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Defining Personalized Medicine



Defining Personalized Medicine
Personalized medicine is an approach that tailors healthcare 

to individuals, considering their unique genetic makeup, 
environmental influences, and lifestyle factors. This approach 

aims to provide better prediction of disease risk, earlier 
prevention, more targeted and effective treatments, and 

patient empowerment.





3.2 billions base pairs (ATGC)
20,000 genes

4 million DNA variants per individual

The human genome(s)



1953: Watson / Crick
DNA structure

1865: Mendel
Heredity laws

2001:
Human 
genome 
project
First genome 
sequenced



Entering the Era of Personalized Medicine

1990s

The Human Genome 
Project begins, aiming to 
map the entire human 
genetic code.

2003

The Human Genome 
Project is completed, 
providing a 
comprehensive reference 
of the human genome.

2010s

Advancements in genetic 
sequencing technologies 
lead to a significant drop 
in cost and increase in 
accessibility of genetic 
testing.

2015

The Precision Medicine 
Initiative is launched in the 
United States, focusing on 
developing personalized 
treatments based on 
individual genetic profiles.

2020

Personalized cancer 
treatments using 
targeted therapies and 
immunotherapies 
become more widely 
adopted, improving 
patient outcomes.



We are all different…

4 million DNA variants / individual

• Single nucleotide polymorphisms (SNPs)

• Small insertions/deletions (indels)

• Larger structural variants
• copy number variants (CNVs)
• inversions
• translocations
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Models of 
individualized 

prediction

Predictive and 
preventive 
medicine

Understanding of 
biological 

mechanisms

Innovative 
diagnostics and 

treatments



• Today
• Oncology
• Pharmacogenetics
• Rare disease diagnostic
• (Gene therapy)

• Tomorrow
• Genomics for complex diseases: polygenic risk scores
• Pivot from reactive medicine to preventative healthcare

Genomic medicine



Oncogenomics







Pharmacogenomics







• Abacavir hypersensitivity: Genetic testing for the HLA-B*5701 allele is used to 
identify patients at risk for a severe hypersensitivity reaction before starting abacavir 
for HIV treatment.  

• Warfarin dosing: Genotyping of CYP2C9 and VKORC1 helps adjust warfarin doses to 
reduce the risk of bleeding or clotting complications.  

• Clopidogrel metabolism: Screening for CYP2C19 variants guides the use of 
alternative antiplatelet therapies in patients who may not effectively metabolize 
clopidogrel.  

• Thiopurine therapy: Testing for TPMT variants informs dosing decisions for 
thiopurines used in conditions like inflammatory bowel disease or leukemia.  

• Targeted therapy in oncology: EGFR testing in non-small cell lung cancer patients 
helps determine suitability for EGFR inhibitors.

Pharmacogenomics
Examples of successful implementation in the clinic



Rare diseases







SwissPedHealth



Gene Therapy

Modification of genes to treat or prevent diseases. Works 
by replacing, removing, or introducing genetic material 
into patient DNA to address the underlying cause of a 
genetic disorder.



Gene therapy for Leber 
congenital amaurosis

Retinal dystrophy caused by mutations in RPE65, which is 
essential for the function of photoreceptors.

Voretigene neparvovec (Luxturna ) = AAV2 vector 
containing human RPE65 cDNA.

The gene therapy is injected underneath the retina 
through vitrectomy (by an eye surgeon), delivering a 
functional copy of RPE65 to retinal cells.

First gene therapy approved by the FDA in 2017 and by 
SwissMedic in 2020.



Gene therapy for spinal muscular 
atrophy

Spinal muscular atrophy (SMA) is caused by mutations in 
SMN1 resulting in the loss of motor neurons and 
progressive muscle wasting.

Zolgensma: AAV9 vector with SMN1 transgene, 
administered intravenously.

Risdiplam: oral small-molecule drug that modulates 
splicing of the gene SMN2, increasing the level of the 
protein SMN.



Risdiplam was administered to a fetus with SMA by means of oral 
administration to the mother, with subsequent administration to the child 
through 30 months of age. No features of SMA, such as hypotonia, weakness, 
areflexia, or fasciculation, have appeared to date. Motor-function, muscle 
ultrasonographic, and electrophysiological studies have been performed every 6 
months and have shown normal peripheral-nerve and muscle development for 
age.



Genomic medicine - tomorrow

Polygenic risk scores

A polygenic score or polygenic risk score (PRS) is an estimate of 
an individual’s genetic liability to a trait or disease, calculated 

according to their genotype profile and relevant genome-wide 
association study (GWAS) data



https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-risk-scores

Polygenic risk scores



Polygenic risk scores



Polygenic risk scores

https://www.pgscatalog.org



Challenges to clinical implementation of PRS

• Demonstration of clinical utility

• Integration with non-genetic risk

• Calculation of PRS as age-based absolute risk

• Implementation of effective prevention strategies based on the results 

• Return of results to healthcare providers & to patients

• Regulatory and ethical compliance

• Generalizability across populations



Polygenic risk scores

The program offers eligible MassMutual policyowners aged 35-70 access to polygenic risk 
testing via a saliva test that identifies hidden risk for eight common conditions: atrial 
fibrillation, breast or prostate cancer, cardiovascular disease, high blood pressure, high 
low-density lipoprotein cholesterol, low bone density and type 2 diabetes.

In addition to learning about their risk for each of the conditions, policyowners also 
receive actionable, tailored health advice and a report they can review with their doctor 
to reduce the chances of developing the condition.



Visscher et al, Nature 2025

"Editing a relatively small number of 
genomic variants could make a 
substantial difference to an individual’s risk 
of developing coronary artery disease, 
Alzheimer’s disease, major depressive 
disorder, diabetes and schizophrenia."



Carmi et al, Nature 2025

"Given how far scientists are from 
understanding and mitigating the 
associated risks, we wonder whether 
describing its prospects so confidently is 
responsible"



Eric Topol. Individualized Medicine from Prewomb to Tomb. Cell 2014

Toward life-long genomics



Epigenome

MetagenomeMetabolome

Transcriptome

Proteome

Genome



Epigenome

MetagenomeMetabolome

Transcriptome

Proteome

Genome

Exposome

Socio-economic 
conditionsLife style

Social networks



From Genomic Medicine to AI-Based Healthcare

• Genomics in only part of precision health

• Must be integrated with electronic health record, imaging 
data, info from wearables, etc.

• Need for advanced biomedical data science

• AI-fueled revolution is coming for health





Swiss AI Initiative - Health vertical

Goal = multimodal integration of health data



Examples of AI Applications in Healthcare

Disease Diagnosis
Stanford's AI system diagnoses skin cancer as accurately as dermatologists

Microsoft's InnerEye helps radiologists precisely measure tumors

Google Health's AI system detects lung cancer in CT scans

Clinical Decision Support
Mayo Clinic's AI CDS system use CT images to improve lung cancer diagnosis

Epic's Deterioration Index predicts health decline in hospitalized patients

Babylon Health's AI triage recommends appropriate care levels in the ER



Examples of AI Applications in Healthcare

Surgical Applications
Medtronic's GI Genius intelligent endoscopy module helps detect colorectal polyps

Surgical robots like Da Vinci use AI to enhance surgeon precision

Theator's AI platform uses AI and computer vision to improve surgical techniques

Mental Health
Woebot, an AI chatbot, provides mental support using cognitive behavioral therapy

CompanionMx's AI system analyzes voice patterns to detect mental health changes

Spring Health's AI platform matches patients with mental health treatment plans



Examples of AI Applications in Healthcare

Medical Imaging Analysis
Google DeepMind's AI detects breast cancer in mammograms

IDx-DR, an FDA-approved AI system, detects diabetic retinopathy using retinal images

Arterys' cardiac imaging AI creates 4D heart flow models from MRI

Drug Discovery
Atomwise used AI to identify potential treatments for Ebola

Insilico Medicine's AI platform discovered a drug for pulmonary fibrosis

BenevolentAI identified a potential anti-COVID-19 drug, later validated in clinical trials



Examples of AI Applications in Healthcare

Patient Monitoring
Current Health's AI-powered wearable monitors vital signs and can sends alerts

AiCure's smartphone app uses AI to confirm medication adherence through video

Cardiogram's heart rate monitoring AI can detect sleep apnea

Administrative Tasks
Natural language processing systems convert doctor's voice into structured records

AI scheduling systems optimize hospital staffing and operating room utilization

Many AI-based algorithms predict length of stay and readmission risk based on EHR



Is personalized health doable?



Challenges in Implementing 
Personalized Medicine

• Increased complexity in healthcare delivery
• Limited scalability due to the individualized nature of care
• Need to change the business model of health
• Data management and privacy protection requirements
• Acceptability / health literacy of the population
• Education of healthcare providers



Is personalized health sustainable?



Towards a Sustainable Healthcare System

Better prediction and prevention

Personalized medicine enables a more 
proactive, preventive approach to healthcare 
by identifying individual risk factors and 
predispositions, allowing for early interventions 
and the implementation of targeted 
prevention strategies.



Towards a Sustainable Healthcare System

Improved Patient Outcomes
By tailoring therapies and interventions to 
individual patient needs, personalized 
medicine can lead to better treatment 
responses, reduced adverse effects, and 
improved overall health outcomes.



Towards a Sustainable Healthcare System

Optimized Resource Allocation
Personalized medicine can help allocate 
healthcare resources more efficiently, 
reducing waste and ensuring that the right 
care is provided to the right patient at the 
right time.



Towards a Sustainable Healthcare System

Cost Savings

Personalized medicine can help reduce 
healthcare costs by minimizing the use of 
ineffective treatments, reducing hospitalization 
rates, and preventing complications and 
adverse events, ultimately lowering the overall 
burden on the healthcare system.



Towards an Unsustainable Healthcare System

High cost

Data management systems
Longitudinal, multimodal testing

Drugs



Towards an Unsustainable Healthcare System

Limited resources

Trained healthcare professionals
Advanced laboratory equipment

Energy for AI centers



Towards an Unsustainable Healthcare System

Inequalities
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