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Personalized medicine puzzle

Evidence single 
drug-gene pairs: 
➢ Clopidogrel
➢ Irinotecan
➢ Capecitabine
➢ Coumarins
➢ …….

NEJM 2019;381:1621-1631
JAMA 2020;324(8):761-771
Eur J Cancer. 2022;162:148-157
Lancet Oncol 2018;19(11):1459-1467
NEJM 2013;369:2294-303
Lancet 2015 6;385(9984):2280-7
NEJM 2013;369:2304-12

CPIC, DPWG, 
CPNDS, RNPGx
guidelinesClin Pharmacol Ther 2008;83(5):781

Clin Pharmacol Ther 2011;89(5):662-73

>>> Potential
impact:

Bank Eur J Hum Genet. 2019 
Bank BMC Med 2019

➢~95% ≥ 1 
actionable 
variant

➢Frequently 
used drugs 
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PREemptive Pharmacogenomic testing for
preventing Adverse drug Reactions (PREPARE)

Spain, Greece, Slovenia

Netherlands, UK, Austria, Italy
N=4,050 N=4,050

New set of patients

NCT03093818

• Design: Open-label, multicentre, controlled, cluster-randomised, crossover 
implementation study of a 12-gene PGx panel+ DPWG recommendations in 7 
European countries

• Inclusion: 1st prescription for a drug with an actionable DPWG guideline  

• Primary outcome: clinically relevant ADR by index drug in the 1st 12 weeks

Dutch Pharmacogenetics Working Group (n=107)
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• Metoprolol

• Mirtazapine

• Nortriptyline

• Olanzapine

• Oxycodone

• Paroxetine

• Propafenon

• Risperidone

• Tamoxifen

• Tramadol

• Venlafaxine

• Zuclopenthixol

CYP2C9

• Acenocoumarol

• Phenprocoumon

• Phenytoin

• Glibenclamide

• Glicazide

• Glimepride

• Tolbutamide

CYP2C19

• Citalopram

• Clopidogrel

• Imipramine

• Lansoprazol

• Moclobemide

• (es)Omeprazol

• Pantoprazol

• Rabeprazol

• Sertraline

• VoriconazolVKORC1

• Acenocoumarol

• Fenprocoumon

UGT1A1

• Irinotecan

• Amitriptyline

• Aripiprazole

• Atomoxetine

• Carvedilol

• Citalopram

• Clomipramine

• Clozapine

• Codeine

• Doxepin

• Flecainide

• Flupentixol

• Haloperidol

• Imipramine

CYP2D6

Swen et al, CPT 2008;83(5):781
Swen et al, CPT 2011;89(5):662-73

DPYD

• Capecitabine / 5-FU

CYP3A5

• Tacrolimus

TPMT

• Azathioprine

• Mercaptopurine

• Thioguanine

DPYD + fluoropyrimidines1

CYP2D6 + Opioids2

CYP2D6, CYP2C19 + SSRIs3

UGT1A1 + irinotecan4

CYP2D6, COMT+ atomoxetine….5

1EJHG 28(4):508-517
2EJHG 2021 Sep 27
3EJHG 2021 Nov 16
4EJHG 2022 Nov 28
5EJHG 2022 Dec 12

Patient Journey Study Arm

DNA 
sample

Record 
in EMR

PGx guided 
prescribing

T=2, 4, 8, 12
weeks 

eCRF: ProMise
Research Nurse Follow-up

Baseline*
4 weeks*

12 weeks*
End of Study

*For every newly prescribed drug of 
interest

LIM
Online Survey Follow-up

2 weeks*
8 weeks*

*For every newly prescribed drug of 
interest

Safety 
code card 
provided
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Primary endpoint: clinically relevant ADR

All occurred ADEs within 12 weeks

LCAT

CAUSALITY
Definite
Probable
Possible

Unlikely

Clinically relevant ADRs, caused by the index drug in 
the first 12 weeks after start

Common Toxicity Criteria for 
Adverse Events

SEVERITY
Grade 2-5*
=C,D,E,F DPWGGrade 1

*For oncology patients only 
hematological toxicities of grade 4-
5 and non-hematological toxicities 
of grade 3-5 will be considered 
clinically relevant

eCRF: ProMise
Research Nurse Follow-up

Baseline*
4 weeks*

12 weeks*
End of Study

*For every newly prescribed drug of 
interest

Patient flow
Assessed for eligibility

Enrolled

Informed consent 
N = 6,944

Control arm
N =3,602

Study arm
N = 3,342

Austria
N=452

Greece
N=1,365

Italy
N=1,387

Netherlands
N=32,653

Slovenia
N=798

Spain
N=1,251

UK
N=3,790

Austria
N=269 (59.5%)

Greece
N=1,321 (96.8%)

Italy
N=1,232 (88.8%)

Netherlands
N=1,406 (4.3%)

Slovenia
N=716 (89.7%)

Spain
N=963 (77.0%)

UK
N=1,037 (27.4%)

No actionable drug-
gene interaction

N =2,679

Actionable drug-
gene interaction

N = 830

No actionable drug-
gene interaction

N = 2,512

Actionable drug-
gene interaction

N = 923

Actionable drug-
gene interaction

N = 833

No actionable drug-
gene interaction

N =2,437

Actionable drug-
gene interaction

N = 725

No actionable drug-
gene interaction

N = 2,198

Lost-to-
follow-up

N = 90

Lost-to-
follow-up
N = 242

Lost-to-
follow-up
N = 105

Lost-to-
follow-up
N = 314

First gatekeeping analysisSecond gatekeeping analysis

Characteristics of the Patients at Baseline

All Patients 
n=6,944

Study Arm
n=3,342

Control Arm
n=3,602

Age, median (IQR) 57.3 (15.8) 56.9 (15.7) 59.0 (22.0)

Male 48.6% 47.5% 49.6%

Global Health Score, mean (SD) 0.69 (0.1) 0.69 (0.1) 0.70 (0.1)

Number of allergies, mean (SD) 0.38 (1.0) 0.36 (1.0) 0.40 (0.9)

Number of comedications, mean (SD) 7.88 (6.6) 6.85 (5.8) 8.83 (7.1)

Country, n (%)

Austria 269 (3.9) 145 (4.3) 124 (3.4)

Greece 1,321 (19.0) 684 (20.4) 637 (17.7)

Italy 1,232 (17.8) 622 (18.6) 610 (16.9)

Netherlands 1,406 (20.2) 643 (19.2) 763 (21.2)

Slovenia 716 (10.3) 317 (9.5) 399 (11.1)

Spain 963 (13.9) 489 (14.6) 474 (13.1)

United Kingdom 1037 (14.9) 442 (13.2) 595 (16.5)

Lancet 2023 Feb 4;401(10374):347-356.

7

8

9



17-04-2023

4

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

Primary Endpoint: result in actionables (n=1,558)

p = 0.0075

➢ Intention-to-treat analysis

➢ 30% reduced ADR risk 

➢OR=0.70; 95% CI 0.54 – 0.91

Control arm
n=833
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en

t 
R

at
e

Study arm
n=725

Lancet 2023 Feb 4;401(10374):347-356.

Primary Endpoint: result in all patients
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Control arm Study arm
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p < 0.0001

Control arm  
n=3,270

OR=0.70; 95% CI 0.61 – 0.79

Study arm
n=2,923

Lancet 2023 Feb 4;401(10374):347-356.

Conclusions

➢ 1st strategy study showing the benefits of a PGx panel approach across a diversity 

in EU health system organizations and settings

➢ Substantially reduced risk for clinically relevant ADRs 

➢ U-PGx implemented important enabling tools:

➢ DPWG guidelines in multiple languages and EJHG

➢ Established PGx panel + proficiency testing (EMQN

➢ Medication Safety Code Card + CDS system

➢ Provided PGx training, education, hands-on experience to healthcare professionals

➢ Evidence supporting implementation of PGx panel testing in all of EU 

22-03-2323
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Thank you for your attention!

H.J. Guchelaar (Coordinator), 
J.J. Swen, M. Kriek

M. Pirmohamed, R. Turner J. Stingl M. Ingelman-Sundberg

C. Mitropoulou M. van Rhenen, K.C. Cheung

D. Steinberger

V.H.M. Deneer
M. Samwald

G. Sunder-Plassmann
A. Cambon-Thomsen

M. Karlsson
S. Jönsson

G. Toffoli
E. Cecchin C.L. Davila Fajardo

G. Patrinos V. Dolžan

M. Schwab 
E. Schaeffeler

January 2016, Leiden, NL

>150 persons have 
contributed to U-PGx

This project has received funding from the EU  
Horizon 2020 research and innovation 

programme under grant agreement No 668353

www.upgx.eu
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