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Genomics in Medical Education

“The explosion of information about the new 
genetics will create a huge problem in health 
education. Most physicians in practice have had 
not a single hour of education in genetics and are 
going to be severely challenged to pick up this 
new technology and run with it." 

Francis Collins
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VISION:

Pharmacogenomics will improve health care.

PGx is part of biomedical research providing a toolkit 
to assess an individual’s response to drug therapy.

PGx should be used in the clinic as every other 
analytical tool is used: to identify the best possible 
care for the patient.
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Context: Genes and Drugs

Organism

Drugs

Regulation

Genes

How are genes
regulated by drugs ?

Which genes are 
regulated ?

What genetic variations
are important for drug
response ?



Organism

Drugs

Regulation

Genes

EnvironmentEnvironment

Regulation

How are genes
regulated by drugs ?

Which genes are 
regulated ?

What genetic variations
are important for drug
response ?

Context: Genes and Drugs



Environment

• Age
• Gender
• Race
• Body mass index
• Alcohol
• Tobacco

• Diet
• Co-morbid conditions
• Drug interactions
• Concomitant conditions
• Altered organ function
• …



Safety and/or efficacy:

Observation

Cause Prediction

Prevention



Frueh and Gurwitz (2004), Pharmacogenomics 5(5)

CYP2D6, 2C9, 2C19
UGT1A1
TPMT

Today: Known/probable valid biomarkers



CYP2D6, 2C9, 2C19
CYP3A4
UGT1A1
TPMT
…

Tomorrow: Known/probable valid biomarkers

Frueh and Gurwitz (2004), Pharmacogenomics 5(5)

But: 

The number of PGx articles is increasing exponentially.  
We need to capitalize on this knowledge:  Education is the fist step.



We Know It, Are We Using It ?We Know It, Are We Using It ?

• Poor Metabolizers require 10x lower dosage (~20 mg/day) of 
nortriptyline than Extensive Metabolizers (~200 mg/day)

Dalen et al., Clin Pharmacol Ther (1998), 63(4)



Less than half of the
population carries the
“wildtype” allele !



Drug Labeling Regulations

• 21 CFR 201.57:
“…if evidence is available to support the safety 

and effectiveness of the drug only in selected 
subgroups of the larger population with a 
disease, the labeling shall describe the 
evidence and identify specific tests needed for 
selection or monitoring of patients who need 
the drug.”



www.drugwww.drug--interactions.cominteractions.com



Drugs, Genes, Tools



It Concerns All of Us



Genetic TestingGenetic Testing

PurposePurpose

What is testedWhat is tested

ValueValue

ConcernsConcerns Ethical, legal, social issuesEthical, legal, social issues
Potential for “family” or unsolicited informationPotential for “family” or unsolicited information

Disease GeneticsDisease Genetics
Diagnostic or prognostic testingDiagnostic or prognostic testing

““Causal” genesCausal” genes
Rare mendelian Rare mendelian 

diseasesdiseases

Common Common 
complex disease complex disease 

susceptibility susceptibility 
genesgenes

New disease insight and medicinesNew disease insight and medicines

PharmacogeneticsPharmacogenetics
Drug response profiles and testsDrug response profiles and tests

Genes for drug Genes for drug 
metabolism, metabolism, 

transport, actiontransport, action

SNP profiles for SNP profiles for 
drug metabolism, drug metabolism, 

actionaction

Optimize drug responseOptimize drug response



Ethical, Legal, Social Issues
• What to do if no alternatives are available
• Consequence of not performing a test if available
• Privacy and confidentiality of genetic information
• Fairness in the use of genetic information by 

insurers, employers, courts, schools, adoption 
agencies, and the military, among others

• Psychological impact, stigmatization, and 
discrimination due to an individual’s genetic 
differences

• Uncertainties associated with gene tests for 
susceptibilities and complex conditions (e.g., heart 
disease, diabetes, Alzheimer’s)

• Fairness in access to advanced genomic 
technologies. 

• Conceptual and philosophical implications regarding 
human responsibility, free will vs genetic 
determinism 



SocioSocio--Economical Aspects: An IncentiveEconomical Aspects: An Incentive

1973:1973: 28% of hospitalized patients had adverse drug reactions 28% of hospitalized patients had adverse drug reactions 
(Miller, Am. (Miller, Am. J. Hosp. Pharm.J. Hosp. Pharm. 30: 58430: 584--592)592)

1979:1979: 17% of hospitalized children had adverse drug17% of hospitalized children had adverse drug--attributed events attributed events 
(Mitchell et al., (Mitchell et al., Am. J. Epid.Am. J. Epid. 110: 196110: 196--204)204)

1994:1994: 2,216,000 serious adverse drug reactions in hospitalized patient2,216,000 serious adverse drug reactions in hospitalized patients s 
(Lazarou et al., (Lazarou et al., JAMAJAMA 279: 1200279: 1200--1205)1205)

1995:1995: Adverse drug reactions identified as 4Adverse drug reactions identified as 4thth to 6to 6thth leading cause of death, leading cause of death, 
causing >100,000 deaths per yearcausing >100,000 deaths per year
(Johnson & Bootman, (Johnson & Bootman, Arch. Intern. Med.Arch. Intern. Med. 155: 1949155: 1949--1956)1956)

1995:1995: DrugDrug--related morbidity and mortality estimated at related morbidity and mortality estimated at US$ 76.6 billionUS$ 76.6 billion
(Johnson & Bootman, (Johnson & Bootman, Arch. Intern. Med.Arch. Intern. Med. 155: 1949155: 1949--1956)1956)

2000:2000: DrugDrug--related morbidity and mortality estimated at related morbidity and mortality estimated at US$ 177.4 billionUS$ 177.4 billion
(Ernst & Grizzle, (Ernst & Grizzle, J. Am. Pharm. Assoc.J. Am. Pharm. Assoc. 41: 19241: 192--199)199)



Now, what about EDUCATION ?



PGx Education in Medical Schools



FOCUS AREAS

Students can undertake fundamental research in either of the program's focus areas:

Pharmaceutical sciences, including molecular pharmacology, drug transport and 
metabolism, mathematical modeling of complex systems, and gene delivery

Research focus areas in the pharmaceutical sciences include the following: 
Molecular/cellular studies of mechanisms involved in drug absorption, distribution, metabolism, 
toxicology and elimination 
Molecular pharmacologic studies focused on the mechanisms of drug action 
Integrative systems research in pre-clinical and clinical pharmacokinetics/pharmacodynamics
Modeling of complex systems 
Drug delivery systems; gene therapy

Pharmacogenomics or toxicogenomics, which is the application of genetics and genomics 
to the study of pharmacology or toxicology

Research focus areas in pharmacogenomics include the following:
Use of model organisms to study mechanisms of drug action, resistance, metabolism or transport
Analysis of drug response by functional genomics using DNA expression arrays 
Development of computational tools to analyze expression data (this is the new bullet) 
Understanding the genetic basis for variation in drug response clinically 
Understanding the genetic basis for variation in response to environmental agents (toxicogenomics) 
Students may choose from a variety of electives offered by this program and other programs on 
campus, including courses in mathematical modeling, toxicology, drug metabolism, transport, 
molecular biology, cell biology, genetics, and bioinformatics. 



PGx Education in Medical Schools

• Example: Tel-Aviv University, Israel
– Incorporated PGx in the 2nd year MD pharmacology course

– Additional elective PGx courses are offered to graduate students

– Graduate course includes human genetics, and description of 
PGx-oriented clinical trials

– Graduate students present on PGx studies and discuss PGx 
aspects of therapeutic areas

• Other Medical Schools have similar programs, but most 
schools do not

• World-wide Survey of Medical Schools re PGx education 
is being conducted



World-wide Survey:  Questionnaire
1. Does your MD program include some form of PGx education as part 

of the pharmacology or the human genetics studies?  

2. How many hours of lectures are given?

3. During which year of preclinical studies?

4. Does your PGx education for MD students include case studies?

5. If your school does not yet offer PGx education, do you expect that 
it will be incorporated to the MD program

6. What are the most often used educational tools?

7. Do you offer a dedicated PGx course for PhD students?

8. Comments and suggestions



Which of the following topics/concepts are included
• SNPs

• CYP450 genes 

• CYP2D6 "poor metabolizers"

• CYP2D6 gene duplication and "super metabolizers"

• Ethnic differences in CYP450 alleles

• P-glycoprotein (MDR-1)

• Thiopurine methyltransferase (TPMT) alleles 

• Dihydropyrimidine dehydrogenase (DPD) and 5-FU pharmacokinetics

• Beta-2 adrenergic receptor polymorphism and asthma drugs

• Apo-E polymorphism and Alzheimer drugs

• Serotonin transporter (5-HTT) promoter polymorphism and 
antidepressants

World-wide Survey:  Questionnaire



• At most, 4 hours of PGx teaching for MD students

• Typically on their 2nd year Pharmacology classes

• Case studies often included

• CYP450s, oncology PGx, given high priority

• Lack of textbook materials is evident; journal articles are often used

• Many Med Schools do not include PGx teaching 

• Graduate-level courses are very rare (TAU; UCSF)

World-wide Survey:  Results

David Gurwitz, pers. communication



Summary: Possibility

• It’s true: PGx research has generated a 
large amount of information

• This information is more than basic 
research and is often clinically relevant

• We can capitalize on this information and 
actively contribute to improve health care



Summary: Reality

• There is an unmet need for PGx education at 
medical schools

• PGx suffers from a lack of integration into clinical 
practice

• There is also a lack of awareness about the 
impact of genetic medicine on healthcare in the 
community at large

• Half of the amount of PGx research of the last 50 
years was published in the last 5 years only: “give 
us some time!”



Summary: Closing the Gap

• Public awareness rises with the use of PGx in the clinic: it is 
a synergistic process, but it will start in the clinic

• A number of well-understood, clinically proven applications 
for PGx exist: we need to start using them more broadly (e.g. 
DMEs) – new ones are emerging (e.g. EGFR)

• Novel scientific approaches will lead to a better 
understanding of complex genotype-phenotype relationships

• Standards to validate probable genomic biomarkers need to 
be established to thrive the future clinical use of PGx



But We Need to Do It Right !


