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Pharmacogénétique / génomique 

•  La pharmacogénétique est l'étude de l’influence du 
profil génétique sur la variabilité de la réponse à un 
traitement médicamenteux  
–  se réfère à des individus : identification des gènes  
–  concept du « bon médicament pour le bon patient » 

•  La pharmacogénomique vise à étudier l'interaction 
entre l'ensemble des gènes et un médicament une fois 
absorbé  
–  Concerne l’emploi d’outils de génomique fonctionnelle: 

expression différentielle des gènes, la protéomique, analyses 
double-hybrides… 
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Sujets âgés : 
une population à risque 

•  Modifications physiologiques liées à l’âge 
•  Polypathologies 
•  Polymédication 
•  Interactions médicamenteuses 

Ø Modification efficacité, toxicité, effets 
indésirables 

Ø cytochromes P 450 
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Pharmacogénétique et 
pharmacocinétique 

•  Activité des cytochromes : 
–  CYP2D6, CYP2C9, CYP2C19 
–  CYP1A2 
–  CYP3A3, CYP3A4 

•  Soumis à un polymorphisme 
génétique  

•  Variations interindividuelles dans 
la réponse 

•  Facteurs d’environnement : 
–  Consommation d’alcool, de tabac, 
–  Co-prescription de médicaments 

inducteurs, inhibiteurs 
enzymatiques 

•  Pas de modification de la capacité 
métabolique liée à l’âge 
(Schmucker et al. 1990) 

 

 

R. R. Shah

 

454

 

58

 

:5

 

Br J Clin Pharmacol

 

which there was no indication. A wide range of drug
classes was implicated in inappropriate use. These
included cardiovascular (10.77%), gastrointestinal
(9.12%), central nervous system (4.22%), respiratory
(4.11%), hormones (4.01%), blood products (3.36%)
and antimicrobials (2.56%) among others. In terms of
number of patients involved, the most common drug
classes used inappropriately were gastric (50.6% of
patients), cardiovascular (47.6%) and central nervous
system (23.9%) drugs.

In contrast to inappropriate use, there is also a serious
problem of underutilization of appropriate medications.
‘Statin’ therapy is known to be associated with reduced
mortality in all age groups, including very elderly indi-
viduals, with significant coronary artery disease. Elderly
patients were significantly less likely to receive ‘statins’
than younger patients (

 

<

 

 65 years 28.0%, 65–79 years
21.1%, and 

 

≥

 

80 years 19.8%) [5]. Similar underuse of
‘statin’ was reported in another study of 622 eligible
patients with previously established coronary artery dis-
ease and hyperlipidaemia. Only 230 (37%) of these
patients had received these hypolipidaemic drugs [6].
One of the studies has provided further worrisome evi-
dence showing that the elderly 

 

>

 

65 years old as well as
females were less likely to be prescribed aspirin, 

 

b

 

-
blocker and a statin in the secondary prevention of
ischaemic heart disease in primary care [7]. The concern
from these observations arises from the fact that older
patients receive a greater absolute risk reduction than
younger individuals, and yet they were less likely to
receive a ‘statin’ therapy. A study on the use of lipid-
lowering drugs in the UK revealed similar trends.
Although the use of ‘statins’ had increased over time,
33% of these patients were still receiving only an equiv-
alent of 

 

<

 

20 mg simvastatin daily. In 1998, the odds
ratios for receiving a ‘statin’ therapy were 1 in the age
band 55–64 years, 0.64 in the age band 65–74 years and
0.16 in the age band 75–84 years. This age effect was
similar in those with and those without a major comor-
bidity [8].

Similarly, underuse of effective medicines in the eld-
erly has been reported with antihypertensive drugs [9]
and antiplatelet or anticoagulant therapy [7, 10, 11]. 

 

b

 

-
Blockers following acute myocardial infarction (AMI)
[7, 12] are also underused but this seems to have
improved recently [13]. Underinvestigation and under-
treatment of chronic heart failure have been shown to
persist. Failure to treat elderly patients with angiotensin
converting enzyme (ACE) inhibitors is associated with
a mortality that appears to be greater than that seen in
the placebo arms of large clinical trials of ACE inhibitor
therapy [14, 15].

Jackson 

 

et al.

 

 have provided a number of reasons for
suboptimal prescribing [16] while others have com-
mented on improving quality of prescribing and access
of the elderly to the medications [17]. While underpre-
scribing is a problem that can be remedied through phy-
sician education, noncompliance by patients themselves
continues to present a challenge in the care of not only
the elderly but also their younger counterparts. Persis-
tence with ‘statin’ therapy in older patients declines
substantially over time, with the greatest drop occurring
in the first 6 months of starting treatment [18, 19]. With
regard to the use of 

 

b

 

-blockers, patients not discharged
on 

 

b

 

-blockers are unlikely to be started on them as
outpatients. For patients who are discharged on 

 

b

 

-
blockers after AMI, there is a significant decline in use
after discharge [20].

 

Age-related changes in pharmacology

 

Pharmacokinetics and pharmacodynamics of a drug are
the two determinants of its dose–response relationship,
both of which exhibit large interindividual variability.
This variability arises from their modulation by factors
such as age, gender, comedications or comorbidity (e.g.
renal or hepatic dysfunction). There may be age-related
up- or downregulation of pharmacological targets
responsible for the pharmacodynamic effects of a drug.
This variability also arises from genetic influences that
regulate the expression of drug-metabolizing enzymes
or the responsiveness of various pharmacological tar-
gets. The presence of variant alleles often exerts influ-
ences that usually far exceed those due to the other
covariates stated above.

Contrary to what is often claimed, there is little evi-
dence to demonstrate that age 

 

per se

 

 has a major effect
on the pharmacology of a drug. Table 2 summarizes the
prevalence of various covariates that influence the phar-
macokinetics of a drug in the elderly relative to young

 

Table 2

 

Relative prevalence of various covariates that influence the 
pharmacokinetics

 

Covariate Young adults Elderly

 

Liver disease/CYP3A4 + ++
Genetics/CYP2D6 + +
Genetics/CYP2C9/19 + +
Renal disease + +++
Cardiac disease – ++
Polypharmacy + ++++



 
Principaux psychotropes et 

substances psychoactives substrats 
ou inhibiteurs du CYP2D6 

  
 
 Amitriptyline   Doxépine  Maprotiline  Thioridazine 
 Chlorpromazine   Ethylmorphine  MDMA; “ ecstasy ”  Tomoxétine  
 Citalopram   Fluoxétine  MPTP   Trazodone 
 Clomipramine   Fluphénazine  Nefazodone  Triflupéridol 
 Clozapine   Fluperlapine  Olanzapine  Trimipramine 
 Codéine    Halopéridol  Ondansétron  Tropisétron 
 L-(-)-Deprenyl   Imipramine  Paroxétine  Venlafaxine 
 Désipramine   Loxapine   Perphénazine  Zupenthixol 
 N-Desméthylcitalopram  Rispéridone  N-Desméthylclomipramine    
      
 

      
 

     D’après Coutts et Urichuk 1999  
     Cupp et Tracy 1998 et Spatzenegger et Jaeger 1995 

 



•  Pharmacogénomique : définition 
•  Sujets âgés : population à risque 
•  Pharmacogénétique et pharmacocinétique 

– Prédiction de posologie 
– Prédiction d’interactions 
– Prédiction d’effets indésirables 

•  Pharmacogénétique et Pharmacodynamie 
•  perspectives 



Pharmacocinétique : prediction 
de posologie 

•  Polymorphisme du CYP 2D6 : 
– Métabolise une grande partie des 

psychotropes 
– Capacité métabolique déterminée par 

génotypage et phénotypage 
•  4 groupes : EM, PM, IM and UM. 
•  8 % PM en population caucasienne générale 
•  27 % IM et PM population sujets âgés (Egger 

2005)  





Ajustements posologiques proposés selon le phénotype CYP2D6. Meta-analysis Kirchheiner 
et al.  

     PM  IM  EM  UM 
Antidépresseurs 

 Imipramine    30  75  130  180  
 Doxepin    35  77  120  170 
 Maprotiline    35  77  120  170 
 Trimipramine   37  83  125  175 
 Desipramine   40  76  117  165 
 Nortriptyline   48  90  115  155 
 Clomipramine   60  85  112  145 
 Paroxetine    65  90  108  143 
 Venlafaxine    68  85  105  130 
 Amitripytline   70  90  105  135 
 Mianserin    70  87  110  135  

% dose moyenne 
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Pharmacocinétique : Prediction 
d’interactions 
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Pharmacocinétique : Prediction 
d’effets indésirables 



Cytochrome P450 polymorphisms in 
geriatric patients. Impact on Adverse druge 

reactions – a pilot study 
Egger et al. 2005 

•  Etude prospective 6 mois 
•  243 patients âgés (80,2 ± 7,7) 
•  Impact survenue EI 
•  Genotype CYP 2C9 ; 2D6 ; 2C19 (125 patients) 
•  Resultats : 

–  Moyenne de 14,2 prescriptions durant l’hospitalisation 
–  Taux EI : 59,1 % des patients.  
–  Taux EI similaire que le génotype soit muté ou non. 
–  20 % des EI associés avec traitements CYP dépendants ont 

été détectés chez patients IM genotype et aucun chez PM. 



•  Quelques études montrent une corrélation entre le 
génotype et la toxicité ou l’inefficacité thérapeutique 
(Rau et al. 2004) 

•  CYP 2D6 génotype et réponse (Dahl 2002 ; 
Kirchheiner 2004) 
–  Pas de relation entre génotype et inefficacité 
–  corrélation génotype/EPS 



Pharmacogenetic determination of psychoactive drugs dosage 
in elderly patients 

Darnel et al. 2012  
 

•  64 patients  
•  1 PM, 2 PM/IM, 35 EM, and 8 IM.  
•  Correlation genotype CYP450 et efficacité/efficience  
•  Risperidone and Venlafaxine  
•  Résultats : 

–  Pas de corrélation entre génotype et taux plasmatiques 
–  Pas de corrélation entre génotype et tolérance 
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Pharmacodynamie 

•  Modifications génétiques au site d’action 

•  Quelques études : schizophrénie, dépression, 
anxiété, conduites suicidaires, addictions, TOC. 

•  Récepteur transporteurs MA (5-HT2A, 5HTTLPR…)  
•  BDNF  
•  glycoprotéines (ABCB1; MDR1)  
•  multidrug resistance 1 (MDR1) gene families  



Effect of serotonin transporter gene promoter 
polymorphism on mirtazapine and paroxétine efficacy 

and adverse events in geriatric major depression 
Murphy et al. 2004 

•  Efficacité et tolérance de mirtazapine et paroxétine 
dans dépression sujet âgé 

•  246 patients > 65 ans. Etude double aveugle, 
randomisée, 8 semaines 

•  Résultats : 
–  polymorphisme 5HTTLPR non associé à l’efficacité 
–  allèle S : plus d’EI, EI + sévères parmi les patients traités par 

paroxétine 
Ø  allèle S de 5HTTLPR associé avec une mauvaise évolution après 

traitement IRS 
Ø  Polymorphisme 5HTTLPR marqueur d’arrêt de tt pour EI 



Allelic variations in the serotonin transporter promoter 
affects onset of paroxetine treatment response in late-

life depression 
Pollock et al. 2000 

 
•  95 sujets âgés 
•  Comparaison 12 semaines traitements AD : 

paroxétine/nortriptyline 
•  Resultats : 

– Diminution score moyen  HRSD + rapide avec  ll 
genotype/un allèle S pour paroxétine 

Ø  mutations 5-HTTLPR pourraient contribuer à la variation de 
réponse initiale des patients traités par IRS 



ABCB1 (MDR1) polymorphisms and antidepressant response 
in geriatric depression. 

 Sarginson et al. 2010 
 

•  246 sujets âgés 
•  Comparaison des effets du polymorphisme 

ABCB1 et réponse thérapeutique paroxetine 
et mirtazapine 

•  Résultats : 
–  Lien polymorphisme ABCB1 et temps avant rémission dans 

groupe paroxétine 

Ø  Polymorphisme ABCB1 pourrait prédire la réponse  aux 
thérapeutiques chez le sujet âgé 

Sarginson et al. Pharmacogenet Genomics 2010 



Genetic variation in the serotonin transporter and HTR1B 
receptor predicts reduced bone formation during serotonin 

reuptake inhibitor treatment in older adults. 
Garfield et al. 2014 

•  69 sujets âgés > 60 ans. Venlafaxine 
•  Comparaison polymorphisme transporteur 5HT et 

HTR1B r et métabolisme osseux 
•  Résultats : Association Diminution métabolisme 

osseux et  
–  high-expressing 5HTTLPR genotype 
–  low-expressing HTR1B genotype 

Ø  genetic variation in the serotonin receptors predicts 
changes in bone metabolism during SRI use 

Garfield et al.World J Biol Psychiatry. 2014 



Table 1. Pharmacogenetic studies that have revealed influences of relevant polymorphisms in geriatric depressed patients.

Gene Polymorphism Drug Cohort Result Refs.

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)

Paroxetine (20 -- 30 mg/day)
up to 12 weeks

51 elderly patients
(mean age: 72.0 ± 7.9 years)

Depressed patients homozygous for
the l-allele responded more rapidly
(i.e., as early as week 2) to paroxetine,
as compared to s-allele carriers

[29]

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)

Sertraline(50 -- 100 mg) vs
placebo for 8 weeks

106 elderly depressed
patients (mean age: 69.7 years)

Homozygosity for the l-allele was
associated with a favorable response
at weeks 1 and 2 posttreatment

[31]

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)

Paroxetine (20 -- 40 mg/day) vs
mirtazapine (15 -- 45 mg/day)
for 8 weeks

124 vs 122 depressed
patients (approximate mean
age 72.0 ± 5.9 years)

Paroxetine-treated s-allele carriers
experienced more severe ADRs,
achieved lower final daily doses and
had higher discontinuation rates. In
contrast, in mirtazapine-treated
patients discontinuations were most
frequent among those with the
ll genotype

[43]

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)

Paroxetine* 110 depressed patients
(60 years or older)*

The l-allele was
associated with antidepressant
response at 2 weeks. Paroxetine
concentration was significantly
correlated with improvement in
depression scores at week 2 with the
s-allele, but not the ll genotype

[30]

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)

Escitalopram 10 mg/day (12 weeks) 27 depressed patients vs
27 elderly controls
(60 years or older)

The s-allele carriers have more
extensive microstructural white matter
abnormalities in frontolimbic and other
regions and are less likely to achieve
remission of depression than ll
homozygotes

[45]

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)

Various antidepressants
(flexible-dosing for 6 and 12 months)

216 elderly depressed patients
(remitted vs non-remitted; approximate
mean age: 69 years)

The greater number of negative SLEs
at baseline predicted worse outcomes
for ll homozygotes, but slightly better
outcomes for the s-allele carriers at
12 months

[50]

5-HTT (SLC6A4) 5-HTTLPR ‘long/short’
polymorphism (promoter)
and Stin2 VNTR (intron 2)

Fluoxetine 30 mg/day or sertraline
75 mg/day (6 weeks)

119 elderly Korean depressed patients
(approximate mean
age: 55 -- 57 years)

In contrast to studies in white patients,
the favorable allele for SSRI response
was the s-allele

[37]

NET G1287A (exon 9) Nortriptyline 55 mg/day (6 weeks) 89 elderly Korean depressed patients
(approximate mean
age: 55 -- 57 years)

Positive association between the GG
genotype and favorable response to
nortriptyline

[37]

*Readers are referred to the actual research study, for more information in study design.

5-HTT: Serotonin transporter; AGTR1: Angiotensin II receptor, vascular type 1; BDNF: Brain-derived neurotrophic factor; CYP: Cytochrome P450; DAT: Dopamine transporter; MDR1: Multidrug resistance gene 1;

NET: Norepinephrine transporter.
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Pharmacogenetic considerations
for late life depression therapy
Pothitos M Pitychoutis, Nikolaos Kokras, Despina Sanoudou,
Christina Dalla & Zeta Papadopoulou-Daifoti†
†National & Kapodistrian University of Athens, Medical School, Department of Pharmacology,

Athens, Greece

Introduction: Geriatric depression is a heterogeneous disorder with a complex

genetic background. Current first-line treatment of depression is associated with

a lower therapeutic outcome in aged depressed patients, when compared to

younger subjects. Research which has explored this inadequate response has

highlighted several factors which have come into play with the pharmacogenetics

of antidepressants in the elderly being a particular area of interest.

Areas covered: The authors perform a critical review of the English language

articles from PubMed using search terms such as late-life/geriatric depression,

antidepressants, pharmacogenetics, pharmacogenomics, pharmacokinetic,

genetic, genotype, remission, therapy, treatment and polymorphism.

Expert opinion: The emerging clinical and pharmacogenetic data are slowly

unveiling the importance of the genome -- age interaction in antidepressant

response. This data introduces a critical new parameter in personalized medi-

cine. A profound analysis of the age factor in the pharmacogenetics of antide-

pressant response is imperative, in order to elucidate the clinical significance of

these findings and thereby improve patient treatment in the elderly.

Keywords: 5-HTT gene-linked polymorphic region, antidepressant drug, brain-derived

neurotrophic factor, citalopram, cytochrome P450, dopamine transporter 1, elderly, geriatric

depression, remission, serotonin transporter, stressful life episodes, treatment

Expert Opin. Drug Metab. Toxicol. (2013) 9(8):989-999

1. Late life depression

Depressive disorders affect > 18 million people in Europe each year [1] and their
treatment still remains far from optimal [2]. As population ages, the prevalence of
depression in late life is expected to rise, thus posing new challenges for the mental
health systems in the Western world. In fact, as noted by Kessler et al. in an earlier
US study, in 1994, at least 8 -- 25% of the older adults in the general population
may experience depression [3]. Interestingly, a recent systematic review on the preva-
lence of late life depression reported that although the incidence of depression in the
elderly is no different from younger age groups, the prevalence is considerably higher,
suggesting that late life depression is characterized primarily by chronicity [4].

Aging per se is the natural course of life, and successful aging has been the focus of
several investigators over the last years. There is now enough evidence showing that
several modifiable factors during younger age, such as alcohol abuse and tobacco
smoking, can significantly interfere with successful aging and deteriorate quality
of life in aged populations [5]. Depression, on the other hand, is one of the key fac-
tors that fall outside the control of the individual, yet comprise a significant cause of
impaired quality of life in geriatric populations. Furthermore, depression in the
elderly can be as fatal as in younger patients, given that it may increase both suicide
and non-suicide mortality [6,7], whereas there is evidence that suicide attempts in late
life are frequently more severe and with a fatal outcome [8].

10.1517/17425255.2013.794786 © 2013 Informa UK, Ltd. ISSN 1742-5255, e-ISSN 1744-7607 989
All rights reserved: reproduction in whole or in part not permitted
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Table 1. Pharmacogenetic studies that have revealed influences of relevant polymorphisms in geriatric depressed patients (continued).

Gene Polymorphism Drug Cohort Result Refs.

DAT1 40 bp VNTR (3¢-UTR) Citalopram/methylphenidate vs
citalopram/placebo

15 elderly patients (mean
age: 71.4 years)

Patients with the 10/10 genotype
responded preferentially to
methylphenidate added to citalopram
with a greater reduction in
depression severity over time

[56]

AGTR1 A1166C (3¢ UTR) Various antidepressants
(up to 18 months)

236 elderly patients (approximate
mean age: 70 years)

Patients carrying the CC genotype
presented poorer treatment outcome

[71]

BDNF G196A (Val66Met) Escitalopram 10 mg/day (12 weeks) 32 depressed patients (approximate
mean age: 70 years)

BDNFval/val subjects had lower
remission rates (40%) than BDNFmet

carriers (64.7%)

[62]

BDNF G196A (Val66Met) Various antidepressants
(for 3 and 6 months)*

229 elderly depressed patients
(60 years or older)

Carriers of the Met66 allele are almost
twice as likely to achieve remission at
6 months (but not at 3 months), as
compared to Val66 homozygous
subjects

[63]

MDR1 (ABCB1,
p-glycoprotein)

rs2032583 (intron 22)
and rs2235040
(intron boundary exon 21)

Paroxetine vs mirtazapine (8 weeks)* 124 vs 122 depressed patients
(65 years or older)

These polymorphisms predicted time
of remission in paroxetine-treated but
not in mirtazapine-treated elderly
depressed patients

[73]

CYP2D6 CYP2D6 alleles* Paroxetine 10 -- 40 mg/day* 171 elderly patients (mean
age: 77 years)

Female and male subjects with
different CYP2D6 polymorphisms have
different elimination rates and may
need to be dosed differently based on
metabolizer genotype

[67]

*Readers are referred to the actual research study, for more information in study design.

5-HTT: Serotonin transporter; AGTR1: Angiotensin II receptor, vascular type 1; BDNF: Brain-derived neurotrophic factor; CYP: Cytochrome P450; DAT: Dopamine transporter; MDR1: Multidrug resistance gene 1;

NET: Norepinephrine transporter.
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Perspectives 
•  Développement d’études prospectives chez le sujet 

âgé et très âgé 

•  analyse des génotypes 5HTR2A et 5HTTLPR, 
modèles plurifactoriels 

•  Association pharmacogénétique et dosages 
plasmatiques 



Conclusion 
•  La relation entre thérapeutiques et réponses est 

partiellement déterminée par des facteurs 
pharmacogénétiques. 

•  Apparition de tests génétiques rapides et fiables des 
capacités métaboliques permettant une adaptation à 
priori des posologies. 

•  Prochaine étape : lien entre variabilité génétique et 
étiopathogénie de diverses affections psychiatriques. 



Perspectives : gene-chip 



   



Concernant la pharmacogénétique, 
quelles sont les réponses exactes ? 

 
•  La relation entre thérapeutiques et réponses clinique est 

partiellement déterminée par des facteurs 
pharmacogénétiques 

•  Le cytochrome P450 2D6 est le seul qui est impliqué dans 
le métabolisme des psychotropes 

•  En population caucasienne il existe 2 groupes de 
métaboliseurs : les métaboliseurs lents et les métaboliseurs 
rapides 

•  La pharmacogénomique vise à étudier l'interaction entre 
l'ensemble des gènes et un médicament une fois absorbé  
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