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Is precision, 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.

PRECISION MEDICINE



Right treatment for the right 
patient at the right time.

PRECISION MEDICINE



The Promise and Future of Precision Medicine 



Critical components required for Precision MedicineBERN CENTER FOR PRECISION MEDICINE

RESEARCH

GENOMIC DATA

DIVERSE
POPULATIONS

HEALTH
PROVIDERS

“SMALL DATA”

DIGITAL PATIENT DATA

PATIENT DATA



Towards a truly Interdisciplinary Collaboration





Precision Medicine across the globe





Nature, Jan 2023

225,000 Finns studied (goal 500,00)
Constitutional genomics
15 diseases explored





Nat. Med 2024

Read More





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

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

Columbia-Cornell All of Us: 
Demographic Development in New York City

By Mugeek Vidalondon

AIAN American Indian and Alaska Native



Nature, Feb 2024

All of Us Portal





Investments vs. Gains



F (PM)=Social and economic PM Model

Condition Diagnosis Treatment

Weeks

Months

Years

None

$1000

$10,000

$100,000

$100

Benefit Cost

Precision Medicine at what cost?



Genomics
DNA sequencer

Neuroscience - 
The Human Connectome Project 

High energy physics - 
Large Hadron Collider

Ecology - Fluxnet

Knowledge of knowledge
Meta-data of scientific documents

Astronomy - 
Sloan Digital Sky survey Yale Lectures.GersteinLab.org

Big Data transforms the Economy



Decreasing cost of a genome

Big Data transforms the Economy



Nature 2023

The explosion 
of available 
data and AI 
data content



AI will Change How Medicine is Practiced: example pathology



Phase 1

Assisting Pathologists

Costly systems provide help 
in daily workflow of 
diagnosis and reporting

Phase 2

Democratizing Pathology

Costly systems replace the need 
for expert pathologists assisting 
non-expert pathologists

Phase 3

Costly systems replace costly 
pathologists using massive data 
sources

Redefining Diagnostic Profession

Big Data transforms the Economy



SMALL DATA

Where are you? Where have you been?

What do you buy?

What do you look for 
in the Internet? 
When? How often?

How many people 
do you live with?

How often do you write 
e-mails?



But small data, too…



Are you worried?





Genomic Data Protection

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

Balance: Risk/Benefits



“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”.

WARNIN
G



• 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.

Learning Solutions for the Health System





Basic Understanding. New Treatments



Normal cell

Tumor cell

DNA damage needs 
repair or cell dies

DNA damage 
allows tumor cells
to grow unchecked

DNA Repair 



Cells possess a backup system to repair DNA



Captain Chesley "Sully” 
Sullenberger 
and First Officer Jeff Skiles 
knew how to use backup system



Read More
Lord and Ashworth, Science 2017

Redundant engineering or synthetic lethality

PARP inhibitor



Peter Nelson, MD
Dream Team Principal

University of Washington /
Fred Hutchinson Cancer Research Center

Arul Chinnaiyan, MD, PhD
Dream Team Co-Leader
University of Michigan

Johann de Bono, MD, PhD
Institute of Cancer Research/
Royal Marsden Hospital

Charles Sawyers, MD
Dream Team Co-Leader
Memorial Sloan Kettering Cancer 
Center

Philip Kantoff, MD
Dream Team Principal

Dana Farber Cancer Institute

Levi Garraway, MD, PhD
Dream Team Principal

The Broad Institute

SU2C/PCF Precision Oncology Trial 2013: 
Prostate Cancer

Mark Rubin, MD
Dream Team Principal

Weill Cornell

Read more



SU2C/PCF Precision Oncology Trial 2013: 
Prostate Cancer

Goals:

1) Enroll 500 Men with 
metastatic prostate 
cancer.

2) Perform comprehensive 
“omics” analysis of their 
metastatic tumor 
during treatment.

3) Provide information to 
guide the next 
treatment option.

4) Discover new 
treatments through 
basic science and 
translation research.



SU2C/PCF., Cell 2015

Processing metastatic samples 
for pathology, RNAseq and WES

Read more



Robinson et al, Cell 2015

Significant Alterations in DNA Repair Genes:

Read more

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



DNA repair backup systems are being exploited for 
precision medicine

PARP

DNA Repair Machinery



DNA repair backup systems are being exploited for 
precision medicine

PARP

DNA Repair Machinery

PARPinhibitor



DNA repair backup systems are being exploited for 
precision medicine

PARP

DNA Repair
Backup Machinery

PARPinhibitor

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



NEJM, Oct 29 2015

TOPARP Trial shows 30% Long Term Responders

Johann de Bono, MD, PhD
Institute of Cancer Research/
Royal Marsden Hospital



NEJM, Oct 29 2015



NEJM 2020

Group A BRCA1, BRCA2, ATM Group B: BRIP1, BARD1, CDK12, CHEK1, CHEK2, FANCL, 
PALB2, PPP2R2A, RAD51B, RAD51C, RAD51D, and RAD54L



NEJM 2020

Group A BRCA1, BRCA2, ATM 



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?



Common SSD Symptoms

Anemia

Episodes of pain

Swelling of hands and feet
 
Frequent infections

Delayed growth or puberty
 
Vision problems

Sickle Cell Anemia: Symptoms usually appear around 6 months. 



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

Monogenic Disease 



Gene Editing through CRISPR-cas9 can correct defective red blood cells

LentiGlobin



LentiGlobin produces 
antisickling hemoglobin,
HbAT87Q

After bone marrow 
transplantation, greater 
than 40% of red blood 
cells have non-sickling 
Hb

Read MoreFeb 2022



Sickle Cell Anemia: Cure in hand
Costly and complex but feasible



How does our past fit into our 
precision medicine future ?

DNA





Multiple sclerosis is an autoimmune 
disease. 

The immune system attacks the body’s own 
tissues. In MS, immune system cells attacks 
myelin, the sheath that covers nerve fibers in 
the brain and spinal cord (the central nervous 
system).

Source: Oragon Health and Science University-Brain Institute



Genetic 
factors

Lifestyle/
Environmental

factors

Gene-environment 
interaction

↑ risk of MS

• Epstein-Barr virus
• Low sun exposure / low 

Vitamin D levels
• Smoking
• Obesity,…

Disease susceptibility genes

• HLA association

• Non-HLA single nucleotide 
polimorphisms,…

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

MS risk factors





Hunter/Gatherers Farmers Pastoralists



Nature, 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, News and Views, Samira Asgari & Lionel A. Pousaz, Jan 2024



HLA-DRB1*15:01



The prehistoric origins of a genetic variant that elevates 
multiple sclerosis risk in northern Europeans.

Nature, News and Views, Samira Asgari & Lionel A. Pousaz, Jan 2024



Hunter/Gatherers Farmers Pastoralists

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





The Promise and Future of Precision Medicine 

New Knowledge

Discover disease 
vulnerabilities

Bold Therapies



Grazie per l'attenzione


