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Clinical Goals
• Avoid adverse drug reactions

• Maximize drug efficacy

• Select responsive patients
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Scientific Goals
• Link variation in genotype to variation 

in phenotype
• Determine mechanisms responsible for 

that link
• Translate the link into enhanced 

understanding, treatment and 
prevention of disease
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FDA Hearings
Pharmacogenetics and Drug Labeling

• Thiopurines – TPMT*
• Irinotecan – UGT1A1*
• Warfarin – CYP2C9 and VKORC1*
• Tamoxifen – CYP2D6*

*germline polymorphisms

Pharmacogenetics-Pharmacogenomics



Childhood ALL Survival
St. Jude Experience

Pui and Evans, NEJM. 2006;354:166-78. Copyright © 2006 Massachusetts Medical Society. 
All rights reserved.



TPMT
Genetic Polymorphism
Clinical Consequences

• Low TPMT
– Increased thiopurine toxicity
– Increased risk for secondary neoplasm

• High TPMT
– Decreased therapeutic effect
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Reprinted by permission from Macmillan Publishers Ltd. Weinshilboum, R and 
Wang, L. Nature Rev. Drug Discovery. 2004; 3: 739-748. Copyright 2004. 
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• Irinotecan – UGT1A1
• Warfarin – CYP2C9 and VKORC1
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Jin et al., J. Natl. Cancer Inst. 2005; 97:20-39. 
Reprinted by permission of the Oxford University Press.

Tamoxifen Biotransformation



CYP2D6 Pharmacogenetics
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Reprinted by permission from Macmillan Publishers Ltd. Bertilsson, L. et al. Clin. Pharmacol. Ther. 1992; 
51: 388-397.  Copyright 1992.



Relapse–Free Survival, % Disease–Free Survival

Tamoxifen Pharmacogenetics

Goetz et al., Breast Cancer Res. Treat. 2007; 101:113-121. 
Reprinted by permission of Springer Science+Business Media.

Breast Cancer (190 Patients)



Tamoxifen Pharmacogenetics 

Schroth et al., JCO. 2007; 25:5187-93. Reprinted with permission.  
© 2010 American Society of Clinical Oncology.  All rights reserved.
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Pharmacogenomics

Evolution

• One gene, one or a few SNPs
• One gene, intragene haplotypes
• PK and PD pathways and haplotypes
• Genome-wide association studies
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“Human Variation Panel”
Cell Lines

• 96 CA, 96 AA, 96 HCA
• Illumina genome-wide SNPs
• Affymetrix 6.0 genome-wide SNPs
• Affymetrix U133 2.0 Plus expression data
• Affymetrix exon array data

Liewei Wang, M.D., Ph.D.

Pharmacogenomic
Genome-wide Model System



Cytidine Analogues
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AraCGemcitabine
IC50IC50

Gemcitabine-AraC
IC50 – Expression Association

Reprinted with permission from Li et al. Cancer Res. 2008; 68:7050-7058.



• “Biased” – pathway-based

• “Unbiased” – genome-wide

• Functional validation

• NT5C3, a “pathway” gene,  and FKBP5, a 
“non-pathway” gene encoding a 51 kDa
immunophilin, were selected for functional
study based on p values and QRT-PCR
verification. 

“Human Variation Panel”
Strategy



The Therapeutic Revolution

Goodman and Gilman’s
“The Pharmacological Basis of Therapeutics”



Functional Characterization of FKBP5
Gemcitabine

Reprinted with permission from Li et al. Cancer Res. 2008; 68:7050-7058.
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FKBP5 Functional Characterizatoin
Caspace-3/7 Activity

Reprinted with permission from Li et al. Cancer Res. 2008; 68:7050-7058. (Figure 4)
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Pharmacogenomics
Genomic Era
Developments

• Next Gen DNA Sequencing
• 1000 Genomes Project
• ENCODE
• RNA-seq
• DTC Genomics



Pharmacogenomics

Clinical Goals

• Avoid adverse drug reactions

• Maximize drug efficacy

• Select responsive patients



Challenges
• Germline and/or somatic genome
• Clinical trials and/or population studies
• Translational and/or mechanistic studies
• Funding to incorporate rapidly changing, 

expensive technologies
• Collaboration and replication

Cancer Pharmacogenomics
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Scientific Goals

		Link variation in genotype to variation in phenotype

		Determine mechanisms responsible for that link

		Translate the link into enhanced understanding, treatment and prevention of disease
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Pharmacogenetics and Drug Labeling

Thiopurines – TPMT*

Irinotecan – UGT1A1*

Warfarin – CYP2C9 and VKORC1*

Tamoxifen – CYP2D6*

                      *germline polymorphisms
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Childhood ALL Survival

St. Jude Experience

Pui and Evans, NEJM. 2006;354:166-78. Copyright © 2006 Massachusetts Medical Society. 

All rights reserved.









TPMT

Genetic Polymorphism

Clinical Consequences

		Low TPMT

		Increased thiopurine toxicity

		Increased risk for secondary neoplasm

		High TPMT

		Decreased therapeutic effect











Selected Human TPMT Alleles
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Thiopurines – TPMT

Irinotecan – UGT1A1

Warfarin – CYP2C9 and VKORC1
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Jin et al., J. Natl. Cancer Inst. 2005; 97:20-39. 

Reprinted by permission of the Oxford University Press.

Tamoxifen Biotransformation













CYP2D6 Pharmacogenetics

Reprinted by permission from Macmillan Publishers Ltd. Bertilsson, L. et al. Clin. Pharmacol. Ther. 1992; 51: 388-397.  Copyright 1992.
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Tamoxifen Pharmacogenetics

Goetz et al., Breast Cancer Res. Treat. 2007; 101:113-121. 

Reprinted by permission of Springer Science+Business Media.

Breast Cancer (190 Patients)









Tamoxifen Pharmacogenetics 

Schroth et al., JCO. 2007; 25:5187-93. Reprinted with permission.  

© 2010 American Society of Clinical Oncology.  All rights reserved.
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“Human Variation Panel”

Cell Lines

		96 CA, 96 AA, 96 HCA

		Illumina genome-wide SNPs

		Affymetrix 6.0 genome-wide SNPs

		Affymetrix U133 2.0 Plus expression data

		Affymetrix exon array data



                                Liewei Wang, M.D., Ph.D.

Pharmacogenomic

Genome-wide Model System
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Gemcitabine “Pathway”
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Gemcitabine-AraC

IC50 – Expression Association

Reprinted with permission from Li et al. Cancer Res. 2008; 68:7050-7058. 
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Functional Characterization of FKBP5

 Gemcitabine

Reprinted with permission from Li et al. Cancer Res. 2008; 68:7050-7058. 
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FKBP5 Functional Characterizatoin

Caspace-3/7 Activity

Reprinted with permission from Li et al. Cancer Res. 2008; 68:7050-7058. (Figure 4)
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		Germline and/or somatic genome

		Clinical trials and/or population studies

		Translational and/or mechanistic studies
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			10			40248			39934			41460			20462			23245			24242


			1			29344			30663			30062			12256			14745			15955


			0.1			32710			33901			34660			18360			19030			19683


			0.01			19244			18880			16821			16015			14896			16986


			0			13363			12962			13636			15753			16279			17125


			bl			112			129			127


						122.6666666667


			OD-bl


			100			40011.3333			40761.3333			41307.3333			22846.3333			24279.3333			23932.3333


			10			40125.3333			39811.3333			41337.3333			20339.3333			23122.3333			24119.3333


			1			29221.3333			30540.3333			29939.3333			12133.3333			14622.3333			15832.3333
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			0			13197.6666333333									16262.9999666667									FKBP5-siRNA			692.1916882868			1045.8730005758			661.5182033273			1885.9931954631			1959.0600637381			747.5843319206


			SD


			100			650.6704234861									747.5843319206


			10			805.8345570482									1959.0600637381


			1			660.3642934018									1885.9931954631


			0.1			982.9430298853									661.5182033273
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			0			339.019665113									692.1916882868
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			0			0			692.1916882868			692.1916882868			339.019665113			339.019665113
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			0			0			1959.0600637381			1959.0600637381			805.8345570482			805.8345570482


			0			0			747.5843319206			747.5843319206			650.6704234861			650.6704234861
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