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Drug Response Crisis
• Drug toxicity is a major health issue

– 28% of hospitalized patients 
– 17% of hospitalized children
– Causes more than 100,000 deaths / yr in US

• The cost of ADR related morbidity and 
mortality in the US alone is ~$177 billion / 
year

• ~ 50% of adverse drug reactions (ADRs) 
were NOT due to medication administration 
errors*

*Ingelman-Sundberg, Journal of Internal Medicine 2001; 250:186 - 200. 



2

Kaplan–Meier Analyses of Overall Survival in 2628 Children with Newly Diagnosed 
ALL. The patients participated in consecutive studies from 1962 to 2005. Figure and 
data from Pui and Evans, 2006 

Optimising existing therapy

Individual variability to drug response

E. Vessell, 
1980s
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What is Pharmacogenomics?

The genetic basis for 
interindividual differences in drug 

response

O'Kane et al (Pharmacogenomics 2003), Lazarou et al (JAMA 1998)

Adverse Drug Reactions

� Over 60% of the 27 drugs most 
frequently cited in ADRs are metabolized 
by at least 1 enzyme with an inherited DNA 
variant known to cause poor metabolism
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All patients with same diagnosis

All patients with same diagnosis
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Standard Treatment
Responders and Patients 

Not Predisposed to Toxicity

All patients with same diagnosis

Alternate therapy
non-responders

and toxic responders

Types of genetic variation

• Single nucleotide polymorphisms (SNP) 
constitute about 90% of polymorphisms

• Insertions, deletions
• Microsatellite repeats: a locus where different 

numbers of copies of a short repeat sequence 
are found in different people

• Tandem repeats
• Gene duplication or deletion
• Gross genetic gains losses or rearrangements
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Consequences of Polymorphisms

• Different amino acid or stop codon
• Different intron & exon splice junctions
• Alter stability of mRNA
• No consequence

5’FR 5’UTR 3’FR3’UTRExonIntron

Gene structure

…GAA  AGC  CCC…

…GAA  AGT CCC…

…GAA  GGC  CCC…

…GAT AAG  CCC…

…GAA  ACC  CC…

Wild-type

Synonymous SNP

Non-synonymous SNP

insertion

deletion

glycine

serine

*

serine

lysine

threonine

DNA sequence variation
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TiPS 20:342-349 (1999)

Ann Clin Biochem 40:41-45 (2003)

DPYD Intron 14 +1 G>A Polymorphism Causes 
Exon Skipping
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Patients

Sources of Polymorphism Data:
Resequencing/Databases/Literature
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Polymorphism versus mutation

Polymorphism = mutation that occurs in >1% of the p opulation

� Inherited polymorphisms can affect efficacy and can be 
screened for in blood

� Acquired mutations in the tumour could also affect 
efficacy but cannot be tested for in blood

Tumor Genome

mutation

polymorphism

MSI

chromosome
amplification

chromosome 
loss/loss of heterozygosity

chromosome 
translocation

CIN

environmental
factors

methylation

physiological 
factors
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DNA – sample sources

Whole blood If stored frozen gives good yield intact DNA
Commercial kits available for extraction (eg Gentra, Qiagen)
Automated extraction systems available

Saliva Oragene kits
Good quality high yield DNA
Simple extraction with reagent from Oragene plus Gentra kit
Automated extraction possible

Frozen tissue Good quality DNA if sample frozen/stored correctly
Kits available, eg Qiagen

Plasma/Serum Low yield, fragmented DNA
DNA unstable – extract in batches
Kits available (Qiagen, Gentra), may be possible to automate 
For analysis keep amplicon lengths short (~100bp)

FFPE tissue Low yield, degraded DNA
Several methods, non-phenol (chelex) protocol works well
For analysis keep amplicon lengths short (~100bp)

Genotyping technology
“Gold standard”

Direct sequencing

Low throughput
PCR/RFLP
Allele-specific PCR

Medium throughput
Taqman
Pyrosequencing

High throughput
Sequenom

Hyper throughput
Affymetrix
Illumina

Expensive and requires analysis time

Inefficient for large sample sizes/large 
number of assays
Sequence not always amenable to assay 
development

Require specialised/expensive equipment

Require specialised/expensive equipment

Require specialised/expensive equipment
Cheap/SNP but expensive/sample
Requires high-level analysis
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Pharmacogenomics in the clinic

Oncology

• TPMT SNPs and mercaptopurine dosing*

• UGT1A1*28 and irinotecan dosing*

• CYP2D6 polymorphisms and tamoxifen dosing*

• DPYD*2A and 5-fluorouracil toxicity

• TYMS TSER and 5FU response - genotype-guided trial

• Her2 (ERBB2) amplification and trastuzumab

• EGFR somatic mutations and lung cancer response to gefitinib

6MP meMP
TPMT (inactive)

TGN
(active)

TPMT inactivates 6MP

TPMT genetic polymorphisms
determine 6MP metabolism

6MP (6-mercaptopurine, Purinethol®) is 
used to treat childhood and adult ALL
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Figure 3.   Thiopurine S-methyltransferase (TPMT) activity in patients
with different TPMT genotypes determined by mutation-specific poly-
merase chain reaction methods.

Yates et al
Ann Int Med 126(8):608-14, 1997

>95% Concordance between TPMT genotype and phenotype

Dosing 6MP without pharmacogenetics

Cheok and Evans Nature Rev Cancer 2006 

Dosing 6MP with pharmacogenetics
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Clinical Relevance
mercaptopurine package insert

-changed in 2003

http://www.fda.gov/cder/foi/label/2004/09053s024lbl.pdf

Irinotecan

Irinotecan (CPT-11, Camptosar®)
� Prodrug: SN-38 is the active metabolite
� Approved for treatment of advanced colorectal 

cancer, both as 1st line therapy in combination w/ 5-
FU or oxaliplatin, and as salvage treatment in 5-FU 
refractory disease. 

� Limiting toxicities: diarrhea & severe neutropenia
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Irinotecan pathway
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PHARMACOKINETICS

PHARMACODYNAMICS

UGT1A1: promoter polymorphism and toxicity

UGT1A1 gene structure

Iyer et al Pharmacogenomics J 
2:43-47, 2002
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UGT1A1: promoter polymorphism and toxicity

Iyer, 2002
� 20 Caucasian patients treated with irinotecan.
� All patients 6/6 had grade 0/1 diarrhea and 

neutropenia. 
� Patients 6/7 and 7/7 significant trend to lower 

neutrophil counts (p=0.04)

Ando, 2000
� 108 Asian patients, treated with irinotecan-

containing regimens
� 7 allele 3.5-fold more frequent in the 26 patients 

with severe toxicity (p<0.0001)

UGT1A1 repeat (*28): irinotecan toxicity/efficacy
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http://www.fda.gov/medwatch/SAFETY/2005/Jun_PI/Camptosar_PI.pdf

Clinical relevance

http://www.fda.gov/medwatch/SAFETY/2005/Jun_PI/Camptosar_PI.pdf
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Tamoxifen

• Tamoxifen is commonly used in the treatment of meta static 
breast cancer, as adjuvant therapy, and to reduce t he chances 
of breast cancer in high-risk patients.

• Side effects include hot flashes, irregular menses,  
thromboembolic events, endometrial cancer, endometri al 
polyps and ovarian cysts

• Acquired resistance is also a problem

CYP2D6 and Tamoxifen

Flockart et al, JNCI, 2005
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Pharmacogenetics of Tamoxifen associated with 
efficacy and side effects in adjuvant breast cancer

Goetz et al, JCO, 2005

Clinical Relevance

In 2006 based on the data from the Flockhart and 
Goetz studies, the US Food and Drug 
Administration agreed to alter the tamoxifen 
package insert to reflect pharmacogenetic 
information
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Issues with pharmacogenetic studies

• Sample size
• Sample type
• Polymorphism selection

• functional versus tagSNPs
• population frequency

• Polygenic influence
• Statistical power
• Validation

European -American African -American
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Map Legend
Reference Freq. = x, Country Freq. = y

Data from www.pgeni.org

CYP2E1*5B world distribution

Functional prediction vs. allele frequency

51 chemotherapy pathway genes
Freimuth et al Hum Mol Genet 2005
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Platinum Irinotecan

5-fluorouracil

Many factors influence drug disposition & response

E. Vessell, 1980s


