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African-Americans: more anemia events with Primaquine



Nature . 2003 (April 24);422:835-847

“Develop genome-based approaches to prediction of 
disease susceptibility and drug response ”

Problem: Too much hype about “Revolution of Personalized Medicine”

… until in late 2005…



www.royalsoc.ac.uk

From the report Summary:

September 2005



Lunshof JE, Pirmohamed M, Gurwitz D (2006) Pharmacogenomics7:237-241

Not decades away, if we focus first on improving drug safety 
and efficacy with knowledge on drug metabolism



B. Treat:

Responders and patients 
not predisposed 
to toxicity

A. Remove: 
1. Non-responders (yellow)
- To improve drug efficacy

2. Toxic responders (orange)
- To improve drug safety

We can improve both 
drug safety and efficacy
by applying knowledge on 
genetic variations related 
to drug metabolism

Personalized Medicine:
Improving Drug Safety and Efficacy
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“Cradle to Grave” 2004 exhibition at The British Museum

Lifetime drug consumption: 
Prescription ~ 14,000
OTC ~ 30,000

Annual sales (US): ~$250B
Global sales: ~$600B
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• 6.5% of hospital admissions to internal medicine wards 

are directly related to ADRs!
(1,225 admissions out of 18,820 during six months)

• 4% of bed occupancy - directly due to ADRs

• More common in women

Pirmohamed et al (2004)  
Adverse drug reactions as cause of admission to hospital: prospective 

analysis of 18 820 patients.  BMJ. 329:15-19.
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• 6.7% of emergency department visits leading to 
hospitalization were directly related to ADRs

• >65 y and below 4 y were more likely to sustain ADRs 

• Women 8.1% vs. men 5.4%

• Leading drugs causing ADRs: Warfarin; Acetaminophen;  
Aspirin; Ibuproen; Clopidogrel; Phenytoin.  

Budnitz et al (2006) National surveillance of emergency department 
visits for outpatient adverse drug events. JAMA. 296:1858-1866.
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• Metabolizes ~25% of current drugs
• One of the most studied human genes 

(>3750 PubMed entries – May 2009) 

• Relatively common “poor metabolizers”:
- Europeans  5% – 10%
- Africans 2% – 19%
- East Asians ~1 – 2%

Relatively common “ultra metabolizers” (>2 gene copies): 
- Europeans       1% – 4% 
- Ethiopians        ~17%
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Debrisoquine
Amphetamine

Dexfenfluramine
Ouanoxan

Ondansetron

Antipsychotics
Perphenazine
Thioridazine
Haloperidol
Risperidone
MinaprineBeta Blockers

Propafenone
S-metoprolol
Propranolol

Timolol
Alprenolol
Bufuralol
Carvedilol

Antiarrhythmics
Encainide
Flecainide

S-mexillitene
Lidocaine

Analgesics
Codeine
Tramadol

Antidepressants
Fluoxetine

Fluvoxamine
Paroxetine
Venlafaxine
Imipramine

Desipramine
Clomipramine
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CYP2D6
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Low CYP2D6 � two-fold more breast cancer relapse at 5y

Goetz et al (2007) Breast Cancer Res Treat. 101:113-121
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Zhu and Markowitz, Drug Metabolism and Disposition 2009

Carboxyesterase-1
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Carboxyesterase-1 Gly143Glu� only 25% activation

of the pro-drug to the active drug
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Sulfation (~35%)Glucuronidation (~60%)
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CYP2E1(~5%)

Toxic!

Very little knowledge on 
CYP2E1, UGTs, STs
polymorphism
and their relations with 
Acetaminophen toxicity



Pharmacogenomics (2007)
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~6% of Europeans (only ~1% in Japan)
~Half choline uptake vs. wild-type
Does I89V affect treatment efficacy for Alzheimer’s? 
Depression?
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Over 50 years of PGx research 
6 years of post-HGP research

>7,700 PubMed entries and 48 books on PGx

– But are we ready?
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Key barrier: lack of evidence from prospective 
clinical trials on genotype / drug-response 
phenotype correlations

Lack of earmarked EU funding for PGx research 
and validation studies
(USA: NIH PGRN annual funding of $25M)

Lack of funding for cost-effectiveness studies

Lack of incentives for the private sector to develop 
PGx-Dx – with a focus on generic drugs
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Regulatory, Reimbursement and ELSI

Regulations allowing co-development of drugs and Dx 
(FDA model in place – in Europe EMEA has to follow)

Reimbursement for PGx-Dx

Harmonized ethical guidelines in member states –
essential for consortium multi-center studies
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Professional & Community Education

Education in PGx for healthcare professionals:
Medicine, pharmacy, nursing; CME programs

Education for the public through the media:
Internet; public TV programs; science museum exhibits
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Teaching slides: http://pgeni.unc.edu
�
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- Knowledge and validation of utility (public funding)

- Education for health professionals (academy)

- Incentives for developing PGx Dx for generics (government)

- Regulation for PGx Dx (government)

- Reimbursement and EHR (healthcare providers)



Tel-Aviv University: 
Gregory Livshits, The Yoran Institute for Human Genome Research

Orit Kimchi, Michal Bar-Chen
Yael Ovadia, Eli Bar, Merav Kaplan, Lior Ben-Artzi, 

Nava Levit, Meytal Shahar, Nibal Mahajna 
Galit Levy, Tal Barkan, Rinat Rimon-Vardi, Ayelet Morag

European Commission Studies
Dolores Ibarreta, Eleni Zika, Emma Gutierrez de Mesa,

Cristina Rodríguez-Antona, Katherine Payne, William Newman
Julia Kirchheiner, Adrian Llerena, Jose de Leon 

Japan
Kenji Nakai, Iwate Medical University (CYP2C9; VKORC1)

Takashi Okuda, University of Tokyo (HCT1)

Reprints: gurwitz@post.tau.ac.il


