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Review article 

C'up,~u'tsltt 4 Muuk.\l!.tuml l(J(JI 

. i tT4 PSlT' /1/A r ii.ICA 
SC. l NDINA 1' /Crl 
/S.\ N IJ{)(]f.6QIIA 

cYP2D6 and CYP2C19 genotype-based 
dose recorr1mendations for antidepressants: 
a first step towards subpopulation-specific 
dosages 

Ktrchheiner J, Br0"sen K, Dahl ML Gram LF, Kasper S. Roots I. 
Siiiqvlst F, Spina E, Broc:kmoller J. CYP2D6 and CYP2CI9 genotype­
b;~:>ed dose re.;omm_endatmns for anttdepressants: a fi rst step towards 
~ubpopulation·spectfic dosages. 
,\da Psychiatr Scand 2001: 104: 173 192. ' ' Munksgaard 200 I. 

Objective: This review aimed to provide distinct dose recommendations 
lll r an!idepressants based on the genotypes of cytochrome P450 enzymes 
('YP2D6 and CYP2C I9. This approach may be a useful complemen­
lt~liou to clini~.:al monitoring and therapeutic drug monitoring. 

I \lcthod: Our literature search covered 32 antidepressants marketed in 

l liurope. Canada, and the United States. We evaluated studies which had 
eomp<~red pharmw.:okinetic parameters of antidepressants among poor, 
Intermediate. extensive and ultrarapid metabolizers. 
Results: For 14 antidepressants, distinct dose recommendations for 

, c~tensive, intermediate aJ1d poor metaboli7.ers of either CYP2D6 or 
CYP2CI9 were given . Foor the tricyclic antidepressants, close reductions 
around 50'Yo were generallly recommenJed for poor metabolizers of 
~ubstrates of CYP2D6 or CYP2C 19. whereas differences were smaller 
for the selective serotonin reuptake inhibitors. 
Conclusion: We have proovided preliminary average dose suggestions 
based on the phenotype or genotype. This is a first attempt to apply the 
new pharmacogenetics to suggest dose-regimens that take the di fferences 
in drug metabolic capacity into account. 

J. Kirchheiner1
, K. Br.osen2

, 

M. L Dahl3
, L. F. Gram2

, S. Kasper4
, 

I. Roots1
, F. Sjtiqvise . E. Spina5

, 

J. Brockmtiller6 

' Institute of Clinical Pharmacology, Cha1ite. Humboldt 
University of Berlin, Berlin, Germany, 'Institute of 
Public Health, Climcal Pharmacology, OdensP., 
Denmark. ~Department of Clinical Pharmacology, 
Karolinska Institute, Huddinge University Hospital. 
Huddinge, Sweden, ''Department of General 
Psychiatry, University of Vienna, Vienrta, Au~tna, 
51nstotute of Clinlcal Pharmacology. University of 
Messina, Messina. Italy and "Department of Clinical 
Pharmacology, GP.org·August·Universoty, Gtittingen. 
Germany 

Key words polymmphism; anttdepressanl therapy: 
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CYP2CI9 

Prof Dr JOrgen Brockmiiller. Universitatsklinikum, 
Abteilung K/inische Pharmakologie. Roberi·Koch·Str 
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Introduction 

Genetic factors have long been known to cause 
mterindividual differenoes in pham1acokinetics, 
entcacy and adverse effects of antidepressant 
Jrugs (ADs) ( I, 2). Numerous studies have now 
been performed on the impact of genetic po ly­
ITJorphisms in cytochrome P450 enzymes (CYP) 
un the disposition olf antidepressant drugs. 
P~rticularly well characterized is the significant 
cftcc·t of the CYP2D6 and CYP2CJ9 polymorph-
1'lllS on the pharmacokinetics of almost all 
lr1~Y~Iic and many other antidepressant~. The 
J~IIV,Jties of" these two en:zymes are both bimodally 
dtstnbuted in the Caucasian population. allowing 
•lassification of individuals into extensive (EM) 

and poor (PM) metabolizers. The CYP2D6 
polymorphism was discovered in the 1970s as 
sparteine and debrisoquine oxidation polymorph­
isms (3, 4). The CYP2Cl9 polymorphism was 
initially identified as S-mephenytoin hydroxylation 
polymorphism (5). The frequency of CYP poly­
morphisms has now been investigated in different 
populations and the allele frequencies have been 
found to differ substantia lly. Consideration of 
interethnic differences is therefore necessary (6, 7). 

The effects of these polymorphisms on the 
clinical pharmacology of antidepressants have 
been reviewed previously (8- 12). Poor metaboli­
zers of CYP2D6 or CYP2Cl9 substrates may be 
more likely to suffer from adverse drug effects 
than extensive metabolizers when laking nonnal 
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doses of drugs that <lre active per sc and are 
metabolized main ly via these pathways. The 
exten t of these potential problems largely depends 
on the relative contrihution of the respective CYP 
enzyme to the total elimination of the drug and 
the thera peutic index of the drug ( 11). The 
molecular genetic ba is of CYP polymorphi ms 
has been elucidated to an extent which allow a 
clinically useful prediction of a patient's drug 
metabolic phenotype (13 15). Such a genotyping 
before treatment has already earlier been postu­
lated as a useful tool to prevent adverse effects, 
especially for drugs with a relati vely narrow 
therapeutic: range ( 16. 17). This in forma t ion 
might be used in provision of average dose 
recommendations for different genetic subpopula­
tions of patients. This may in turn provide 
therapeutic and pharmacoeconomic benefits ( 18, 
19). Genetic analyses of the metabolizer s tatus 
will become more common for clinicians in the 
future. Genotyping has the advantage tha t it 
needs to be performed only once in life for each 
patient and the costs of this analysis are tower 
than I day of stay in hospital. With current 
technology, such genotype analyses may be 
performed within a few hours. Analogous to the 
routinely used dose adjustment tables for the 
dosage of digox in or aminoglycosides in patients 
with kidney disease, or analogous to do e 
adjustment tables used for the specific age 
groups in paediatrics. specific recommendations 
will be required about how to adjust the drug 
dosages to an intlividual's specific drug metabolic 
phenotype. For CYP206, the overall sensitivity of 
genotyping tests to predict the phenotypical poor 
metabolizer is more than 99% when testing for the 
common inactive alleles (*3. *4. *5. *6, *7, *8, 
* 16) in the Caucasian population ( 15, 18. 20). 
Molecular genetic prediction of intermediate 
metabolizers (I M) was less accurate considering 
the allele variants given above. but precisio n of 
the identification of intermediate metabolizers 
may be improved consideriJlg CYP2D6 allele *2 
variants (2 1 ). For CYP2Cl9, genotyping is able to 
identify bet ween 93 and I OOtV,, of the phenotypic 
poor metabolizers ( 13. 22- 26). 

The goal of this review was to derive anti­
depressant dose recommendations based on drug 
metabolic phcno- or genotype and. if such data 
were not available. to identify priorities for 
further clinical studies. Since efficacy :.tudie:. 
have not been performed for each genotype, we 
have assu med that equa l plasma concentrations 
imply equal drug effects. 

Dose adjustments based on the genotype or the 
polymorphic drug metabolizing enzymes are 

174 

complicated by the existence of active mt:tabolitc~ 
that in turn arc metabolized. We therefore 
provide references to several reviewers who huve 
studied the role of active metabolites for the 
overall antidepressant effects (17- 29). The elim. 
ination of antidepressants may be profoundll 
influenced by metabolic drug interactions. Severjl 
reviews focus on the inhibitory properties on 
drug metabolism of antidepressants. and e~pc­

cially elaborate on the prediction of mctabohc 
drug interactions and the possibilities to avoid 
them (28, 27 38). 

To adjust optimally fo1· drug interactions and 
other factors such as compliance, age or liver 
function impairment , close clinical monitoring ol 
the patients and therapeutic drug monitoring are th~ 
essential tools in dose optimization (39. 40). General 
problems in dose finding for antidepressant drug~ 
have been discu ed previously (41). There is little 
convincing evidence that different types of depre,. 
sion require different doses but in other condition>. 
such as pain, enuresis, anxiety, etc. the dol>~! 

requirements may be different compared to tlepre,. 
sion (42). For the tril:ydi,c antidepressants, earb 
experiences with severe tolerability problems apJ)Uill 

to have determined the rather cautious dosing polic) 
often employed. Concentration efTect studie' 
revealed clear-cut relationships for some tric~clic 
antidepressants (imipramine, nortriptyline) wluc:h 
became the ba is for recommended therapeutic dru~ 
monitoring procedures (43, 44). However, in general 
there appears to be no simple relationship bet"een 
dosage, plasma concentration and clinical outcome 
of antidepressants as a whole. The newer antide­
pressants. especially the selective serotonin reupw~c 
inhibitors (SSRls) such as fluoxetine revealed Oal 
and overlapping dose- effect curves for the mllt 
depressant and adver e effects (45). Unfortunatcl)­
these dose- effect studies contain little infonn;Jll011 

on the underlying pharmacokinetic and phannaCl ... 
genetic variability which may explain interpatJetl! 
response variability on a given dose. i\ssessmenl'11 

the genetically determined variability in drug con· 
centration may indeed contribute to impro1 ~ 111' 
therapeutic effect and reduce the risk of dropollb 
due to tolerability problems. 

Methods of data analysis 

Definitions and study tnclusiOn cntena 
nt• 

We considered all studies on .:~utidepr~''j1 .,t 

except those on lithium, antipsychotics 11~1e
1 

rtll 
d · W 'ewct <1 

epress1on and on herbal drugs. e rev-t ··lilt) 
:1' d I . .tl er ht•l stuatc$ con uctec tn humans, e1 1 ·rn tl'' 

volunteers or patients. in which th~ ph11
' ' ,, 

kinetic and/or pharmacodynamic puramelct·~ 
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