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Expectations from the Human Genome Project



Part 1 : Pharmacogenetics (PGx)



Approved by FDA in 1998

An Emblematic Success Story in PGx



Carr and Cooper, 2000, Lancet

Hetherington et al., 2001, Clin Ther

3-5 %
Hypersensitivity reaction

Abacavir Adverse Drug Reaction



HLA-B*5701

Mallal et al. 2002. The Lancet 359 (9308): 727–32.

Hetherington et al. 2002. The Lancet 359 (9312): 1121–22.

Abacavir – Discovery of Genetic Association



Negative Predictive Value 100%

Number Needed to Genotype 25

Mallal et al. 2008. The New England Journal of Medicine.

Abacavir – Prospective Validation
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Discovery and Development of PGx Marker



https://clincalc.com/DrugStats/Top200Drugs.aspx

Top 10 Prescribed Drugs in the USA



https://www.pharmgkb.org/

Drug label annotation Prescribing information

Dutch Pharmacogenetics 
Working Group (DPWG)

PGx Databases



Clopidogrel



Clopidogrel

P2Y12 receptors

CYP2C19

Pro-drug (inactive)

Active metabolite

Platelets Atherothrombosis

Clopidogrel : A Pro-Drug Activated by CYP2C19



32% of the 221 marketed CV drugs were studied

<50% of GWAS reported significant associations

8% of mapped genes have a corresponding drug-gene PGx recommendation 

Delabays et al. under revision

GWAS Studies on Response to CV Drugs



• Demonstration of clinical validity and clinical utility

• Reimbursement 

• Complexity in the interpretation of PGx results

• ELSI of PGx 

• Turnaround time and return of PGx results

Challenges in Implementing PGx in the Clinic



• ≥ 95% of us carry actionable PGx variants

• IT breakthroughs

• Decreasing costs of sequencing

Opportunities for Implementing PGx in the Clinic



Pre-emptive Reactive

Drug prescription or 

specific event

Time

Pre-Emptive vs Reactive PGx



Swen et al., 2023, Lancet

30% reduction 

in ADRs in 

12 weeks

Pre-Emptive PGx Reduces Adverse Drug Reactions



Krebs et al., 2019, Hum Genomics

Pre-Emptive PGx Initiatives 



Part 2 : New Therapeutics
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DDD : A Series of Well-Defined Steps

Drug Discovery Drug Development



PCSK9 : An Emblematic Example



FTIM to 
PoC

Target ID
Target

Validation

Tractable
hit to

candidate

Candidate
selection
to FTIM

Phases II-IIIDisease
Lifecycle

mgt

PCSK9 : An Amazing Success Story
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Genetically-Driven Drugs

Gene

Disease

?





12,854 Drugs in Open Targets with ChEMBL ID

2,583 Approved Drugs

1,031 Approved Non-Cancer  Drugs with Target Gene

6,697 Drug – Gene – Indication Triplets

348 Drugs with Direct Genetic Evidence (DGE)

82 Drugs with DGE 5y+ Before Approval

Manual curation

Methods
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60 Drugs / 40 Targets



Distribution of Genetically-Driven Drugs by Therapy 
Area and Prevalence of Disease Indication



Median 25-Years Separate Target 
Discovery from Regulatory Approval of 

Derived Drug



A Word of Wisdom
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Coming up on the Horizon

Gene

Disease

Many genetically well-validated new targets



The Need to Invigorate Drug Development to : 

-Prioritize the portfolio
- Accelerate time to approval
- Improve early attrition
- Reduce trial size and costs

→ “Precision Clinical Development"
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Genetically Enriched Proof-of-Concept Study



First Description of PNPLA3
Am J Hum Gen - Oct 2008



Precision Drug Development in Action:
PoC for PNPLA3 Inhibitors on I14M Carriers



Requirements for Precision Drug Development

→LARGE, DIVERSE, DISEASE-based cohorts

→Patients deeply phenotyped and properly 
consented for genomic analyses and recall-by-
genotype studies

→Interoperable for (international) collaborations

→Ethically and socially responsible



Paving the Way to Precision Drug Development



Paving the Way to Precision Drug Development



From CHUV to McGill – August 2019







42

GWAS – COVID-19 Host Genome Initiative



43

OAS-1

GWAS – COVID-19 Host Genome Initiative
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Paving the Way to Precision Drug Development 
Recycling the Plans at McGill



BIO-PORTAL

•Mission : Improve care of Jewish General Hospital 
(JGH) patients using genomic medicine
•PI: Brent Richards, Co-PI : Vincent Mooser
•Partners : JGH – CERC – Industry (TBD)
•Funding : JGH Foundation, CERC, industry (TBD)
•Recruitment started : Aug 2023
•Goal : 3500+ patients / yr



BIO-PORTAL



Summary

•Genetics has delivered new markers of drug safety and 
new drugs !!! 
•Much more to come on the horizon
•Need to demonstrate clinical utility, i.e. from 

observation studies to intervention trials 
• Infrastructures under construction at McGill for 

“precision clinical development” of new therapeutics 
•Active collaborations with UniBE to foster



Collaborations with UniBE on Genomic Medicine

•Development of new, cost-effective, technologies to 
sequence whole genomes (in press)
•Genomic architecture of Peripheral Artery Disease (ms in 

preparation)
•Demonstration of clinical utility of PRS in dyslipidemic

patients (Drs Elisavet Moutzouri – Nicolas Rodondi – FNRS 
funded)
•Under planning : McGill as genomic medicine arm for 

Digital Twin in Diabetes Project (Jose Garcia, Chistoph
Stettler, DCR)
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