatives Patients and Participants Research and Partnerships News and Events About Us

Genomics England

Powering genomic

medicine, together THE POWER OF A GENETIC ISOLATE: HUNDREDS OF

NOVEL GENETIC DISCOVERIES FROM THE FINNGEN

We partner with the NHS to provide whole /- \ “54 STUDY
genome sequencing diagnostics. We also R ‘

equip researchers to find the causes of
disease and develop new treatments - with
patients and participants at the heart of it all.

New results from the FinnGen research consortium demonstrate the undeniable benefits
of Finnish health research environment for genomic research. Among the wealth of novel
 genetic discoveries are previously unknown genetic risk factors for many debilitating
diseases. These findings have potential to facilitate the development of new therapies.

Menu

FINNGEN

Credits: Alex Cagan

Since initiation in 2017, the FinnGen study has developed into one of the world’s leading biobank-based

Swiss Personalized Health Network (SPHN) genomic research projects. Currently FinnGen is completing the construction of a resource that integrates

Infrastructure building to enable nationwide use and exchange of health data for research genomic information from 500,000 Finns with more than half a century of national health registry data.



Article

FinnGen provides geneticinsightsfroma
well-phenotypedisolated population

https://doi.org/10.1038/s41586-022-05473-8

Received: 10 January 2022

Accepted: 21 October 2022

Published online: 18 January 2023
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" Check for updates
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Helsinki
Biobank
N = 45,481

Auria Biobank
N =22,729

. Tampere Biobank
N =7,430
Eastern Finland .
N = 6,495
. Borealis Biobank
N=5,441

Biobank of
Central Finland .
N=1,470

Biobank of

Populationisolates such asthose in Finland benefit genetic research because
deleterious alleles are often concentrated on a small number of low-frequency variants
(0.1% < minor allele frequency < 5%). These variants survived the founding bottleneck
rather thanbeing distributed over alarge number of ultrarare variants. Although this
effectis well established in Mendelian genetics, its value in common disease genetics is
less explored"?. FinnGen aims to study the genome and national health register data of
500,000 Finnish individuals. Given the relatively high median age of participants
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Genomics 2
England 3

Genomic Medicine Our Initiatives Patients and Participants Research and Partnerships News and Events About Us

Our initiatives > 100,000 Genomes Project

100,000 Genomes
j Project

Genomics England's very first initiative - sequencing
100,000 genomes from around 85,000 NHS patients
affected by rare disease or cancer - is leading to
groundbreaking insights and continued findings
into the role genomics can play in healthcare.

I Aims of the mﬁ:
100,000 Ehsdld

Genomes PI’OJeCt Make genomics part of Enhance genomic Uncover answers for
routine healthcare healthcare research participants
by working closely with the NHS by creating the largest genomic both now and in the future
to integrate whole genome healthcare data resource in the through genomic-level analysi
sequencing world conditions Genomics:

England




nature medicine ’:‘)
Analysis

https://doi.org/101038/s41591-023-02682-0

Insights for precision oncology fromthe
integration of genomic and clinical data of

13,880 tumorsfromthe100,000 Genomes
Cancer Programme

Biomarker discovery

DNA extraction (3 Biomarker-driven
clinical trials
{) New analytical tools
Consent and O
sample collection

Evolving Accelerating
genomic genomic O Clinical research
Patient healthcare

research

Genomic Tumor Q)
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Targetable O
alterations ">
()

Whole genome (rearrangements,
intronic and splice-site alterations)
TMB, MSI
LOH + LST +TAl
Genomic signatures

Prognostic
and predictive
biomarkers

Actionable
molecular
alterations

Mg

-300-550 genes
(SNV, indels, CNA)
~30-55 rearrangements
TMB, MSI
LOH (+/-LST/TAI)

Nat. Med 2024

Read More
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Medical research hasn’t always
seen you. We’re changing that.

JOIN US »

|

What is the All of Us ALL OF USIS A RESEARCH PROGRAM FROM ,
Dacasish DrssrsisD THE NATIONAL INSTITUTES OF HEALTH (NIH). nk




Columbia-Cornell All of Us:
Demographic Development in New York City
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Changing race/ethnicity
of America’s adolescents

White, Blaék, Asian, Spanish or other (yellow)

White
Hispanic
Black
Asian
AIAN Alone
HPI Alone ) 13.1%
1.8% 0.7%
Multiracial 0.3% 0.2%
0.2%
AIAN American Indian and Alaska Native

By Eric Fischer - Race and ethnicity 2010: New York City (USA)

By Mugeek Vidalondon
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Genomicdatainthe All of Us Research o} e "
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Genomicdatainthe All of Us Research

Program

https://doi.org/10.1038/s4158!
Received: 22 July 2022

Accepted: 8 December 2023

Published online: 19 February 2
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Historical Availability of EHR Records in Current CDR
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Extended DataFig.1|Historicavailability of EHRrecordsin Allof Usv7 Controlled Tier Curated Data Repository (N=413,457). For better visibility, the plot
shows growthstartingin 2010.







Precision Medicine at what cost?

F (PM)=Social and economic PM Model
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Big Data transforms the Economy

Ecology - Fluxnet

Neuroscience -
The Human Connectome Project

High energy physics - o
Large Hadron Collider

Science

SCIENCE IN THE
PETABYTEERA

===’: w Knowledge of knowledge
g.'.':== Meta-data of scientific documents

7 IS1 Web of
KNOWLEDGE.

Transforming Research

Astronomy -
Sloan Digital Sky survey Yale Lectures.GersteinLab.org
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Big Data transforms the Economy

Decreasing cost of a genome

Moore’s Law

National Human Genome
NIH Skt

gen

ome.g¢

>v/sequ,encingcfosts
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022




The explosion
of available
data and Al

data content

THEDRIVE TO BIGGER Al MODELS

The scale of artificial-intelligence neural networks is growing exponentially, as measured
oy the models’ parameters (roughly, the number of connections between their neurons)*.
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Al will Change How Medicine is Practiced: example pathology

\)—» Cat (99.6)

Dog (0.1)

Original

Panda (0.1)

Horse (0.1)

Bird (0.1)

y =8
B Gleason 4 or S
] Gleason 3
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Big Data transforms the Economy

Assisting Pathologists

Democratizing Pathology Redefining Diagnostic Profession

Costly systems provide help
in daily workflow of
diagnosis and reporting

Costly systems replace the need

for expert pathologists assisting
non-expert pathologists

Costly systems replace costly

pathologists using massive data
sources



SMALL DATA

Where are you? > Where have you been?

What do you buy? How often do you write
e-mails?

How many people What do you look for
do you live with? in the Internet?

When? How often?
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Photography Studio Grand Opening! - X

To Olenna Mason X  Julia Fillory X ' Henri Rousseau X

Cc Bee

Photography Studio Grand Opening!
Hi Everyone,
| have exciting news for you! This Saturday will the the grand opening of my

new studio, EC Photography! It will be from 10:00 to 4:00. There will be
entertainment and lots of food, so come out and enjoy the festivities!

Hope to see you there!
Elena
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Are you worried?
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Genomic Data Protection

The dilemma of genomic research:
Information sharing is against data
privacy, but society benefits from
medical research.

Balance: Risk/Benefits



NEWS | 23 February 2024

‘All of Us’ genetics chart stirs unease i Eﬁi\(’ s

over controversial depiction of race

Al

Debate over figure connecting genes, race and ethnicity reignites concerns among | $ 4 #gi ]
geneticists about how to represent human diversity. '

T T
e

20+

UMAP 2

UMAP 1
Race
@ Asian © White
. Black or African American ‘ More than one population

@ Middle Eastern or North African () No information
@ Native Hawaiian or Other
Pacific Islander

“genetic variation is a continuum, and thus genetic ancestry cannot be
objectively carved out into discrete groups”, says Roshni Patel, a
statistical geneticist who works with Pritchard at Stanford University.

To a layperson, the chart shows several distinct colourful blobs that
could be misinterpreted as supporting genetic essentialism — the
pseudoscientific belief that racial or ethnic groups are distinct genetic
categories, and that individuals of the same group are genetically similar,
Birney says. That is the opposite of what the data show, Bick says. “Our
analysis reaffirms that race and ethnicity are social constructs that do
not have a basis in genetics”.



Learning Solutions for the Health System Z

+ Continuous improvement of standard of care
treatment.

* Integrative dynamic analysis of patient data and
‘omics” data nominate novel treatment strategies.

* Individualize treatment to patient’s specific
circumstances (e.g., genome, lifestyle, environment)

 Bedside to Bench scientific findings will improve
training, education, and care.
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Basic Understanding. New Treatments
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a backup system to repair DNA



Captain Chesley "Sully”
Sullenberger

and First Officer Jeff Skile
knew how to use backup
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Late Edition
Today, bitterly cold, pardy sunny,
high 17 Tonighe, frigid, clearing,
lighter winds, low S Tomarrow, stll
cold, sunshine, snow late at night,
high 12. Weather map, Page Blo
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SENATE RELEASES
SECOND PORTION
OF BAILOUT FUND

A VICTORY FOR OBAMA

Democrats in the House
Offer an $825 Billion
Recovery Plan

By DAVID M. HERSZENHORN

WASHINGTON — President-
elect Barack Obama’s economic
agenda advanced rapidly in Con-
gress on Thursday as the Senate
voted to release the second half
of the financial industry bailout
fund and House Democrats un-
veiled an $825 billion fiscal recov-
ery plan aimed at putting mil
tions of unemployed Americans
back to work.

‘The Senate action, by a vote of
spares Mr. Obama a
islative fight just as he
'@ and gives him a $350
chest to further stabil-
ancial sector. The vote
d renewed distress in
ng industry, including
terioration of
1 for more govern:
Bank of America.
ma had personally lob-
ant senators o release
", His top economic ad-
wTence H. Summers,
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PARP inhibitor NDC 0310-0679-12
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Both altered
Read More
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University of Washington /
Fred Hutchinson Cancer Research Center
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Prostate Cancer

SU2C/PCF Precision Oncology Trial 2013:
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THE ROYAL MARSDEN

The Institute

of Cancer Research




Goals:
CRPC 500
e ; 1) Enroll 500 Men with
§ ABIRATERONE NAIVE 0ST-A "RONE i metastatic prostate
‘ LEAD  Trial 1 Trial 2 Trial 3 Triald | cancer. _
: SITE UMICH DFCI MSKCC ICR . | 2) Perform comprehensive
Abiraterone  Abiraterone  Abiraterone ARNS509 +/- T, “omics” analysis of their
| StandardCare  +/- ABT888  +ARN509 Everolimus g metastatic tumor
. AMa: AIM 6a: AIM 5b: AIM 5a: AIM6b: | during treatment.
i Abiraterone PARP AR signaling AR and PTEN PARP g 3) Provide information to
e R e —— I guide the next
AIM 2: Precision Medicine Tumor Boards: Actionable Targets trgatment option.
4) Discover new
l At time of disease progression l treatments through
Enroliment/Eligibility for Targeted Therapies basic science and
translation research.

SU2C/PCF Precision Oncology Trial 2013:
Prostate Cancer




Processing metastatic samples
for pathology, RNAseq and WES

Integrative Sequencing

. Tumor Genome Tumor and Normal Exome
DNA (5-15X) DNA (70-100X)
i PO |
! :'
\ 4 v V VvV Y h 4
oo |  — T | o | e |
o Structural Copy Number Point Mutations Gene Expression
S Rearrangements Alterations and Indels
g «translocations -amplifications *missense - outlierexpression
] +gene fusions + deletions *nonsense s pathways
2 *inversions *LOH * frameshift *signatures
)
s
=
Read more g ;-I%I:[ Wildtype AGTGA
= V600E
:-'3' | ——— e Mutant AGAGA
= (NI TID
EML4-ALK Her2 BRAF 8xdx2x 2x4x8x

. SU2C/PCF., Cell 2015
MUADNA A~ RNA _=* Paired-end Reads OExon ==|ntron



Significant Alterations in DNA Repair Genes:

88 72 120 123 109 S8 31 20 91 43 137 113 32 118 140 42 26 69 139 48 66 57 65 145 S0 67 21 147 41 17 132 150 143 149

HEEEEE T T ™ oo e o BRCA2
B Y o e o ™ ATM

= BRCA1

- FANCA
[ RADS1B

2 copy loss Frameshiit Gene fusion |:: l Germine alele
! 1 copy loss B nNonsense Ampiification RASIG
Copy neutral LOH - Missense I Not detected MLH1
Splice In-frame Indel
’ o | | 2

Robinson et al, Cell 2015

BRCA1/2 and other
- DNA Backup System
. genes disrupted in
A~ e 20-30% of Tumors

Read more




DNA repair backup systems are being exploited for
precision medicine

ﬂ DNA Repair Machinery



DNA repair backup systems are being exploited for
precision medicine

PARPinhibitor

ﬂ DNA Repair Machinery ﬂ



DNA repair backup systems are being exploited for
precision medicine

BRCA1/2 and
other DNA Backup
System genes

. disrupted in 20-

DNA Repair
Backup Machinery




The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 OCTOBER 29, 2015 VOL. 373 NO. 18 Johann de Bono, MD, PhD

Institute of Cancer Research/

DNA-Repair Defects and Olaparib in Metastatic Prostate Cancer Royal Marsden Hospital

J. Mateo, S. Carreira, S. Sandhu, S. Miranda, H. Mossop, R. Perez-Lopez, D. Nava Rodrigues, D. Robinson,
A.Omlin, N. Tunariu, G. Boysen, N. Porta, P. Flohr, A. Gillman, |. Figueiredo, C. Paulding, G. Seed, S. Jain,

C. Ralph, A. Protheroe, S. Hussain, R. Jones, T. Elliott, U. McGovern, D. Bianchini, J. Goodall, Z. Zafeiriou,
C.T. Williamson, R. Ferraldeschi, R. Riisnaes, B. Ebbs, G. Fowler, D. Roda, W. Yuan, Y.-M. Wu, X. Cao, R. Brough,
H. Pemberton, R. A'Hern, A. Swain, L.P. Kunju, R. Eeles, G. Attard, CJ. Lord, A. Ashworth, M.A. Rubin,

K.E. Knudsen, F.Y. Feng, A.M. Chinnaiyan, E. Hall, and J.S. de Bono

I c R THE R()\ ‘AL MARSDEN

The Institute

of Cancer Research

TOPARP Trial shows 30% Long Term Responders

NEJM, Oct 29 2015



Response to Olaparib

Patient No.
Time on
Treatment
(wk)
Biomarker
Positive

BRCA2
ATM
FANCA
CHEK2
BRCA1
PALB2
HDAC2
RAD51
MLH3
ERCC3
MRE11

NBN

17,15 /14 20 30| 39 35/36 1 ) 6 526 48 8 16 11

7/12144(31|50| 2({3[4) 9/|10/13

24 36 36 48 =44 244240/ 57 | 73 |16 58 19 |39 62 =40 12|12 11 24| 8
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X[ X | X[X[X|X[X[|X[X|X|X[X|X|X X | X

] | Frameshift mutation

Stop gain

Single copy deletion
- Homozygous deletion _j Copy-neutral loss of heterozygosity

- Missense mutation Y Germline event

B Overall Survival

Ly P=0.05 by log-rank test
‘-n
0 -‘-'| . agi
€ 0.75 = Biomarker-positive,
2 .3 median: 13.8 mo
© l,
E: Pl
L
2 0.50 2 :
K< o,
T L
[ Biomarker-negative, I__
g 0.25- median: 7.5 mo ll
"""" i
R n__.
o
00 t+—T—T T T T T T T T T T T T T T T T T T
01234567 891011121314151617181920
Months since Trial Entry
No. at Risk
Biomarker- 33333127242118161311 76 4 4 4 4 3 3 3 2 2
negative
Biomarker- 16161616161515141313106 5 5 4 3 2 2 1 0 0
positive
No. of Events
Biomarker- 0 2 4 2 3312111200010010 -
negative
Biomarker- 0 0 001 001 012001010200 -
positive

NEJM, Oct 29 2015
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ORIGINAL ARTICLE [m]sy o

Survival with Olaparib in Metastatic
Castration-Resistant Prostate Cancer

M. Hussain, J. Mateo, K. Fizazi, F. Saad, N. Shore, S. Sandhu, K.N. Chi, O. Sartor,
N. Agarwal, D. Olmos, A. Thiery-Vuillemin, P. Twardowski, G. Roubaud,
M. Ozgijroglu,J. Kang, J. Burgents, C. Gresty, C. Corcoran, C.A. Adelman,
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Group A BRCAI, BRCA2, ATM Group B: BRIP1, BARDI, CDK12, CHEK1, CHEK2, FANCL,
PALB2, PPP2R2A, RADSIB, RAD51C, RADS51D, and RADS4L

NEJM 2020
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Cells possess a backup system to repair DNA

Exploiting the weakness

of cancer cells can lead to
new precision medicine
approaches...




How can precision medicine

help resolve the pain?




Sickle Cell Anemia: Symptoms usually appear around 6 months.

Common SSD Symptoms

Anemia

Episodes of pain

Swelling of hands and feet
Frequent infections
Delayed growth or puberty

Vision problems



Sickle Cell Anemia: One base-pair mutation-
A spelling mistake that leads to chronic disease

Normal Sickle Cell Anemia
Sickle Shaped
Red Blood Cell
Red Blood Cell ¢
. White Blood Cell ( White Blood Cell
“ ‘s C
Platelet Platelet

“ ‘(“t -

Monogenic Disease

Normal DNA Sickle Cell DNA
om[G G A C T T crr] [6 6 A c AT crr]
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Gene Editing through CRISPR-cas9 can correct defective red blood cells
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How does our past fit into our

precision medicine future ?
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Multiple sclerosis is an autoimmune
MULTIPLE SCLEROSIS disease.
The immune system attacks the body’s own
Healthy Damaged tissues. In MS, immune system cells attacks
Neuron Neuron . . .
myelin, the sheath that covers nerve fibers in
the brain and spinal cord (the central nervous
\ » system).
\ Wy A\ A\
) | y Damaged - ‘ i “
Senses \ Dsig:ts:::e \ . y ‘
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: | *—Exposed
Muscles // /: ﬁber
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Source: Oragon Health and Science University-Brain Institute



MS risk factors

Genetic Lifestyle/
factors Environmental
factors

Disease susceptibility genes * Epstein-Barr virus

*  Low sun exposure / low
Vitamin D levels

* HLA association Gene-environment

*  Non-HLA single nucleotide interaction
polimorphisms,...

*  Smoking
e Obesity,...

N/

M risk of MS

Oksenberg JR & Baranzini SE (2010), Nat Rev Neurol



Epidemiology

DISTRIBUTION
OF MS
Bl HiGH RISK

Il PROBABLE HIGH RISK

B LowRisk

I PROBABLE LOW RISK

B NORTH-SOUTH GRADIENT RISK
I OTHER RISK

http://www.wehearthealth.org/what-is-multiple-
sclerosis/. Accessed September 1, 2016.
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Nature, News and Views, Samira Asgari & Lionel A. Pousaz, Jan 2024

Over 1600 Ancient Eurasian
Genomes Sequenced

HLA-DRB1*15:01 variant associated
with three-fold risk of MS

HLA-DRB1*15:01 variant is much less
common in southern European
populations and populations

with non-European ancestry

Used over 400K UK Genome to ask

where were ancient genes located from
the hunter gatherers, farmers, and
pastoralist

Nature, Jan 2024
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The prehistoric origins of a genetic variant that elevates
multiple sclerosis risk in northern Europeans.
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Why have the HLA-DRB1*15:01 variant if it is associated with MS?

Turning up the immune system to protect against
infection may be a benefit if you are around animals

.but puts you at risk for autoimmune diseases
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The Promise and Future of Precision Medicine
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