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The faces associated
with one person’s
DNA sample

National Geographic Traveler
22:78, October 2005
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The Natural History of Any New FieldThe Natural History of Any New Field

It’s the
Greatest!

It’s the
Worst!

It’s useful when
applied appropriately.
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Parade Magazine, Sept. 19, 2004

The “Take Home” message for the
consumer (and for the health
professional!)

“It’s the best”
scenario
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“It’s the worst” scenario [or at least its not
going to be here for a long, long time!]

Personalised
 

Medicines:
Hopes and Realities
September, 2005

“Currently, pharmacogenetics has very little impact on clinical practice.”

“Pharmacogenetics is unlikely to revolutionise

 

or personalise

 

medical 
practice in the immediate future.”

“As emphasised

 

throughout this report, there is still virtually no information

 
about the cost effectiveness of pharmacogenetic testing in clinical practice. 
Hence, it is difficult to offer advice on the future organisational

 

and 
educational changes that would be required if, as seems likely, the field slowly 
develops over the next 20 years.”
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ObjectivesObjectives
To review those genetic factors in patients 
which have established recognized effects on 
drug PK/PD, ADEs, and patient outcome;
To assess the status of validation of genomic 
and other biomarkers in transplantation; and
To provide examples of how 
pharmacogenetics and pharmacogenomics is 
being used in patient management.
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Progression of Pharmacogenetic Information
into Clinical Practice

Burckart GJ, Liu XI. Ther. Drug Monit. 2006; 28:23-30.

Many studies
are stuck here!

z
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Applications of Pharmacogenomics 
to Patient Care

1. To predict dosage requirement1. To predict dosage requirement
2. To help select a drug regimen2. To help select a drug regimen
3. To optimize a patient3. To optimize a patient’’s response to their s response to their 
medicationmedication
4. To prevent ADE4. To prevent ADE’’ss
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Which polymorphisms should a Which polymorphisms should a 
clinician be concerned with right now?clinician be concerned with right now?

Information included in labeling

Affects drug levels that I can measure

YES       NO     MAYBE

Affects drug levels that I don’t measure

Affects drug action/ADE’s/outcome
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Biomarker Drug Label status
EGFR expression Erlotinib Required
Her2/neu Over- 
expression

Trastuzumab
Required

TPMT Low and 
intermediate Activity 

Azathioprine
Recommended

UGT1A1*28 Allele Irinotecan Recommended
VKORC1 Variants Warfarin Recommended
C-KIT expression Imatinib mesylate Information only
CYP2C19 Variants Voriconazole Information only
CYP2C9 Variants Celecoxib Information only
CYP2D6 Variants Fluoxetine HCL Information only
DPD Deficiency Capecitabine Information only
G6PD Deficiency Rasburicase Information only
NAT Variants Rifampin, isoniazid, and 

pyrazinamide Information only
From (Mummaneni et al., 2006); 
see http://www.fda.gov/cder/genomics/genomic_biomarkers_table.htm

Pharmacogenomic information included in drug labeling in the US

http://www.fda.gov/cder/foi/label/2005/021743s003lbl.pdf
http://www.fda.gov/cder/foi/label/2002/trasgen082802LB.pdf
http://www.fda.gov/cder/foi/label/2005/016324s030,017391s013lbl.pdf
http://www.fda.gov/cder/foi/label/2005/020571s024,027,028lbl.pdf
http://www.fda.gov/cder/foi/label/2005/009218s101lbl.pdf
http://www.fda.gov/cder/foi/label/2005/021266s013,021267s012,021630s006lbl.pdf
http://www.fda.gov/cder/foi/label/2005/020998s018,019lbl.pdf
http://www.fda.gov/cder/foi/label/2003/018936s064lbl.pdf
http://www.fda.gov/cder/foi/label/2005/020896s016lbl.pdf
http://www.fda.gov/cder/foi/label/2004/103946_5017lbl.pdf
http://www.fda.gov/cder/genomics/genomic_
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Prevalence of use for drugs with pharmacogenomic biomarker information
in product labeling (2006)

Biomarker

 

Example(s)

 

User prevalence
(%)

C-Kit expression

 

Imatinib

 

.01
CYP2C19 variants

 

Esomeprazole, omeprazole

 

10.91
CYP2C9 variants

 

Warfarin, celecoxib

 

3.91
CYP2D6 variants

 

Metoprolol, fluoxetine

 

13.56
DPD deficiency

 

Capecitabine, fluorouracil

 

0.31
EGFR expression

 

Erlotinib, gefitinib

 

0.02
G6PD deficiency

 

Chloroquine, dapsone

 

0.09
HER2/neu overexpression

 

Trastuzumab

 

<0.01
NAT variants

 

Rifampin, isoniazid

 

0.15
Philadelphia chromosome

 

Busulfan

 

<0.01
deficiency

PML/RAR alpha gene

 

Tretinoin

 

0.68
expression

TMPT variants

 

Azathioprine, mercaptopurine

 

0.17
Urea cycle enzyme

 

Divalproex

 

sodium, valproic

 

acid

 

0.48
deficiency 

UGT1A1 variants

 

Irinotecan

 

<0.01

Overall

 

24.32
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Pharmacogenomics in 
Predicting Drug Dosage

ExamplesExamples
– Warfarin
– 6-mercaptopurine
– Tacrolimus
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http://www.fda.gov/cder/genomics/presentations/lesko_warfarin.pdf
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http://www.fda.gov/cder/genomics/presentations/lesko_warfarin.pdf



G. Burckart
April, 2008

http://www.fda.gov/cder/genomics/presentations/lesko_warfarin.pdf
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http://www.fda.gov/cder/genomics/presentations/lesko_warfarin.pdf



G. Burckart
April, 2008

Factors affecting warfarin weekly dose in a 
Caucasian population

VKORC1 genotype
Weight
CYP2C9 genotype
Age
Smoking
Vitamin K intake
Factor VII genotype
Factor X genotype
CYP2C9 inducers
Mean INR
Unknown

Derived from data in Aquilante CL et al: Clin. Pharmacol. Ther. 2006; 79: 291-302.

How much variability can we account for 
In a pharmacogenetic model?

VKORC1 + CYP2C9 = ~30%
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http://www.fda.gov/cder/genomics/presentations/lesko_warfarin.pdf
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http://www.fda.gov/cder/genomics/presentations/lesko_warfarin.pdf
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Thiopurine SThiopurine S--Methyltransferase  Methyltransferase  
(TPMT)  Deficiency(TPMT)  Deficiency

6-mercaptopurine
azathioprine 6-thioguanine nucleotides

(myelosuppressive action)

Degradation products

TPMT
*3/*3 variant
1:300 patients
11% heterozygous
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Risk of secondary
Malignant brain tumor
In ALL patients with
Defective TPMT

Evans WE, Johnson JA: Annu. Rev. Genomics Hum. Genet. 2001. 2:9–39
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Falling use of azathioprine in transplantationFalling use of azathioprine in transplantation
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Why is azathioprine still important?Why is azathioprine still important?
Most widely used antiproliferative agent in Most widely used antiproliferative agent in 
transplantation outside North Americatransplantation outside North America
*3/*3 homozygote transplant recipients are at grave *3/*3 homozygote transplant recipients are at grave 
risk of leukopenia, infection and deathrisk of leukopenia, infection and death
Will probably go undetected, since TGN are not Will probably go undetected, since TGN are not 
measured, and there are multiple other reasons for measured, and there are multiple other reasons for 
leukopenia, sepsis and death in the first 2 weeks post leukopenia, sepsis and death in the first 2 weeks post 
transplantationtransplantation
Could have resulted in hundreds of deaths in Could have resulted in hundreds of deaths in 
transplant patients over the past 20 yearstransplant patients over the past 20 years
– 17,000 transplants/year should mean that 51 are *3/*3



G. Burckart
April, 2008

Perception of perceived
and calculated utility
of HER2 and TPMT
testing in Europe by
practicing physicians

Woelderink

 

A et al:  The
Pharmacogenomics Journal
2006; 6: 3-7.
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CYP3A5  PolymorphismCYP3A5  Polymorphism

1 2 3 4 5 6 7 8 9 10 11 12 13

CYP3A5*1

3B CYP3A5*3

CYP3A5 gene

Relling and Dervieux, Nature Reviews 2001; 1:99-108
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Tacrolimus Levels Per Dose in the CYP3A5 
Genotypes in Lung Transplant Patients
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All 
P<0.05

Zheng HX….. Burckart GJ:
J Clin Pharmacol 2004; 44:135

=*1/*x

=*3/*3
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Pharmacogenomics to Help 
Select a Drug Regimen

ExampleExample
– HER2 and the use of trastuzamab
– Tamoxifen and CYP2D6
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Slides courtesy of David Flockhart, Indiana Un. School of Medicine

Tamoxifen metabolism
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Paroxetine effect on 
Tamoxifen metabolism

Slides courtesy of David Flockhart, Indiana Un. School of Medicine
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Slides courtesy of David Flockhart, Indiana Un. School of Medicine
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Pharmacogenomics to optimize a 
patient’s response to their drug regimen

Example:Example:
– Allomap array data for a heart transplant patient
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Sarwal et al:
NEJM 2003;
349: 125-138

Acute
Rejection

Toxicity

Normal

Use of a gene array
for monitoring therapy
by mRNAs
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XDx Inc.
Web site

Clinical Application of mRNA Data to Tx Patient Care: Allomap
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Allomap Gene Distribution for Prediction of
Heart Transplant Rejection
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Pharmacogenomics to prevent 
adverse drug effects

ExampleExample
– Hypersensitivity reaction with abacavir
– Hypersensitivity reactions with carbamazepine 

in Asian patients
– Irinotecan
– Nephrotoxicity of calcineurin antagonists
– Preventative regimens for post transplant 

diabetes mellitus
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Hypersensitivity as  predicted by 
HLA typing

AbacavirAbacavir causes up to 8% hypersensitivity causes up to 8% hypersensitivity 
reactions which can be fatal (>30,000 pts reactions which can be fatal (>30,000 pts 
treated)treated)
– In Caucasians, almost uniformly associated 

with HLA-B*5701
– Incidence can be reduced to 2% by HLA testing 

(Rausch et al.  Clin. Inf. Dis. 2006; 43:99-102)
– Manufacturer has not changed the label, and the 

label belongs to the manufacturer
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HLA Haplotype Predicts Abacavir HLA Haplotype Predicts Abacavir 
Hypersensitivity ReactionHypersensitivity Reaction

Mallal et al. Lancet 359:727, 2002
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Carbamazepine hypersensitivity 
and HLA type in Asians

FDA ALERT [12/12/2007]: Dangerous or even fatal skin reactions
(Stevens Johnson syndrome and toxic epidermal necrolysis), that can be
caused by carbamazepine therapy, are significantly more common in
patients with a particular human leukocyte antigen (HLA) allele,
HLA-B*1502. This allele occurs almost exclusively in patients with
ancestry across broad areas of Asia, including South Asian Indians.
Genetic tests for HLA-B*1502 are already available. Patients with

ancestry from areas in which HLA-B*1502 is present should be screened
for the HLA-B*1502 allele before starting treatment with carbamazepine.
If they test positive, carbamazepine should not be started unless the
expected benefit clearly outweighs the increased risk of serious skin
reactions. Patients who have been taking carbamazepine for more than
a few months without developing skin reactions are at low risk of these
events ever developing from carbamazepine. This is true for patients
of any ethnicity or genotype, including patients positive for HLA-B*1502.
This new safety information will be reflected in updated product 

labeling.
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UGT1A1 PG testing with Irinotecan

Group (UGT1A1 Group (UGT1A1 
genotype)

Grade 4 
Neutropenia

All Patients 10%

Patients That Are 
UGT1A1*28 (7/7) 50%

Patients That Are 
UGT1A1*28 (6/7) 12.5%

Patients That Are 
UGT1A1*28 (6/6) 0%

genotype)
Grade 4 

Neutropenia

All Patients 10%

Patients That Are 
UGT1A1*28 (7/7) 50%

Patients That Are 
UGT1A1*28 (6/7) 12.5%

Patients That Are 
UGT1A1*28 (6/6) 0%

Based on data from Innocenti et al (2004)

Irinotecan

SN-38 Active Metabolite

Inactive metabolite

UGT1A1

UGT1A1 wild type has 6 TA repeats in the
Promoter; 7 TA repeats causes decreased activity
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UGT1A1*6 predicts irinotecan toxicity 
in Asians, not UGT1A1*28

Han et al.  J Clin

 

Oncology 2006; 24:2237
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ABCB1ABCB1 and patient outcomesand patient outcomes
RejectionRejection
– Acute Persistent Rejection in Lung Transplant Patients
– Biopsy-proven acute rejection in kidney tx patients

Adverse drug effectsAdverse drug effects
– Calcineurin Nephrotoxicity
– Neurotoxicity
– Osteoporosis after transplantation
– Gingival hyperplasia
– Mycophenolate-induced GI dysfunction

Lung Transplant Patient SurvivalLung Transplant Patient Survival
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40% of patients whose
donated kidney had low
transporter expression 
developed nephrotoxicity

10% of patients whose 
donated kidney had high
transporter expression
developed nephrotoxicity

Hauser IA et al; Journal of the American Society of Nephrology 2005; 16: 1501.

CNI Nephrotoxicity and Donor ABCB1 Genotype
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Long term survival after lung transplantation:
could ABCB1 haplotypes have a role?

Logrank

 

test
P=0.0236
CGC-CGC vs.TTT

 

carriers
N=305
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Therapeutic Drug Monitoring in the futureTherapeutic Drug Monitoring in the future

Wilson et al. Nature Genetics 29:265, 2001.

DNA arrays                 plus                     mRNA arrays

XDx Inc. Web site

= Individualized therapy
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Establishment of 
associations with drug 
outcome parameters,
Including PK and PD

Validation in broader
patient populations

Studies of the combined
effect of multiple gene
polymorphisms

Effective modeling of PG,
PK, and PD in large patient
populations

Extensive development
and testing of treatment
algorithms for drug
individualization

Pharmacogenetics Pharmacogenomics

Drug selection
algorithms

LUNG
TRANSPLANTATION

Peripheral blood
mRNA monitoring

Array developmental
work to identify the
critical biomarkers

Drug selection
algorithms

Clinical testing of the
reliability of critical
biomarkers to predict
clinical outcomes

New knowledge requires new approaches to
therapeutic drug monitoring

Burckart GJ et al. The Pharmacogenomics Journal [Nature] 2006; 6:301-310
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Burckart GJ et al. The Pharmacogenomics Journal [Nature] 2006; 6:301-310

An Initial Algorithm for Designing a Transplant Therapeutic
Regimen Based Upon Gene Polymorphisms
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Drug responses are as
individualized as are
the faces that you see
here. 

Pharm.D.’s
 

should 
lead the movement
to incorporate
pharmacogenomics
into clinical practice

National Geographic Traveler
22:78, October 2005
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