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“Here is my sequence…”
(The New Yorker, 2000)

Pharmacogenetics in pharmacotherapy

Pharmacogenetics (PGx)

“The study of variations in DNA 

sequence as related to drug 

response” (EMA and US FDA)

Including

 Therapeutic efficacy

 Adverse drug reactions





Hiemke et al. Pharmacopsychiatry 2018; 51: 9-62.



Psychotropic drugs and CYPs

1A2 2B6 2C8 2C9 2C19 2D6 2E1 3A4

3A5

Pgp

Bupropion !

Escitalopram

Paroxetine

Sertraline

Venlafaxine !

Aripiprazole

Olanzapine

Quetiapine

Risperidone ! !



CYP2D6 genetics

172 different alleles (https://www.pharmvar.org, june 2023)



Allele SNPs to be detected Predicted enzyme 
activity

*1 None Normal (AS: 1)

*2 -1584C>G, 1661G>C, 2850C>T, 4180G>C Normal

*3 2549A>del Absent          (AS: 0)

*4 100C>T, 1661G>C, 1846G>A, 2850C>T, 4180G>C Absent

*5 Deletion Absent

*6 1707T>del, 4180G>C Absent

*7 2935A>C Absent

*8 1661G>C, 1758G>T, 2850C>T, 4180G>C Absent

*9 2613delAGA Reduced (AS: 0,25)

*10 100C>T, 1661G>C, 4180G>C Reduced (AS: 0,25)

*11 883G>C, 1661G>C, 2850C>T, 4180G>C Absent

*15 138insT Absent

*17 1023C>T, 1661G>C, 2850C>T, 4180G>C Reduced        (AS: 0,5)

*29 1659G>A, 1661G>C, 2850C>T, 3183G>A, 4180G>C Reduced        (AS: 0,5)

*35 -1584C>G, 31G>A, 1661G>C, 2850C>T, 4180G>C Normal

*41 1661G>C, 2850C>T, 2988G>A, 4180G>C Reduced (AS: 0,25)

*1xN, *2xN or 
*35xN

Duplication Increased       (AS: 2)



Translation of genotype into a qualitative measure

of phenotype (genotype-based phenotype)  

Likely 

phenotype

Previous CPIC 

activity score 

definition

Previous 

DPWG activity 

score 

definition

NEW 

standardized 

activity score 

definition

Examples of 

CYP2D6

diplotypes for 

new system

Ultrarapid

metabolizer 

(UM)

>2 >2,5 >2,25 *1/*1x2

Normal 

metabolizer 

(NM)

1 - 2 1,5 - 2,5 1,25 - 2,25 *1/*1, *1/*2, 

*1/*9, *1/*41, 

*2/*2, *1/*10, 

*2x2/*10

Intermediate 

metabolizer

(IM)

0,5 0,5 - 1 0,25 - 1 *4/*10, *4/*41, 

*1/*5, *10/*10, 

*41/*41

Poor

metabolizer 

(PM)

0 0 0 *3/*4, *4/*4, 

*5/*5, *4/*5, 

*5/*6



7%
> 50 million subjects 

have no CYP2D6 

enzymes (PMs)

3,5%
> 25 million subjects 

have CYP2D6 gene 

duplications (UMs)

• Too slow drug metabolism

• Too high drug levels at 

ordinary dosage

• High risk for ADRs

• No response from certain 

prodrugs (e.g. codeine)

• Too rapid drug metabolism

• No drug response at 

ordinary dosage (non-

responders) ≠ bad 

compliance !

• ADRs from certain 

prodrugs (e.g. codeine)

At the European level (> 700 million subjects)



CYP2C19 genetics

Metabolizer 

Phenotype

CYP2C19 Enzyme 

Activity

Examples of 

Genotypes

Ultra-rapid 

metabolizers (UM)

Increased *17/*17

Rapid metabolizers 

(RM)

Increased *1/*17

Normal metabolizer 

(NM)

Normal *1/*1

Intermediate 

metabolizer (IM)

Reduced *1/*2, *1/*3, *2/*17

Poor metabolizer (PM) Absent *2/*2, *2/*3, *3/*3

39 different alleles (https://www.pharmvar.org, june 2023)

~5%

~3%



Dalen et al. Clin Pharmacol Ther 1998; 63: 444-52.

25 mg nortriptyline

AUC relative:

PM/UM: >5

PK impact of CYP2D6 variants has long been known… 



Population-based versus individualization of dosing



Seeringer et al. Clin Lab Med 2008; 28: 619-626.

Preliminary (non validated) dosing adjustments 



Psychotropic drugs and CYPs

1A2 2B6 2C8 2C9 2C19 2D6 2E1 3A4

3A5

Pgp

Bupropion !

Escitalopram

Paroxetine

Sertraline

Venlafaxine !

Aripiprazole

Olanzapine

Quetiapine

Risperidone ! !



Citalopram biotransformation pathway



Jukic et al. Am J Psychiat 2018; 175: 463-70.



4,2% 4,7%

Jukic et al. Am J Psychiat 2018; 175: 463-70.



Bousman et al. Clin Pharmacol Ther 2023; online ahead of print.

Guidelines for 7 drugs

• paroxetine, fluvoxamine, venlafaxine, vortioxetine and CYP2D6

• citalopram, escitalopram, sertraline and CYP2C19

• sertraline and CYP2B6

Absence of consensus for SLC6A4 and HTR2A



PM IM NM RM UM

Paroxetine 50% dose ↓ Opt.: dose ↓
25%?

Standard dose NA Alternative drug

Fluvoxamine 25-50% dose ↓ Recommended

starting dose

Standard dose NA --- (few data)

Venlafaxine Alternative drug --- (low evidence) Standard dose NA --- (low evidence)

Vortioxetine 50% dose ↓ or 

alternative drug

Standard dose Standard dose NA Alternative drug

(or 50% dose ↑)

Citalopram Alternative drug

or 50% dose ↓
Standard dose or 

titrate TDM

Standard dose Standard dose or 

titrate TDM

Alternative drug,

or titrate TDM

Escitalopram Alternative drug

or 50% dose ↓
Standard dose or 

titrate TDM

Standard dose Standard dose or 

titrate TDM

Alternative drug, 

or titrate TDM

Sertraline 50% dose ↓ or 

alternative drug

Standard dose or 

titrate TDM

Standard dose Standard dose Standard dose

Sertraline 25% dose ↓ or 

alternative drug

Standard dose or 

titrate TDM

Standard dose Standard dose Standard dose

Summary of the recommendations (PharmGKB.org)

* CYP2D6, ** CYP2C19, and *** CYP2B6-genotype based dosing guidelines

*

**

***



Case report

61 year-old woman

Depression

R/ Paroxetine 20 mg/day (SE +++)

R/ Venlafaxine up to 300 mg/day

Absence of response

TDM results:

VEN: 561 ng/ml 

ODV: 270 ng/ml

(Nl: sum: 100-400 ng/ml)

ODV/VEN ratio: 0,48

(Nl: 2,70-7,70)

PGx:

CYP2D6*4/*4      PM

CYP2C19*1/*17  RM



Psychotropic drugs and CYPs

1A2 2B6 2C8 2C9 2C19 2D6 2E1 3A4

3A5

Pgp

Bupropion !

Escitalopram

Paroxetine

Sertraline

Venlafaxine !

Aripiprazole

Olanzapine

Quetiapine

Risperidone ! !



Jukic et al. Lancet Psychiatry 2019

1288 risperidone-treated patients 1334 aripiprazole-treated patients



Beunk et al. Eur J Hum Genet 2023; online ahead of print.





Ready for pre-emptive genotyping and DNA passport ? 



Venlafaxine 

biotransformation pathway



34 year old Caucasian male found death at home

Medications:

VEN 150 mg twice daily + oxycodone and ethanol

Biological results:

Blood VEN: 4,5 mg/Kg (ODV/VEN ratio 0,006 !!: Nl: 2,7-7,7)

Patient genotype:

CYP2D6*4/*5  PM

CYP2C19*2/*2 PM

Expected frequency in Caucasians: 0,07 * 0,03 = 0,21%
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