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Bringing pharmacogenetics to the clinic



“Here is my DNA sequence…”

(The New Yorker, 2000)



Proof of Principle
(Pharmacokinetics)

Proof of Efficacy
(Pharmacodynamics)

Cost effectiveness

Hurdles to take…..

Uptake in Guidelines
(convincing clinicians)

Availability of a test

Alternative treatment
available?



TPMT gene and 6-MP or Azathioprine therapy

Genotyping predicts >95% of the phenotype
(Schaeffeler et al 2004 Pharmacogenetics)
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TPMT genotyping for 6–MP or AZA

Own experiences:

Dermatology: 
always request for TPMT genotyping before start of AZA therapy 
 taken up in guidelines!

Gastro-Intestinal department: 
request for TPMT genotyping before start of AZA therapy 

Acute Lymphatic Leukemia: 
Competition with national protocol for measuring enzyme activity

Turning point: awareness that genotype results were 
available in 3 days and cost only € 79. 

Succes 
(although a bit late)



www.erasmusmc.nl/farmacogenetica

Drug

Dose

Conc.

Co-med.

Screening prior  to therapy

High blood levels

Low blood levels

No effect

Side effects

Unknown to me: please advice.

Other gene, being:

(33 variants, AmpliChip)

(14 variants, DNA chip)

Reason for genotyping request:                                  

Gene to be tested:

HLA-A*3301

Consulted with:

Cito
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PGx testing from 2005  2012



CYP2D6 
& antidepressants



Imipramine

 

Desipramine                            2OH desipramine
CYP2C19 CYP2D6

Psychiatry: Imipramine (antidepressive)

(Schenk et al 2008 Mol Psychiatry)
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Desipramine                            2OH desipramine
CYP2C19 CYP2D6

Imipramine doses after reaching steady state

CYP2D6 
genotyping:

*3, *4, *5, *6, 

Psychiatry: Imipramine (antidepressive)

30% of 
standard 
dose

(Schenk et al 2008 Mol Psychiatry)
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Desipramine                            2OH desipramine
CYP2C19 CYP2D6

Imipramine doses after reaching steady state

(Schenk et al 2008 Mol Psychiatry)

Imipramine (tricyclic antidepressant)



CYP2D6 
& Tamoxifen



Tamoxifen metabolism & breast cancer

Most effective 
component



(Vt=*4 = deficient; Based on Jin et al 2005)

CYP2D6 genotype and endoxifen levels
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CYP2D6 genotype and adjuvant TAM (n=1,325)

CYP2D6*3, *4, *5 and *10, *4(Schroth et al 2009 JAMA (Oct 7))
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Published Articles: contradictory results…..
Study n Genotyping Endpoint result

Kiyotani et al.Pharmacogen Genom 2010 167 *4, *5, *10, *21, *36, *41 RFS +
Goetz et al. JCO 2005 190 *4 TTR, RFS +
Schroth et al. JCO 2007 206 *4, *5, *10, *41 TTR, RFS +
Lim et al. JCO 2007 21 *10 TTP +
Ramon y Cajal et al. Breast Cancer Res Treat 2010 91 *4, *5, *41 DFS +
Bijl et al. Breast Cancer Res Treat 2009 85 *4 OS +
Schroth et al. JAMA 2009 1325 *3, *4, *5, *6, *10, *41 DFS +
Kiyotani et al. JCO 2010 282 *4, *5, *10, *10-*10, *14, *21, *36, *41 RFS +
Lammers et al. Br J Cancer 2010 102 *3, *4, *5, *6, *10, *41 OS, TTP +
Xu et al. Ann Oncol 2008 152 *10 DFS +
Newman et al. Clin Cancer Res 2008 115 *3, *4, *5, *41 OS +
Stingl et al. Curr Med Res Opin 2010 496 *4 TTP, PFS -
Leyland-Jones et al. San Antonio 2010 (abstract) 1243 *4 DFS -
Rae et al. San Antonio 2010 (abstract) 588 *3, *4, *6, *10, *41 RR -
Okishiro et al. Cancer 2009 173 *3, *10 RFS -
Toyama et al. JCO 2009 154 *10 OS -
Dezentje et al. JCO 2010 747 ? DFS -
Nowell et al. Breast Cancer Res Treat 2005 162 *3, *4, *6 PFS -
Wegman et al. Breast Cancer Res 2005 76 *4 RR invers

Wegman et al. Breast Cancer Res 2007 677 *4 DFS invers
Slide courtesy of M Schwab 



Current controversy…..

“Laboratory/Clin Pharmacology view”
-----------------------------------------------------

1. CYP2D6 theoretically involved

2. Genotype proved to affect metabolism

3. Genotype proved to affect outcome

“Oncology view”
-----------------------------------------------------

1. Not all studes confirm the effect 
of CYP2D6 on outcome

2. There has been no randomized 
controlled trial available

Ready
for

clinical

implementation

Not ready

for
clinical

implementation



CYP2C19 
& Clopidogrel



Clopidogrel: needs activation by CYP2C19

 

(3% PMs, 26% IMs)

Clopidogrel
(prodrug)

Active 
metabolite

CYP2C19
(CYP3A4, CYP3A5)



Clopidogrel: needs activation by CYP2C19

 

(3% PMs, 26% IMs)

Test for CYP2C19 variants: Negative 

 

clopidogrel
Positive  

 

prasugrel

Meta-analysis
Zabalza  et al 2012 BMJ:

Large studies fail to confirm risk

Meta-analysis 
Geisler et al 2011 Pharmacol & Ther:

CY2C19*2 carriers are at risk

Antonius Hospital Nieuwegein Erasmus MC



Proof of Principle
(Pharmacokinetics?)

Proof of Efficacy
(Do patients benefit?)

Cost effectiveness

Hurdles to take…..

Uptake in Guidelines
(convincing clinicians)

Availability of a test

Alternative treatment
available?



Cost-effectiveness CYP2C9/VKORC1 testing

Cost of testing: $400 (!) (€300)

…genotyping is unlikely to be cost effective

…cost effective if available within 24 hours and costs < $200 (€160)

At Erasmus MC: €160



The laboratory 

current diagnostics for patient care



PGx testing in 2012

Dermatology
(Crohns’s, ALL)

Psychiatry
(Oncology)CYP2D6

Psychiatry

TPMT
(Dermatology
ALL, Crohns)

HLA-B*5701
HIV

CYP2C19
Psychiatry



CYP2D6
Psychiatry

CYP2C19
Psychiatry

Pharmacogenetic testing in The Netherlands 2011

 (6 labs: n=4,972)



Procedures in PGX diagnostics

Quality assurance:
Threeway split of sample

DNA isolation in duplicate

SNP analysis on two different platforms

Quality:
Participation in proficiency schemes

Speed:
Results in 4 dagen (24 hrs possible)

Support:
Specific dosing advice

Result

Reference
-80 C

DNA 
isolation

SNP 
detection

Report



Observations from 7 year two platform approach



 

Rerun of 300 TaqMan samples (CYP3A5) by PCR-RFLP revealed 1% 
discrepancies. Sequencing proved the PCR-RFLP to be right.



 

Amplichip missed twice a *6 in *1/*6 patients due to SNP under one of the 
primers. Detected because of discrepancy with TaqMan.



 

2 PCR-RFLP samples were called wrongly due to weak bands on gel: detected 
through comparing with TaqMan result.



 

Luminex failed in 2/100 cases to give right genotype



 

Discrepancy between direct sequencing and PCR-RFLP: sequencing was wrong 
(unequal allele amplification due to SNP close to seq-primer).



 

Re-analysis of 6 reported TMPT*3B patients in 4 papers showed that none of 
these were actually TPMT*3B



Reporting



 

Request: CYP2D6 genotyping



 

Problem: side effects on 150 mg/day imipramine



 

Material: EDTA blood



 

Tested for: CYP2D6*2, *3, *4, *5, *6, *7, *8, *9, *10, *11, *12, *14, *15, 
*16, *17, *19, *20, *25, *26, *29, *31, *35, *36, *40, *41 and 
geneduplication (AmpliChip)



 

Result: CYP2D6*4/*4 (2 inactive alleles)



 

Interpretation: Poor Metabolizer



 

Advice: This genotype would fit with 30% of standard dose of imipramine



 

Extra info on SNPs tested, duplicate analysis, techniques used, frequencies of 
predicted phenotype, limitations of the test



 

Signed by Clinical Chemist and by Hospital Pharmacist



The future of pharmacogenetics….(?!?)

“Here is my sequence…”

(The New Yorker, 2000)

Royal Dutch Pharmacy (KNMP) 
initiative:

literature review by 15 experts

Rating evidence from literature 
and providing dose 
recommendations based on 
genotype

Chair: 
Dr. Vera Deneer

www.kennisbank.knmp.nl



www.pharmgkb.com
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