
22.09.2023

FARMAKOGENEETIKA

RAKENDAMINE PSÜHHIAATRIAS



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Täna kavas

14:00 Seminari sissejuhatus – SYNLAB;
Avasõnad – dr Anne Kleinberg, Eesti Psühhiaatrite Seltsi juht

14:05 Pharmacogenetics in general – Jari Forsström, Chief Medical Officer, Abomics Oy

14:55 Farmakogeneetika DNA paneel – Triin Lillsaar, laborispetsialist, SYNLAB

15:10 Farmakogeneetika roll psühhiaatri töös – dr Mari-Liis Laanetu, Confido vaimse tervise
kliiniku juht ja psühhiaater

2



Pharmacogenetics in patient care

Jari Forsström, Chief Medical Officer, Abomics Oy



The same dose does not work for all





Pharmacogenetics

Pharmacgenetics is a field of 

pharmacology, which studies the

effects of hereditary factors in the

metabolism and effects of drugs in 

patients. 

”I don’t have any allergies, but I am 

a poor CYP2D6 metabolizer”



Classifying the metabolism in groups

• Based on PGx testing, metabolism is classified in 2-5 groups
depending on the gene

• Ultrarapid metabolizer

• Normal metabolizer (ent. Extensive metabolizer)

• Intermediate metabolizer

• Poor metabolizer

• Clinical Pharmacogenetics Implementation Consortium
(CPIC)

• Publishes practice guidelines in pharmacogenetics

• Standardized terminology is important, since same terms are used in 
dosing instructions in drug information.



Vioxx case

• Merck and Co. pulled its drug Vioxx from the market in 
September 2004 after a study showed it doubled the risk of 
heart attack and stroke in people who took Vioxx for at 
least 18 months.

• The New Jersey-based drug maker has since been sued 
by more than 7,000 people who claim to have been 
harmed by Vioxx.



In many new drugs the genotype information
is needed to be able to use the drug properly

E.g. Mayzent TM (siponimod)

4.2 Posology and method of administration

• Treatment with siponimod should be initiated and supervised 
by a physician experienced in the management of multiple 
sclerosis.

• Before initiation of treatment, patients must be genotyped for 
CYP2C9 to determine their CYP2C9

• metaboliser status (see sections 4.4, 4.5 and 5.2).

• In patients with a CYP2C9*3*3 genotype, siponimod should not 
be used (see sections 4.3, 4.4 and 5.2) 

• In CYP2C9 *1/*3 and *2/*3 daily dose should be 1 mg/day



In many new drugs the genotype information
is needed to be able to use the drug properly

E.g. RXULTI TM (brexpiprazole)



Codeine and CYP2D6



Morphine dose from 30 mg codeine 

• Pharmacology text-book information in 1980s: 15% is 
metabolised to morphine 30 mg codeine ->4,5 mg 
morphine. True only in normal metabolisers

• CYP2D6 Poor metabolisers produce less than 0,5 mg 
morphine

• UM metaboliser can produce over 15 mg morphine

• Over 30 times difference between poor and ultrarapid



Codeine warnings

Codeine is also contraindicated in the following:

• In all paediatric patients (0-18 years of age) who undergo 
tonsillectomy and/or adenoidectomy for obstructive sleep 
apnoea syndrome due to an increased risk of developing 
serious and life-threatening adverse reactions (see section 
4.4)

• In women during breastfeeding (see section 4.6)

• In patients for whom it is known they are CYP2D6 ultra-
rapid metabolisers



Benefits of pre-emptive testing



PREPARE TRIAL

• A randomized controlled cross-over trial of 6944 subjects from 7 
European countries

• Subjects were recruited if they were prescribed at least one of the 
41 study drugs (for example escitalopram, metoprolol, codeine, 
clopidogrel etc)

• Pharmacogenetic test at baseline

• Follow-up of 12 weeks

• In the study group 30% less adverse reactions

Swen et al. Lancet 2023



Pharmacogenetic test panel

• ABCG2

• ALDH2

• BCHE

• CACNA1S

• CYP1A2

• CYP2B6

• CYP2C19

• CYP2C8

• CYP2C9

• CYP2C_rs12777823

• CYP2D6

• CYP3A4

• CYP3A5

CYP4F2

DPYD

F2

F5

G6PD

GRIK4

IFNL3

MTHFR

NAT2

NFIB

NUDT15

SLCO1B1

TPMT

UGT1A1

VKORC1

Genes incuded in the

Prepare study are

bolded





• D metoprolol 11,01

• C venlafaxine 10,07

• D codeine 7,21

• D amitriptyline 2,96

• C tramadol 2,76

• D paroxetine 2,33

• D aripiprazole 2,17

• D risperidone 1,87

• D vortioxetine 1,68

• C oxycodone 1,63

• D tamoxifen 1,06

• D metoclopramide 1,01

• D nortriptyline 0,53

• D doxepin 0,49

• C haloperidol 0,44

• C ondansetron 0,14

• D atomoxetine 0,13

CYP2D6 drugs DDD/1000 inhabitant/day

Source: Kela prescription statistics in Finland 2017



Stingl, J. C., et al. 2013. Molecular psychiatry.

Poor metabolism

Intermediate metabolism

Normal metabolism

Ultrarapid metabolism



CYP2C19 drugs DDD/1000 inhabitant/day

• B pantoprazol 32,19

• C escitalopram 15,31

• B esomeprazol 13,82

• B omeprazol 9,94

• C citalopram 9,93

• B sertraline 7,78

• D clopidogrel 7,79

• B lansoprazol 6,64

• B diazepam 5,10

• C amitriptyline 2,96

• D doxepin 0,49

• B lacosamide 0,36

• B moclobemide 0,35

• D clobazam 0,34

• B phenytoin 0,20

• B clomipramine 0,20

• B trimipramine 0,10

• C voriconazole 0,01



Stingl, J. C., et al. 2013. Molecular psychiatry.
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Clopidogrel and CYP2C19

• In Finland 45.000 prescriptions every year.
• In 25-30 % of patients the effect of dug is poor due to poor or intermediate

metabolism of CYP2C19

• According to recommendations CYP2C19 genotype
should be checked in clopidogrel patients



Clopidogrel and CYP2C19



MDD:n hoito – Star*D study

02/10/2023 25Huynh et al. J. Clinical Psychiatry 2008



STAR*D results and CYP enzymes

02/10/2023 26

CYP2C19

CYP2B6

CYP2B6

CYP2C19

CYP3A4 CYP2D6 CYP3A4

CYP3A4

CYP2D6

CYP1A2 CYP2D6

Can abnormal CYP2D6 + 

CYP2C19 genotypes 

cause poor response?

CYP2D6 CYP3A4

CYP2D6

CYP1A2



Treatment of depression
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A systematic review and meta-analysis showed that individuals with major depressive disorder 

receiving pharmacogenetic-guided therapy were 1.71 (p = 0.005) times more likely to achieve 

symptom remission relative to individuals who received treatment as usual.[Bousman]

[Bousman] 

Bousman, C. A., 

Arandjelovic, K., 

Mancuso, S. G., 

Eyre, H. A., & 

Dunlop, B. W. 

(2019). 

Pharmacogenetic 

tests and 

depressive 

symptom 

remission: a meta-

analysis of 

randomized 

controlled trials. 

Pharmacogenomics

, 20(01), 37-47.

https://doi.org/10.22

17/pgs-2018-0142

Clinical Outcomes of Pharmacogenetics in Treatment of Depression



• In the USA patients over 50 years who have been tested with
pharmacogenetics panel, the need for acute care or
hospitalization is significantly smaller in 2 months following
discharge

• Emergency visits average:
• In tested patients 0,39 kpl

• In untested patients 0,66 kpl

• (RR 0.58; 95% CI, 0.34±0.99; P = 0.045)

• Hospitalization on an average:
• In tested patients 0,33

• In untested patients 0,70

• (RR 0.48; 95% CI, 0.27±0.82; P = 0.007)

Pharmacogenetics and polypharmacy

[Elliott] Elliott, L. S., Henderson, J. C., Neradilek, M. B., Moyer, N. A., Ashcraft, K. C., & Thirumaran, R. K. (2017). Clinical impact of pharmacogenetic profiling with a clinical 

decision support tool in polypharmacy home health patients: A prospective pilot randomized controlled trial. PloS one, 12(2), e0170905. 

https://doi.org/10.1371/journal.pone.0170905



CYP2D6 and CYP2C19 phenotypes in Finland

n = 273 – 285



Genes CYP2D6 and CYP2C19 are independent

• CYP2D6 normal metabolism in 62,7 % of patients

• CYP2C19 normal metabolism in 39,7 % of patients

• Likelihood that both are normal is:

0,627 * 0,397 * 100 % = 24,9 %

• In 75,1 % of patients either CYP2D6 or CYP2C19 is abnormal.



CYP2C9 phenotype and anti-inflammatory drugs

*1/*3 genotype roughly double concertation compared to *1/*1



Vastauksen lukeminen (PDF linkin takana)











How to know when PGx is relevant

• Abomics maintains GeneRx database

• Can be used with a browser

• Can be integrated to electronic patient records

• Multiple languages
• English, Finnish, Swedish, Estonian, French, Dutch, German, 

Romanian.

• Queries can be made with drug substance or with a gene

• Access with IP-number or password

• Can be ordered from Synlab









Patient case 1

• Middle-aged woman with prolonged depression. Difficulties in 
finding effective treatment for depression.

• In the pharmacogenetic panel:
• CYP2D6 ultrarapid metabolism

• CYP2C19 ultrarapid metabolism

• Citalopram was changed to sertraline and vortioxetine combination

• The patient returned to work within one month.

Lack of effect in depression drugs is often due to abnormalities in 
CYP2D6 or CYP2C19



Patient case 2
• Female university student visited university health care due to depression

• Pharmacogenetic panel was done

• Results: 

• poor metabolism in CYP2C19

• heterozygote for F5 (Factor Leiden mutation)

• Treatments:

• Vortioxetine with a normal dose was started for depression.

• P-pills were changed to progesterone pills to reduce the risk of thromboembolic complications.

CYP2C19 metabolism was abnormal. Escitalopram or citalopram was not started, since the dosing

would be complicated. The other finding was F5, which is quite common in the European 

population (5%). Combination p-pills are contraindicated for carriers of hereditary risks of 

thromboembolic complications.



Patient case 3

• 67-year-old male, in angiography stenosis in one main coronary artery. 
Treated by PTCA and a stent. After treatment anticoagulant was started for 
one month, which was replcaed with clopidogrel after one month.

• After two months pain in the chest, diagnosed stent thrombosis, which was
treated by PTCA. Discharged again with clopidogrel treatment

• After four months pain in the chest, minor infarction.

• In PGx test: 
• CYP2C19 slow metabolism

• Clopidogrel has no effect and the drug was replaced by tikagrelol. After
that patient has not had any new thrombosis complications.



Abomics Oy

Tykistökatu 4 B 

20520 Turku, Finland

www.abomics.fi

Thank you !
Jari Forsström



Triin Lillsaar

Molekulaardiagnostika laborispetsialist

FARMAKOGENEETIKA:

PROOVIVÕTUST TULEMUSTENI



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Kuidas labor analüüsi teostab?

EDTA verst või suulimaskestakaapest eraldatatakse 

indiviidi DNA, sellele järgneb genotüpeerimine

SNP määratakse ThermoScientific 

QuantStudio™ 12K Flex platvormil

CNV (koopiaarvu varjeeruvus) määratakse                           OpenArray kiibil

TagMan proovidega RT-PCR meetodil.

64



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Koopiaarvu varieeruvus
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MEDICAL DIAGNOSTICS PROVIDER

Analüüsitavad geenid

66

• 29 geeni interpretatsioon

• Otsesed ravimite metabolismi mõjutavad geenid (nt 

CYP geenid)

• Kaudsed riskialleelid (nt F2, F5)



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Kvaliteedikontroll

67

• SNP metoodika on verifitseeritud 1000 Genomes 

Project pärinevate DNA proovidega ning iga batchi 

analüüsil võetakse arvesse referentspaneeli tulemusi

• Igal analüüsil käib kaasas kontrollproov, mille 

tulemused on meile teada

• Igal aastal osaleme Instand 732 (MTHFR, C677T, 

A1298C), 775 (CYP2C), CYP2C19, VKORC1, 

TPMT) ja 777 (CYP2D6, DPD, IL28B) 

võrdluskatsete plaanis



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Farmakogeneetika näidustus, proovimaterjal

68

Näidustus: ravimravi alustamine, sobiva annuse määramine. Kahtlus ravimite efektiivsuses. Ravimi 

kõrvaltoimete ennetamine.

Uuuritav materjal: EDTA veri, suulimaskestakaabe

Materjali säilitamine: toatemperatuuril 24h; 2-8 °C 5 päeva; kauem sügavkülmutatult

Vastuse saamise aeg: 21 tööpäeva

Hind: 315 €



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Kuidas näen tulemusi?

69

• Genotüübi ja fenotüübi tulemused liiguvad digilukku

• Raport nähtav GeneAccount lehel



EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

Millest koosneb raport?
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Millest koosneb raport?
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Ravimite loetelu
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Millest koosneb raport?

Ravimite soovituste klassifikatsioon
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Millest koosneb raport?
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EUROPE'S NUMBER ONE

MEDICAL DIAGNOSTICS PROVIDER

RAVIMITE LOETELU

Millest koosneb raport?
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Millest koosneb raport?
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Millest koosneb raport?
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Kuidas tellida?

• Elektroonselt läbi arsti programmi (Perearst2/3, LIISA, eKliinik jt). Kui analüüs on valmis, edastatakse arve 

suunavale kliinikule.

• Pabersaatekirjaga (programmi või elektroonse liidestuse puudumise korral). Kui analüüs on valmis, 

edastatakse arve suunavale kliinikule.

• Eraldi arsti suunav saatekiri tasulisele uuringule. Patsient saab analüüsi eest tasuda laboris, vastuse 

nägemise õigus on nii arstil kui patsiendil.

Saatekirjad on leitavad ja prinditavad SYNLABi kodulehel: www.synlab.ee/farmakogeneetika
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Tänan tähelepanu eest!



Farmakogeneetika roll psühhiaatri töös

Mari-Liis Laanetu
Confido Vaimse Tervise Kliinik

22.09.2023



Kuidas oleme harjunud ravima

- Iga inimese individuaalsus

- Ravimi sobivust näeme töö käigus

- Otsime ja vahetame



Kuidas oleme harjunud mõtlema ravimitest

- Retseptorid

- Ravimite klassid

- Ravimi metabolism organismis



Farmakogeneetika (farmakogenoomika)

- Kuidas DNA mõjutab konkreetse inimese vastust ravimile

- Personaalmeditsiini oluline osa

- Ravimi 
- Tõhusus

- Ohutus

- Annustamise soovitused



Vastavalt ravimi metabolismi efektiivsusele saab 
inimesed jaotada viieks aktiivsusgrupiks

• Ülikiire lagundaja

• Kiire lagundaja

• Tavapärane lagundaja

• Tavapärasest aeglasem lagundaja

• Aeglane lagundaja





Farmakogeneetiline DNA-paneel

• 27 geeni

• >200 ravimit: 
• Antidepressandid jm psühhotroopsed ravimid

• Valuvaigistid

• Antikoagulandid

• Antibiootikumid, viiruse- ja seenevastased ravimid

• Reumaatil., diabeedi-, hüpertooniaravimid

• Tsütostaatikumid

• PPI-d

• Statiinid jne

• Rahvusvaheliselt tunnustatud annustamisoovitused



Mida see uuring meile annab ja
mida me sealt ei saa

- Ohutus vs kõrvaltoimed

- Efektiivsus

- Annustamissoovitused

- Mille hulgast valida

- Parem arusaam sellest, mida me teeme ja näeme



Farmakogeneetiline  analüüs ja depressioon

• Testitud patsientide ravivastus ja ravi talutavus oluliselt parem

• Süstemaatiliste ülevaadete ja metaanalüüside alusel on 
vastavalt testitud patsientide tõenäosus saavutada 
sümptomite remissioon ehk haigusnähtude kadumine 1.71 
korda kõrgem kui testimata patsientidel (1). 

1. Bousman, C. A., Arandjelovic, K., Mancuso, S. G., Eyre, H. A., & Dunlop, B. W. (2019). Pharmacogenetic tests and 
depressive symptom remission: a metaanalysis of randomized controlled trials. Pharmacogenomics , 20(01), 37-471.



Farmakogeneetiline  analüüs ja depressioon



Millal võiks farmakogeneetika analüüsile mõelda

• Enne ravi?

• Kui ravimite efekt pole ootuspärane

• Mitteootuspärased kõrvaltoimed



Mis on minu praktikas 
muutunud?



Aitäh!
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