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Abstract

Purpose The aim of the present study was to investigate the
effect of age on venlafaxine and escitalopram serum concen-
trations in various cytochrome P450 (CYP) 2D6 and
CYP2C19 genotype subgroups.

Methods Serum concentration measurements from CYP--
genotyped patients treated with venlafaxine (n=255) or
escitalopram (n=541) were collected retrospectively from a
therapeutic drug monitoring database. Patients were divided
into three CYP2D6 (venlafaxine) or CYP2C19 (escitalopram)
phenotype subgroups according to inherited genotype, i.c.,
poor metabolizers (PMs), heterozygous extensive
metabolizers (HEMs), and extensive metabolizers (EMs),
and subsequently distributed into three age groups, i.e., <40
(control), 40—65, and >65 years. The effect of age on dose-
adjusted serum concentrations (i.e., nmol/L/mg/day) of
venlafaxine and escitalopram in each of the phenotype sub-
groups was evaluated by separate multivariate mixed model
analyses.

Results In CYP2D6 PMs, the mean dose-adjusted serum con-
centration of venlafaxine was 8-fold higher in patients
>65 years compared with those <40 years (p<0.001). In
comparison, the respective age-related differences in mean
dose-adjusted serum concentrations of venlafaxine were much
less pronounced in CYP2D6 HEMs and EMs (<2-fold
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differences between age groups). A similar genotype-related
effect of age was not observed for escitalopram (<1.5-fold age
differences in all CYP2C19 subgroups).

Conclusion This study suggests that the effect of age on
serum concentration of venlafaxine is dependent on CYP
genotype, in contrast to escitalopram. Thus, to prevent poten-
tial side effects, it might be particularly relevant to consider
CYP2D6 genotyping prior to initiation of venlafaxine treat-
ment in older patients.

Keywords Elderly - Antidepressants - Pharmacokinetics -
CYP450 - Serum concentrations - Therapeutic drug
monitoring

Introduction

Late-life depression is a prevalent condition, especially among
elderly patients with chronic diseases [1]. In 2011, the propor-
tion of Norwegian individuals aged 70 years or more that used
antidepressant drugs was 12 % compared to 6 % of the whole
population [2, 3]. Venlafaxine, a combined serotonin and
noradrenaline reuptake inhibitor, and escitalopram, a selective
serotonin reuptake inhibitor, are commonly used antidepres-
sants, also among elderly patients [2]. About 50 % of
antidepressant-using Norwegians aged 65 years or older are
treated with either venlafaxine or escitalopram [2].

Many antidepressants display a substantial interpatient
pharmacokinetic variability, and the first reports showing the
pronounced individual variability in dose-adjusted serum con-
centrations of tricyclic antidepressants (TCAs) were published
more than 40 years ago [4, 5]. Later, similar interindividual
variability (>10-fold) in dose-adjusted serum concentrations
has been reported for newer antidepressants such as
venlafaxine and escitalopram [6—8].

@ Springer


http://dx.doi.org/10.1007/s00228-014-1696-8

934

Eur J Clin Pharmacol (2014) 70:933-940

Genetic polymorphisms in drug-metabolizing enzymes and
age are two important sources to pharmacokinetic variability,
which might lead to poor response or adverse reactions in
patients treated with recommended doses. Both venlafaxine
and escitalopram are primarily metabolized by genetically
polymorphic cytochrome P450 (CYP) enzymes, i.e.,
CYP2D6 and CYP2C19, respectively [9-12]. For CYP2D6
and CYP2C19, individuals are divided into different pheno-
type subgroups according to genotype, i.e., extensive
metabolizers (EMs, noncarriers of variant alleles), heterozy-
gous extensive metabolizers (HEMs, carriers of one defective
variant allele), poor metabolizers (PMs, homozygous carriers
of defective variant alleles), and ultrarapid metabolizers (UMs,
carriers of variant alleles encoding increased metabolism).

In CYP2D6 PMs treated with venlafaxine, serum concen-
trations and adverse effect frequency have been reported to be
7-fold and 5-fold higher, respectively, compared to EMs [13,
14]. For escitalopram, severalfold differences in dose-adjusted
serum concentrations have been reported between CYP2C19
PMs and EMs [8, 11, 12, 15-17]. Although clinical evidence
is lacking, these extensive pharmacokinetic differences are
likely to impact the therapeutic response and/or adverse effect
risk of escitalopram as well.

Age is also a significant determinant of venlafaxine and
escitalopram pharmacokinetic variability. Reis et al. have
previously reported 1.4- and 1.9-fold higher median serum
concentrations of venlafaxine and escitalopram, respectively,
in patients >65 years compared with younger patients [7]. In a
recent study, we confirmed these findings [18]. Potentially, the
impact of age on serum concentrations of venlafaxine and
escitalopram might differ according to the patients’ inherent
metabolic phenotype. The aim of the present study was there-
fore to investigate the effect of age on venlafaxine and
escitalopram serum concentrations in various CYP2D6 and
CYP2C19 genotype subgroups.

Materials and methods
Patients and samples

Serum concentrations of venlafaxine or escitalopram from
CYP-genotyped patients were collected retrospectively from
a routine therapeutic drug monitoring (TDM) database at
Center for Psychopharmacology, Diakonhjemmet Hospital,
Oslo, Norway, during the period August 2007 to November
2011. For some patients, CYP genotyping had been performed
prior to initiation of antidepressant treatment, whereas for
other’s, genotyping was done retrospectively. It also varied
whether genotyping had been performed in association to use
of the study drugs or not.

Information about the determined serum concentrations,
the respective patients’ CYP2D6 and CYP2CI9 genotypes,
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age, gender, drug dosage, and sampling time (time interval
between last drug intake and sample withdrawal) were record-
ed from the TDM files. When multiple serum concentration
analyses of venlafaxine/escitalopram had been performed for
the same patient, all measurements were considered for inclu-
sion. Serum concentration measurements were included in the
study if (i) serum samples had been withdrawn 10-26 h after
the last dose intake, (ii) requisition forms provided informa-
tion about drug dosage, (iii) dose adjustments were made
3 days or more prior to sampling for venlafaxine and 6 days
or more prior to sampling for escitalopram, or (iv) measured
serum concentrations were above the lower limit of
quantification.

Patients carrying multiplied, functional CYP2D6 alleles
were not included in the study. Further, if some of the patients
contributed with serum concentration measurements in two
different age groups, as a consequence of the time span of the
retrospective data collection, measurements in the youngest
age group were excluded. In cases where the requisition forms
provided information about possible noncompliance, or con-
comitant use of drugs inhibiting or inducing the respective
CYP enzymes involved in venlafaxine (CYP2D6 and
CYP3A4) and escitalopram metabolism (CYP2C19 and
CYP3A4), measurements were also excluded from the study.
As a reference to agents described as enzyme inhibitors/
inducers, we used the “P450 Drug Interaction Table” pub-
lished at the website http://medicine.iupui.edu/clinpharm/
ddis/clinical-table/ [19].

The study was approved by the Regional Committee for
Medical and Health Research Ethics and the Hospital Inves-
tigational Review Board.

Drug analyses

Serum concentrations of venlafaxine, O-
desmethylvenlafaxine, N-desmethylvenlafaxine,
escitalopram, and N-desmethylescitalopram, were determined
by the same analytical assay developed for routine TDM
analyses at Center for Psychopharmacology, Diakonhjemmet
Hospital, a laboratory certified by Norwegian Accreditation in
accordance with the ISO 15189 standard. The assay had been
validated according to international guidelines for
bioanalytical methods and had been subjected to external
quality control four times a year (for details on the chromato-
graphic assay, see Supplementary document).

CYP genotyping

Two different routine methods for CYP genotyping had been
used during the time span of the retrospective data collection.
These have previously been described in detail [20, 21]. The
methods had some minor differences in detectable mutations
but commonly involved determination of the following
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variant alleles encoding defective enzyme function:
CYP2C19*2, *3, and *4; CYP2D6*3, *4, *5, and *6 (the
included variants of the present investigation). Cross-
validation of the two methods showed 100 % concordance.
Absence of variant alleles was interpreted as presence of the
functional wild-type allele (*7).

Data analyses

Samples were divided into the following three phenotype
subgroups according to genotype: PMs (homozygous carriers
of noncoding variant alleles), HEMs (heterozygous carriers of
noncoding variant alleles), and EMs (absence of noncoding
variant alleles). To enable inclusion of multiple serum mea-
surements from the same individuals, multivariate mixed
model analyses were performed to evaluate the effect of age
on dose-adjusted serum concentrations (i.e., concentration to
dose (C/D) ratios; nmol/L/mg/day) of venlafaxine and
escitalopram in each of the above-mentioned phenotype sub-
groups. Gender and sampling time were included in the mixed
model analyses as potential covariates, but only statistically
significant covariates (p<0.05) were included in the final
models. Additionally, potential differences in sampling time
and drug dosage between the test groups and controls were
examined by mixed model analysis.

Age above 65 years was classified as “elderly” in line with
the definition by the World Health Organization [22]. Prior to
data analyses, the patients were divided into three age sub-
groups, i.e., <40 (control), 40—65, and >65 years (test groups).
Differences in C/D ratios of the parent drugs, metabolites,
active moiety (venlafaxine only), and metabolic ratios in the
test groups were compared with controls. In addition, we
compared the proportion of PMs among those with absolute
serum concentrations above the recommended drug concen-
tration range in the different age groups. For the active moiety
of venlafaxine (i.e., venlafaxine+O-desmethylvenlafaxine),
the upper range was defined as 1,500 nmol/L, while the upper
range of escitalopram was defined as 250 nmol/L [23]. Fish-
er’s exact tests were applied to compare the proportions of
PMs achieving supratherapeutic serum concentrations in the
subgroup >65 years to the subgroups <40 and 40-65 years,
respectively. Further, we examined the simple linear correla-
tions between age (as a continuous variable) and the
venlafaxine/O-desmethylvenlafaxine metabolic ratio and the
C/D ratio of venlafaxine active moiety in the three CYP2D6
phenotype subgroups.

Prior to the mixed model analyses, C/D ratios were loga-
rithmically transformed. After analyses, group estimates were
transformed back to original scale and presented as geometric
mean values with 95 % confidence intervals. Statistical sig-
nificance was considered as p<0.05. SPSS Software version
20.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
analyses, while GraphPad Prism version 4 (GraphPad

Software Inc., La Jolla, CA, USA) was used for graphical
presentations.

Results

Altogether, 462 serum concentration measurements from
255 patients were included for venlafaxine, and 953
serum concentration measurements from 541 patients
were included for escitalopram (Supplementary table).
Overall, approximately 16 % of the patients were older
than 65 years. The respective dose ranges of venlafaxine
and escitalopram were 18.75-900 and 2.5-120 mg/day,
regardless of age and inherited CYP phenotype.

The main reason for excluding serum concentration
measurements from the study was concomitant treatment
with an enzyme inhibitor or inducer. For venlafaxine,
this reason for exclusion comprised concomitant treat-
ment with the CYP2D6 inhibitors bupropion (n=17) or
paroxetine (n=1) and the CYP3A4 inducer carbamaze-
pine (n=1). For escitalopram, samples were excluded
due to coadministration of the CYP2CI19 inhibitors
omeprazole (n=3), esomeprazole (n=5), lanzoprazole
(n=T7), or ethinyl estradiol (n=5) and the CYP3A4 in-
ducers phenytoin (n=3) or carbamazepine (n=8).

Venlafaxine and effect of age in CYP2D6 subgroups

In CYP2D6 PMs, the mean C/D ratio of venlafaxine was
about 8-fold and 2.5-fold higher in patients >65 and 40—
65 years, respectively, compared with those <40 years
(»<0.001, Table 1). In comparison, the respective age-
related differences in mean C/D ratios of venlafaxine were
much less pronounced and not significantly different be-
tween CYP2D6 HEMs and EMs (Table 1). A similar
genotype-dependent effect of age was observed for the
sum of venlafaxine and O-desmethylvenlafaxine, where
mean C/D ratios within the PM subgroup were approxi-
mately S5-fold higher in patients >65 than <40 years
(»<0.001, Table 1). In comparison, the differences in
mean C/D ratios of venlafaxine+O-desmethylvenlafaxine
were only 1.5-fold between older and younger CYP2D6
HEMs and EMs (p<0.01, Table 1).

Among venlafaxine-treated PMs >65 years, all three
subjects (100 %) had measured absolute serum concen-
trations above the upper recommended concentration
range of venlafaxine+O-desmethylvenlafaxine (Fig. 1a).
In comparison, 2 of 8 PMs <40 years (25 %) and 6 of
15 PMs aged 40-65 years (40 %) had measured abso-
lute serum concentrations above the upper recommended
concentration range of the pharmacological active frac-
tion (p>0.05 compared to PMs >65 years).
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Fig.1 Absolute serum concentrations of the sum of a venlafaxine and O-
desmethylvenlafaxine and b escitalopram, in patients with various inher-
ent CYP phenotypes subgrouped according to age, i.e., <40 (squares),
40-65 (circles), and >65 years (triangles). Note that multiple samples are
present for some patients, see Supplementary table. Dotted lines indicate
the upper recommended concentration levels [23]. PM poor metabolizer,
HEM heterozygous extensive metabolizer, EM extensive metabolizer

In the multivariate mixed model analyses, gender was
found to significantly influence the C/D ratio of N-
desmethylvenlafaxine in CYP2D6 HEMs (2.1-fold higher in
women vs men, p=0.005, data not shown). Further, in
CYP2D6 HEMs, gender was found to significantly influence
the metabolic ratio venlafaxine/N-desmethylvenlafaxine
(33 % lower in women vs men, p=0.043, data not shown).
Gender was also found to significantly influence the metabolic
ratio venlafaxine/O-desmethylvenlafaxine in CYP2D6 EMs
(28 % lower in women vs men, p=0.045, data not shown).

When plotting the individual venlafaxine/O-
desmethylvenlafaxine metabolic ratios and C/D ratios of
venlafaxine active moieties versus age as a continuous vari-
able, the strongest positive correlations were found within the
subgroup of CYP2D6 PMs (Supplementary figure).

Escitalopram and effect of age in CYP2C19 subgroups

For CYP2C19 PMs, a 1.4-fold higher mean C/D ratio of
escitalopram was observed in patients >65 years compared
with those <40 years, but the difference was not significant
(p=0.1, Table 2). In the other CYP2C19 phenotype sub-
groups, similar degrees of differences in mean C/D ratios of
escitalopram were found to be significant between patients
aged >65 versus <40 years (p<0.02, Table 2).

Among PMs >65 years, none had measured absolute serum
concentrations above the upper recommended concentration
range of escitalopram (Fig. 1b). In comparison, 2 of 8 PMs
<40 years (25 %) and 4 of 16 PMs aged 40—65 years (25 %)
had measured absolute serum concentrations above the upper
recommended concentration range of escitalopram (p>0.5
compared to PMs >65 years).

In the multivariate mixed model analyses, gender was
found to significantly influence the C/D ratio of escitalopram
in CYP2C19 PMs (1.8-fold higher in women vs men,
p<0.001, data not shown). Further, gender was found to
significantly influence the metabolic ratio escitalopram/
desmethylescitalopram in CYP2C19 PMs (1.8-fold higher in
women vs men, p=0.003, data not shown). Gender was also
found to significantly influence the metabolic ratio in
CYP2C19 EMs (15 % lower in women vs men, p=0.017,
data not shown).

Discussion

The results of this study indicate that inherent CYP2D6 phe-
notype is important for the age-related differences in
venlafaxine serum concentrations. While only modest age
differences in dose-adjusted serum concentrations of
venlafaxine and its active moiety were observed within EMs
and HEMs, more than 5-fold higher levels were observed in
old versus young CYP2D6 PMs. These findings suggest that
it might be particularly relevant to genotype elderly patients
before initiation of venlafaxine treatment in order to individ-
ualize dosing and prevent adverse drug reactions.

A 5-fold increase in occurrence of side effects of
venlafaxine has previously been reported in CYP2D6 PMs
[14]. Gastrointestinal side effects like nausea, vomiting, and
diarrhea, and cardiovascular side effects were reported to be
more frequent in CYP2D6 PMs than EMs [14, 24]. The
potential cardiac toxicity of venlafaxine is dose-related [25],
and higher rates of side effects, such as hypertension, tachy-
cardia, and prolonged QTc interval, have been reported in
both CYP2D6 PMs and elderly patients [24, 26], probably
due to high serum concentrations at therapeutic doses in these
patient subgroups. Although our study included a limited
number of elderly CYP2D6 PMs, an important observation
was that all three PMs above 65 years had serum
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40-65 >65 <40 40-65 >65 <40 40-65 >65

<40

Age (years)

3.6 (3.04.2)

0.014

2.8 (2.5-3.1) 25(2.3-2.8)

7.1(5.6-9.1)

0.018

13.2(9.5-18.4) 5.0(4.3-59) 4.8 (4.2-5.6)

NS

9.4 (7.9-11.2)

NS

9.3 (7.2-12.1)

Escitalopram™®

NS

NS

p value vs <40 years

2.6 (2.4-2.9)
<0.001

19 (1.8-2.0) 1.9 (1.8-2.0)
NS

2.6(2.1-3.2)
<0.001

1.9 (1.7-2.2)

NS

3.0(2.63.5) 2.5(22-29)

1.7 (1.5-1.9)

2.3 (1.5-3.5)

NS

1.5 (1.2-1.9)

NS

1.7 (1.3-2.4)

Desmethylescitalopram™®

p value vs <40 years

1.4 (1.2-1.6)

NS

13 (1.2-1.5)

NS

1.5 (1.3-1.6)

2.7 (2.1-3.4)

NS

5.7 (3.7-8.8)

NS

6.4 (5.1-8.1)

NS

5.4 (3.8-7.5)

Metabolic ratio escitalopram/desmethylescitalopram®

NS

p value vs <40 years

?Data is presented as geometric mean (95 % confidence interval)

® Dose-adjusted serum concentration (i.e., nmol/L/mg/day)

PM poor metabolizer, HEM heterozygous extensive metabolizer, EM extensive metabolizer; status derived from CYP2C19 genotype, NS no significant difference

concentration measurements of the sum of venlafaxine and O-
desmethylvenlafaxine (pharmacologically active concentra-
tion) above the upper recommended therapeutic limit, defined
as 1,500 nmol/L [23]. Actually, two of three elderly PMs also
had absolute serum concentrations above the toxic limit, de-
fined as 3,600 nmol/L [27]. Our study therefore suggests that
being an older CYP2D6 PM implies a particular risk of
overexposure at standard dosing of venlafaxine.

Whereas inherent CYP2D6 phenotype seemed to be of
critical importance for the age-related difference in
venlafaxine exposure, no difference in the age effect on serum
concentrations of escitalopram with respect to inherent
CYP2C19 phenotype was observed in the study. One possible
explanation for the variable impact of inherent CYP pheno-
type on the age-related differences in serum concentrations of
venlafaxine and escitalopram might be the difference in he-
patic extraction ratio between the two drugs. Venlafaxine has a
high hepatic extraction ratio, while the hepatic extraction ratio
of escitalopram is low [28]. Hepatic blood flow decreases by
20-50 % with age [29], and this change might reduce the
elimination of high-clearance drugs [30]. However, the elim-
ination of low-clearance drugs, where the metabolic rate is not
limited by hepatic blood flow, will not be affected by change
in blood flow to the same extent [30].

Another possible explanation for the discrepancy in
findings between venlafaxine and escitalopram might be
differences in the impact of age on secondary enzymes/
elimination pathways. The primary enzymes involved in
venlafaxine and escitalopram metabolism are CYP2D6 and
CYP2C19, respectively [9-12], but other CYP enzymes
are also of importance. CYP3A4 is involved in the metab-
olism of both drugs, but this enzyme is probably quantita-
tively more important in metabolism of venlafaxine than
escitalopram, as interpreted from interaction studies with
the potent CYP3A4 inhibitor ketoconazole [31, 32]. Al-
though the literature is somewhat inconsistent, reduced
CYP3A4 activity has been reported with increasing age
[33, 34]. Thus, reduced CYP3A4 activity by age might
have reinforced the effect of age on venlafaxine serum
concentrations in CYP2D6 PMs.

Gender has also been associated to altered CYP activi-
ties, but the literature is conflicting with regard to potential
differences in CYP3A4 phenotypes between females and
males [34-37]. In our study, the observed lower
venlafaxine to N-desmethylvenlafaxine ratio in females
versus males might indicate higher CYP3A4 activity in
females, since formation of N-desmethylvenlafaxine is me-
diated by CYP3A4 [10]. The formation of the
desmethylated escitalopram metabolite is mediated by
multiple enzymes, including CYP3A4 [11, 12]. It is there-
fore difficult to interpret if the observed higher
escitalopram metabolic ratio in females versus males was
due to gender differences in CYP3A4 or other enzymes.



Eur J Clin Pharmacol (2014) 70:933-940

939

In the main (multivariate) analysis of this study, the effect
of age in various phenotype subgroups was investigated as a
categorical variable, where age above 65 years was classified
as elderly in line with the World Health Organization’s defi-
nition [22]. The most substantial effect of age on venlafaxine
variables was found in the subgroup of inherent CYP2D6
PMs. This finding, which was based on a limited number of
observations, was supported by the fact that the effect of age,
as a continuous variable, on venlafaxine variables was most
prominent in CYP2D6 PMs.

In addition to the limited inclusion of older PM sub-
jects in the present investigation, the naturalistic study
setting has some methodological weaknesses. These in-
clude uncertain or unconfirmed information regarding
dosage, steady-state conditions, patient adherence, and
concurrent use of potentially interacting drugs or herbal
agents. In addition, we had no information available on
whether the physicians were aware of the patients’ CYP
genotype or not before dosing of venlafaxine or
escitalopram. All of these uncertainties have the potential
to affect the results of the study. However, the relatively
high sample number included probably outweighs the
disadvantages. Another strength of the study was the
application of multivariate mixed model analyses, which
enabled inclusion of multiple serum concentration mea-
surements from the same individuals. In this type of
multivariate analysis, the data is weighted according to
the number of measurements per person. This means that
the serum concentration estimate in the subgroup of older
venlafaxine-treated PMs was strengthened by the fact that
the three patients were represented by five serum concen-
tration measurements.

Conclusion

The results of this study suggest that the effect of age on
venlafaxine serum concentration is dependent on inherent
CYP2D6 phenotype, while this is not the case for
escitalopram with respect to inherent CYP2C19 phenotype.
In older patients starting venlafaxine treatment, CYP2D6
genotyping might be particularly relevant to individualize
dosing and prevent adverse drug reactions.
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