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Smjernice 

DPWG: Dutch Pharmacogenetics Working Group 

 



LIJEK GEN LIJEK GEN 

abakavir HLA-B klozapin CYP2D6 

acenokumarol CYP2C9, VKORC1 kodein CYP2D6 

alopurinol HLA-B lansoprazol CYP2C19 

amitriptilin CYP2C19, CYP2D6 merkaptopurin TPMT 

aripiprazol CYP2D6 metoprolol CYP2D6 

atazanavir UGT1A1 mirtazapin CYP2D6 

atomoksetin CYP2D6 moklobemid CYP2C19 

azatioprin TPMT nortriptilin CYP2D6 

cisplatina TPMT oksikodon CYP2D6 

citalopram CYP2C19 olanzapin CYP2D6 

daunorubicin RARG, SLC28A3, UGT1A6 omeprazol CYP2C19 

dezipramin CYP2D6 ondansetron CYP2D6 

doksepin CYP2C19, CYP2D6 pantoprazol CYP2C19 

doksorubicin RARG, SLC28A3, UGT1A6 paroksetin CYP2D6 

duloksetin CYP2D6 peginterferon alfa-2a 
IFNL3 (IL28B) 

escitalopram CYP2C19 peginterferon alfa-2b 

Farmakogenomske smjernice za doziranje lijekova  
(70 lijekova) 



LIJEK GEN LIJEK GEN 

esomeprazol CYP2C19 propafenon CYP2D6 

faktor V, horm. pripravci  Faktor V Leiden (FVL) rabeprazol CYP2C19 

fenitoin CYP2C9, HLA-B razburikaza G6PD 

fenprokumon CYP2C9 VKORC1 ribavirin IFNL3 

flekainid CYP2D6 risperidon CYP2D6 

fluorouracil DPYD sertralin CYP2C19 

fluvoksamin CYP2D6 simvastatin SLCO1B1 

glibenklamid CYP2C9 takrolimus CYP3A5 

gliklazid CYP2C9 tamoksifen CYP2D6 

glimepirid CYP2C9 tegafur DPYD 

haloperidol CYP2D6 tiogvanin TPMT 

imipramin CYP2C19, CYP2D6 tolbutamid CYP2C9 

irinotekan UGT1A1 tramadol CYP2D6 

ivakaftor CFTR trimipramin CYP2C19, CYP2D6 

kapecitabin DPYD tropisetron CYP2D6 

karvedilol CYP2D6 varfarin CYP2C9, VKORC1, CYP4F2 

karbamazepin HLA-A, HLA-B venlafaksin CYP2D6 

klomipramin CYP2C19, CYP2D6 vorikonazol CYP2C19 

klopidogrel CYP2C19 zuklopentiksol CYP2D6 

Farmakogenomske smjernice za doziranje lijekova...  
 



Farmakogenomska informacija u SmPC  
(cca 270 lijekova) 

Drug FDA EMA 

1 abacavir Testing required Testing required 

2 abemaciclib Testing required 

3 abiraterone Informative PGx 

4 afatinib Testing required Testing required 

5 afutuzumab Informative PGx 

6 alectinib Testing required 

7 alirocumab Informative PGx 

8 aliskiren Informative PGx 

9 amitriptyline Actionable PGx 

10 anastrozole Testing required 

11 arformoterol Informative PGx 

12 aripiprazole Actionable PGx (has dosing info) Actionable PGx 

13 aripiprazole lauroxil Actionable PGx (has dosing info) 



Drug FDA EMA 

14 arsenic trioxide Testing required Testing required 

15 atazanavir Testing recommended 

16 atezolizumab Informative PGx 

17 atomoxetine Actionable PGx (has dosing info) 

18 atorvastatin Informative PGx 

19 avatrombopag Actionable PGx 

20 avelumab Informative PGx 

21 axitinib Informative PGx 

22 azathioprine Testing recommended 

23 belimumab Informative PGx Informative PGx 

24 belinostat Actionable PGx (has dosing info) 

25 binimetinib Testing required, Informative PGx 

26 blinatumomab Testing required 

27 boceprevir Informative PGx Informative PGx 

28 bosutinib Testing required Testing required 

29 brentuximab vedotin Informative PGx Testing required 



Za 67 lijekova  -  “Testing required” FDA 
Za 34 lijeka - “Testing required”  EMA 
 

Za 107 lijekova  - “Actionable PGx” FDA 
Za 17 lijekova je - “Actionable PGx” EMA 
 

Za 79 lijekova je “Informative PGx” FDA 
Za 35 lijekova je “Informative PGx” EMA 



Istraživački projekti za implementaciju 

PGx 
 

 









The Ubiquitous Pharmacogenomics, U‐PGx, Consortium: the European Commission's Horizon ‐ 2020 program. 
In a prospective, block‐randomized, controlled clinical study (PREemptive Pharmacogenomic testing for prevention of 
Adverse drug REactions [PREPARE]), pre‐emptive genotyping of a panel of clinically relevant PGx‐markers, for which 
guidelines are available, will be implemented across healthcare institutions in seven European countries.  
The impact on patient outcomes and cost‐effectiveness will be investigated. 
The program is unique in its multicenter, multigene, multidrug, multi‐ethnic, and multihealthcare system approach. 





Osim PGx testova koji se koriste u 
medicinskim centrima  na tržištu postoje 
brojni komercijalno dostupni testovi  - paneli  
 
 























Stanje u Hrvatskoj 





Implementacija farmakogenetičkih 
testova u KBC Zagreb 



Pregled testova 

 
Metabolički enzimi: 
CYP2C9, CYP2C19, CYP2D6, CYP3A4, CYP3A5, DPYD, NAT2, TPMT, 
UGT1A1, UGT2B7, VKORC1 
 

Transporteri:  
ABCB1 (MDR1), ABCC2 (MRP2), ABCG2 (BCRP2), DAT2, SERT, SLCO1B1, 
SLCO1C1  
 

Receptori:  
D2DR, 5-HT2cR, AGTR1 
 
U 2017. godini napravljeno je više od 5.000 analiza 



Vanjska kontrola kvalitete  

• Sudjelovanje od 2007 u shemi RfB: 
• CYP2C9 
• CYP2C19 
• CYP2D6 
• CYP3A4 
• CYP3A5 
• DPYD 
• MDR1/ABCB1 
• VKORC1 
• TPMT  

 

ISO 15189 
Medicinski laboratoriji - 
Zahtjevi za kvalitetu i 
osposobljenost  



Analize – paneli u KBC Zagreb 

1. Za liječenje kardiovaskularnih bolesti  

CYP2C9 i VKORC1  za primjenu kumarinskih antikoagulanata 

CYP3A4 i ABCB1  
za primjenu novijih oralnih 
antikoagulanata (NOAK) 

CYP2C19, CYP3A4, ABCB1, UGT2B7, 
P2Y12R  

za primjenu antiagregacijskih lijekova   
(klopidogrel, prasugrel, tikagrelor) 

SLCO1B1, ABCG2, ABCB1, CYP2C9, 
CYP2C19, CYP3A4  

za primjenu statina (simvastatin 
atorvastatin, rosuvastatin) 

CYP2D6, CYP2C9, CYP2C19, UGT1A1, 
UGT2B7, AGTR1  

za primjenu različitih antihipertenziva, 
antiaritmika, beta blokatora 



2. Za primjenu psihotropnih lijekova: 

CYP2D6, CYP2C19, CYP3A4, ABCB1, UGT2B7, UGT1A1,  
SERT, 5-HT2C, 5-HT2A, DAT,  DRD2, BDNF, MAO, COMT 
 
3. Za primjenu antiepileptika: 

CYP2C9, CYP2C19, CYP4A4/5, UGT2B7,  
ABCB1, ABCC2, ABCG2 



4. Panel za individualizaciju terapije 5-fluorouracilom (5-FU): 

 DPYD  

 U slučaju primjene 5-FU zajedno s irinotekanom panel uključuje 
i  UGT1A1 i SLCO1B1 

5. Panel za individualizaciju terapije tamoksifenom 

CYP2D6, CYP2C19, CYP3A4, UGT1A1, ABCB1, ABCC2 

6. Panel za individualizaciju terapije tiopurinskim lijekovima 
(azatioprin, 6-merkaptopurin, 6-tiogvanin)  

 TPMT, ITPA, XO, NUDT15 



7. Panel za primjenu drugih antitumorskih lijekova (uključujući 
paklitaksel, oksaliplatinu, cisplatinu)  

  CYP2C19, ABCG2, ABCC2, SLCO1B1 

8. Panel za individualizaciju terapije tirozin-kinaznim inhibitorima 
(imatinib, nilotinib, dasatinib, sunitinib, erlotinib, gefitinib)  

 CYP2D6, CYP2C19, CYP2C9, CYP3A4,  
 ABC i SLC te EGFR 

9. Panel za individualizaciju terapije metotreksatom 
ABCB1, ABCG2, ABCC2 i SLC (SLCO1B1, SLCO1B3) 

 
 



Gen Genotip Učestalost (%) 
Prediktivni 

fenotip 

Prediktivni 

fenotip NOVA KL. 

CYP2C9 *1/*1 60 EM NM 

*1/*2, *1/*3 36 IM IM 

*2/*2, *2/*3, *3/*3 4 PM PM 

CYP2C19 *1/*1 36 EM NM 

*1/*2, *2/*17 25 IM IM 

*2/*2 2 PM PM 

*1/*17 31 UM RM 

*17/*17 6 UM URM 

CYP2D6 *1/*1 56 EM NM 

*1/*3, *1/*4, *1/*5, 

*1/*6 
34 IM IM/NM 

*3/*4, *4/*4, *3/*6, 

*4/*6, *6/*6, *4/*4 xN 
6 PM PM 

*1 xN 3 URM URM 

*1/*4 xN 1 nedefinirano nedefinirano 

CYP3A4 *1/*1 97 EM NM 

*1/*1B, *1B/*1B 3 UM URM 

*1/*1 94,6 EM NM 

*1/*22 5 IM IM 

*22/*22 0,4 PM PM 

CYP3A5 *1/*1 1 EM NM 

*1/*3 8 IM IM 

*3/*3 91 PM PM 







WHAT THIS STUDY ADDS 
 
Variant allele at ABCG2 421C>A and valproate interact in their 
effects on lamotrigine disposition. 
 
Lamotrigine mono-treated variant allele carriers (vs. wild type 
homozygotes) have 25% lower troughs, but when valproate co-
treated, they have 70% higher lamotrigine troughs. 
 
Valproate increases lamotrigine troughs by 2.3-fold in wild type 
homozygotes and by 5.2-fold in variant allele carriers. 





Basic Clin Pharmacol Toxicol  2018;123(4):509-518. 

Distribution of drug metabolism enzymes and transporters involved in possible mechanisms 
of presented adverse drug reactions 
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