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Pharmacogenetics-passport 



Three patients at the GP/pharmacy 

Three patients A, B, C 

Identical:  

• Symptoms 

• Diagnostic procedures 

• Diagnosis X 

• Treatment: Drug Rx at a dose x mg/day 



Three patients at the GP/pharmacy 

e x mg/day 

After 3 weeks 

• Pat A: still symptoms, no effect of drug 

• Pat B: symptoms resolved 

• Pat C: still symptoms, side effects  

 

How is this possible? 



‘Most drugs don’t work’  

Effective (%)….. 

 

Alzheimer  30 

Depression (SSRI)  62 

Asthma   60 

Diabetes mellitus  57 

Incontinence  40 

Migraine (acute)  52 

Migraine (profyl.)  50 

Cardiac dysrhythmia 60 

Tumors   25 

Schizophrenia  60 

Rheumatoid arthritis 50 

Reumat. art. (Cox-2)  80 

Hepatitis C  47 

Spear, Trends Mol Med 2001;7(5):201 
 



Variability in humans 



Holistic definition of ‘disease’ 

Swen, Pharmacogenet Genom 2011;21:461 

= decreased glucose-tolerance 



Prescribing drugs – Trial and Error 

Dx 
Guideline 

Rx Clinical studies 

•Dx 

•Inclusion criteria 

•Age 

•Organ function 

•Severity of disease 

First choice Drug 

•‘Normal’ dose 

•Individualize 

•Co-morbidity 

•Co-medication 

•Age, Organ function 

Monitor effect 

•Efficacy & Toxicity 

•Tumorsize, Biomarkers 

•Pain(score), Bloodpressure 

•Cholesterol levels 

•Liverfunction, Myalgia 

Drug dose 

•Increase/decrease 

Switch drug 

•Second choice Drug 



Individualizing drug treatment 
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organ function 

drug levels 

co-morbidity 

drug interactions 

special populations 

drug use 



Drug response is a heritable trait 
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Mei 1975: Debrisoquine 





Debrisoquine – 4-hydroxydebrisoquine 

Smith, Lancet 1977(2): 584-586 



Would you vote for a (non-)believer? 
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  Yes 

 

 

 

4% 

• 97.6% of physicians agreed that genetic variations may 
influence drug response (Stanek)G 

• 99.7% of pharmacists agreed that a patients’ genetic 
profile may influence the response on a drug (Bank) 

• Did you order or recommend a pharmacogenetic test in 
the recent 6 months (Guchelaar, Swen)? 

15% 

~400 GP’s 

~667 pharmacists 

Survey physicians and pharmacists 



Bank, Pharmacogenomics 2017:18(3):215-225 

High expectations 



Pharmacist’s refresher course in genetics 
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“Book of Life” 

Complete sequence human genome is 

known 

“the same for everyone” 

 

Typografic errors: 

Letter mis.ing 

Letter too muuch  

Interchnage 

Tylo 

Dupliplipliplicationsssss 

Paragraphs doubledouble 

Opposite noitcerid 

 

 

 

 

Check, Nature 2005:1084 



Variability in DNA 

 

2 not related individuals: 

3.200 * 106 basepairs 

1: 300-1000 basepairs are 

different 

= 3-10 * 106 basepairs are 

different 

99,7-99,9% similarity  



Single Nucleotide Polymorphism 



21 

DNA variants: small changes, large effects 

Deletions 

• DNA 

• Protein  

 

SNPs 

• DNA 

• Protein 

 

 

 

 

    Wild type     Mutant 

GAA AAG CCT GGT     GAA GCC TGG TGA 

Glu    Lys   Pro   Gly      Glu    Ala    Trp   Stop 

 

 

ATG  AAC  CCG  ATG  AAC  TGG  

Met    Asn    Arg  Met   Asn    Trp 

 

 

 

 



From genotype to phenotype 

Roche, AmpliChip CYP450 Test, manual 

P 



Allele Enzyme 

activity 

Genetic variant Allele frequency  (%) 

Caucasians (Europe) Japan Tanzania 

*1 Normal Wild-type 32.2-36.4 43 27.8 

*2 Normal 2850C>T, 4180G>C 28.5-32.4 12.3 40 

*2x2 High duplication 1-1.3 

*3 Absent 2549delA 1-2 0 

*4 Absent 1846G>A 17.2-20.7 .2 .9 

*5 Absent CYP2D6 deletion 2-6.9 4.5 6.3 

*6 Absent 1707delT .9-1.3 0 

*9 Reduced 2615_2617delAAG 1.8-2.7 

*10 Reduced 100C>T 1.5-2 38.1 3.8 

*17 Reduced 1023C>T, 2850C>T 17 

*41 Reduced 2988G>A 8.4 

CYP2D6 genotype 

Phenotype :  Poor Metabolizer (5-10%) 

        Intermediate Metabolizer (10-15%) 



Not only liver enzymes  

Compliance 

Absorption 

Metabolism 

Elimination 

Target/Receptor 

Signal transduction 
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February 2019: CYP2D6 genotyping 

 

      

     



Pharmacogenetics 

100% Dose  

Drug A 

50% Dose   

Drug A 
Drug B 

DNA Test 



The evidence  

 

 

 

 

 

 

• Providing evidence for improvement in patient care 

• Providing information on cost-effectiveness/consequences 

• Providing data on diagnostic test criteria 

• Selecting clinically relevant PGx tests 

• Developing guidelines directing clinical use of PGx testing 

• Improving acceptance by patients & health care professionals 

 

Swen, Plos Med 2007(4): e209  



RCTs in Pharmacogenetics 

Drug Clinical Endpoint Variant 

Abacavir hypersensitivity HLA-B*5701 

Acenocoumarol / 
Fenprocoumon 

% time between therapeutic 
INR 

VKORC1/CYP2C9 

Warfarin % time between therapeutic 
INR 

VKORC1/CYP2C9 
 

Warfarin % time between therapeutic 
INR 

VKORC1/CYP2C9 

Mercaptopurine leucopenia TPMT 

Warfarin major bleeding, INR>4, 
venous thromboembolism 

VKORC1/CYP2C9/CYP4F2 



Intervention  Control RR (95%CI) 

Total (n) 399 370 

Hematological side effect 29 (7,2%) 29 (7,8%) 

TPMT variant 1 / 39 (2,6%) 8 / 35 (22,9%) 0,11 (0,01-0,85) 

No TPMT variant 29 / 360 (8,1%) 22 / 335 (6,6%) 1,2 (0,72-2,09) 

 

• 783 IBD patients; mercaptopurine or azathioprine  

• 1:1 randomized to screening vs no screening TPMT*2, TPMT*3A, and TPMT*3C  

• HET: 50% dose reduction, HOM 90% dose reduction 

• Primairy endpoint:  leuko’s < 3.0*10(9)/L or platelets < 100*10(9)/L) 

• “10-fold reduction in hematologic ADRs among variant carriers without differences in 

treatment efficacy” 

 

 

 

 

 

Coenen MJ, Gastroenterology. 2015 907-17 

Thiopurine response Optimization by 
Pharmacogenetic testing  

in Inflammatory bowel disease Clinics 

TOPIC Trial 

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiHkbe878zMAhXFChoKHbZGDPUQjRwIBw&url=https://www.radboudumc.nl/Research/Organisationofresearch/Departments/HumanGenetics/Pages/PrincipalInvestigators.aspx&psig=AFQjCNEEsR9DiR2hNs5DoPNGNaO_H4JTkw&ust=1462879099504583


Number needed to genotype 

 

 

• How many patients do I have 

to screen/test to prevent one 

from having a Adverse Drug 

Reaction (grade 3-4 toxicity, 

death, etc.)? 

 



NNG  for TPMT testing in Topic 

• Hematological ADR:  leuko’s < 3.0*10(9)/L or platelets < 100*10(9)/L) 

• NNG= 200 

• Risk: 7.4% versus 7.9% 

 

• In TPMT variant carriers: 

• NNT= 5 

Risk: 2.6% versus 22.9% 

 

 
Intervention		 Control	 RR	(95%CI)	

Total	(n)	 399	 370	

Hematological	side	effect	 29	(7,2%)	 29	(7,8%)	

TMPT	variant	 1	/	39	(2,6%)	 8	/	35	(22,9%)	 0,11	(0,01-0,85)	

No	TPMT	variant	 29	/	360	(8,1%)	 22	/	335	(6,6%)	 1,2	(0,72-2,09)	

• 783	IBD	patients;	mercaptopurine	or	azathioprine		

• 1:1	randomized	to	screening	vs	no	screening	TPMT*2,	TPMT*3A,	and	TPMT*3C		

• HET:	50%	dose	reduction,	HOM	90%	dose	reduction	

• Primairy	endpoint:		leuko’s	<	3.0*10(9)/L	or	platelets	<	100*10(9)/L)	

• “10-fold	reduction	in	hematologic	ADRs	among	variant	carriers	without	differences	in	

treatment	efficacy”	

Coenen MJ, Gastroenterology. 2015 907-17 

Thiopurine	response	Optimization	by	
Pharmacogenetic	testing		

in	Inflammatory	bowel	disease	Clinics	

TOPIC	TRIAL	
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 PGx-panel approach 

‘Actionable’ genotypes 

Dunnenberger, Annu Rev Pharmacol Toxicol 2015 

95% of patients have at least 1 ‘actionable’’ genotype 



What is a safe and effective dose for Bob? 
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Dutch Pharmacogenetics Working Group  

34 Swen, Clin Pharmacol Ther 2008;83(5):781-8 

12 members multidisciplinary (DPWG): 
(clinical) pharmacists, physicians, clinical pharmacologists, clinical 
chemists, epidemiologist, toxicologist, primary care physician 
 

Aim: 
• To develop pharmacogenetic (dosing)guidelines based 

upon systematic review of literature 
 

• To integrate these guidelines in electronic prescription 
systems and medication surveillance systems 

2018: guidelines for 94 gene-drug pairs 

47 actionable  
interactions 



PGx: improving efficacy or preventing toxcity? 

Bank, Clin Pharmacol Ther. 2017;103(4):599-618 

Preventing toxicity Improving efficacy 

CYP2C9 phenytoin; warfarin; acenocoumarol, 
phenprocoumon 

CYP2C19  (es)citalopram; imipramine; sertraline; 
voriconazole 

CYP2C19 clopidogrel; voriconazole; lansoprazole, 
omeprazole, pantoprazole 

CYP2D6 amitriptyline;  clomipramine; codeine (CI);  
doxepine; imipramine; nortriptyline, 
aripiprazole 

CYP2D6 amitriptyline;  clomipramine; codeine; 
doxepine; imipramine; nortriptyline; 
paroxetine, atomoxetine 

CYP3A5 CYP3A5 tacrolimus 

DPYD capecitabine; fluorouracil; tegafur 

HLA-B abacavir; carbamazepine, allopurinol, 
phenytoin, flucloxacillin 

SLCO1B1 simvastatin,atorvastatin 

TMPT azathioprine; mercaptopurine; thioguanine 

VKORC1 warfarin, acenocoumarol, phenprocoumon 

UGT1A1 irinotecan 

CYP2B6 efavirenz 

Actionable interactions 
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Endorsement DPWG guidelines 



DPWG and CPIC 

“CPIC and the DPWG guidelines are 

generally similar in terms of allele 

classification, genotype to phenotype 

translations and therapeutic 

recommendations for most gene-drug 

pairs.”  

Clin Pharmacol Ther. 2017;103(4):599-618 



‘If genotype is known’ 



Clinical Implication Score 

Swen, Clin Pharmacol Ther 2018:103(5):795-801 

For the 47 actionable  
drug-gene interactions 



Do our patients want genotyping?  

Feasibility of pharmacogenetic 

screening for CYP2D6 and CYP2C19 in 

GP-practices 

Polypharmacy patients; >60 years 

Screening; no ADE 

 

Consent: 58.1% 

DNA extraction (Oragene®): 83.3% 

Call rate: 

• 93.3% CYP2D6 

• 100% CYP2C19 

 

 

 

 

Swen, Eur J Clin Pharmacol 2011, 8 Oct  



Implementation study LUMC: IP3 

Implementation of Pharmacogenetics in Primary care Project  

• 200 patients included and pre-emptively genotyped 

• Panel of genetic variants: CYP2C9; 2C19, 2D6, 3A5, DYPD, SLCO-1B1, TPMT 

and VKORC1; 40 alleles 

 

 

• 40 pharmacies (Leiden) 

• 200 patients included 

• 89.5% ≥ 1 “actionable” genotype 

• 61.5 % ≥ 2  

• 28.5% ≥ 3  

• 9.5% ≥ 4 

• 2.0% ≥ 5 

• 31.0 % of patients  therapeutic 

recommendation; dose adjustment or 

monitoring 

 

 



Implementation in Primary Care (IP3) 

Pharmacist alerts, orders the PGx test and provides 

physician with a personalized recommendation 

 

pre-emptive -  pro-active & panel 



Adherence PGx guidelines 

 

• >85% of the recommendations accepted 

• Follow-up data being collected: healthcare costs 
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57 

3 
1,5 

8,5 

14,5 

7,5 

amitriptyline

atorvastatin

citalopram

escitalopram

nortriptyline

simvastatin

venlafaxine

Drug (%) 
 



 

 

N  = 3.221.696 
(Unique pat.) 

First Rx* 
(4.138.909) Gene  Phenotype Actionable# 

Dose- adj. 
/switch** 

PPI’s 1.026.441 CYP2C19 UM 41058 871 

Coumarines 62.558 VKORC1 TT 10634 10634 

Clopidogrel 98.709 CYP2C19 PM + IM 24677 24677 

Statines 305.999 SLCO-1B1 Lage act. 78029 49024 

Thiopurines 11.424 TPMT IM + PM 1828 1828 

Tramadol 357.389 CYP2D6 IM + PM + UM 167972 8934 

Codeine 519.728 CYP2D6 IM + PM + UM 244272 12993 

TCA’s 127.804 CYP2D6 IM + PM + UM 60068 60068 

Venlafaxine 26.603 CYP2D6 IM + PM 12503 11838 

Flecainide 13.605 CYP2D6 IM + PM + UM 6394 680 

Paroxetine 27.018 CYP2D6 IM + PM + UM 12698 675 

Tamoxifen 10.807 CYP2D6 IM + PM 4809 4809 

…. **based on prevalence from IP3         # based on DPWG guidelines 

Impact Netherlands 2016 



Inpatient care 



DPYD testing 5-Fluorouracil/capecitabine 

 
• Colorectal cancer, head-neck cancer, 

breast cancer 
• Grade 3 or higher toxicity: 15-30% 
• Drug induced lethality: 0,5-1% 

 
 

• 5FU  inactive metabolites 
• Dihydropyrimidine dehydrogenase (DPD) 
• DPYD gene  

 
  



DPYD @ LUMC 

Oncologist considers DPYD testing 

‘standard of care’ 
 

 pre-therapeutic - screening 

Pharmacist alerts physician if  
FU/CAP is prescribed with no 
DPYD testing. 



DPYD screening @ LUMC 

Routine pre-therapeutic DPYD  

screening LUMC (per april 2013) 
 
 

Retrospective analysis: 314 patients 

(18 maanden) 
 

 

 

Screening: 

mean: 87% 

final: 90-100%      

 

Lunenburg, Pharmacogenomics 2015;17(7):721  



Implementation DYPD screening 

• Pre-therapeutic screening was performed in 87% of patients, reaching 90-

100% in the last 6 months of the project 

• Acceptance of dose recommendation: 90% 

• Chemoradiaton 

 

• No grade 3-4 toxicity in patients with initial dose reduction 

• Grade 3-4 toxicity was only seen in DPYD variant carriers without a dose 

reduction or who received a dose increase in subsequent cycles 

• Dose titrations possible, guided by toxicity (not too fast) 

 

 DPYD screening is feasible in clinical practice 

 

 

 Lunenburg et al. Pharmacogenomics 2015;17(7):721  



Genetic counseling 

• Pharmacogenetics clinic LUMC 

• Clinical pharmacist & clinical geneticist 

• PGx screened patients are offered genetic counseling 



Example counseling patient 

• I am a CYP2D6 poor metabolizer 
 

• For which drugs is this relevant? 
• Is this relevant for certain food products? 
• Is this relevant for my children? 
• Can I take paracetamol safely? 
• Should my parents be tested? 
• Should I be re-tested in 5 or 10 years? 

 
 
 



 

• €15 million, H2020, 10 EU countries 
 

 

• Started 1 Jan 2016, 5 yr 

 

• Reduction severe ADR: 30% 

 

 

 

 

Overall aim U-PGx:  

“Making actionable pharmacogenomic data and effective 

treatment optimization accessible to every European citizen” 



N=8,100 

Project Outline 



Development of powerful and barrier-free 
CDSS 

http://safety-code.org/ 



How to use pharmacogenetics to select patients for 
pharmaceutical care 

diagnostic pre-therapeutic first Rx 

order test, provide recommendation counsel patients 



Take home messages 

• Implementation of PGx in clinical practice 

is feasible and effective 

 

• Personalizing therapy based upon PGx will 

improve patient outcome 

 

• Pharmacists are at the forefront of PGx 
 


