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Personalized Medicine

Courtesy of Felix W. Frueh US FDA



© Doug Brutlag 2015

Personalized Medicine

• Medicine is personal:
o We are all different.
o Some of our differences translate into how we react to

drugs as individuals.
o This is why personalized medicine is important to

everyone.

• Why does someone need twice the standard dose to
be effective?

• Why does this drug work for you but not me?
• Why do I have side-effects and you don’t?
• Why do some people get cancer and others don’t?
• Why is anecdotal information irrelevant to your own

 health and treatment?
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Is Medicine a Science or an Art?

If it were not for the great variability among
individuals, medicine might well be a science,
not an art.

o Sir William Osler, Physician 1892
o Johns Hopkins School of Medicine
o Johns Hopkins Hospital
o Father of modern medicine
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The Goal of Personalized Medicine
by Felix Frueh

• The Right Dose of
• The Right Drug for
• The Right Indication for
• The Right Patient at
• The Right Time.

Courtesy Felix W. Frueh
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Variability of DiseaseVariability of DiseaseVariability of Disease

Courtesy Felix W. Frueh
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Hematopoiesis 
http://www.biocarta.com/pathfles/h_stemPathway.asp

http://www.biocarta.com/pathfiles/h_stemPathway.asp
http://www.biocarta.com/
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Cytokine Network
http://www.biocarta.com/pathfles/h_cytokinePathway.asp

http://www.biocarta.com/pathfiles/h_cytokinePathway.asp
http://www.biocarta.com/
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Targeted Drug Therapies

• Targeted therapy: wave of the Future
o Mark D. Pegram et al. 2005 J. Clin Oncol.10, 1776-81

• Therapeutic strategies targeting ERBB2
o Grand Rounds,  Mark Pegram, Prof. of Medicine

• Antibody therapeutics in Cancer
o Sliwkowski M, Mellman I. Science. 2013 Sep 13;341(6151):1192-8.

• "Molecular Targeted Therapy"[Majr]
o "Molecular Targeted Therapy"[Majr]

• FDA Fast Tracks Approval of Targeted Drug Therapies
o http://p.nytimes.com/email/re?location=InCMR7g4BCKC2wiZPkcVUgEVIeit2o1F&user_id=0798dd395072eb5cc89d44f4b2256561&email_type=eta&task_id=1425959056530427&regi_id=

0

http://jco.ascopubs.org/content/23/8/1776.long
http://jco.ascopubs.org/content/23/8/1776.long
http://med.stanford.edu/irt/edtech/video/rea/?v=fall2013auth/video/grmed-12-18-2013-07r.mp4
http://med.stanford.edu/irt/edtech/video/rea/?v=fall2013auth/video/grmed-12-18-2013-07r.mp4
http://med.stanford.edu/irt/edtech/video/rea/?v=fall2013auth/video/grmed-12-18-2013-07r.mp4
http://www.sciencemag.org/content/341/6151/1192.long
http://www.sciencemag.org/content/341/6151/1192.long
http://www.sciencemag.org/content/341/6151/1192.long
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Molecular+Targeted+Therapy%22%5BMajr%5D
http://p.nytimes.com/email/re?location=InCMR7g4BCKC2wiZPkcVUgEVIeit2o1F&user_id=0798dd395072eb5cc89d44f4b2256561&email_type=eta&task_id=1425959056530427&regi_id=0
http://p.nytimes.com/email/re?location=InCMR7g4BCKC2wiZPkcVUgEVIeit2o1F&user_id=0798dd395072eb5cc89d44f4b2256561&email_type=eta&task_id=1425959056530427&regi_id=0
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FDA Fast Tracks Targeted Cancer Therapies
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm

http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm427601.htm
http://www.fda.gov/
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FDA Consumer Updates
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm

http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates/default.htm
http://www.fda.gov/
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Pharmacogenetics & Pharmacogenomics

• Pharmacogenetics:  The role of genetics in
drug responses.
o F. Vogel. 1959

• Pharmacogenomics: The science that allows
us to predict a response to drugs based on an
individuals entire genetic makeup.
o Felix Frueh, Associate Director of Genomics, FDA

Courtesy Felix W. Frueh
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Pharmacogenetics & Pharmacogenomics
http://www.pharmgkb.org/

• Pharmacogenetics: study of individual gene-drug
interactions, usually one or two genes that have
dominant effect on a drug response (SIMPLE
relationship)

• Pharmacogenomics: study of genomic infuence on
drug response, often using high-throughput data
(sequencing, SNP chip, expression, proteomics -
COMPLEX interactions)

o PharmGKB Website:      http://www.pharmgkb.org/

Courtesy of PharmGKB Web Site

http://www.pharmgkb.org/
http://www.pharmgkb.org/
http://www.pharmgkb.org/
http://www.pharmgkb.org/
http://www.pharmgkb.org/
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Purine Analogs:
A Case Study in Pharmacogenetics

• 6-mercaptopurine, 6-thioguanine, azathioprine

• Used to treat lymphoblastic leukemia, autoimmune disease,
infammatory bowel disease, immune supression after organ
transplants

• Interferes with nucleic acid synthesis

• Therapeutic index limited by myelosuppression

6-thioguanine azathioprine6-mercaptopurine
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Metabolism of 6-MP

L Wang and R Weinshilboum, Oncogene 25, 1629-1638 (2006)

http://www.nature.com/onc/journal/v25/n11/full/1209372a.html
http://www.nature.com/onc/journal/v25/n11/full/1209372a.html
http://www.nature.com/onc/journal/v25/n11/full/1209372a.html
http://www.nature.com/onc/journal/v25/n11/full/1209372a.html
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Pharmacogenetics: A Case Study

Courtesy of Michelle Whirl-Carillo
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Pharmacogenetics: A Case Study

Courtesy of Michelle Whirl-Carillo
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Pharmacogenetics: A Case Study

Courtesy of Michelle Whirl-Carillo
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Thiopurine S-methyl Transferase Activity
and Personalized Dosage

Eichelbaum et al., Annu. Rev. Med. 2006.57:119-137.

http://www.ncbi.nlm.nih.gov/pubmed/16409140
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Second Example:  Codeine and 
Cytochrome P450 CYP2D6

• Codeine is a commonly used opioid
o Codeine is a prodrug
o It must be metabolized into morphine for activity

• Cytochrome P450 allele CYP2D6 is the
metabolizing enzyme in the liver

• 7% of Caucasians are missing one copy of the
Cytochrome P450 CYP2D6 gene
o codeine does not work effectively in these

individuals

Courtesy of Michelle Whirl-Carillo
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Codeine and Morphine Metabolism

Courtesy of PharmGKB
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Human Cytochrome Oxidase P450 Enzymes
http://en.wikipedia.org/wiki/Cytochrome_P450#P450s_in_humans

• 57 Different active genes
• 18 Different families
• 43 subfamilies
• CYP1, CYP2 and CYP3 are primarily involved in

drug metabolism.
• CYP2A6, CYP2B6, CYP2C9 ,CYP2C19, CYP2D6,

CYP2E1 and CYP3A4 are responsible for
metabolizing most clinically important drugs

http://en.wikipedia.org/wiki/Cytochrome_P450#P450s_in_humans
http://en.wikipedia.org/wiki/Cytochrome_P450#P450s_in_humans
http://en.wikipedia.org/wiki/Cytochrome_P450#P450s_in_humans
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Human UDP Glucosyltransferases
http://en.wikipedia.org/wiki/Glucuronosyltransferase

• 3 Families
• 22 Different alleles

o B3GAT1, B3GAT2, B3GAT3
o UGT1A1, UGT1A3, UGT1A4, UGT1A5, UGT1A6,

UGT1A7, UGT1A8, UGT1A9, UGT1A10
o UGT2A1, UGT2A2, UGT2A3, UGT2B4, UGT2B7,

UGT2B10, UGT2B11, UGT2B15, UGT2B17,
UGT2B28

http://en.wikipedia.org/wiki/Glucuronosyltransferase
http://en.wikipedia.org/wiki/Glucuronosyltransferase
http://en.wikipedia.org/wiki/Glucuronosyltransferase
http://en.wikipedia.org/wiki/Glucuronosyltransferase
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Human Glutathione S Transferases
http://en.wikipedia.org/wiki/Glutathione_S-transferase

http://en.wikipedia.org/wiki/Glutathione_S-transferase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
http://en.wikipedia.org/wiki/Glutathione_S-transferase
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Polymorphic
Cytochrome
P-450s
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Effect of Metabolic Rate on Drug Dosage

© 2006 American Medical Association. All rights reserved
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Warfarin: Signifcant Problems for Rats!
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Warfarin: Signifcant Problems for Humans!

• Ranks #1 in total mentions of deaths for drugs
causing adverse events (from death certifcates)

• Ranks among the top drugs associated hospital
emergency room visits for bleeding

• Overall frequency of major bleeding range from 2%
to 16% (versus 0.1% for most drugs)

• Minor bleeding event rates in randomized control
trials of new anticoagulants has been as high as 29%
per year.
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Warfarin: Signifcant Problems for Humans!

• Case Report July 2, 2008
o Company director dies of brain

hemorrhage after heading a football
o Consultant neurosurgeon told the

inquest the warfarin effect was
probably the cause of the death

o It can happen to anyone!

• Other Warfarin “Patients”
o Dwight D. Eisenhower
o Joseph Stalin

http://www.dailymail.co.uk/news/article-1031124/Company-director-dies-brain-haemorrhage-heading-%20football.html
http://www.nytimes.com/2003/03/05/world/new-study-supports-idea-stalin-was-poisoned.html?pagewanted=all&src=pm


© Doug Brutlag 2015

Why Maintaining Warfarin
Therapeutic Range is Critical

European Atrial Fibrillation Trial Study Group, N Engl J Med 1995;333:5-10.
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Home INR measurement using� Roche’
s CoaguChekXS 

http://en.wikipedia.org/wiki/File:CoaguChekXS_with_SoftClix_and_test_strip.png
http://en.wikipedia.org/wiki/File:CoaguChekXS_with_SoftClix_and_test_strip.png
http://en.wikipedia.org/wiki/File:CoaguChekXS_with_SoftClix_and_test_strip.png
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Finding Doses to Maintain Therapeutic
Anticoagulation is Largely Trial and Error
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Pharmacokinetics versus
Pharmacodynamics

Courtesy of PharmGKB
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Warfarin Levels Depend on Two
Enzymes – CYP2C9 & VKORC1

Kim et al.J. 2009 Clinical Pharmacology 49 138-46.

http://www.ncbi.nlm.nih.gov/pubmed/19179293
http://www.ncbi.nlm.nih.gov/pubmed/19179293
http://www.ncbi.nlm.nih.gov/pubmed/19179293
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Warafarin Pathway on PharmaGKB
https://www.pharmgkb.org/pathway/PA145011114

Courtesy of PharmGKB

https://www.pharmgkb.org/pathway/PA145011114
https://www.pharmgkb.org/pathway/PA145011114
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Estimated Warfarin Dose (mg/day)
Based on Genotypes
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Frequency of VKORC1 Alleles
in Various Populations

Sconce et al. Blood 2005, Yuan et al. Human Mol Genetics 2005, Schelleman et al.
Clin Pharmacol Ther 2007, Montes et al Br J Haemat 2006
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Warfarin Dosing: Washington University
http://warfarindosing.org/

http://warfarindosing.org/
http://warfarindosing.org/
http://warfarindosing.org/
http://warfarindosing.org/
http://warfarindosing.org/
http://warfarindosing.org/
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Warfarin Dosing� Washington University

http://warfarindosing.org/
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Genetic Analysis Permits

• More rapid determination of stable
therapeutic dose.

• Better prediction of dose than clinical
methods alone.

• Applicable to the 70-75% of patients not in
controled anticoagulation centers.

• Reduces between 4,500 and 22,000 serious
bleeding events annually.

• Genetic testing now recommended by FDA 
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Another Anticoagulant Clopidogrel
(Plavix) and CYP2C19 Alleles
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Plavix Ad with Genetic Disclaimers

http://www.bms.com/products/Pages/home.aspx
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23andMe
Drug Response
Reports



© Doug Brutlag 2015

What are Targeted Drugs?

• Often, drugs are only effective in specifc
“sub-populations” (responders).

• Early identifcation of responders can have a
dramatic effect of treatment success.

• Treatment of non-responders puts these
individuals at unnecessary risk of adverse
events, while providing no beneft.

• Personalized Medicine allows the
identifcation of responders and non-
responders for targeted therapies.

• This is happening today!
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Personalized Drugs

• Herceptin (breast cancer, target: Her2/neu)
• Erbitux (colorectal cancer, target: EGFR)
• Tarceva (lung cancer, target: EGFR)
• Strattera (attention-defcit/hyperactivity 

disorder, Metabolism: P4502D6)
• 6-MP (leukemia, Metabolism: TPMT) 
• Antivirals (i.e. resistance based on form of HIV)
• etc. and the list is growing rapidly …
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FDA Requires Genetic Tests� for Certain Therapies

http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.fda.gov/
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PharmGKB
http://pharmgkb.org/

Courtesy of PharmGKB

http://pharmgkb.org/
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PharmGKB Knowledge Base

Courtesy of PharmGKB
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PharmaGKB
http://pharmgkb.org/

Courtesy of PharmGKB

http://pharmgkb.org/
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PharmaGKB
http://pharmgkb.org/

Courtesy of PharmGKB

http://pharmgkb.org/
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Roche Chip for Cytochrome P450
Genes: CYPC19 and CYP2D6 

Xie and Frueh, Pharmacogenomics steps toward Personalized Medicine, Personalized Medicine 2005, 2, 325-337
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Genetic Tests from PharmGKB


